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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 review-
ers who are experts in their fields in order to ensure an unbiased 
evaluation process. The editorial board will invite an external and 
independent editor to manage the evaluation processes of man-
uscripts submitted by editors or by the editorial board members 
of the journal. The Editor in Chief is the final authority in the deci-
sion-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 equiv-
alent official document will be requested from the authors. For pho-
tographs that may reveal the identity of the patients, releases 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, authors are 
required to obtain publication consents from their patients or the 
parents/legal guardians of the patients. The publication approval 
form is available for download at turkjorthod.org. The form must be 
submitted during the initial submission.
 
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:

•	 The full 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.nlm.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

TYPE OF  
MANUSCRIPT WORD LIMIT 

ABSTRACT 
WORD LIMIT 

REFERENCE 
LIMIT 

TABLE  
LIMIT 

FIGURE  
LIMIT

ORIGINAL  
ARTICLE

4500 250
(Structured)

30 6 7 or total of 
15 images

REVIEW  
ARTICLE

5000 250 50  6 10 or total 
of 20 images

CASE  
REPORT

1000 200 15  No tables 10 or total 
of 20 images

LETTER TO 
THE EDITOR

 500 No abstract 5 No tables No media

 
 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, c, 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 × 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, Ivanović M, Ga-
jović O, Lazić Z, et al. Impact of imaging diagnostics on the budget 
– Are we spending too much? Vojnosanit Pregl 2013; 70: 709-11. 

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
bach SL, Barlett JG, Blacklow NR, editors. Infectious Diseases. Phila-
delphia: Lippincott Williams; 2004.p.2290-308.
 
Books with a Single Author: Sweetman SC. Martindale the Com-
plete Drug Reference. 34th ed. London: Pharmaceutical Press; 2005.
 
Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional 
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.
 
Conference Proceedings: Bengisson S. Sothemin BG. Enforce-
ment of data protection, privacy and security in medical infor-
matics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. 
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, 
Agrón E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy 
Study Research Group. Risk factors for renal replacement therapy in 
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yılmaz B. Ankara Üniversitesindeki Öğrencilerin Beslenme 
Durumları, Fiziksel Aktiviteleri ve Beden Kitle İndeksleri Kan Lipidleri 
Arasındaki Ilişkiler. H.Ü. Sağlık Bilimleri Enstitüsü, Doktora Tezi. 2007.
 
Manuscripts Accepted for Publication, Not Published Yet: Slots 
J. The microflora of black stain on human primary teeth. Scand J 
Dent Res. 1974.
 
Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
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 
in the emergence of infectious diseases. Emerg Infect Dis (serial on-
line) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available 
from: URL: http:/ www.cdc.gov/ncidodlElD/cid.htm.
 
REVISIONS
When submitting a revised version of a paper, the author must sub-
mit a detailed “Response to the reviewers” that states point by point 
how each issue raised by the reviewers has been covered and where 
it can be found (each reviewer’s comment, followed by the author’s 
reply and line numbers where the changes have been made) as well 
as an annotated copy of the main document. Revised manuscripts 
must be submitted within 30 days from the date of the decision let-
ter. If the revised version of the manuscript is not submitted with-
in the allocated time, the revision option may be canceled. If the 
submitting author(s) believe that additional time is required, they 
should request this extension before the initial 30-day period is over.
 
Accepted manuscripts are copy-edited for grammar, punctuation, 
and format. Once the publication process of a manuscript is com-
pleted, it is published online on the journal’s webpage as an ahead-
of-print publication before it is included in its scheduled issue. A 
PDF proof of the accepted manuscript is sent to the corresponding 
author and their publication approval is requested within 2 days of 
their receipt of the proof.
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Original Article

Is There Any Difference Between Gonial Angle Values 
Measured on Digital Lateral Cephalograms and 
Orthopantomograms? 

ABSTRACT

Objective: To determine whether there is a difference between the gonial angle (GoAng) values measured on digital lateral cephalo-
grams (Lat Cephs) and orthopantomograms (OPGs) using a software. 

Methods: This study was conducted by examining the digital Lat Cephs and OPGs of 51 patients (9 males, 42 females) who received 
orthodontic treatment. The mean age of the patients was 19.51±4.92 years. All digital radiographs were acquired with the same ma-
chine. The GoAng measurements were performed digitally using TotalCeph software. In order to evaluate the difference between the 
GoAngs measured on the digital Lat Cephs and OPGs, a paired t-test was used. To compare the two techniques (digital Lat Ceph and 
OPG) in terms of GoAng measurement, Bland-Altman analysis was used. The differences between the right and left GoAngs measured 
on the digital OPGs were evaluated using a paired t-test. The intraobserver reliability was assessed with the intraclass correlation 
coefficient (ICC) for repeated measurements.

Results: The intraobserver reliability was 0.99 for repeated measurements. There were no statistically significant differences between 
the GoAngs measured on digital Lat Cephs and OPGs (p=0.1). Bland-Altman analysis showed high levels of agreement between 
digital Lat Cephs and OPGs with a bias value of −0.4° for GoAng measurement. Moreover, the differences between the right and left 
GoAngs measured on the digital OPGs were not statistically significant (p=0.73).

Conclusion: The results of this study demonstrated that the digital OPGs were as reliable as the digital Lat Cephs for measuring Go 
angles using a software. 

Keywords: Digital, Gonial angle (GoAng), lateral cephalogram (Lat Ceph), orthopantomogram (OPG), software

INTRODUCTION
The gonial angle (GoAng) is an important measurement for diagnosis and treatment planning in orthodontics. It 
is used for evaluating mandibular rotation, diagnosing growth patterns, determining tooth extraction patterns 
in Class II patients, planning orthognathic surgery in Class III patients, and predicting age in forensic medicine 
(1-5). 

Usually, GoAng is measured on lateral cephalograms (Lat Cephs). However, the accuracy of GoAng measure-
ments may be affected by the superimposition of the patient’s right and left sides (6). To measure the GoAng 
accurately, orthopantomograms (OPGs) are used instead as the right and left GoAngs are not superimposed 
and can be measured individually (7). Conflicting results have been published regarding whether there is a dif-
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Main points:
·	 There were no statistically significant differences between the GoAngs measured on digital Lat Cephs and OPGs.
·	 The levels of agreement between the digital Lat Ceph and OPG were high for GoAng measurement.
·	 The differences between the right and left GoAngs measured on digital OPGs were not statistically significant.
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ference between these radiographs (7-11). Some authors have 
reported that OPGs are more accurate than Lat Cephs, whereas 
others have reported no statistically significant difference (7-9). 
Araki et al. (10) studied dry skulls and found that the GoAngs 
measured on OPGs were slightly smaller than those measured 
on Lat Cephs. In these studies, different mandibular or ramal 
planes were used and measurements were made manually on 
printed images (7-11). 

The different techniques used to obtain measurements make 
it difficult to compare the results of different studies. Therefore, 
the purpose of this study was to determine whether there was 
a difference between GoAng measurements, constructed by us-
ing easily identifiable mandibular and ramal planes, on digital 
Lat Cephs and OPGs using a software. 

METHODS
The present study was approved by the Ethics Committee of 
Hacettepe University Medical School with the approval number 
GO 18/65-24. Patients were informed about the study in detail 
and written informed consent forms were obtained from the pa-
tients who agreed to take part in the study.

The study was conducted using the digital Lat Cephs and OPGs 
of 51 patients (9 males and 42 females) who underwent or-
thodontic treatment at the Oral and Dental Health Care Clinic, 
Gün Hospital, Hacettepe University, between August 2016 and 
December 2017. The mean age of the patients was 19.51±4.92 
years. Digital Lat Cephs and OPGs were acquired using Castellini 
X Radius Trio 2D (version 6.2; iRYS Imaging, Italy) by the same 
technician using the same device for all the patients in the nat-
ural head position. All radiographs were viewed and evaluated, 
and only high quality radiographs were included in the study. 
The exclusion criteria for this study were a history of trauma, sur-
gery, syndromes, and asymmetry related to the face or jaw.

The GoAng measurements were obtained digitally using the 
1.2.0 version of TotalCeph software (Torc Software Solutions, Is-
tanbul, Turkey). The software allows free measurement. Digital 
images of each Lat Ceph and OPG were imported directly into 
the TotalCeph software for on-screen digitalization. On both 
radiographs, lines tangential to the mandibular lower border 
(mandibular plane) and those tangential to the posterior border 
of the ramus and condyle (ramal plane) were drawn. Anatomic 
landmarks required for constructing the tangential lines were 
determined by using a ruler and then digitized. The software au-
tomatically measured the GoAng at the point of intersection of 
these two lines (Figures 1 and 2). On the OPGs, the GoAng was 
measured for both left and right sides. The measurements were 
conducted twice over an interval of one month. 

The Statistical Package for Social Sciences version 22.0 software 
(IBM Corp.; Armonk, NY, USA) was used for data analysis. The 
normality of the data was tested with the Kolmogorov-Smirnov 
test. In order to evaluate the difference between the GoAngs 
measured on the digital Lat Cephs and OPGs, a paired t-test was 
used. To compare the two techniques (digital Lat Ceph and OPG) 
in terms of GoAng measurement, Bland-Altman analysis was 
used (12). In addition, the difference between the right and left 
GoAngs measured on the digital OPGs was evaluated using a 
paired t-test. A p value less than 0.05 was considered to be statis-
tically significant. The intraobserver reliability was assessed with 
the intraclass correlation coefficient (ICC; type 3, 1) for repeated 
measurements.

RESULTS
The intraobserver reliability was 0.99 for repeated measure-
ments, which indicated excellent reliability.

The mean values of the GoAngs were 123.71°±6.88° and 
123.30°±6.47° for digital Lat Cephs and OPGs, respectively (Table 1). 

Figure 1. Gonial angle measurement on a digital lateral cephalogram.
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There was no statistically significant difference between the mea-
sured GoAngs (p=0.1) (Table 1). According to Bland-Altman analy-
sis, the levels of agreement between the digital Lat Ceph and OPG 
were high for GoAng measurement, with a bias value (95% levels of 
agreement) of −0.4° (figure 3). The mean values of the right and left 
GoAngs on the digital OPGs were 123.25°±7.04° and 123.44°±6.54°, 
respectively. The difference between these measured angles was 
also not statistically significant (p=0.73) (Table 1). 

DISCUSSION
The purpose of this study was to determine whether there was 
a difference between the Gonial angles, constructed using easily 
identifiable mandibular and ramal planes, measured on digital 
Lat Ceph versus digital OPG using the 1.2.0 version of TotalCeph 
software. Only radiographs obtained between August 2016 and 
December 2017 were included in this study because radiographs 
recorded in our clinic before August 2016 were not digital.

The GoAng is measured at the point of intersection of the man-
dibular and ramal planes. It has been reported that the GoAng 
value varies depending on the type of mandibular or ramal 
plane used (7, 13). The mandibular plane could be assessed ei-
ther by using a line tangential to the mandibular lower border 
or by drawing a line between the gonion and gnathion or the 

Figure 3. This plot represents the differences between the 
gonial angles measured using lateral cephalogram digital 
orthopantomogram (OPG) versus their mean values. In the plot the 
thick horizontal plane represents the mean values of all differences, 
d, a quantity known as the bias. The dashed lines represent the 
95% limits of agreement and they enclose 95% of the experimental 
points. The thin solid lines next to the limits of agreement depict 
95% confidence intervals. Differences and means were represented 
as one point for each patient.

Figure 2. Gonial angle measurement on a digital orthopantomogram.

Table 1. The minimum, maximum, and mean values of gonial angles (GoAngs) measured on digital lateral cephalograms (Lat Cephs) and orthop-
antomograms (OPGs).

GoAng	 Min (degree)	 Max (degree)	 Mean±SD (degree)	 p value

Digital Lat Ceph	 107.4	 140.6	 123.71±6.88	 0.10

Digital OPG	 107.4	 136.9	 123.32±6.47

Digital OPG (Right)	 107.1	 137.7	 123.25±7.04	 0.73

Digital OPG (Left)	 107.7	 138.7	 123.44±6.54

Min: minimum value; Max: maximum value; SD: standard deviation; significant at p<0.05
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gonion and menton. The ramal plane could also be assessed at 
different points, such as the articulare and gonion or by using a 
line tangential to the posterior border of the ramus and condyle. 
The points of the gnathion, menton, and articulare can be easily 
identified on Lat Ceph but not on OPG (7). Erroneous identifica-
tion of these anatomic points on OPGs may result in inaccurate 
measurements. The lines tangential to the mandibular lower bor-
der and posterior border of the ramus and condyle can be easily 
identified on both radiographs and are, therefore, considered to 
be acceptable for comparison of the GoAngs measured on Lat 
Ceph and OPG (7). Thilagarani et al. (14) concluded that GoAngs 
constructed using Tweed’s mandibular plane (a line tangential 
to the mandibular lower border) on Lat Cephs were highly cor-
related with those obtained on OPGs. Therefore, in this study, to 
obtain accurate measurements, GoAngs were measured at the 
point of intersection of the lines tangential to the mandibular 
lower border and those tangential to the posterior border of the 
ramus and condyle on both types of radiographs. The measure-
ments on both radiographs were performed digitally using the 
TotalCeph software. The use of the software in radiograph anal-
ysis is simpler and less time consuming when compared with 
manual measurements. To the best of the author’s knowledge, 
to date, there has been no study assessing the differences be-
tween the GoAngs measured on digital Lat Ceph and OPG using 
a software. All measurements were conducted twice to test the 
reliability of the observer. The intraobserver reliability was excel-
lent, indicating that the GoAng can be measured precisely.

In practice, the GoAng is generally measured on Lat Cephs. The 
left and right gonial regions are superimposed on these radio-
graphs, which can result in inaccurate measurements (6). The 
GoAng measurement on a Lat Ceph is the arithmetic mean of the 
superimposed right and left GoAngs. Any distortion of the right 
or left gonial regions affects the value of the measured GoAng 
(15). Concerns regarding the superimposition of the right and 
left gonial regions on Lat Cephs, which are made worse by any 
distortion of these regions prompted researchers to measure the 
GoAng on OPGs because the right and left gonial regions are not 
superimposed; therefore, GoAngs can be measured separately 
regardless of the possible effect of image distortion on the mea-
surements (7-11, 14, 16). 

In this study, the mean values of the right and left GoAngs mea-
sured on digital OPGs were slightly smaller than those reported 
by Shahabi et al. (8), who used the same mandibular and ramal 
planes for GoAng measurements as were used in this study. 
There were no statistically significant differences between the 
right and left GoAngs on the digital OPGs; this was in accordance 
with the results of prior studies (8, 9). The values from the digital 
OPGs were slightly smaller than those obtained from the digital 
Lat Cephs. However, the differences were not statistically signifi-
cant, a finding that was also consistent with the results of Shaha-
bi et al. and Radhakrishnan et al. (8, 9). Araki et al. (10) had results 
similar to those in this study, although they used different man-
dibular and ramal planes. Moreover, it has been demonstrated in 
previous studies that the correlation between measured GoAngs 
on Lat Ceph and OPG is high (17). In contrast, Fisher-Brandies et 
al. (11) reported that the GoAng measured on OPGs was 2.2°-3.6° 

less than the angle measured on Lat Cephs, which was statistical-
ly significant; they preferred Lat Ceph for GoAng measurement. 
Mattila et al. (7) stated that the GoAngs measured on OPGs were 
more accurate than those measured on Lat Cephs and OPGs of 
dry skulls. The differences between the results of these studies 
may be due to the sample sizes, patient ages, or the different 
methods used for GoAng measurement. This study demonstrat-
ed that the two techniques (digital OPG and Lat Ceph) gave sim-
ilar results in terms of GoAng measurement. The measurement 
precision is important for comparing the two techniques. In this 
study, the measurement precision was 0.5°. The bias value of 0.4° 
was clinically irrelevant from the point of view of clinical practice. 
Nonetheless, the reliability of this result depends on the clinic 
discretion of the orthodontist. 

The gender differences between the measured GoAngs from 
each type of radiograph were not evaluated, as the number of 
male patients was low in this study. Furthermore, previous stud-
ies have failed to demonstrate any statistically significant gender 
differences in the GoAngs obtained from either type of radio-
graph, so this was not evaluated in this study (8, 18, 19).  

The results of this study imply that the digital OPGs are as reliable 
as the digital Lat Cephs for GoAng measurements using Total-
Ceph software. The decision regarding the type of radiograph to 
be used for GoAng measurement depends on the orthodontist’s 
preference. Right and left GoAngs can be measured individually 
on digital OPGs, as the left and right sides are not superimposed, 
which is a significant advantage over Lat Cephs. This is especially 
important when planning orthognathic surgery in patients with 
asymmetries. However, further studies with larger sample sizes 
are required to improve the precision of the data.

CONCLUSION
The digital OPGs were as reliable as the digital Lat Cephs for mea-
suring GoAngs using a software. 
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Original Article

Comparison of Dentoskeletal Changes, Esthetic, and 
Functional Efficacy of Conventional and Novel Esthetic 
Twin Block Appliances among Class II Growing 
Patients: A Pilot Study

ABSTRACT

Objective: A twin block appliance used for correction of skeletal Class II malocclusion suffers from undesirable dental effects and 
bulkiness. To overcome these limitations and the need for more esthetic appearance of this appliance, an esthetic twin block was 
designed and used in patients. This study aimed to compare dentoskeletal changes and esthetic and functional efficacy in patients 
treated with conventional and newly designed esthetic twin block (CTB and ETB) appliances using cephalometric measurements and 
a questionnaire.

Methods: A pilot study with a 2-arm parallel-randomized double-blind clinical trial was conducted on 24 patients (20 males, 4 fe-
males) in the age group of 11-13 years. Subjects were treated with CTB (group 1 [G1]: n=12; mean age=11.67±0.49 years) and ETB 
(group 2 [G2]: n=12; mean age=11.75±0.62 years) appliances. A modified Pancherz analysis was performed to evaluate skeletal and 
dental changes. The esthetic and functional efficacy was evaluated by a questionnaire using Likert scale. Wilcoxon and Mann-Whitney 
U tests were employed for intra and intergroup comparisons respectively (p<0.05).

Results: In G1, a significant increase in lower incisor inclination was observed (p<0.05) whereas it was insignificant in G2. The changes 
were predominantly skeletal in G2 whereas they were both skeletal and dental in G1. ETB was found to be esthetically and functionally 
acceptable in all the patients while CTB patients were esthetically conscious, lacked confidence and had discomfort and difficulty in 
eating, chewing and speaking.

Conclusion: ETB had greater skeletal effects with a reduced tendency of lower incisor proclination, was esthetically acceptable, and 
functionally more comfortable than the CTB.

Keywords: Class II malocclusion, modified Pancherz analysis, twin block

INTRODUCTION
Patients with skeletal Class II malocclusion involving retruded mandible demand orthodontic care mostly due to 
their desire for facial esthetic improvement. Twin block (TB) is one of the most popular functional appliances to 
treat this condition in the growing phase over the last two decades and yields satisfactory results (1). Since the 
use of this appliance allows regular functional activities like mastication, it can be worn continuously resulting 
in faster treatment results compared to those with other functional appliances (2). Despite excellent treatment 
results with TB, its acceptance and compliance may be hampered by its bulky nature (3). Furthermore, it has an 
inherent limitation of causing the proclination of lower incisors, which reduces the potential to attain complete 
skeletal change (4). The position and inclination of the lower incisors in alveolar bone determines the stability 
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Main points:
·	 Esthetic twin Block (ETB) has been found to be better in terms of esthetic and functional efficacy compared to the conventional twin block (CTB).
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·	 ETB should be preferred over CTB for mandibular advancement in growing Class II patients.
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of anterior occlusal contacts and avert gingival recession (5).Var-
ious modifications were proposed to circumvent lower incisors 
proclination, such as southened clasp, acrylic labial bow, ball 
clasps, and acrylic capping but had no significant effect (6-10). A 
recent modification suggested the use of a mini-implant to con-
trol lower incisor proclination (11). However, its use is limited by 
the invasive nature of the miniscrew placement.

The success of any appliance depends upon the comfort and 
esthetic acceptability, which ensures good patient compliance. 
Moreover, the hallmarks of treatment acceptance have changed 
contemporarily as the patients emphasize more on esthetics and 
comfort rather than only on mechanical or biological superiority 
(12, 13). Hence, in order to enhance esthetic appearance, allevi-
ate bulkiness, and overcome the disadvantages of a convention-
al TB (CTB), a novel esthetic TB (ETB) was fabricated from a bio-
cryl sheet (Duran® SCHEU Dental Technology, Germany) using a 
pressure molding device and cold cure acrylic bite blocks. This 
study was envisaged to compare the dentoskeletal changes and 
esthetic and functional efficacy of ETB with CTB using cephalo-
metric measurements and a questionnaire.

METHODS

Study Design
The present study was conducted as a pilot initiative designed in 
a single clinical establishment as a 2-arm parallel, non-pharma-
cological, randomized double-blind clinical trial.

Study Subjects and Inclusion Criteria
This study was conducted among individuals in the age group 
11-13 years who reported to the Department of Orthodontics and 
Dentofacial Orthopaedics, Maulana Azad Institute of Dental Sci-
ences, New Delhi, India, from July to December 2017 (six months). 
The subjects, who were recruited, had Angle’s Class II division 1 

malocclusion with a retrognathic mandible, a positive visual treat-
ment objective (VTO), average to horizontal growth pattern along 
with cervical vertebrae maturation index (CVMI) in transition 
stage. A written informed consent was obtained from the parents 
of the subjects. The study was approved by the Institutional Re-
search Ethical Committee (reference no. MAIDS 2015).

Sample Size Calculation
The sample size was calculated using software G* Power (Univer-
sität Düsseldorf, Germany). In order to have a power of study of 
0.95 with an alpha error of 0.05, a minimum of 22 subjects was 
required (11 in each group) to detect a significant difference of 
1.5mm in the lower incisor protrusion (14). Considering a dropout 
rate of 10% during the study period, 24 subjects were recruited.

Randomization and Allocation
Patients were equally divided into CTB (group 1, G1; 10 males, 2 
females with a mean age of 11.67 ± 0.49 years) and ETB (group 
2, G2; 10 males, 2 females with a mean age of 11.75±0.62 years) 
groups. A simple randomization method was performed using 
identical, sequentially numbered opaque sealed envelopes to 
ensure an allocation ratio of 1:1. 

Interventions

CTB Appliance
CTB comprised of maxillary and mandibular removable appli-
ances having the labial bow, delta clasps, and ball end clasps 
with incisal capping and expansion screw. 

ETB Appliance
The expansion screw (Leone® Italy) was positioned in the midline 
of maxillary cast with the help of cold cure acrylic (Figure 1a). There-
after, 1-mm biocryl sheet was adapted separately on maxillary and 
mandibular casts with help of pressure molding Biostar machine 
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Figure 1. a-e. Steps in fabrication of ETB

a

d e

b c



(SCHEU Dental Technology, Germany). This ensured that the ex-
pansion screw got incorporated in the maxillary biocryl sheet 
(Figure 1b). The bite was registered with maxillary and mandibular 
adapted biocryl sheets in the mouth in a single-step mandibular 
advancement (Figure 1c). Working models having registered bite 
along with upper and lower adapted sheets were mounted on the 
articulator (Figure 1d). Acrylic bite blocks with the inclined plane 
were fabricated on biocryl sheets similar to CTB (Figure 1e) and 
the maxillary appliance was split midpalatally (Figure 2).

All the subjects in G1 & G2 were instructed to wear the appliance 
24 hours per day including while eating. Regular wear of the ap-
pliance by the patient was subjectively assessed by the achieve-

ment of the pterygoid response wherein it became painful for the 
patient to retract the mandible due to the formation of a tension 
zone. The trimming was initiated in both groups after achieving 
a pterygoid response. However, in ETB, the biocryl sheet was re-
lieved from the lower appliance in the first molar region bilaterally 
before proceeding with bite block trimming. The duration of myo-
functional therapy in both groups was 9-12 months.

Assessment of Treatment Changes 

1. Cephalometric evaluation
Lateral cephalograms of all patients were taken in a natural head 
position on the same cephalostat with teeth in centric occlusion 
at two stages - pretreatment (T0) and post myofunctional ther-
apy (T1) (15). The cephalograms were traced and evaluated us-
ing modified Pancherz analysis to assess the skeletal and dental 
changes with myofunctional therapy by superimposing the trac-
ings (at T0 and T1) on T-FMN line, with T point as the registration 
point (Figure 3a, b) (16). Ten randomly selected cephalograms 
were retraced and evaluated by the same examiner (NS) after a 
week to check for intra-examiner reliability. 

2. Esthetic and functional evaluation

a. Preparation of questionnaire
The questionnaire was prepared based on two aspects: measur-
ing esthetic and functional dimensions. Initially, twenty ques-
tions from each dimension were generated by a panel of experi-
enced orthodontists (TT & PR) based on a previous similar study 
(17). Questions which were double negatives, unclear in mean-
ing, and doubtful were removed. Finally, only five questions in 
each dimension were included (Table 1). Aesthetic acceptance 
of the subject was evaluated by assessing their routine functions 
such as smiling and talking to peers. The functional dimension 
was assessed by chewing efficiency and appliance discomfort.
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Figure 2. Intraoral photographs with ETB

Figure 3. a, b. (a) Modified Pancherz analysis (Linear Dimensions). 
(b) Modified Pancherz analysis (Angular Dimensions). A, point A; 
ans, anterior nasal spine; ar, articulare; ba, basion; cl, condylar line; 
co, condylion; FMN, frontomaxillary nasal suture; go, goi, gonion; ii, 
incision inferius; is, incision superius; me, menton; mi, molar inferius; 
ml, mandibular line; ms, molar superius; nl, nasal line; OL, occlusal 
line; OLp, occlusal line perpendicular; pg, pogonion; pns, posterior 
nasal spine; T, tuberculum sella

a b



The esthetic acceptability of CTB and ETB was ascertained by 
responses to questions 1 to 5 where 1-3 represented conscious-
ness, 4 denoted confidence, and 5 depicted look of the appli-
ance. The response to questions 6 to 10 ascertained the func-
tional efficacy of two appliances. 

A five-point Likert scale was used for each question ranging from 
strong disagreement to strong agreement. 

b. Translating the questionnaire
The questionnaire was translated initially from English language 
to Hindi which was then back translated to English to ensure the 
accuracy of the translation.

c. Determination of readability 
Readability of the questionnaire was assessed using Micro-
soft Word 2010. Questionnaire had a Flesch Reading Score 
of 76.9, which is equivalent to a reading age of 12 years. The 
Flesch-Kincaid Grade Level score (4.5) showed a good level of 
readability.

d. Test-retest reliability
Each patient was asked to fill the questionnaire in the fourth 
week of their regular visit regarding their experience with the 
appliance. The patient filled the same questionnaire in the sixth 
week in order to assess the test-retest reliability of the ques-
tionnaire. Pearson product-moment correlation coefficient was 
found to be 0.989-1.000, which indicates good test-retest reli-
ability of the questionnaire.

e. Ease of Administration
The questionnaires were checked for completeness and the time 
taken by each patient to fill the questionnaire was found to be 
5-7 min using a stopwatch.
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Table 2. Comparative cephalometric changes between Conventional (Group 1) and Esthetic (Group 2) twin block groups.

	                                                                                                                                          Treatment changes	

	                                              Group 1 (T1-T0) (n=12)		                                          Group 2 (T1-T0) (n=12)		  Group 1 vs Group 2

Parameters	 Mean±SD	 p	 Mean±SD	 p	 p

Overjet (mm)	 -6.54±1.67	 0.002*	 -6.54±1.23	 0.002*	 0.903

Molar relation (mm)	 -6.00±0.85	 0.002*	 -5.79±0.58	 0.002*	 0.580

Maxillary base (mm)	 -0.42±0.51	 0.025*	 -0.63±0.48	 0.007*	 0.311

Mandibular base (mm)	 2.92 ±0.79	 0.002*	 4.67 ±0.78	 0.002*	 0.000*

Condylar head (mm)	 0.42±0.67	 0.059	 -0.17±0.72	 0.414	 0.059

Composite mandibular length (mm) 	 3.33±1.07	 0.002*	 4.5±0.52	 0.002*	 0.006*

Maxillary incisor (mm)	 -0.92±0.67	 0.005*	 -1.08±0.56	 0.013*	 0.517

Mandibular incisor (mm)	 2.25±0.50	 0.001*	 0.17±0.32	 0.102	 0.000*

Maxillary molar (mm)	 -0.42±0.51	 0.025*	 -0.33±0.49	 0.039*	 0.745

Mandibular molar (mm)	 2.25±0.58	 0.002*	 0.17±0.32	 0.102	 0.000*

FMN-T ptba (0)	 -0.96±0.86	 0.010*	 -0.25±0.62	 0.180	 0.048*

FMN-T ptar (0)	 -0.83±1.11	 0.046*	 -0.50±0.80	 0.206	 0.206

co-pg (mm)	 4.92±1.73	 0.002*	 5.5±2.19	 0.002*	 0.578

co-go (mm)	 2.79±1.5	 0.002*	 3.17±1.13	 0.002*	 0.334

go-pg (mm)	 2.79±1.07	 0.002*	 3.75±1.60	 0.002*	 0.127

cl-ml (0)	 1.17±1.11	 0.011*	 1.17±0.83	 0.006*	 0.856

ar-goi-me (0)	 1.08±0.79	 0.003*	 1.00±0.60	 0.003*	 0.945

nl-(FMN-T line) (0)	 0.33±2.35	 0.565	 0.25±0.75	 0.257	 0.852

ml-(FMN-T line) (0)	 1.17±0.54	 0.002*	 0.88±0.80	 0.010*	 0.282

nl-ml (0)	 0.83±2.24	 0.210	 0.63±0.93	 0.037*	 0.677

Superscript (*) indicates significant changes (p<0.05).
SD, Standard Deviation; FMN-T ptba, Frontomaxillary nasal suture-tuberculum sella-basion; FMN-T ptar, Frontomaxillary nasal suture-tuberculum sella-articulare; co-
pg, condylion-pogonion; co-go, condylion-gonion; go-pg, gonion-pogonion; cl-ml, condylar line-mandibular line; ar-goi-me, articulare-gonion-menton; nl-(FMN-T 
line), nasal line-(Frontomaxillary nasal suture-tuberculum sella line); ml-(FMN-T line), mandibular line-(Frontomaxillary nasal suture-tuberculum sella line); nl-ml, 
nasal line-mandibular line.

Table 1. Questionnaire for esthetic and functional evaluation

After wearing the appliance,

Q1 I can show my teeth while smiling.

Q2 I feel people are staring at me.

Q3 I am afraid of bullying by my peers.

Q4 I avoid looking at myself in the mirror.

Q5 I feel satisfied with the look of the appliance.

Q 6 It can easily be worn and removed.

Q7 It caused discomfort.

Q8 It caused difficulty in eating and chewing.

Q9 I felt difficulty in speaking.

Q10 It fitted in my mouth snugly.

Likert scale was used for responses as follows: 1=strongly disagree, 2=dis-
agree, 3=neutral, 4=agree, and 5=strongly agree.



The content validity of the questionnaire was evaluated by a 
panel of experienced orthodontists (TT & PR), and it was further 
checked by test-retest reliability and back translation.

Statistical Analysis
Data were analyzed using The Statistical Package for Social 
Sciences version 23.0 software (IBM Corp.; Armonk, NY, USA). 
Intra-examiner reliability was determined by the intra-class cor-
relation coefficient. Non-parametric tests were employed based 
on the assessment of normality by the parameters of skewness 
and kurtosis and the Shapiro-Wilk test. Pre- and post-treat-
ment changes in each group were evaluated using the Wilcox-
on matched-pair sign test. Intergroup comparison of pre- and 
post-cephalometric differences and questionnaire items was 
evaluated by the Mann-Whitney U test. Statistical significance 
was set at p<0.05.

RESULTS
No patients dropped out during the study. There was no sig-
nificant difference in baseline data of G1 and G2 patients. The 
intra-examiner reliability was found to be 0.997-1.000, which 
showed very good agreement.

Cephalometric Evaluation
The cephalometric superimposition on the T-FMN line for CTB 
and ETB is shown in Figure 4.

The post-treatment outcome in both groups revealed significant 
change in overjet reduction, molar relation, movement of the 
maxillary base, mandibular base advancement, maxillary inci-
sors retroclination, maxillary molars distalization, and increase in 
composite mandibular length (p<0.05) (Table 2).

G1 showed the significant mesial movement of mandibular in-
cisors (2.25 mm; p<0.05) and molars (p<0.05) whereas insignifi-
cant change was observed in G2 (0.17 mm). 

Intergroup comparison demonstrated statistically significant 
mandibular base advancement and composite mandibular 
length increase in G2 (p<0.05) while the change in positions of 
mandibular incisors (p<0.05) and molars (p<0.05) were statisti-
cally significantly more in G1.

Esthetic and Functional Evaluation 
Based on the responses to the questionnaire, the esthetic and 
functional efficacy of both appliances was evaluated. Significant 
differences were observed between the groups for all the ques-
tions (Table 3).

Approximately 17% of G1 patients and all the patients of G2 
agreed that they can show their teeth while smiling after wear-
ing the appliance. As depicted by the response to questions 2-4, 
patients of G2 were not conscious and more confident as com-
pared to G1. All the patients in G2 were satisfied with the look 
of the appliance whereas 75% were dissatisfied in G1 (Table 4).

In G2, all patients experienced the ease of wearing and remov-
al of an appliance whereas 83.33% of G1 patients disagreed. All 
G2 patients found the appliance to be snuggly fitting and did 
not experience any discomfort or difficulty in eating, chewing, 
or speaking. All G1 patients either agreed or were neutral about 
discomfort and difficulty in speaking and eating while 33.33% 
felt a snug fit of the appliance (Table 4).
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Figure  4. Cephalometric tracings superimposition on T-FMN line, (a) 
CTB, (b) ETB

Table 3. Likert scale rating of questionnaire

		  Group 1	 Group 2	 Group 1 
		  (n=12)	 (n=12)	 vs 
Questions	 Mean±SD	 Mean±SD	 Group 2

After wearing the appliance,

1	 I can show my teeth while smiling 	 2.42±0.79	 4.75±0.45	 0.000*

2	 I feel people are staring at me 	 3.83±0.57	 1.42±0.67	 0.000*

3	 I am afraid of bullying by my peers 	 3.67±0.49	 1.42±0.51	 0.000*

4	 I avoid looking at myself in the mirror 	 3.67±0.49	 1.42±0.51	 0.000*

5	 I feel satisfied with the look of the appliance.	 2.25±0.45	 4.17±0.39	 0.000*

6	 It can easily be worn and removed.	 2.08±0.51	 4.67±0.49	 0.000*

7	 It caused discomfort.	 3.58±0.51	 1.92±0.67	 0.000*

8	 It caused difficulty in eating and chewing.	 3.83± 0.57	 1.58±0.51	 0.000*

9	 I felt difficulty in speaking.	 4.00±0.60	 1.33±0.49	 0.000*

10	 It fitted in my mouth snugly.	 3.25±0.87	 4.75±0.45	 0.000*

Superscript (*) indicates significant changes (p<0.05).



DISCUSSION
The present study intends to introduce an esthetically viable, 
functionally competent twin-block appliance in subjects with 
Class II malocclusion. With the growing demand for esthetic treat-
ment alternatives, orthodontists are developing appliances which 
are indiscernible (18, 19). The functional appliances in growing 
patients are conspicuous and bulky, which often makes the pa-
tient reluctant and less compliant towards the treatment (3, 19). 
Hence, a novel ETB was developed with an intention to overcome 
these drawbacks of CTB. The concept of ETB formed from the bi-
ocryl sheet was based on the study by Bechir et al. (20) who ob-
served better esthetics from biocryl sheet as compared to acrylic 
resin. Thus, this study was conducted to compare dentoskeletal 
changes and esthetic and functional efficacy of CTB and ETB. The 
patients enrolled in the study were in the CVMI transition stage 
as peak mandibular growth is observed in this stage (21). Further, 
all patients showed positive VTO where the patients’ profile im-
proved by a forward repositioning of the mandible and predict-
ed the likely benefit from functional appliance therapy. Modified 
Pancherz analysis was used for structural superimposition in both 
groups for quantitative evaluation of dental and skeletal changes. 
According to You and Hagg (22), the modified Pancherz method 
has been observed to be the most suitable amongst all other su-
perimposition methods, viz. Ricketts and Bjork.

Patients treated with CTB showed significant reduction in over-
jet and change in molar relation but the observed change in 
both the parameters was equally contributed by skeletal and 
dental effects (Figure 5) which were commensurable with earlier 
studies (1, 6, 23). The observed skeletal changes were mainly due 
to statistically significant increment in mandibular base length 
(2.92 mm), and the amount of increment in mandibular length 

(1.46-3.52 mm) also corresponded to previous studies (6-8, 23, 
24). Dental changes involving lower incisor proclination and ret-
roclination of maxillary incisors undermine the potential of CTB 
in achieving the desired skeletal change. 

With the use of ETB, a statistically significant reduction in overjet 
and molar relation were seen which was mainly due to skeletal 
changes (81%) attributed to significant increment in mandibular 
base length, whereas no significant change in position of man-
dibular incisors was seen (Figure 6). The insignificant proclination 
of lower incisors extended the scope of skeletal correction. The 
control of the lower incisors proclination could be attributed to 
the wide coverage of biocryl sheet on all teeth cervically, which 
further reinforced anchorage, imparting greater stability in the 
sagittal dimension (25). Skeletal and dentoalveolar contribution 
to molar relation were almost similar as observed with overjet 
correction. The increment in mandibular base length (4.67 mm) 
observed in the present study was greater than that seen in the 
previous studies involving CTB (6, 7, 23, 24). However, significant 
retroclination of upper incisors in the ETB group was observed 
which may possibly be due to a reduction in rigidity caused by 
splitting of the appliance by expansion screw. Moreover, the ret-
roclination of the upper incisor is desirable and is an advantage 
in Class II division 1 patients who present with proclined upper 
anterior teeth (26).

The patient’s acceptance and compliance with orthodontic ap-
pliances determine their satisfaction while undergoing myo-
functional therapy. Hence, the questionnaire was designed to 
evaluate and compare the patients’ experience with CTB and 
ETB. The questions were composed for easy comprehension and 
appropriate response by the patients.
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Table 4. Percentage of affirmative responses to the questionnaire

Question	 Group	 Strongly Disagree	 Disagree	 Neutral or Unclear	 Agree	 Strongly Agree

1	 1	 0	 75	 8.33	 16.67	 0

	 2	 0	 0	 0	 25	 75

2	 1	 0	 0	 25	  66.67	 8.33

	 2	 66.67	 25	 8.33	 0	 0

3	 1	 0	 0	 33.33	 66.67	 0

	 2	 58.33	 41.67	 0	 0	 0

4	 1	 0	 0	 33.33	 66.67	 0

	 2	 58.33	 41.67	 0	 0	 0

5	 1	 0	 75	 25	 0	 0

	 2	 0	 0	 0	 83.33	 16.67

6	 1	 8.33	 75	 16.67	 0	 0

	 2	 0	 0	 0	 33.33	 66.67

7	 1	 0	 0	 41.67	 58.33	 0

	 2	 25	 58.33	 16.67	 0	 0

8	 1	 0	 0	 25	 66.67	 8.33

	 2	 41.67	 58.33	 0	 0	 0

9	 1	 0	 0	 16.66	 66.67	 16.67

	 2	 66.67	 33.33	 0	 0	 0

10	 1	 0	 16.67	 50	 25	 8.33

	 2	 0	 0	 0	 25	 75



The esthetic assessment revealed the acceptance of the appliance 
by the patient in terms of consciousness, confidence, and facade 
of the appliance. ETB was more acceptable to the patients as com-
pared to CTB due to the absence of wire components and transpar-
ent biocryl sheet, which rendered it inconspicuous in appearance, 
leading to reduced apprehension during social interactions. Similar 
findings were observed by Kumar et al. (27) with Essix retainers.

In our study, the insertion and removal were easier with ETB as 
compared to the CTB. The functional efficacy is governed primar-
ily by the fit and thickness of the appliance. The complete encap-
sulation of dentition in ETB and better mechanical properties of 
thermoformed biocryl sheet over cold cure acrylic resin made it 
more comfortable during eating and chewing. A similar observa-
tion was projected by Sheridan et al.(28) Further, the speech was 
also not affected which was found to be in accordance with the re-
sults of Atik et al. (29), who observed less speech difficulty with Es-
six retainer as compared to that with Hawley retainers. Moreover, 
the reduced thickness of the biocryl sheet compared to acrylic in 
the anterior palatal area causes less change in phonetics (30).

ETB was observed to render better treatment results and was su-
perior with respect to the appearance and functional efficacy of 

the appliance. Apparently, there was no significant difference in 
cost-effectiveness between the two appliances. This was a pre-
liminary study of a novel modification, which requires further 
investigation evaluating gender variation with a larger sample 
size to corroborate the present results.

CONCLUSION
A novel appliance for correction of Class II correction in growing 
patients with better esthetics was studied for its clinical efficacy. 
It was found to bring about 81% skeletal and 19% dental chang-
es as compared to 51% skeletal and 49% dental changes with 
CTB. The ETB showed better lower incisor control as compared 
to CTB. Moreover, ETB was perceived to be superior in terms of 
esthetics and function in contrast to CTB, which caused greater 
discomfort and speech interference besides inferior esthetics. 
Hence, ETB appliance should be preferred over CTB for mandib-
ular advancement in Class II growing patients.

Ethics Committee Approval: The study was approved by Institutional 
research ethical committee of Maulana Azad Institute of Dental Scienc-
es, New Delhi (Reference no. MAIDS 2015).
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Figure  5. Schematic diagram of maxillary and mandibular skeletal 
and dental changes after CTB

Figure  6. Schematic diagram of maxillary and mandibular skeletal 
and dental changes after ETB
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Original Article

Quantitative Comparison of Cephalogram 
and Cone-Beam Computed Tomography in the 
Evaluation of Alveolar Bone Thickness of Maxillary 
Incisors

ABSTRACT

Objective: This study aims to quantitatively compare cephalogram and cone-beam computed tomography (CBCT) when evaluating 
maxillary central incisor alveolar bone thickness.

Methods: We used 30 sets of lateral cephalograms and CBCT images that were recorded at the same time. Labial, buccal, and overall 
alveolar bone thicknesses were measured on three measurement lines of the forward-most incisor in lateral cephalograms and four 
maxillary incisors in CBCT images. Paired t-test, interclass correlation coefficient analysis, one-way analysis of variance (ANOVA), and 
Bland–Altman analysis were used to assess cephalometrically measured alveolar bone thickness of maxillary incisors and compare 
these measurements with those made using CBCT images.

Results: Significant differences were observed between cephalometric and CBCT-based measurements of maxillary incisor alveolar 
bone thickness; most values showed mild or moderate correlation between the two methods. In most cases, cephalometric measure-
ments were greater than CBCT-based measurements. Bland–Altman plots and ANOVA revealed that measurement bias increased 
when measurement lines moved apically. Alveolar bone thickness was always overestimated on cephalograms.

Conclusion: Maxillary incisor alveolar bone thickness is always overestimated on cephalograms compared with CBCT-based mea-
surements, with the overestimations ranging from 0.3 to 1.3 mm. Cephalometric measurement bias increases when measurement 
lines move apically. Thus, CBCT should be recommended when the accurate evaluation of alveolar bone thickness is warranted.

Keywords: Alveolar bone thickness, cephalogram, cone-beam computed tomography, maxillary incisor, orthodontic diagnosis

INTRODUCTION
Lateral cephalogram is an essential and irreplaceable tool in clinical and academic orthodontics that provides 
elaborate information for diagnosis and treatment planning (1). With the advent of computed tomography tech-
nology, cone-beam computed tomography (CBCT) is gaining popularity as a promising modality in dental prac-
tice, with several obvious advantages compared with two-dimensional (2D) cephalograms.

CBCT images provide three-dimensional (3D) assessment of the life-size craniofacial complex without distortion 
or overlapping of anatomical structures (2-4). In addition, it provides a highly accurate method to evaluate bony 
architecture and has been previously used to quantify facial bone for orthodontic research as well as to measure 
bone volume following regenerative periodontal therapy (5, 6). CBCT scans may help in planning treatment, 
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particularly for implant placement of the maxillary aesthetic re-
gion, because they can contribute to predictions of some pos-
sible pre- or post-surgical soft or hard tissue complications (7). 
Therefore, CBCT is the preferred measurement technique for de-
termining alveolar bone thickness.

Extensive research has been conducted to investigate the ac-
curacy and consistency of craniofacial measurements recorded 
using these two methods. Generally, CBCT images provide more 
precise identification of traditional cephalometric landmarks (8, 
9), and in a clinical setting they provide more accurate and re-
liable 3D and linear measurements of the craniofacial complex 
(10-12).

In addition, CBCT can be used to evaluate alveolar thickness. The 
thickness of the supporting alveola is a critical issue that must 
be considered during orthodontic treatment, particularly when 
treating maxillary incisors, which always need a wide range of 
labiopalatal movement. According to Yodthong et al. (13), the 
rate of tooth movement, change in inclination, and extent of in-
trusion are significant factors that may influence alveolar bone 
thickness during upper incisor retraction. Ignorance of alveolar 
bone thickness along with wide tooth movement range may 
contribute to increased risk of bone fenestration and dehiscence. 
Therefore, these factors must be carefully monitored.

Although CBCT provides a relatively more reliable method to 
evaluate alveolar thickness, it is not routinely prescribed because 
of the radiation dose used and its cost. Most orthodontists use 
only lateral cephalograms to evaluate maxillary incisor alveolar 
thickness. However, there is limited clinical research regarding 
the accuracy of alveolar bone thickness measurements obtained 
by cephalograms as well as limited research involving the quan-
titative comparison of cephalograms and CBCT. Therefore, we 
must determine whether using cephalograms to measure max-
illary incisor alveolar bone thickness in orthodontic treatment is 
reasonable and whether CBCT should be routinely prescribed for 
this purpose.

Herein, we aim to quantitatively compare cephalogram and 
CBCT for evaluating maxillary central incisor alveolar bone thick-
ness. The findings of this study will enrich and expand the knowl-
edge regarding whether and when CBCT is required to evaluate 
anterior maxillary alveolar bone thickness.

METHODS

Subjects
The study was approved by the local ethics committee of Pe-
king University School of Stomatology, Beijing, China (PKUS-
SIRB-201838113). A total of 30 sets of CBCT images and cephalo-
grams (13 men, 17 women; age, 18.9±6.02 years) were selected 
from the Department of Orthodontics, Peking University School 
of Stomatology. The exclusion criteria were as follows: cleft pal-
ate; missing or supernumerary anterior teeth; rotated, tipped, 
or torqued teeth; periodontal disease; deciduous anterior teeth; 
and other pathological manifestations of anterior teeth. CBCT 
images and lateral cephalograms were obtained on the same 

day. All the images were taken for the clinical orthodontic treat-
ment.

Imaging and Processing
Lateral cephalograms were obtained using an orthopanto-
mograph equipped with a cephalostat (Orthopantomograph® 
OP200 D, Instrumentirium Corp, Graven, Finland) with the fol-
lowing parameters: 77 kV, 16 mA, and exposure time of 0.63–1.0 
seconds. The measurements were made using Photoshop 7.0 
(Adobe® Systems, San Jose, CA).

CBCT images were obtained using the NewTom CBCT system 
(NewTom VG, Quantitative Radiology, Verona, Italy) with the 
following parameters: 120 kV; exposure time, 3.6 seconds; and 
axial thickness, 0.200 mm. The measurements from CBCT images 
were made using Ondemand3D (Cybermed, Seoul, Korea). The 
center of each tooth was measured on the sagittal plane.

Measurements
On the lateral cephalograms, the measurements were converted 
to 100% magnification. The scale ruler on the cephalogram was 
used to perform the mathematical conversion. Outlines of the 
most anterior part of the maxillary alveolar plates and maxillary 
incisor are shown in Figure 1. Four reference lines were used, 
which were perpendicular to the long axis of the upper incisor. 
Line A was drawn at the labial alveolar crest, line B was drawn 2.4 
mm apically to line A, line C was 4.8 mm off, and line D was 7.2 
mm off. The thicknesses of labial, palatal, and labiopalatal (over-
all) alveolar plates were measured at lines B, C, and D, respective-
ly. Lines B, C, and D were selected to roughly represent crestal, 
mid-root, and apical levels of maxillary incisors, respectively.
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Figure 1. Cephalometric measurements of alveolar bone thickness 
Labial, palatal and overall thickness were all measured on lines B, C 
and D



On CBCT images, the mid-sagittal plane of each maxillary incisor 
was chosen as a reference line and the same measurements were 
made in each image (Figure 2).

An experienced clinical orthodontist from the Department of Or-
thodontics, Peking University School of Stomatology, performed 

all sets of digital measurements twice, with an interval of 1 week 
between the measurements.

Statistical Analysis
Paired t-tests, interclass correlation coefficient (ICC) analysis, and 
Dahlberg’s formula were used to investigate the reproducibility 
of the operator’s measurements and to perform comparisons 
between the measurement methods. Kolmogorov–Smirnov 
normality tests revealed that the data conformed to a normal 
distribution in all measurement areas. Mean value, standard de-
viation (SD), correlation analysis, and one-way analysis of vari-
ance (ANOVA) were used to identify the relationship between 
cephalometric and CBCT-based measurements. The significance 
level was set at  p=0.05. These tests were performed using Statis-
tical Package for Social Sciences software version 21 (IBM Corp.; 
Armonk, NY, USA). Bland–Altman analysis was used to assess the 
agreement of cephalometric and CBCT-based measurements, 
which were generated using MedCalc software (version 17.9.7; 
MedCalc Software, Mariakerke, Belgium).

RESULTS
No statistically significant differences were observed between 
the two repeated measurements on cephalograms as well as on 
CBCT images (Table 1, p>0.05). The average values of the two 
measurements were used.

Table 2 presents descriptive statistics of the differences that were 
always smaller in the central incisors. All labial bone thickness 
measurements, most palatal measurements, and overall thick-
ness revealed highly significant differences between cephalo-
metric and CBCT-based measurements.

Table 3 presents the correlation analysis. All ICCs of labial and 
palatal thickness were <0.50 mm, and most ICCs ranged in over-
all thickness from 0.40 to 0.70. Thus, the correlation between 
cephalometric and CBCT-based measurements was not suffi-
ciently strong.
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Table 1. Paired t-test for repeated measurements (mm) on cephalo-
grams and CBCT (n=30)

Measurements 	 Mean 	 Std deviation	 p

Cephalograms 	 -0.008	 0.75	 0.854

CBCT-based	 -0.011	 0.74	 0.820

Std deviation: standard deviation.

Table 2. Quantitative comparisons between cephalometric and CBCT-based measurements (mm)

			   Labial			   Palatal			   Overall

Reference Line		  ΔMean	 SD	 p	 ΔMean	 SD	 p	 ΔMean	 SD	 p

B	 11	 0.33	 0.32	 <0.001**	 0.28	 0.94	 0.118	 -1.24	 0.80	 0.401

	 21	 0.29	 0.33	 <0.001**	 0.50	 0.82	 0.002**	 0.01	 0.73	 0.925

	 12	 0.46	 0.41	 <0.001**	 0.71	 1.15	 0.002**	 0.46	 0.80	 0.004**

	 22	 0.30	 0.53	 0.004**	 0.60	 1.15	 0.007**	 0.51	 0.91	 0.005**

C	 11	 0.55	 0.48	 <0.001**	 0.40	 1.05	 0.047*	 0.31	 0.81	 0.047*

	 21	 0.48	 0.48	 <0.001**	 0.74	 0.93	 <0.001**	 0.48	 0.80	 0.002**

	 12	 0.76	 0.49	 <0.001**	 0.89	 1.37	 0.001**	 0.88	 1.00	 <0.001**

	 22	 0.68	 0.51	 <0.001**	 0.83	 1.31	 0.002**	 1.06	 1.04	 <0.001**

D	 11	 0.98	 1.03	 <0.001**	 -0.30	 2.02	 0.935	 0.80	 1.31	 0.002**

	 21	 0.93	 0.98	 <0.001**	 0.28	 1.59	 0.349	 1.05	 1.18	 <0.001**

	 12	 1.31	 0.94	 <0.001**	 0.29	 1.83	 0.393	 1.20	 1.44	 <0.001**

	 22	 1.27	 0.78	 <0.001**	 0.47	 1.64	 0.130	 1.51	 1.50	 <0.001**

ΔMean: cephalometric measurements (labial\palatal\overall thickness on line B\C\D of the most forward incisor in cephalograms) minus; CBCT-based measure-
ments (labial\palatal\overall thickness on line B\C\D of the four incisors in CBCT); SD: standard deviation; 11\21\12\22, right central incisor\left central incisor\ right 
lateral incisor\ left lateral incisor; **: p<0.01, statistically highly significant; *: p<0.05, statistically significant.

Figure 2. Measurements of alveolar bone thickness on a CBCT 
image. Same reference lines were used and same measurements 
were made on CBCT for all four incisors.



One-way ANOVA was used to assess the differences among the 
three measurement lines. Table 4 summarizes the results of this 
analysis. The absolute value of difference was analyzed, and the 
subgroup measurements indicated that differences increased 
when measurement lines moved apically.

In Bland–Altman plots, the limits of agreement were de-
fined as±1.96 SD. The 95% limits of agreement were 0.4±1.60 
(mean±1.96 SD), 0.7±1.80, and 0.8±2.90 mm for lines B, C, and D, 
respectively (Figure 3).

DISCUSSION
Ignoring high-risk periodontal conditions and inappropriate 
tooth movement can have negative iatrogenic effects on or-
thodontic treatment, including root resorption, artificial bone 
defects, gingival recession, and unexpected progressing tooth 
mobility (14).

Artificial bony defects such as fenestration and dehiscence are 
gaining more attention with the development of CBCT (15). 
Krishna et al. (16) reported that when incisors were retracted, 
a few patients demonstrated bone dehiscence, which was not 
visible macroscopically or cephalometrically. Meanwhile, some 
defects are inherent. Gang et al. (17) reported that the incidence 
of bone fenestration and dehiscence in the incisor region of skel-
etal Class II division 1 malocclusions was 30.78% and 36.15%, 
respectively, in Chinese individuals, and the left upper central 
incisor was the second-most commonly affected tooth with fen-
estration.

For orthodontists to accurately plan treatments and ensure 
positive outcomes, full-scale and accurate assessment of max-
illary incisor alveolar bone thickness is highly important. Many 
researchers have measured maxillary incisor alveolar thickness 
using CBCT images, particularly in implant procedures. Fuentes 
et al. (18) evaluated the bone buccal to maxillary incisors and 
found that <10% sites showed more than a 2-mm thickness of 
the buccal bone wall. Lee et al. (19) measured the thickness of 
buccal and palatal alveolar plates of maxillary incisors in a Ko-
rean subpopulation using CBCT images and reported that the 
anterior buccal plate was very thin, within 1 mm, and the thick-
ness of the palatal plate was relatively thick. Therefore, maxillary 
incisor alveolar bone thickness must be considered in orthodon-
tic treatments.

Several researchers have investigated the diagnostic validity of 
lateral cephalograms in terms of alveolar bone thickness, but 
most of them have only focused on labial/buccal alveolar plates. 
Kula et al. (20) showed that the thickness of the bone buccal to 
root apices of the most forward maxillary incisor is greater when 
measured on 2D cephalograms than that measured on 3D CBCT 
images.

In addition to labial bone thickness, palatal and overall alveolar 
bone thicknesses are equally important. Thongudomporn et al. 
(21) reported statistically significant decreases in palatal and over-
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Table 3. Correlation coefficient (r) and Interclass Correlation Coefficient (ICC) between cephalometric and CBCT-based measurements

			                       Labial			             	             Palatal				                       Overall

Reference Line	 r	 p	 ICC	 p	 r	 p	 ICC	 p	 r	 p	 ICC	 p

B	 11	 0.405	 0.026	 0.250	 0.013	 -0.042	 0.824	 -0.042	 0.589	 0.417	 0.022	 0.417	 0.010

	 21	 0.346	 0.061	 0.231	 0.030	 0.202	 0.283	 0.201	 0.140	 0.539	 0.002	 0.539	 0.001

	 12	 0.181	 0.338	 0.091	 0.165	 -0.248	 0.186	 -0.236	 0.899	 0.303	 0.104	 0.295	 0.053

	 22	 0.438	 0.015	 0.310	 0.021	 -0.106	 0.579	 -0.97	 0.699	 0.403	 0.027	 0.396	 0.014

C	 11	 0.060	 0.753	 0.055	 0.385	 0.115	 0.543	 0.111	 0.276	 0.579	 0.001	 0.579	 <0.001

	 21	 0.096	 0.613	 0.090	 0.315	 0.330	 0.075	 0.317	 0.041	 0.626	 <0.001	 0.623	 <0.001

	 12	 0.049	 0.796	 0.046	 0.403	 -0.008	 0.967	 -0.007	 0.514	 0.349	 0.059	 0.349	 0.027

	 22	 0.259	 0.166	 0.295	 0.079	 0.190	 0.314	 0.158	 0.197	 0.482	 0.007	 0.466	 0.004

D	 11	 -0.203	 0.283	 -0.017	 0.820	 0.006	 0.973	 0.010	 0.490	 0.595	 0.001	 0.562	 0.001

	 21	 -0.193	 0.307	 -0.146	 0.784	 0.278	 0.137	 0.233	 0.104	 0.613	 <0.001	 0.596	 <0.001

	 12	 -0.003	 0.989	 -0.002	 0.505	 0.196	 0.299	 0.153	 0.205	 0.455	 0.012	 0.437	 0.007

	 22	 0.409	 0.025	 0.362	 0.023	 0.309	 0.097	 0.251	 0.087	 0.519	 0.003	 0.478	 0.003

r: correlation coefficient; ICC: Interclass Correlation Coefficient; 11\21\12\22, right central incisor\left central incisor\ right lateral incisor\ left lateral incisor.

Table 4. Comparison of absolute value of the difference between ceph-
alometric and CBCT-based measurements on three reference lines

		  11	 21	 12	 22

Labial	 B	 b	 b	 c	 b

	 C	 ab	 b	 b	 b

	 D	 a	 a	 a	 a

Palatal	 B	 b	 b	 b	 a

	 C	 b	 a	 a	 a

	 D	 a	 ab	 ab	 a

Overall	 B	 b	 b	 b	 c

	 C	 ab	 ab	 a	 b

	 D	 a	 a	 a	 a

a\b\c\d: subgroups of multiple comparisons; Subgroup ‘a’ had the greatest 
absolute values of difference, and different letters showed statistical signifi-
cance between group. Measurements with the same subgroup letter do not 
differ significantly for multiple comparisons. 11\21\12\22: right central incisor\
left central incisor\ right lateral incisor\ left lateral incisor; B: measurements on 
reference line B; C: measurements on reference line C; D: measurements on 
reference line.



all bone thicknesses at mid-root and apical levels after maxillary 
incisors were proclined and extruded in a group of patients with 
Class III malocclusion. In fact, labial and lingual cortical plates at 
the level of the apex of an incisor may represent the anatomic lim-
its of tooth movement (22). Thus, palatal as well as overall alveolar 
bone thicknesses of maxillary incisors must be evaluated.

Because labial, palatal, and overall alveolar bone thicknesses of 
maxillary incisors are highly important during orthodontic treat-
ment planning, orthodontists must determine whether cepha-
lograms accurately reflect bone thickness in comparison with 
CBCT. Thus, in the present study, labial, palatal, and overall thick-
nesses were measured on three reference lines on both lateral 
cephalograms and CBCT images.

Cephalometric measurements were greater than CBCT-based 
measurements in most cases (Table 2), indicating that perhaps 
alveolar bone thickness is always overestimated on cephalo-
grams. The differences were highly significant between cepha-
lometric and most CBCT values (Table 2). Moreover, the mean 
values of different measurements increased apically and were 

always smaller for central incisors than those for lateral ones. Fur-
thermore, simple correlation analysis and ICC were conducted 
(Table 3), wherein most values showed mild or moderate correla-
tion between cephalometric and CBCT-based measurements.

Lee et al. (23) suggested that the following three conditions 
must be met to conclude that the two methods for measuring a 
quantitative variable are interchangeable: 1) the methods must 
not exhibit marked additive or nonadditive systematic bias; 2) 
the difference between the two mean readings should not be 
statistically significant; and 3) the lower limit of 95% confidence 
interval of ICC should be at least 0.75 (indicating that there is a 
strong or very strong correlation). Thus, it can be easily conclud-
ed that cephalometric measurements were not interchangeable 
with CBCT-based measurements. Moreover, owing to the lim-
itations of 2D imaging techniques, such as overlapping of ana-
tomical structures, cephalometric measurements do not always 
reflect the actual measurements (24).

Measuring at three different levels was one of the advantag-
es of the study. Of these locations, the crestal position may 
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Figure 3. Bland-Altman analysis: difference against the mean (thick solid blue line in the middle) of cephalometric (ceph) and CBCT-based 
measurements
A: measurements on line B; B: measurements on line C; C: measurements on line D.



contribute most to the aesthetic problems because the crest-
al bone supports the gingival margin and resorption of bony 
structure leads to mucosal recession. The mid-root and apical 
positions are of equal importance; these can help clinicians to 
be aware of how teeth move as well as the torque used on max-
illary incisors.

In Bland–Altman analysis (Figure 3), the measurements on line B 
showed the smallest mean differences and relatively small lim-
its of agreement (0.4±1.60 mm), whereas the measurements on 
line D showed the largest mean differences (0.8±2.9 mm). This 
might be due to the overlap of the more complex anatomical 
structures when measurements lines were moved apically.

One-way ANOVA (Table 4) was conducted to compare measure-
ments on different lines. Subgroup “a” had the greatest abso-
lute values of difference. The measurements on line D had the 
greatest absolute difference, and in most cases, values on line 
B were significantly less different than those on line D. Thus, the 
accuracy of measurements decreased when measurement lines 
were moved apically. Clinicians should pay careful attention to 
alveolar bone thickness of the apical third of the root, particular-
ly when the apices of incisors need a wide range of movement, 
and CBCT should be recommended in such cases.

A study has showed limitations for using CBCT to assess bone 
thickness, especially in thin bone areas such as the overestima-
tion of bone dehiscence and fenestration (25). However, there is 
no gold standard to assess the alveolar bone thickness in these 
studies, and CBCT is a relatively more accurate method com-
pared with conventional 2D radiographs (26).

A limitation to our study is that we examined generally healthy 
patients. The cephalometric measurement bias would therefore 
increase when the situation becomes more complicated such as 
in patients who meet the exclusion criteria. Skeletal discrepancy 
influences the inclination of the maxillary and mandibular inci-
sors, which can influence the thickness of labial alveolar bone 
(27), and this factor can be considered in future studies. More at-
tention should be paid to alveolar bone thickness in orthodontic 
treatment.

CONCLUSION
Maxillary incisor alveolar bone thickness is always overestimat-
ed in cephalograms compared with CBCT-based measurements. 
This overestimation ranges from 0.3 to 1.3 mm. Cephalometric 
measurement bias increases when measurement lines move api-
cally. Therefore, CBCT should be recommended when the accu-
rate evaluation of alveolar bone thickness is warranted.
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Low-Viscosity Resin Infiltration Efficacy on 
Postorthodontic White Spot Lesions: A Quantitative 
Light-Induced Fluorescence Evaluation

ABSTRACT

Objective: The aim of this in vivo study was to evaluate the efficacy of low-viscosity light-cured resin infiltration on postorthodontic 
white spot lesions (WSLs) on incipient and advanced lesions using quantitative light-induced fluorescence (QLF).

Methods: The study subjects were patients with clinically diagnosed postorthodontic WSLs (n=57). QLF images of the lesions were 
obtained using a QLF device (Inspektor-Pro, Amsterdam, The Netherlands) before any treatment. Images were processed using the 
built-in software (QLF patient v2.0.0.48), which produced fluorescence loss (ΔF1), lesion area (Area1), and impact (ΔF1 x Area1, ΔQ1) 
values. Lesions were categorized as incipient (−5<ΔF1<−12, n=14) or advanced (−12<ΔF1<−25, n=43). They were then infiltrated with 
low-viscosity resin (Icon-DMG, Hamburg, Germany) according to the manufacturer’s instructions. QLF imaging was repeated (ΔF2, 
Area2, and ΔQ2) from the same aspects assured by the relative software. Kolmogorov-Smirnov, Wilcoxon, and Mann-Whitney tests 
were used for data evaluation.

Results: ΔF1 (−8.40±0.73) and Area1 (3.44±5.19) decreased to −6.58±0.88 and 0.18±0.33 for incipient lesions (p<0.001 and p=0.002, 
respectively). ΔF1 (−13.20±5.32) and Area1 (4.71±5.56) decreased to −7.51±2.7 and 0.29±1.86 for advanced lesions (p<0.001). When 
ΔF, lesion area, and ΔQ changes between the groups were compared, the decrease in ΔF was greater for advanced lesions (p<0.001), 
whereas the decrease in the lesion area and ΔQ was similar (p=0.690, p=0.291).

Conclusions: Infiltration treatment provides improvement of WSLs in terms of fluorescence loss, lesion area, and impact for both 
incipient and advanced lesions, with the latter group presenting higher fluorescence loss reduction. 

Keywords: Dental white spots, icon infiltrant, quantitative light-induced fluorescence

INTRODUCTION

White spot lesions (WSLs) are one  of the initial clinical findings of enamel demineralization, resulting from cario-
genic bacterial metabolism acting on the tooth surface (1). The risk of WSL formation increases during orthodon-
tic treatment as a consequence of plaque retention sites (2). The individual factors that determine the prognosis 
of such lesions are the efficacy of personal oral hygiene, saliva buffering capacity, salivary flow rate (3), and the 
presence of local fluoride (4).

WSLs appear mostly opaque-white due to the changes in the refractive index of the enamel, which are caused 
by mineral loss from the surface and deeper layers (5). In early stages, WSLs require air drying to become visible. 
At this stage, demineralization at the outer layer of enamel begins. Progression of this process results in a visible 
WSL even without air drying. The clinical appearance of a WSL is also related to its activity. Active lesions appear 
chalky and feel rough during light probing whereas inactive lesions are bright on the outside and feel smooth 
during probing (6). 
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The progression of WSLs can be detained or even arrested by 
preventive measures such as oral hygiene education, dietary 
control, and local fluoridation (7). These are the primary choices 
of treatment, because they promote natural repair and preven-
tion. Even though it has been claimed that these lesions could 
regress following preventive measures, varying clinical results 
have been reported that have questioned the predictability of 
the remineralization process (6, 8, 9). Many early incipient lesions 
were still visible after remineralization because most of the loss 
was at the center body of the lesion, where improvement in its 
light refraction was unlikely due to the limited remineralization 
potential (10). This type of remineralization results in a shiny and 
less obvious lesion, but the interior opacity remains. With non-
compliant patients, this approach is often ineffective and the 
lesions tend to progress (6). 

In 2009, the low-viscosity resin infiltration technique, which aims 
to fill the microporosities in the lesion body with a minimally in-
vasive approach, was introduced (11). This resin connects and 
strengthens the affected tissue micromechanically and stabilizes 
the demineralized enamel against new acid attacks. Thus, the af-
fected tissue is preserved and the gap between restorative treat-
ment and preventive measures is principally closed (12). This 
technique is claimed to be suitable for noncavitated lesions that 
are unlikely to remineralize (13). Moreover, the refractive index 
of the infiltrant is defined as being similar to the sound enamel, 
which also provides the visual masking of the lesion (12). 

Detection and diagnosis of WSLs can be performed using different 
methods. Quantitative light-induced fluorescence (QLF) is 1 of the 
diagnostic methods that can quantify the fluorescence difference 
between sound and demineralized enamel utilizing light refrac-
tion from affected dental surfaces (14-16). Previous studies have 
demonstrated that this method is reliable to monitor the miner-
al changes in incipient lesions in vitro and in vivo (17-20). When 
enamel demineralization occurs, minerals are replaced by water 
from saliva, which reduces light absorption. Thus, the intensity of 
the fluorescence decreases in such areas of the enamel, which ap-
pear as dark zones differing from sound structures (20). 

Assessment of WSLs and deciding whether infiltration treatment 
would be efficient prior to the application is important. Varying 
clinical outcomes have been reported regarding the masking 
ability of this treatment, resulting in partial or unsuccessful cam-
ouflage of the lesions (21, 22). Data are lacking regarding the 
assessment of infiltration treatment efficacy in terms of lesion 
severity. Therefore, the aim of this study was to classify the WSLs 
identified after completion of orthodontic treatment by the le-
sion severity and to test the infiltration efficacy of these lesions 
by means of QLF. The null hypothesis tested was that efficacy of 
infiltration treatment would not differ between incipient or ad-
vanced WSLs.

METHODS

Study Design
The study protocol was approved by the ethics committee of 
Clinical Research of Medical School of Ege University (commis-

sion decision numbered 17-10/65). An informed consent form 
signed by the participant, and for those under age 18 years also 
signed by their parents, was obtained.

The participants were recruited consecutively for 6 months from 
patients being treated with fixed appliances at the department 
of orthodontics. The inclusion criteria were: patients of age 13 
years or older, in good general health, with a treatment period 
with fixed appliances of at least 1 year at the debonding ap-
pointment, at least 1 WSL with no cavities present on the facial 
surface of the dentition before starting orthodontic treatment, 
and no prior WSL treatment utilized except tooth brushing with 
fluoridated toothpaste. The exclusion criteria were: patients with 
cavitated lesions, deciduous teeth, or WSLs that had been filled, 
restored, or had received therapy. If 1 exclusion criterion applied 
to 1 tooth, the subject was excluded from the trial.

No special attention was given to oral hygiene measures for sub-
jects participating in this study immediately after debonding. At 
the start of fixed appliance treatment, the patients were advised 
to brush their teeth 3 times a day, were shown how to clean their 
mouth with the appliance in situ, and were given a leaflet with 
brushing instructions.

For every subject, the whole dentition was isolated with cotton 
rolls and air dried for 5 seconds. Subjects were diagnosed by 
a visual examination to determine the extent of demineraliza-
tion, and the texture of the surface was gently evaluated with a 
periodontal probe. Carious white spot lesions appeared rough, 
opaque, and porous. Also, the presence and extent of lesions on 
the buccal surfaces of all teeth, except second and third molars, 
were assessed by means of QLF at the debonding visit. 

Twenty eligible patients (12 boys, 8 girls; mean age, 15.6 years; 
n=57 teeth) who had recently finished orthodontic treatment 
were recruited by the second author (H.Ç).

At appliance removal, adhesive was removed with a carbide fin-
ishing bur, and complete removal was verified by air drying the 
teeth. All teeth were then polished with fluoride-free polishing 
paste using a rubber cup. No special measures were taken to re-
move plaque from the surfaces, apart from normal cleaning as 
part of the debonding procedure. After debonding, initial QLF 
imaging, infiltration treatment, and post-treatment QLF imaging 
were performed on the same day.

QLF Imaging
All QLF images were captured by the same operator using an 
intraoral fluorescence camera (Inspektor Research Systems BV, 
Amsterdam, The Netherlands) in a dark room with no ambient 
light and processed on a personal computer using the image 
capturing software (QLF Patient version 2.0.0.48) that came 
with the system. Prior to each QLF imaging, the enamel surfaces 
were air dried for 5 seconds. To ensure that the images of the 
teeth surfaces were always captured from the same aspects, the 
video-repositioning utility of the QLF software was used with a 
minimum correlation rate of 0.90 (23). The WSL images were pro-
cessed using the software, in which the lesions appeared as dark 
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areas surrounded by bright green fluorescing sound tooth tissue 
(24). The fluorescence loss and lesion area were measured using 
the WSL tool of the software to determine the lesion severity. The 
total fluorescence loss (ΔF in percent), corresponding lesion area 
(area in mm2), and the impact (ΔQ in mm2 x %) were measured 
for each subject (Figure 1, 2).

Infiltration Treatment
Following initial QLF recordings (ΔF1, Area1, ΔQ1), lesions were 
treated by a single trained orthodontist with low-viscosity res-
in infiltrant (Icon, DMG, Hamburg, Germany) according to the 
manufacturer’s instructions. The gingival soft tissues were pro-
tected with gingival barrier made of flowable composite resin. 
Fifteen percent HCl (Icon) was applied for 120 seconds on the 
lesion surface. Teeth were rinsed with water for 30 seconds and 
air dried. Then, they were treated with 99% ethanol (Icon Dry) for 
30 seconds and air dried. In compliance with the manufacturer’s 
instructions, the etching was repeated at this step if necessary. 

The need for additional etching was determined visually after 
the dry solution was used. One coat of infiltrant was applied with 
a microbrush, allowed to set for 180 seconds, and light-cured for 
60 seconds. Then, a second layer was applied, allowed to set for 
60 seconds, and light-cured for 40 seconds. The surfaces were 
polished with #4000 aluminum oxide abrasive paper. A second 
QLF imaging was performed immediately following the treat-
ment (ΔF2, Area2, ΔQ2). 

Statistical Analysis
All analyses were performed with the Statistical Package for So-
cial Sciences version 21.0 (IBM Corp.; Armonk, NY, USA). Descrip-
tive statistics, including the mean and standard deviation, were 
calculated for all groups. Kolmogorov–Smirnov and Shapiro–
Wilk tests were used to test the normal distribution of the data. 
As the data were not normally distributed, the Wilcoxon test 
was applied to analyze possible differences between the groups 
for the same time points and the differences between the time 
points within each group. After this, the Mann-Whitney test was 
used separately for group and time combinations. The signifi-
cance level was determined at a probability value of p<0.05.

Lesions were grouped according to the ranges of ΔF1, as either 
incipient (−5<ΔF1<−12, n=14) or advanced (−12<ΔF1<−25, 
n=43) (25). This provided over 90% power assuming that in 1 
group (incipient) the standard deviation was 0.73, and in the 
other group (advanced) the standard deviation was 5.32. This 
was determined using a 2-group Satterthwaite t-test with a 0.05 
2-sided significance level. 

Method Error Assessment
The accuracy of the QLF in recording the fluorescence loss and 
lesion area values was  determined by repeating computer as-
sessments of randomly selected lesions that were performed by 
the same operator (n=20). The intraclass correlation coefficient 
(ICC) was used to evaluate the intraexaminer agreement. The 
ICC of all measurements was 0.997, showing no significant dif-
ference between the measurements at 2 different time points.

RESULTS

Fifty-seven clinically diagnosed WSLs (14 incipient, 43 advanced) 
were evaluated. The median fluorescence loss at debonding 
was −8.40% and −13.20% in the incipient and advanced groups, 
respectively. Median, interquartile range, minimum, and maxi-
mum values of incipient and advanced lesions before and after 
the infiltration procedure and groups presenting significant flu-
orescence changes are presented in Table 1. 

Fluorescence of WSLs improved significantly following infiltra-
tion treatment in both groups (p=0.001, p<0.001). The medi-
an value for total lesion area per lesion was 3.44 mm2 initially, 
which decreased to 0.18 mm2 in the incipient group. In the ad-
vanced group, lesion area was 4.71 mm2, which then decreased 
to 0.29 mm2 following treatment. The median values for ΔQ1 at 
debonding were 30.75 and 57.50 in the incipient and advanced 
groups, respectively. In the incipient group, ΔQ2 was 1.24 follow-
ing infiltration treatment whereas it was 1.86 for the advanced 
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Figure 2. QLF image of the same tooth following resin infiltration

QLF: quantitative light-induced fluorescence

Figure 1. QLF image of the tooth 23 prior to resin infiltration. The 
black frame is the area of interest, where the software compares the 
fluorescence of sound and demineralized enamel

QLF: quantitative light-induced fluorescence



group.  When ΔF, lesion area, and ΔQ changes between the 
groups were compared, the decrease in ΔF was greater for ad-
vanced lesions (p<0.001) whereas the decrease in the lesion area 
(p=0.690) and ΔQ (p=0.291) was similar (Table 2).

DISCUSSION

Assessment of low-viscosity resin infiltration efficacy in incipient 
and advanced WSLs was the main aim of this study. The results 
showed that fluorescence loss, lesion area, and impact decreased 
significantly in both incipient and advanced lesions. The amount 
of improvement in fluorescence loss was greater in advanced le-
sions but for the other 2 parameters the amount of improvement 
was similar in both incipient and advanced lesions. Therefore, 
the null hypothesis can be partially rejected.

The state of the cariogenic activity as the WSL is diagnosed de-
termines the topographic characteristics of the lesion (13). The 
exterior surfaces of active WSLs are more porous and permeable 
whereas the surfaces of the passive WSLs are more intact and 
less permeable (11). This considerably affects the penetration of 
both the remineralization agents and the infiltration adhesive 
into the lesion body. Factors identifying the state of cariogenic 
activity are the presence of an uneven surface during probing, 
appearance of opacity after being air dried, dental plaque pres-
ence over the lesion surface, and gingival bleeding in the area 
adjacent to the lesion (26). Elapsed time between the detection 
of the lesion and the infiltration procedure should be minimized 
to prevent the surface from become more intact (14, 27). Paris et 
al. (13) suggested that in postorthodontic WSLs, the infiltration 
treatment should be done as soon as possible following bracket 
removal, fearing that the lesion at that time is active and would 
eventually lose its surface integrity. In this study, the infiltration 

procedure was applied during the appointment for bracket re-
moval of the tooth with WSL, in order to standardize the effect as 
well as to improve it. 

Repetition of the etching procedure has been advocated when 
severe and more opaque lesions are to be treated, assuming that 
the outer layer is less permeable. This need can be determined 
during the ethanol application step in cases in which the opacity 
of the lesion does not disappear (22). In the present study, the 
etching procedure was repeated up to 3 times only when neces-
sary at this stage. 

WSLs have been shown to decrease in size within 8 weeks follow-
ing bracket removal if the etiological factors had been eliminat-
ed (28). Combinations of surface remineralization via saliva and 
other remineralization agents as well as toothbrush abrasion 
result in the gradual reduction of the affected tissue, thereby 
providing the natural regression of the lesion (29). It has been 
demonstrated that remineralization occurs mostly on the sur-
face and the peripheries of the lesion, which improves the visual 
appearance by decreasing the opacity (6). The remaining lesions 
have been shown to have limited improvement, which might 
impair the esthetic appearance (22, 30). For this reason, arrest-
ing of such lesions has been advocated, in which the infiltrant 
would penetrate into the capillary structures of the lesion body 
offered by its low contact angle formed between the liquid (in 
this case the infiltrant resin) and high wettability potential with 
a significantly deeper penetration in the lesion body (13). These 
infiltrant features are rather important to ensure effectiveness (6, 
11, 22, 27). 

The masking ability of the infiltration stems from the light re-
fractive index of the low-viscosity resin (1.475), which is sim-
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Table 1. Median, interquartile range (IQR), minimum (Min), and maximum (Max) values of incipient and advanced lesions before and after infil-
tration procedure

			   Incipient (n=14)					     Advanced (n=43)

	 Min. 	 Max.	 Median	 IQR	 p	 Min. 	 Max.	 Median	 IQR	 p

△F1 (%)	 −7.12	 −9.69	 −8.40	 −2.57	
0.001

	 −10.00	 −33.20	 −13.2	 −23.20	
<0.001

△F2 (%)	 −5.88	 −9.18	 −6.58	 −3.30		  −5.56	 −15.60	 −7.51	 −10.04	

Area1 (mm²)	 0.19	 14.06	 3.44	 13.87	
0.001

	 0.10	 22.70	 4.71	 22.61	
<0.001

Area2 (mm²)	 0.00	 1.18	 0.18	 1.18		  0.00	 6.70	 0.29	 6.70	

△Q1 (mm2 x %)	 −1.60	 −133.00	 −30.75	 −131.40	
0.001

	 −1.86	 −336.00	 −57.50	 −334.14	
<0.001

△Q2 (mm2 x %)	 −0.02	 −10.80	 −1.24	 −10.78		  −0.01	 −88.20	 −1.86	 −88.19	

* Statistically significant at p≤0.05
p values indicate significant differences between two time points within the same lesion group

Table 2. Median, interquartile range (IQR), minimum (Min), and maximum (Max) value differences of incipient and advanced lesions before and 
after the infiltration procedure

	 Incipient					    Advanced	

	 Min.	 Max.	 Median	 IQR	 Min.	 Max.	 Median	 IQR	 p *

ΔF1-ΔF2	 −0.13	 −2.89	 −1.68	 −2.76	 −0.30	 −27.00	 −5.60	 −26.69	 <0.001

Area1-Area2	 0.17	 13.37	 3.34	 13.20	 −0.01	 19.34	 2.67	 19.36	 0.690

ΔQ1-ΔQ2	 −1.45	 −122.20	 −30.10	 −120.75	 −1.67	 −318.11	 −49.24	 −316.44	 0.291

* Statistically significant at p≤0.05
p values indicate significant differences of the infiltration effect between the 2 lesion groups



ilar to the refractive index of sound enamel (1.65). Thus, the 
opacity appears masked following a successful infiltration pro-
cedure. Because QLF utilizes the refraction of light from the 
surface, the fluorescence difference of the WSL as compared 
to adjacent sound enamel decreases (30). Although some aes-
thetic improvement is observed (27, 31), the lesion may not be 
camouflaged totally in severely advanced lesions. This may be 
due to the incomplete infiltration of the lesion body and the 
polymerization shrinkage (13). In the present study, fluores-
cence loss, lesion area, and impact (which represents a com-
bination of fluorescence loss and lesion area), improved sig-
nificantly for both incipient and advanced lesions. The amount 
of improvement regarding fluorescence loss was significant-
ly higher for advanced lesions, whereas the reduction in the 
lesion area and impact were similar for both advanced and 
incipient lesions. Although both lesion groups were infiltrat-
ed almost completely, revealing very low lesion area values, 
corresponding fluorescence loss improvements were higher 
for advanced lesions, as one would expect. Unlike previous 
reports of partially infiltrated lesions (21, 22, 32), almost all le-
sion areas were reduced to a level where only a very small area 
of fluorescence loss could be detected. This might be due to 
the fact that immediate infiltration of active lesions was per-
formed in this study. It might be speculated that the leftover 
detected area might be the center of the lesion body where 
the infiltration is least efficient. 

The decision to remineralize or immediately infiltrate clinically 
diagnosed WSLs is a critical one. The patient’s oral hygiene his-
tory during the treatment, his/her manual dexterity in tooth 
brushing, personal perception, and awareness level are possible 
determinants of this decision. Immediate infiltration of WSLs in 
patients with poor oral hygiene and low remineralization expec-
tancy is advocated (27). 

The uneven and limited number of lesions in study groups was 
one of the shortcomings of this study. Consecutive patients with 
WSLs in a 6-month timeframe were included, and it was not pos-
sible to equalize the number of lesions for each group. A larger 
scale study with long-term follow-up of the infiltrated lesions 
would add more depth to the present data.

CONCLUSION

Within the limitations of this study, the following could be con-
cluded:

•	 Low-viscosity resin infiltration improves fluorescence loss, 
lesion area, and impact in both incipient and advanced le-
sions.

•	 Immediate infiltration of clinically diagnosed WSLs can be 
the primary choice of treatment in orthodontic patients with 
poor oral hygiene and low remineralization expectancy. 
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Nahoum Index in Brachyfacial Patients: A Pilot Study

ABSTRACT

Objective: Our aim is to test the Nahoum Index as a support in the cephalometric study of vertical dimension and therapeutic orien-
tation in adult patients suffering from Class II malocclusion, deep bite, or short face syndrome. 

Methods: Twenty-three patients with molar Class II and an overbite >4 mm were stratified into two groups: orthodontic (G2) and 
surgical orthodontic (G1). The ANB angle and Nahoum Index were calculated for cephalometric tracing pre- and post-treatment. The 
difference between the ANB and Nahoum Index values were analyzed using the Statistical Package for the Social Sciences software. 

Results: In G1, the Nahoum Index decreased from 0.954 to 0.797, and the ANB angle decreased from 5.2° to 3.2°. In G2, the Nahoum 
Index decreased from 0.825 to 0.817, and the ANB angle decreased from 4.4° to 4°. 

Conclusion: In G1, the difference between before and after treatment was significant for the Nahoum Index only. The difference 
between before and after values was not significant in the G2 group. It is possible to indicate the Nahoum Index of 0.934 as the limit 
value in case of which a patient may be treated with orthodontics only. This limit is the opposite of the limit proposed by Nahoum for 
vertical excess cases and respect the same interval. Therefore, we can consider the range 0.81-0.934 to indicate borderline patients, 
and >0.934 to indicate surgical patients. If the ratio is close to the normal value as 0.81, the treatment will be orthodontic; if it is further 
increased, the treatment will be surgical. 

Keywords: Brachyfacial, cephalometry, deep bite, index, malocclusion, syndrome

INTRODUCTION 

The study of the brachyfacial typology, characterized by a defect of the anterior vertical dimension with respect 
to the transversal dimension, is very interesting and complex. This defect can be due to a dentoalveolar and/or 
skeletal anomaly, and it often involves all the connected dentofacial structures. The reduction of the vertical di-
mension can also reach the characteristics of a syndrome, called short face syndrome (SFS) (1-3). Cephalometric 
analysis is very important in defining this facial typology to decide if the clinical characteristics can be treated 
with an orthodontic or surgical orthodontic treatment. The Nahoum index is used to determine the amount 
of facial vertical disorder in the appraisal of the open bite; the Index is indicated to identify which treatment is 
better: orthodontic or surgical orthodontic (4). Nahoum established the value of 0.81 as the normal ratio, a har-
monious relationship between the upper and lower facial portions. When the value is between 0.686 and 0.81, 
the patient is defined as borderline. If the ratio is <0.686, the case must be treated with maxillofacial surgery. 
The Nahoum Index is currently used in the pre-surgical Orthodontic Unit of the orthodontics COU in Sapienza 
University of Rome in the cephalometric analysis (5).

Although the Nahoum Index has been created by the authors as a support to cephalometric diagnosis and ther-
apeutic orientation in open bites, and in any case of vertical excess of the lower third face, it could be also used 
in the diagnosis of dentofacial disorders when a deficit in the vertical dimension of the lower third is  highlighted 
(6).
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Our aim was to test the Nahoum Index as a tool in the ceph-
alometric study of the vertical dimension and therapeutic 
orientation in patients suffering from deep bite or SFS at the 
end of growth. A statistical analysis was performed to explain 
the clinical value of the Index in these patients and, as a sec-
ondary aim was, to suggest the most appropriate therapeutic 
approach. A retrospective study was designed to compare 
the values before and after the treatment of ANB angle and 
of the Nahoum Index in a group of patients affected by Class 
II malocclusion, who underwent orthodontic-surgical correc-
tion of the sagittal and vertical discrepancy; the results were 
compared with a control group of patients treated with or-
thodontics only.

METHODS

The study was approved by the Department of Oral and Max-
illo-Facial Sciences and by the Ethical Board of the Umberto I 
General Hospital of the Sapienza University of Rome (protocol 
number 4663). 

Among all the patients who were referred to our clinic, we se-
lected a sample of adult patients consecutively treated and 

who completed the therapy, according to the inclusion and 
exclusion criteria. The inclusion criteria involved patients with 
the CS6 stage of cervical maturation, who had suffered from 
Class II malocclusion and were clinically classified on the ba-
sis of the occlusal molar relationship, and also had SFS face 
and/or deep bite (7). All the patients selected also had to have 
complete documentation, including clinical examination, pho-
tographic and, radiographic records, and cast models, at pre 
and post treatment. The exclusion criteria involved patients 
affected by cranio facial deformities or syndromes, patients at-
ment with incomplete documentation, and patients who did 
not complete the therapy. For the inclusion in the study, we 
selected patients having Class II molar relationship and with 
an overbite more than 4 mm. The selected group of 23 sub-
jects consisted of 9 men and 14 women, aged between 20-37 
years. The patients were stratified into two groups according 
to the therapy performed. The first group consisted of patients 
who underwent orthodontic-surgical treatment (G1, 10 sub-
jects); the second group consisted of patients treated only 
with orthodontics, and it was used as the control group (G2, 
13 subjects) (Table 1. a, b). Among the patients in orthodon-
tic-surgical group, 2 BSSO, 3  BSSO and genioplasty, 3  Le Fort 
I osteotomy and BSSO, and 2  Le Fort I, BSSO and genioplasty 
procedures were performed.

A retrospective analysis was then performed to measure the lat-
ero-lateral cephalometric tracing of each patient in both groups, 
at the beginning and at the end of therapy, and to identify the 
pattern of ANB angle, and the Nahoum Index. The Nahoum In-
dex is the ratio between the upper anterior facial height (N-ANS, 
expressed in mm) and the lower anterior facial height (ANS–Me, 
expressed in mm). To test the data reliability, another Investiga-
tor repeated the measurements again in random order after 1 
month, and the method error was calculated using Dahlberg’s 
test. 

Statistical Analysis
For each group, we performed descriptive statistical analysis 
with calculation of the mean and standard deviation (SD). To 
highlight the characteristics of the two groups, the pre- and 
post-treatment values between the groups were evaluated with 
a t-test for independent samples. The null hypothesis to test if 
there was any significant difference between the groups, before 
the therapy, and that the Nahoum Index is useful to suggest the 
most appropriate therapeutic approach. 

The differences between the values before and after treatment 
within both groups were tested using the analysis of variance, 
the F test, and the t-test for paired data. The significance level 
was set at 0.05.

The purpose of the statistical analysis was to verify possible dif-
ferences between the two groups before the treatment, com-
pare the before and after treatment results, and compare the 
two groups after treatment to obtain the clinical significance of 
the Nahoum Index in brachyfacial patients. The parameters were 
analyzed using the Statistical Package for Social Sciences version 
21.0 software (IBM Corp.; Armonk, NY, USA).
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Table 1b. Patients treated with orthodontics involved in the study 
(G2), stratified by age and sex

Patient	 Sex	 Age

1	 f	 24

2	 f	 29

3	 f	 35

4	 f	 32

5	 f	 21

6	 m	 34

7	 m	 26

8	 f	 39

9	 m	 28

10	 f	 35

11	 m	 31

12	 f	 26

13	 f	 23

Table 1a. Patients treated with surgical orthodontic treatment 
involved in the study (G1), stratified by age and sex

Patient	 Sex	 Age

1	 m	 22

2	 f	 34

3	 f	 24

4	 m	 36

5	 m	 29

6	 m	 31

7	 f	 37

8	 f	 20

9	 f	 21

10	 m	 24



RESULTS

The results of the Dahlberg test were 0.4° for the measure of ANB 
and 0.08 for the Nahoum Index, indicating a good inter-examin-
er reliability for both measures. Especially for the Nahoum Index, 

these results are important because the Index is a pure number 
without units of measurements, and it depends on the measure 
of two linear distances.

For both groups, Table 2 and 3 report the results of the parame-
ters studied. In the surgical orthodontic group, the Nahoum In-
dex before treatment was higher than the normal value (0.81), 
with a mean of 0.954 (SD, 0.045); after the surgical orthodontic 
treatment, with the recovery of a physiological vertical dimen-
sion, the mean value was 0.797 (SD, 0.075). The mean value of 
the ANB angle was found 5.2°(SD, 2.53) before treatment,  and 
3.2° (SD,2.15) at the end of treatment.

In the orthodontic group (G2), the mean Nahoum Index before 
treatment was 0.825 (SD, 0.084). At the end of the treatment, the 
mean value was 0.817 (SD, 0.072). The average value of the ANB 
angle before the treatment was 4.4° (SD, 2.47), and at the end, it 
was 4° (SD, 2.52). In the G1 group, the difference between before 
and after treatment was significant for the Nahoum Index only. 
The differences between the before and after values were not 
significant in the G2 group (Table 4, 5).

To compare the two groups, a t-test for independent data was 
performed to compare the intragroup values before as well as 
after treatment. Before treatment, the mean Nahoum Index was 
statistically different between groups. After the treatment, the 
two groups did not have significant differences regarding the 
two parameters analyzed (Table 4, 5).

DISCUSSION

The typical brachyfacial patient may not only be affected by a den-
toalveolar disease, but all the structures of the stomatognathic sys-
tem were involved, defining what is more properly called short face 
syndrome (8, 9). These patients are usually characterized by a skele-
tal decrease of the lower third of the face with the mandible having 
a closed gonial angle and anticlockwise rotation of the mandib-
ular plane, which tends to be parallel to the Frankfort horizontal 
plane (10, 11). The maxilla may appear normal or hypoplastic, with 
a reduced dentoalveolar height, or even with vertical overdevel-
opment of the incisal portion and inversion of the upper occlusal 
compensation curve, and the palatal plane is rotated clockwise. 
Patients with SFS usually suffer from inadequate sagittal mandib-
ular development, thus resulting in a skeletal Class II malocclusion. 
Some patients show palatal inclination of the upper incisors (Class 
II Division 2), giving a typical trapezoidal shape of the upper arch 
and linguo-version of lower incisors, other patients show over-in-
clination of the upper incisors (Class II Division 1). Both types of 
malocclusion can lead to an occlusal contact between lower inci-
sors and palatal mucosa. These structural abnormalities affect the 
adaptation of the soft tissues to the skeleton, leading to: the roll-
ing up of the lower lip with a deepening of the lip-dental groove, 
which gives the patient the typical “sullen” look; a prominent chin; 
Furthermore, the labial tension may determine an increase in over-
bite, with severe crowding of lower incisors and serious deepening 
of the curve of Spee. TMJ disorders may be present for the reduc-
tion of the physiological spaces of the temporomandibular joint 
and for the anterior disc displacement (12, 13).
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Table 3. Parameters of the orthodontic group (G2)

	 Nahoum Index	 ANB Angle

	 Pre-	 Post-	 Pre-	 Post- 
Patient	 treatment	 treatment	 treatment	 treatment

1	 0.7	 0.73	 6	 6

2	 0.79	 0.78	 2	 2

3	 0.94	 0.9	 3	 4

4	 0.82	 0.81	 2	 2

5	 0.71	 0.73	 1	 1

6	 0.82	 0.81	 5	 3

7	 0.91	 0.88	 2	 2

8	 0.84	 0.81	 5	 6

9	 0.8	 0.78	 3	 0

10	 0.74	 0.75	 9	 8

11	 0.99	 0.98	 5	 5

12	 0.84	 0.86	 6	 6

13	 0.83	 0.8	 8	 7

Mean (SD)	 0.825 (0.085)	 0.817 (0.072)	 4.38 (2.46)	 4 (2.51)

Table 4. Results of T-test for the comparison of values before and 
after treatment

	 G1	 G2

Nahoum Index	 p<0.001	 0.786

ANB	 0.0728	 0.6975

Table 5. T-test for comparison of values between groups before and 
after treatment

	 Before	 After

Nahoum 	 p<0.001	 0.5256

ANB	 0.4457	 0.4305

Table 2. Parameters of the orthodontic-surgical group (G1)

	 Nahoum Index	 ANB Angle

	 Pre-	 Post-	 Pre-	 Post- 
Patient	 treatment	 treatment	 treatment	 treatment

1	 0.97	 0.69	 6	 7

2	 1.02	 0.81	 4	 4

3	 0.96	 0.8	 8	 3

4	 1.01	 0.88	 1	 1

5	 0.95	 0.8	 6	 1

6	 0.94	 0.7	 3	 1

7	 0.98	 0.93	 2	 1

8	 0.93	 0.84	 7	 5

9	 0.89	 0.78	 7	 5

10	 0.89	 0.74	 8	 4

Mean (SD)	 0.954 (0.044)	 0.797 (0.075)	 5.2 (2.53)	 3.2 (2.15)



Orthodontic treatment of a Class II malocclusion with deep bite 
is based on the opening of the bite and the flattening of the 
curve of Spee, which normally occurs with an extrusion of the 
posterior sectors to determine a clockwise rotation of the man-
dible (1). As a result, the posterior facial height increases, but the 
existing Class II relationship worsens. Moreover, the masticatory 
muscles, well developed in this type of patients, tend to coun-
teract the extrusion obtained orthodontically. In cases where 
a short face skeletal dysgnathia is present, in addition to den-
tal malocclusion, an increase of the height of the lower facial 
third is one of the most important purposes: the conventional 
orthodontic treatment corrects the malocclusion but is usually 
ineffective in changing facial proportions in patients with SFS; 
therefore, adult patients with SFS need a combined surgical or-
thodontic treatment for the complete resolution of the disease 
as described by Turley (14).

In surgical orthodontic cases, the opening of the bite is the first or-
thodontic purpose, which allows to obtain the correct axial posi-
tioning of the incisors in relation to their skeletal bases, to properly 
assess the real crowding of the arches, to reveal the real extent of 
the skeletal discrepancy, usually masked by the retroclination of 
upper and lower incisors and to coordinate the transversal diam-
eters (1, 15, 16). After the intrusion of the incisors, leveling is com-
pleted with the correction of the curve of Spee. Once the leveling 
of the arches was achieved, it is possible to assess the need for 
extractions and finally the pre-surgical coordination of the arches. 

From the above, it is clear the importance of assessing if a “short” 
vertical discrepancy is suitable to be corrected with orthodontics 
or orthognathic surgery: Nahoum, with its Index, set the param-
eters with respect to open bites; in this study an evaluation of 
this Index is tested for the application in patients with deep bite. 

In this retrospective study, the average value of the Nahoum In-
dex at pretreatment inthe group G2 appeared to be very close to 
normal value, indicating a proper vertical relationship. These pa-
tients from a cephalometric point of view did not show a vertical 
skeletal disorder and were properly treated with orthodontics. 
At the end of treatment, the normal value of the Index did not 
change because the orthodontic treatment was limited to the 
correction of the dentoalveolar alteration. 

In this group, the average ANB angle (4.4°) confirmed the clini-
cal diagnosis of skeletal Class II; after the treatment, the average 
value slightly decreased (equal to 4°), and this decrease was not 
statistically significant.

In Group G1, the average Nahoum Index before therapy had val-
ues far from the normal value, due to the vertical deficiency of 
the lower facial third. In these patients, ANB was increased, being 
equal to 5.2°; these patients also had a greater sagittal involve-
ment than the other group, as well as a vertical skeletal disorder, 
so the complexity of the malocclusion required a combined sur-
gical orthodontic intervention. 

The average value obtained at the end of the orthognathic treat-
ment showed how the recovery of a correct three-dimensional 

skeletal situation may also restore the vertical dimension, giving 
a ratio between the medium and lower facial third very close to 
the normal value proposed by Nahoum; this ratio indeed was 
slightly lower, probably because of a surgical vertical overcorrec-
tion, which is desirable in this kind of patients. The mean ANB 
angle after surgical correction (ANB, 3.2°) returned within normal 
ranges. 

In disorders with deficiency of the lower facial third, we expect 
that the Nahoum Index will always be increased due to the de-
crease of the ANS–Me distance. If we see the differences between 
groups, the only parameter statistically different before therapy 
is the Nahoum Index. After therapy, there were no differences 
between the groups regarding both parameters. 

Although this Index alone cannot provide precise indications of 
the best therapeutic approach in patients with deficit of lower 
facial third, it is possible to indicate the value of 0.934 as the limit 
value within which a patient may be treated with orthodontics 
only. This limit is the opposite of the limit proposed by Nahoum 
(<0.686) for cases with vertical excess, and it respects the same 
interval.

Therefore, we can consider the values between 0.934 and 0.81 
as borderline cases and values >0.934 indicate surgical correc-
tion of the vertical defect. Our sample of surgical patients in fact 
exceeded this limit, having as the mean Index 0.954. Instead, the 
mean value of the patients treated with orthodontics is 0.825, 
very close to the normal value of 0.81.

It is obvious that the choice of the best treatment cannot be es
tablished only on the basis of vertical cephalometric parameters, 
but it must always be related to the sagittal and transversal char
acteristics of the patient. The choice of therapy, orthodontic or 
surgical orthodontic, will depend on how the vertical changes 
are related to concurrent sagittal and transversal disorders that 
affect the complexity of malocclusion. Further investigations 
conducted on a larger number of patients could improve the 
statistical significance of the study.

CONCLUSION

The features of the brachyfacial morphotype affect the therapeu-
tic choice, and the results could be obtained with the therapy. A 
cephalometric instrument that discriminates the dentoalveolar 
vertical discrepancy from the skeletal one could be useful.

The Nahoum Index can be, even in brachyfacial subjects, of great 
help in determining the most suitable treatment. If this ratio is 
close to the normal values, the treatment will be orthodontic; if 
the ratio is further increased, the approach will be surgical.
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Original Article

Evaluation of Dental Age in Individuals of Different 
Ages with Unilateral Cleft Lip and Palate

ABSTRACT

Objective: This study aimed to evaluate the dental age of unilateral cleft lip and palate (UCLP) patients aged 7–12 and 12–16 years 
using Demirjian’s method and to compare these results with a control group.

Methods: We evaluated the panoramic radiographs of 54 individuals with UCLP and 54 age- and gender-matched individuals with-
out UCLP (control). The UCLP and control groups were divided into two groups: 7–12 and 12–16 years of age. Their dental ages were 
determined using Demirjian’s method. Dental ages of the cleft side and noncleft side were assessed separately and were also com-
pared with those of the control group to assess potential asymmetric dental developments in the UCLP group.

Results: The chronological age was lower than the dental ages on both right and left sides in the control group (p<0.01). When age 
groups were evaluated separately, it was found that the chronological age was lower than the dental age in 7–12 year old individuals 
in the UCLP group (p<0.05), whereas it was less than the left and right dental ages in 7–12 (p<0.01) and 12–16 year old individuals 
(p<0.05) in the control group.

Conclusion: We detected no differences in dental age between UCLP patients and healthy controls, and lack of asymmetrical dental 
development in the mandibular teeth of either group. However, based on assessments performed using Demirjian’s method, subjects’ 
dental and chronological ages were incompatible. 

Keywords: Unilateral cleft lip and palate, dental age, tooth development

INTRODUCTION

Cleft lip and palate (CLP) is the most common congenital anomaly of the craniofacial region. Individuals with 
orofacial clefts often exhibit dental anomalies that originate from the development of dentition (1, 2).

Follow-up and treatment of the dentofacial region in CLP patients require multidisciplinary treatment planning 
starting from the early stages of development (3). Therefore, dental age determination is important for establish-
ing the course of treatment in these patients. For orthodontists, determining the dental development is import-
ant for planning the treatment of various malocclusions related to maxillofacial growth; the ability to accurately 
estimate the phases and stages of tooth development can influence the course of pedodontic treatment. In gen-
eral, dental age can be determined based on an assessment of tooth eruption or tooth formation (4-6). However, 
assessing tooth eruption is not a reliable way of determining dental age because it is affected by local factors 
such as the primary dentition.

The most commonly used method to estimate dental age is the system introduced by Demirjian et al. (4). 
Using panoramic radiographs from 2928 French–Canadian patients (1446 males and 1482 females), eight 
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stages (A to H) were established for each tooth on the man-
dibular left side according to tooth development criteria, such 
as dentine clustering and pulpal wall formation. Each stage 
received a score, and the total scores were matched with the 
corresponding dental ages in a table in chronological order. 
According to the researchers, this system is useful for dental 
patients of age 3–17 years. The rationale for using only the left 
mandibular teeth in this system was attributed to the exact 
correspondence between the right and the left sides. Although 
this method is very easy to apply, it has generated conflicting 
opinions because of the potential for different outcomes in 
different ethnicities or even in different areas within the same 
geographical region (7-11).

During embryological development, tooth germ formation is 
closely related to CLP in terms of timing and anatomical po-
sition (12-14). Many previous studies have reported various 
anomalies in individuals with CLP such as delayed dental mat-
uration, dental age retardation as opposed to individuals with-
out cleft, and asymmetric dental development (15-19). A study 
on Brazilian children conducted by Topolski et al. (20) revealed 
a distinct incompatibility between dental and chronological 
ages in both the CLP and control groups, whereas no signifi-
cant retardation in dental age was observed in CLP compared 
with the controls. In southern China, Lai et al. (21) reported that 
the incidence of asymmetric and delayed dental development 
was higher in children with CLP than in healthy individuals. 
They also demonstrated that delay in dental development may 
be greater in children with CLP as the number of missing teeth 
increases.

However, few studies have attempted to evaluate different 
age groups. In one study that investigated the correlation be-
tween chronological age and skeletal maturation of individuals 
with CLP, the authors underlined that skeletal development 
was found to be retarded in the early years (7-11 years) but 
approached that of the healthy individuals later in life (14-18 
years) (22). These results raise the question of whether there is 
dental age deficiency between different age groups in Turkish 
individuals with UCLP.

Scientific determination of age plays a critical role in the diag-
nosis and treatment planning processes; hence, it is very es-
sential in forensic medicine, pediatric endocrinology, and clin-
ical dentistry (8). Recent studies have drawn attention to the 
relationship between CLP and developmental problems in later 
life (22). UCLP patients were also reported to be commonly as-
sociated with delayed dental development (18). Orthodontic 
and pedodontic treatments for children with CLP usually start 
at the early stages of childhood. Therefore, it is crucial to know 
the estimated eruption time and the time coinciding with teeth 
development. To the best of our knowledge, there is no study 
that evaluates dental age in Turkish UCLP patients. In light of 
this information, the present study aimed to estimate the den-
tal age of unilateral CLP (UCLP) patients in two different age 
groups (7-12 and 12-16 years) using the Demirjian’s method 
and to compare our findings with a control group of healthy 
individuals.

METHODS

Subjects
The study was conducted using panoramic radiographs ob-
tained for routine dentistry procedures (e.g., tooth extraction, 
filling and/or root canal, orthodontic treatment) from individu-
als with UCLP admitted to the Center for Oral and Maxillofacial 
Medicine of Medipol Mega Hospitals, the İstanbul Medipol Uni-
versity School of Dentistry, and the Ankara University School of 
Dentistry for treatment. The study was approved by the İstanbul 
Medipol University School of Dentistry ethics committee (ap-
proval number: 543)

Inclusion criteria for the study were as follows:

1.	 Subjects did not exhibit any other congenital anomalies or 
syndromes in the craniofacial region other than unilateral 
UCLP;

2.	 Subjects had not undergone orthodontic treatment/or-
thognathic surgery prior to the acquisition of panoramic 
radiographs;

3.	 Subjects did not have any congenitally missing mandibular 
teeth or extracted mandibular teeth other than the third 
molars on the right and left sides.

We used GPower 3.1.0 software package (Universität Düssel-
dorf, Düsseldorf, Germany) to determine the number of in-
dividuals included in the study, and we further performed a 
power analysis. Based on a previous study, an expected effect 
size of r=0.5 was used in the power calculation (18). Sample 
size calculation was based on the ability to detect significant 
differences in dental age at α=0.05 error probability (critical 
t: 1.66023; noncentrality parameter δ: 2.52487). According to 
power analysis, a sample size of 51 patients for each group 
would allow for a power >80 % (actual power: 0.8058986) 
with an allocation ratio (N2/N1)=1. Therefore, a total of 108 
panoramic radiographs were analyzed, 54 from UCLP patients 
(37 males, 17 females; mean age 12.12±2.13 years) and 54 
from patients without CLP (37 males, 17 females; mean age, 
12.13±2.13 years). The CLP patients included in the study 
were age- and sex- matched with the individuals without CLP, 
with a maximum chronological age difference of 2 months 
for each pair. The distribution of cleft sides in individuals with 
UCLP by gender is shown in Table 1.

The UCLP and control groups were divided into two chronologi-
cal subgroups: 7-12 and 12-16 years of age. We distinguished the 
two groups based on the fact that permanent dentition is gen-
erally completed at 12 years of age. Because panoramic radio-
graphs are not routinely taken for individuals under seven years 
of age, we accepted this lower age limit for this study. Patients 
older than 16 years of age were not included in the study be-
cause the Demirjian’s method accepts that dental development 
is already completed in girls by that age.

Assessment of Dental Age
To use Demirjian’s method to determine the dental age of pa-
tients participating in the study, the patients’ chronological ages 
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were first calculated in years and months. All assessments were 
performed by two researchers who were blinded to the patients’ 
clinical condition. The maxilla was excluded from the radio-
graphs acquired to conceal the cleft side, facilitating objectivity 
in measurements.

Unlike Demirjian’s method, the present study evaluated the 
teeth on both sides instead of only focusing on the left one. This 
allowed us to establish differences in the dental age between the 
CLP and healthy patients, and consequently determine whether 
patients exhibited mandibular asymmetric dental development 
or not. In addition to determining dental age in individuals with 
CLP, we compared the right and left sides in healthy individu-
als. Demirjian et al. (4) suggested the exact agreement between 
the left and right sides as the reason for using solely mandibular 
left-hand teeth for determining tooth age. Accordingly, we used 
the left mandibular teeth to compare CLP individuals with the 
control group. In addition, we compared the left side of the con-
trol group with the cleft side and the noncleft side of the CLP 
patients.

Statistical Analysis
The data obtained in this study were analyzed using The Statisti-
cal Package for Social Sciences version 21.0 software (IBM Corp.; 
Armonk, NY, USA). Intraclass correlation coefficient (ICC) was cal-
culated to assess the agreement between the two observers’ mea-
surements. After performing normality tests on the data obtained, 
we used the Mann-Whitney U test for intergroup comparisons and 
the Wilcoxon signed rank test for intragroup comparisons.

RESULTS

For interobserver reliability, ICC was calculated as 0.90 and reli-
ability was found to be high.

No significant difference was detected between chronologi-
cal and dental ages on the cleft and noncleft sides in the UCLP 
group. However, chronological age was found to be lower than 
dental age on both the left and right sides in the control group 
(p<0.01, Table 2).

No significant difference was found between the UCLP and con-
trol groups in terms of chronological age or between dental age 
(cleft and noncleft sides) in the UCLP group and left-side dental 
age in the control group (Table 3).

When age groups were evaluated separately, we found that 
chronological age was lower than dental age (cleft side and non-
cleft side) in the UCLP group aged 7–12 years (p<0.05), where-
as chronological age was lower than the left and right dental 
ages in the control group aged 7-12 (p<0.01) and 12–16 years 
(p<0.05) (Table 4).

Table 1. Distribution of the cleft side by age and sex in individuals 
with unilateral cleft lip and palate

	 Age	 Gender	 Right	 Left

UCLP	 7-12	 Male	 4	 18

		  Female	 3	 4

	 12-16	 Male	 4	 11

		  Female	 4	 6

	 Total		  15	 39

Table 3. Comparison of chronological age and dental age in unilateral cleft lip and palate and control groups

		  n=54			   Mann-Whitney U

		  Mean±SD	 Min.	 Max.	 z	 p

Chronological Age	 UCLP	 12.12±2.13	 7.83	 16.08	 −0.06	 0.951

	 Control	 12.13±2.13	 8.00	 16.08		

Dental Age	 UCLP (cleft side)	 12.55±2.17	 7.60	 16.00	 −1.54	 0.123

	 Control (left)	 13.19±2.40	 8.20	 16.00		

	 UCLP (noncleft side)	 12.64±2.15	 7.80	 16.00	 −1.48	 0.138

	 Control (left)	 13.19±2.40	 8.20	 16.00		

Min: minimum; Max: maximum; SD: standard deviation (Mann-Whitney U Test)

Table 2. Intragroup comparison of chronological and dental ages in the unilateral cleft lip and palate and control groups

		  n=54			   Kruskall-Wallis H	

		  Mean±SD	 Min.	 Max.	 H	 p	

UCLP	 Chronological Age	 12.12±2.13	 7.83	 16.08	 2.3	 0.309	 -

	 Dental Age (cleft side)	 12.55±2.17	 7.60	 16.00			 

	 Dental Age (noncleft side)	 12.64±2.15	 7.80	 16.00			 

Control	 Chronological Age	 12.13±2.13	 8.00	 16.08	 9.3	 0.009**	 1-2 
							       1-3

	 Dental Age (right)	 13.16±2.38	 8.20	 16.00			 

	 Dental Age (left)	 13.19±2.40	 8.20	 16.00			 

Min: minimum; Max: maximum; SD: standard deviation (Kruskal-Wallis H test; **p<0.01)
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Table 4. Intragroup comparison of chronological and dental ages for the 7-12 and 12-16 year age subgroups in the unilateral cleft lip and palate 
and control groups

			   n	 Mean±SD	 Min.	 Max.	 Kruskall-Wallis H

							       H	 p	

UCLP	 7-12	 Chronological Age	 29	 10.44±1.02	 7.83	 11.83	 6.9	 0.031*	 1-2 
									         1-3

		  Dental Age (cleft side)	 29	 11.23±1.77	 7.60	 14.60			 

		  Dental Age (noncleft side)	 29	 11.26±1.72	 7.80	 14.60			 

	 12-16	 Chronological Age	 25	 14.06±1.22	 12.00	 16.08	 0.246	 0.884	 -

		  Dental Age (cleft side)	 25	 14.08±1.50	 10.80	 16.00			 

		  Dental Age (noncleft side)	 25	 14.24±1.33	 11.60	 16.00			 

Control	 7-12	 Chronological Age	 29	 10.46±1.03	 8.00	 11.92	 12.03	 0.002**	 1-2 
									         1-3

		  Dental Age (right)	 29	 11.74±2.04	 8.20	 15.20			 

		  Dental Age (left)	 29	 11.79±2.16	 8.20	 15.70			 

	 12-16	 Chronological Age	 25	 14.06±1.23	 12.00	 16.08	 6.7	 0.033*	 1-2 
									         1-3

		  Dental Age (right)	 25	 14.82±1.53	 11.60	 16.00			 

		  Dental Age (left)	 25	 14.81±1.48	 11.60	 16.00

Min: minimum; Max: maximum; SD: standard deviation (Kruskal-Wallis H test; **p<0.01)

Table 5. Sex-based comparison of chronological age and dental age between the unilateral cleft lip and palate and control groups in individuals 
aged 7-12 and 12-16 years

				    n	 Mean±SD	 Min.	 Max.	 Mann Whitney U

								        z	 p	

UCLP	 7-12	 Chronological Age	 M	 22	 10.58 ±0.89	 7.83	 11.83	 −0.867	 0.386

			   F	 7	 10.01±1.33	 8.33	 11.58		

		  Dental Age (cleft side)	 M	 22	 11.46±1.52	 8.10	 14.40	 −1.12	 0.261

			   F	 7	 10.53±2.41	 7.60	 14.60		

		  Dental Age (noncleft side)	 M	 22	 11.20±1.46	 8.40	 14.40	 −1.07	 0.284

			   F	 7	 10.90±2.37	 7.80	 14.60		

	 12-16	 Chronological Age	 M	 15	 13.78±1.15	 12.00	 16.00	 −1.5	 0.113

			   F	 10	 14.47±1.26	 12.50	 16.08		

		  Dental Age (cleft side)	 M	 15	 14.40±1.10	 11.60	 15.70	 −1.48	 0.138

			   F	 10	 14.60±2.02	 10.80	 16.00		

		  Dental Age (noncleft side)	 M	 15	 14.08±1.12	 11.60	 15.70	 −1.31	 0.191

			   F	 10	 14.49±1.63	 11.80	 16.00		

Control	 7-12	 Chronological Age	 M	 22	 10.61±0.89	 8.00	 11.92	 −0.765	 0.444

			   F	 7	 10.00±1.35	 8.33	 11.66		

		  Dental Age (Right)	 M	 22	 11.95±1.81	 8.20	 15.20	 −0.587	 0.557

			   F	 7	 11.09±2.73	 8.20	 14.60		

		  Dental Age (Left)	 M	 22	 12.02±1.97	 8.20	 15.70	 −0.613	 0.541

			   F	 7	 11.09±2.73	 8.20	 14.60		

	 12-16	 Chronological Age	 M	 15	 13.78±1.17	 12.00	 15.92	 −1.52	 0.127

			   F	 10	 14.49±1.26	 12.50	 16.08		

		  Dental Age (Right)	 M	 15	 14.43±1.72	 11.60	 16.00	 −1.85	 0.064

			   F	 10	 15.41±.98	 13.50	 16.00		

		  Dental Age (Left)	 M	 15	 14.51±1.70	 11.60	 16.00	 −1.21	 0.228

			   F	 10	 15.27±.99	 13.50	 16.00		

Min: minimum; Max: maximum; SD: standard deviation; M: male; F: female (Mann- Whitney U test)
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Sex-based comparisons of the age groups revealed no signifi-
cant differences in terms of chronological or dental ages in the 
UCLP and control groups (Table 5).

DISCUSSION

Although there are many studies in literature that have investi-
gated the correlation between CLP and tooth development, to 
the best of our knowledge, no studies have been conducted 
in the Turkish population. In general, previous studies have in-
dicated that there can be differences between ethnicities with 
respect to dental age or development or both (7-11). Therefore, 
our study aimed to assess the correlation between dental age 
of patients and asymmetric dental development in different age 
groups and to compare our findings with individuals without 
CLP.

Although delays in dental development in children with CLP was 
reported to decrease after the age of nine, several studies have 
shown that this delay may be greater for permanent teeth in old-
er age groups (23, 24). Therefore, we set 12 years as the limit (an 
inclusion criterion) because permanent dentition is completed 
by that age. Nonetheless, future studies could be planned to ex-
plore different age intervals to reveal more detailed information.

Tan et al. (18) investigated dental development in Singaporean 
children with UCLP and found that dental age was delayed by 
0.55 years compared with the control group, and that asymmet-
rical dental development was significantly more common in 
these patients. Asymmetric delays in dental development ob-
served in these individuals were primarily attributed to genetic 
factors, malnourishment, and insufficient space for tooth growth 
on the cleft side, as well as reduced blood circulation due to fi-
brous tissue formation following surgical repair of the cleft and 
consequent developmental damage to the dental buds. Eerens 
et al. (16) compared hypodontia, dental age, and asymmetric 
tooth development between 54 individuals with CLP, 63 of their 
siblings without cleft, and 250 unrelated individuals without 
cleft. According to the results of the study, the prevalence of hy-
podontia and asymmetric tooth development was significantly 
higher in individuals with CLP and their siblings than in individ-
uals in the control group. No significant difference in dental age 
was revealed among the three groups. This underlines a close 
correlation between cleft formation and dental development. In 
the present study, there was no difference in the dental ages be-
tween the right and left sides in individuals with UCLP or those 
in the control group (Table 2).

Despite the fact that we identified a small degree of dental age 
retardation on the cleft and noncleft sides in the UCLP group 
compared with that on the left side in the control group, the dif-
ference was not significant (Table 3). Hazza’a et al. (17) reported a 
significant deviation in dental age between individuals with uni-
lateral and bilateral CLP compared with individuals with no cleft. 
The authors found that the proportion of dental age retardation 
was significantly greater in males than in females. According to 
the researchers, environmental and postnatal developmental 
factors such as nutritional problems, recurrent respiratory infec-

tions, and surgical procedures cause retardation in tooth devel-
opment in individuals with CLP. Moreover, many genes related to 
tooth development have been implicated to the development 
of craniofacial structures. This suggests that genetic mutations 
that cause CLP may also cause dental development disorders. 
Altuğ et al. (25) reported that the frequency of the MSX1 c.*6C>T 
polymorphism was higher in individuals with CLP and in patients 
with congenital absence of maxillary lateral teeth than in the 
normal population; hence, it was speculated that the two condi-
tions may be related. 

Several studies have reported that delay in dental development 
may be greater in children with CLP because of the increasing 
number of missing teeth (13, 21). According to Lai et al. (21), 
the etiology of hypodontia alone cannot explain dental delays 
in children with cleft, because delays in tooth formation have 
been observed in both cleft and noncleft subjects without hy-
podontia. Furthermore, Topolski et al. (20) state that the etiologic 
factors of delayed dental development of individuals with clefts 
seem to be the same factors responsible for the occurrence of 
dental anomalies in these individuals, as well as for the manifes-
tation of the cleft itself. However, and although the authors did 
not observe delayed dental development in the individuals with 
CLP, this study excluded subjects with agenesis in the mandible. 
Therefore, the notable absence of delayed dental development 
in our study and the study by Topoplski et al. (20), as opposed to 
other studies performed in literature, may be explained by this 
exclusion criterion.

On the other hand, Pöyry et al. (15) evaluated 131 Finnish chil-
dren with and without CLP using Demirjian’s method and found 
that 3-9 year old children had a 6-month delay in tooth devel-
opment, a delay that decreased to 2 months in 8–14 year old 
children. According to their study, a 2-month delay was also 
detected in children with cleft lip alone, whereas the authors 
reported 6.5 and 7 months delays in individuals with UCLP and 
bilateral CLP, respectively. In our study, we divided the UCLP pa-
tients into two age groups: 7–12 and 12–16 years, and we did 
not observe any differences in dental age between the UCLP and 
control groups (Table 4). Our findings further revealed no associ-
ation between dental age and sex in these age groups (Table 5). 
A recent study has identified retardation of dental age compared 
with the control group after analyzing the dental age of 108 chil-
dren with UCLP using Demirjian’s and Willems’ methods (19). 
However, both methods revealed discrepancies in determining 
chronological age, particularly in sex-based comparisons.

Although several previous studies have reported delays in den-
tal development, we failed to detect a significant difference 
between UCLP and control subjects (15, 17, 18, 21). In line with 
our findings, Topolski et al. (20) have also reported no significant 
retardation in dental age in CLP patients compared to control 
subjects. Furthermore, the authors underline that the differenc-
es observed in their study may be explained by the methodolog-
ical design adopted pertaining to the selected sample size, pair-
ing of the sample, blinding, number of examiners and number 
of radiograph evaluations per examiner. In addition, we believe 
that one of the main reasons propelling these differences may 
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be attributed to ethnic and racial differences among study pop-
ulations. Although the method developed by Demirjian et al. 
(4) allows a user-friendly determination of the dental age, their 
model is based on data obtained from French–Canadian chil-
dren. Consequently, this disputes the applicability and reliability 
of the method in other ethnicities and has triggered a great deal 
of controversy in current literature (7-11). Studies conducted 
in Turkey that investigated dental age in different regions have 
suggested that Demirjian’s method is not a reliable model in the 
Turkish population. For instance, Özveren & Serindere (11) used 
the Willems’ and Demirjian’s methods to assess the dental ages 
of children in the Aegean region and reported that Demirjian’s 
method was less reliable than the Willems’ method in determin-
ing the participants’ dental age. In addition, Sen Tunç & Koyutürk 
(8) in their study on children from Northern Turkey and Çelikoğlu 
et al. (9) in their study on children from Eastern Turkey have both 
stated that Demirjian’s method provided exaggerated results in 
Turkish children; thus, it may not be suitable for this population. 
Similarly, we also found that chronological age was lower than 
the dental age in the control group, and assessments performed 
in age subgroups showed that chronological age was signifi-
cantly lower than dental age in individuals with UCLP aged 7-12 
years and in control subjects aged 7-12 and 12-16 years.

One of the main limitations of the present study was the unbal-
anced distribution of gender among groups that can be consid-
ered as a prevalent confounding factor. The retrospective nature 
of our study allowed us to use the panoramic radiographs of pa-
tients admitted to our hospital. However, data obtained from a 
more balanced sample could reflect related differences in a more 
accurate manner. Our study included 108 individuals, 54 with 
UCLP and 54 healthy controls. Considering the notable statisti-
cally non-significant retardation of dental age in individuals with 
UCLP, further studies with larger study groups that also investi 
gate individuals with bilateral CLP will be beneficial. In addition, 
further studies with equal numbers of subjects are required to 
reach definitive conclusions.

CONCLUSION

Based on the results of this study, there was no asymmetric man-
dibular tooth development detected on the cleft or noncleft side 
in individuals with UCLP. Moreover, we found no differences in 
the 7-12 year age group, 12-16 year age group, or between the 
sexes while comparing the dental ages of these individuals with 
those of individuals without cleft.
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Buccolingual Inclination Effects of Self-Ligating and 
Conventional Premolar Brackets: A Cone Beam 
Computed Tomography Study

ABSTRACT

Objective: This study aimed to compare the effects of passive self-ligating (PSL) and conventional ligating (CL) of brackets on 
the buccolingual inclination (BLINC) of the maxillary premolars. 

Methods: This in vitro study included a PSL bracket group and a CL bracket group. Acrylic teeth on typodonts were aligned us-
ing 0.014-inch heat-activated nickel titanium (HANT) (T1) and 0.019×0.025-inch HANT (T2) and 0.021×0.025-inch stainless steel 
(SS) (T3) archwires in a sequence. Standardized cone beam computed tomography (CBCT) images were taken immediately after 
each archwire stage. The differences of premolar teeth BLINC values in the 0.019×0.025-inch and 0.014-inch HANT archwires 
(T2-T1) and 0.021×0.025-inch SS and 0.019×0.025-inch HANT archwires (T3-T2) were compared between PSL and CL groups. The 
value of p < 0.05 was considered statistically significant. 

Results: The BLINC change of the second premolar (SPM) showed a statistically significant difference (p=0.008), but the BLINC 
change of the first premolar (FPM) (p=0.056) between the groups showed no statistically significant difference during the T2-
T1 stage. However, there were statistically significant differences between two groups in the BLINC of the FPM (p=0.032) and 
SPM (p=0.032) in the T3-T2 stage. The angular changes in the buccal direction in the PSL group were higher than those in the 
CL group.

Conclusion: The PSL upper premolar brackets used with the 0.021×0.025-inch SS archwire produced more buccal crown move-
ment of the upper PM teeth compared with that of the CL brackets. 

Keywords: Cone beam computed tomography (CBCT), orthodontic brackets, premolar inclination

INTRODUCTION
Orthodontists attempt to properly position the teeth in order to ensure a stable, functional, and aesthetic oc-
clusion. To achieve this treatment goal, the in-out, tip, and torque features must be efficiently expressed by the 
bracket archwire combinations (1). The change in the labiolingual inclination of a tooth is defined as the torque 
expression. The wire torque stiffness, the wire size, the bracket slot size, and the mode of ligation affect the 
torque expression (2-7). In orthodontic literature, most studies used various methods to investigate the torque 
expression of different bracket systems. These methods included orthodontic measurements and simulation sys-
tem, finite-element method, radiographs, optical image correlation technique and custom test apparatuse, and 
cone beam computed tomography (CBCT) records (8-13). CBCT records were used to measure the labiolingual 
inclination and tip and apex movements of maxillary teeth because three-dimensional (3D) records are crucial to 
the optimal assessment of the root (8, 14). 
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Main points:
·	 This in vitro CBCT study aims to compare the effects of PSL and CL brackets on the BLINC of upper premolars.
·	 In this study, a new method with reference points in the apex and buccal tubercle tips was used to investigate the BLINC of upper premonlars. 
·	 PSL upper premolar brackets used with a 0.021×0.025-inch stainless steel archwire produced more buccal crown movement of the upper premolar 

teeth compared to that of the CL brackets.
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Previous studies on torque measurements have reported the ef-
fects of different brackets on incisor inclinations (15-17). Howev-
er, no study has examined the effects of upper passive self-ligat-
ing (PSL) brackets on premolar inclination. Therefore, this in vitro 
CBCT study aims to compare the effects of PSL and conventional 
ligating (CL) upper premolar brackets on the buccolingual incli-
nation (BLINC) of these premolars.

METHODS
The study consisted of a PSL bracket (SmartClip SL3, 3M Unitek, 
Monrovia, CA, USA) and a CL bracket (Gemini; 3M Unitek, Mon-
rovia, CA, USA) with the same torque values. Conventional non-
convertible upper first molar tubes (3M Unitek) were used. Each 
bracket had 0.022-inch slots. Table 1 provides information on the 
brackets. The centers of the clinical crowns were marked, and all 
upper incisor, canine, and premolar brackets were bonded at a 
standard height on the acrylic teeth by the same researcher (SY). 
Class II division 1 occlusion typodonts (Nissin, Kyoto, Japan) with 12 
acrylic maxillary teeth (6+6) (Nissin) were used in this in vitro study. 
Before the teeth were seated in wax, slots of equal size were drilled 
on the apex and buccal tubercle tips with diamond ball bur. Aus-
tralian wire of 0.014-inch diameter were bonded to these slots and 
used as reference points. This made it possible to distinguish the 
movement of teeth using CBCT imaging (Figure 1). One typodont 
model was prepared for each group. Ethical approval was not ob-
tained because no patient material was used in this study.

The sample size was determined as per the method described by 
Katsikogianni et al. (18); five repetitions in each group with 95% 
confidence interval, 100% test power, and f=9.257 effect size. The 
teeth were aligned using 0.014-inch heat-activated nickel titani-
um (HANT) archwires (3M Unitek, Monrovia, CA, USA) (T1), 0.019 
× 0.025-inch HANT archwires (3M Unitek, Monrovia, CA, USA) (T2), 
and 0.021 × 0.025-inch SS archwires (3M Unitek, Monrovia, CA, 
USA) (T3) in a sequence. A vinyl polysiloxane impression (Zher-
mack, Badia Polesine RO, Italy) was made just before each archwire 
application (T1, T2, T3) and used as records of previous maxillary 
arch forms (19). The typodonts were submerged in 45°C water for 
30 minutes during each archwire stage. Five repetitions were per-
formed with five different archwires for every archwire stage. After 

each archwire was removed, the impression was used to reposi-
tion the dentition. A total of 30 bracket-archwire combinations-15 
for each group-were tested. With the CL brackets, the archwires 
were ligated with SS ligatures. The ligature wires were tightened 
and adjusted so that the wire could be pressed into the slot. 

To capture the positional changes of maxillary teeth, standard-
ized CBCT images were taken immediately after the 0.014-
inch HANT archwires, 0.019 × 0.025-inch HANT archwires, and 
0.021×0.025-inch SS archwires were aligned with the maxillary 
teeth. A total of 30 CBCT measurements were taken.

The CBCT images were captured using a GALILEOS Comfort 
PLUS CMCT unit (Sirona Dental Systems Inc., Bensheim, Germa-
ny). The settings were as follows: 98 kVp, 25 mAs, 15.4-cm spher-
ical imaging volume field of view, 14-second exposure time, and 
0.25 mm isotropic voxel size. Changes in the BLINCs of premolars 
were measured using the Sidexis XG software package and the 
Galaxis 3D Viewer (Bensheim, Germany) on CBCT.

To measure the movement of the upper premolar teeth, refer-
ence planes were created on cross-sectional profiles of the CBCT 
images. The long axis of FPM was created between the tooth 
buccal tip and the buccal apex. The long axis of SPM, created be-
tween the tooth buccal tip and the apex, served as a reference 
for particular degrees of tilt. The angle between the long axis of 
each tooth and horizontal reference plane of the program used 
was measured (Figure 2).

Statistical Analysis
The data were analyzed using the Statistical Package for Social 
Sciences version 23.0 software (IBM Corp.; Armonk, NY, USA). 
Compliance with a normal distribution was analyzed using 
the Shapiro-Wilk test (Table 2). The measurements taken after 
each archwire application for each bracket system have been 
presented as median (min-max). Changes in BLINCs of the up-
per premolar teeth were measured for the 14-inch HANT (T1) 
and 0.019×0.025-inch HANT (T2) archwires, as well as for the 
0.019×0.025-inch HANT (T2) and 0.021×0.025-inch SS (T3) 
archwires. Intergroup differences were evaluated using the 
Mann-Whitney U test. The value p<0.05 was considered as sta-
tistically significant. 

Figure 1. The CBCT image with reference points that were bonded to 
the apex and to the tubercle tips of the premolars

Figure 2. The angle between the long axis of the first and second 
premolars and the horizontal reference plane, respectively.
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The measurement errors were calculated using the Dahlberg for-
mula (Se=√Σd2/2 n), with 0.87° for angular measurements.

RESULTS
The differences of premolar teeth BLINC values in the 
0.019×0.025-inch and 0.014-inch HANT archwires (T2-T1) and 
0.021×0.025-inch SS and 0.019×0.025-inch HANT archwires (T3-
T2) were compared among PSL and CL groups. The results have 
been presented in Table 3.

The BLINC change of the second premolar (SPM) showed statis-
tically significant difference (p=0.008), but the BLINC change of 
the first premolar (FPM) (p=0.056) showed no statistically signifi-
cant difference between the groups during the T2-T1 stage. There 
were statistically significant inter-group differences in BLINC of 
the FPM (p=0.032) and SPM (p=0.032) in the T3-T2 stage.

DISCUSSION
In this experimental study, we used 0.014-inch HANT, 
0.019×0.025-inch HANT, and 0.021×0.025-inch SS archwires. 
Although 0.021×0.025-inch SS archwire is not routinely used in 
clinical practice, this archwire reflects the torque values of the 

brackets better because the engagement angle decreased by 6° 
when a 0.021×0.025-inch SS archwire was used (3, 20). According 
to Alexander, 5° of effective torque were lost with every 0.001-
inch gap between the vertical slot and the archwire (21).

In the PSL group, in the T2-T1 stage, while the SPM was angled in 
the buccal direction, the FPM showed angulation in palatinal direc-
tion parallel to the torque value of the bracket. In the T3-T2 stage, 
the BLINC changes of the FPM and SPM were in the buccal direc-
tion. The angular changes in the PSL group were statistically sig-
nificantly higher than those in the CL group. It has been suggested 
that this angulation is formed in the opposite direction according 
to the torque value of the bracket. This may be caused by the dete-
rioration of the relationship with the slot base and archwire as the 
posterior tooth sequence goes distally and as the stiffness of the 
archwire increases. In the CL group, in the T2-T1 stage, although the 
BLINCs of the FPMs and SPMs changed in the palatinal direction, 
in the T3-T2 stage, the fact that the SPM was opened in the buccal 
direction also supports this view. The CL premolar brackets were 
more compatible with the torque value of the brackets than the 
PSL brackets, particularly in the T2-T1 stage. This can be explained 
by the ligation form of the premolar brackets.  The compression fit-

Table 1. The prescriptions of the brackets in this study

Tooth	 Bracket group	 Slot width (inch)	 Torque (°)	 Angulation (°)	 In/Out (inch)

FPM	 PSL 	 0.022 	 -7	 0	 0.036 

	 CL 	 0.022 	 -7	 0	 0.030 

SPM	 PSL 	 0.022 	 -7	 0	 0.036 

	 CL	 0.022 	 -7	 0	 0.040 

FPM: first premolar; SPM: second premolar; PSL: passive self-ligating; CL: conventionally ligating

Table 2. Test of normality

Bracket group	 Time	 Tooth	 Test statistics	 SD	 p

PSL	 T1	 FPM	 0.884	 5	 0.326

		  SPM	 0.854	 5	 0.207

	 T2	 FPM	 0.799	 5	 0.079

		  SPM	 0.948	 5	 0.725

	 T3	 FPM	 0.914	 5	 0.492

		  SPM	 0.883	 5	 0.324

CL	 T1	 FPM	 0.845	 5	 0.179

		  SPM	 0.778	 5	 0.075

	 T2	 FPM	 0.798	 5	 0.078

		  SPM	 0.817	 5	 0.111

	 T3	 FPM	 0.881	 5	 0.314

		  SPM	 0.982	 5	 0.945

SD: standard deviation

Table 3. Comparison of the differences in BLINC between different bracket groups with Mann Whithey U test

	                                                   T2-T1			                                           T3-T2 
	                                                 Median (min: max)			                                            Median (min: max)

Tooth	 PSL	 CL	 p	 PSL	 CL	 p

FPM BLINC (°)	 0,6 (-0,7:0,8)	 1,4 (-0,2:3,2)	 NS	 -0,3 (-1,6:0,7)	 1,9 (0,2:2,0)	 0,032

SPM BLINC (°)	 -0,5 (-3,3:0)	 1,3 (1:2,3)	 0,008	 -2,1 (-3,7:-0,5)	 -0,5 (-1,8:0,8)	 0,032

BLINC: buccolingual inclination; NS: nonsignificant; significant at p<0.05
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ting of the SS ligatures used with the CL brackets may have result-
ed in the archwire better fitting into the slot. Fischer-Brandies et al. 
(6) also reported that using SS ligatures decreased the clearance 
between the slot and archwire, even with space between them. 
Al-Thomali et al. (22) concluded that CL brackets had higher torque 
expression than self-ligating brackets. Huang et al. (10) reported 
that self-ligating Damon and Speed brackets had lower torque ca-
pabilities compared to those of conventional Discovery brackets. 
In contrast, Katsikogianni et al. (18) reported that CL brackets had 
lower torque capabilities than those of the self-ligating brackets. 
According to Yeh et al. (23), torque control in PSL brackets was sim-
ilar to that in the CL brackets. Fleming et al. (24) were reported that 
no significant differences were found in the inclination changes of 
the molar and incisor between the CL brackets and either active or 
passive SL. Lineberger et al. (25) reported no significant changes 
on crown torque for any teeth, with the exception of maxillary pre-
molars, which showed a significant increase on the buccal crown 
torque in a PSL system. 

In orthodontic treatment, clinical and physiological factors may 
cause a variety of clinical responses to a bracket archwire com-
bination. Therefore, this in vitro study cannot fully represent a 
clinical reality. The findings of this study may be supported or re-
jected by the findings of future clinical studies on the inclination 
effects of various bracket archwire combinations.
 
CONCLUSION
Based on the findings of this in vitro study, PSL upper premolar 
brackets used with a 0.021 × 0.025-inch SS archwire produced 
more buccal crown movement of the upper premolar teeth com-
pared to that of the CL brackets. 
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Bond Strength of Metal and Ceramic Brackets on 
Resin Nanoceramic Material With Different Surface 
Treatments

ABSTRACT

Objective: This study aimed to evaluate the effects of different surface conditoning methods on surface texture and shear bond 
strength (SBS) of brackets bonded to resin nanoceramic material.

Methods: Ceramic specimens were divided into two groups as metal brackets and ceramic brackets. In each group, the following 
five subgroups were conditoned with orthophosphoric acid (OPA), hydrofluoric acid (HFA), silica coating with Cojet, Nd: Yag laser, and 
Femtosecond (Fs) laser. Extra samples were used for scanning electron microscopy and 3D profilometer evaluation. 

Results: All surface conditioning methods caused optimum or higher SBS. Metal brackets had higher SBS than porcelain brackets, but 
this difference reached statistical significance only in Fs laser group. OPA caused surface modification comparable to HFA because of 
polymer content of resin nanoceramic. Although Fs laser and Cojet conditioning caused optimum or higher SBS, surface damage of 
these methods to the resin nanoceramic specimens clearly seen on 3D profilometer.

Conclusion: HFA and Nd: Yag laser are effective surface conditioning methods for resin nanoceramics. OPA combined with silane ap-
plication caused optimum SBS and can be used as an alternative to HFA. Surface texture changes should be considered to determine 
surface damage while deciding the optimum surface conditioning method for ceramics other than SBS. 

Keywords: Dental materials, lasers, orthodontic brackets

INTRODUCTION
With the current increase in adult patients seeking orthodontic treatments, orthodontists are more concerned 
about bonding orthodontic brackets other than enamel surfaces. Bonding ceramic surfaces are one of the rea-
sons for this concern because a certain conditioning protocol could not be applied because of the material com-
position differences (1). Different mechanical and chemical conditioning methods and their combinations have 
been suggested to overcome this problem (2). Mechanical methods such as sandblasting and roughening with 
diamond burs require special tools and might cause damage to ceramic surfaces (3), chemical methods such as 
hydrofluoric acid (HFA) has found to be harmful and can cause tissue irritation (4). 
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Main points:
·	 Conventional acid etching methods are effective conditioning methods for resin nanoceramic surfaces.
·	 Nd: Yag laser provided optimum SBS, surface roughness and PFI scores and could be used as ideal surface treatment method for resin nanoceram-

ics. 
·	 Although obtaining high SBS, methods causing high surface roughness ought to be disregarded by clinicians in order not to face repairs or renew-

als after debonding.
·	 Due to the high ceramic fracture rates seen in this study, clinicians should approach with caution to the resin nanoceramic restorations and inform 

patients about failure risks prior to bracket bonding.    
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In recent years, lasers are used to overcome these disadvantag-
es. Studies have been conducted using CO2, Er: Yag, Nd: Yag, and 
Femtosecond (Fs) lasers, and researchers stated that these have 
been useful alternatives for conventional conditioning methods 
(5, 6).

The demand for aesthetic restorations with the advances in 
software and milling devices has encouraged the research and 
development processes of more advanced porcelain systems us-
ing computer-aided design and computer-aided manufacturing 
(CAD/CAM) (7). Resin-matrix CAD/CAM ceramics have been de-
veloped to combine the advantageous properties of ceramics, 
such as durability and color stability, with those of composite 
resins, such as improved flexural properties and low abrasive-
ness (8). Composite resin nanoceramic CAD/CAM blocks consist 
of a polymeric matrix reinforced by nanohyrbrid ceramic fillers 
containing 71% by weight (7). Industrial fabrication of these 
materials at a high temperature and high pressure significant-
ly improves their mechanical behavior (9, 10). To the best of our 
knowledge there, has been no report on bond strength of brack-
ets bonded to resin nanoceramic CAD/CAM material.

There are many shear bond strength (SBS) studies in the literature, 
suggesting different conditioning methods for bonding brackets 
to ceramic surfaces using scanning electron microscopy (SEM) to 
determine surface texture changes (2, 5, 11). These studies mostly 
focused on attaining the highest SBS results and disregarded the 
possible irreversible surface texture changes, which are secondary 
to the conditioning methods. 2D SEM images alone are insufficent 
to assess these changes and there is only one study in the litera-
ture assessing ideal surface conditioning method with regards to 
SBS and 3D surface texture changes (12).

This study aimed to determine the ideal method for optimum 
SBS without causing irreversible surface damage for clinicians by 
evaluating the effect of surface treatments with the perspectives 
not only considering shear bond strength of ceramic and metal 
brackets, but also surface texture changes due to surface con-
ditioning on resin nanoceramic CAD/CAM restorative material. 
The effect of conditioning with Ti: sapphire Fs laser, Nd: Yag laser, 
tribochemical coating, and conventional acid etching methods 
were evaluated using a shear bond test, 3D profilometer, and 
SEM as surface imaging techniques. The null hypotheses of this 
study were that type of bracket and type of surface treatment 
would not affect the SBS of brackets bonded to resin nanoce-
ramics and surface treatment methods would not cause irrevers-
ible surface damage to resin nanoceramics.

METHODS
No ethical approval required for the study because of in vitro de-
sign and testing of a dental material already in use. For a power 
of 0.95 with the significance level p<0.05, a sample of at least 
15 ceramics for each group would be required based on study 
by Erdur et al. (5). For this reason, 17 ceramics per group were 
prepared.

A total number of 170 specimens (15 mm×10 mm×2 mm) were 
prepared from resin nanoceramic CAD/CAM blocks (Cerasmart, 

GC Europe, Belgium). These, 170 specimens divided into two 
groups as metal and porcelain brackets and each group were 
further divided into five subgroups.

Fs laser group: Selcuk University ILTEK research facility’s Ti: sap-
phire Fs laser (λ=800 nm; Quantronix, Integra-C-3.5, NY, USA) 
was used (5). The laser scan was applied five times to the whole 
geometry. The scan pattern consisted of individual parallel hor-
izontal lines with line gap of 30 μm. At the end of each line, the 
laser is automatically switched off and moves to the next line. 
The fluence for 90 Fs pulse width, 0.05 W power, and 11 cm focal 
length settings was  2,77×101 J/cm2 (Figure 1a).

A pilot study was conducted to obtain optimum laser parame-
ters for resin nanoceramic specimens to minimize ablation rate 
and homogenize surface conditioning patterns. Power settings 
and line gaps changing between 0.05-0.75 W and 10-30-50 µm 
with five scans were examined by SEM and 3D profilometer. Stat-
ed parameters were chosen after the pilot study. 
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Figure 1. a-c. Specimen images of in vitro design (a), a specimen 
of Fs laser conditioned group ready for silanization (b), a specimen 
embedded in acrylic resin bloc (c), a specimen ready for SBS test

a

b

c



Nd: Yag laser group: Nd: Yag laser (Fotona, Horse Fidelis, Ljubljana, 
Slovenia) was applied using a 300-μm diameter optical fiber per-
pendicular to the ceramic surface. The output settings were 2 W 
and medium-short pulse mode, with 20 seconds application time, 
at a focal distance of 1 mm using a noncontact hand piece (5).

Cojet group: Air abrasion with 30-µm Al2O3 particles coated with 
silica using CoJet System (3M Espe, St. Paul, MN, USA) was ap-
plied to the specimens for 5 seconds at a pressure of 2.8 bar (13). 
The distance between the nozzle and the surface of the ceramic 
was approximately 10 mm (14). The sand particle remnants were 
gently air blown.

HFA group: The ceramic surfaces were etched with 9% HFA 
(Porch-Etch, Reliance Orthodontic Products, USA) for 60 seconds. 
Then, the acid was rinsed off with water for 60 seconds (5).

Orthophosphoric acid (OPA) group: The ceramic surfaces were 
etched with 37% OPA (Best Blue Gel, Spot Dis Deposu, Izmir, Tur-
key) for 60 seconds (6). Then, the acid was rinsed off with water 
for 60 seconds.

After surface conditioning, silane (Reliance porcelain condition-
er, Reliance, IL, U.S.A.) was applied to the treated ceramic surfac-
es. In total, 85 maxillary central metal brackets (Mini Master Se-
ries, American Orthodontics, WI, USA) and 85 porcelain brackets 
(20/40, American Orthodontics, WI, USA) were bonded randomly 
with adhesive resin (Transbond XT, 3M Unitek, CA, USA) to the 
ceramic surfaces. With the aid of a probe, the excess resin was 
removed. Then, the adhesive resin was light cured for 10 seconds 
using an LED unit (Valo cordless, Ultradent, USA, standart mode-
1000mW/cm2). All bonding operations were performed by the 
same operator (M.K.).

After the bonding procedure, the specimens were stored in dis-
tilled water at room temparature for at least 24 hours and, then, 
thermocycled for 1,000 cycles between 5°C and 55°C with a dwell 
time 25 seconds in a thermocycler (Julabo, Seelbach, Germany). 
Then, the specimens were embedded in acrylic resin blocks 
(Imicryl, Konya, Turkey) (Figure 1b). The SBS test was performed 
using a universal testing device (Instron 3345, USA) at a cross-
head speed of 0.5 mm/min (Figure 1c) (11). The force required 
for debonding was obtained in Newtons (N) and converted into 
megapascals (MPa). The bracket base areas for the American Or-
thodontics metal brackets and ceramic brackets were 10.9 and 
13.2 mm2, respectively.

After surface roughening, the average surface roughness of cho-
sen conditioned and nonconditioned ceramic specimens were 
evaluated with a profilometer (AEP NanoMap-LS, CA, USA). A di-
amond stylus (tip radius, 5 µm) acted across the surface under a 
continuous charge of 40 mg with a speed of 40 µm/s and a range 
of 500 µm, to measure the roughness value in µm. For each 
measurement, the device performs random 30 probing around 
the perimeter of a 500-µm line and calculates mean roughness. 
Two extra specimens from each surface conditioning group with 
two measurements were planned at the beginning of the study. 
However, after obtaining elevated SBS results, the addition of a 

nonconditioned specimen with four measurement was decided 
for 3D profilometer evaluation to clarify the exact surface texture 
changes. In total, means of four measurements from each group 
were calculated from the center area of specimens. For Fs laser 
group, two additional measurements for each specimen were 
made from the laser conditioned border area to determine the 
ablation amount. No sample size calculation has been conduct-
ed for profilometric evaluation. 

Following surface roughening, one specimen from each condi-
tioned and nonconditoned groups was selected randomly, and 
all specimens were sputter-coated with gold-palladium and 
evaluated using a SEM (Jeol JMS-6390LV, Jeol, Tokyo).

After SBS test, the ceramic surfaces underwent surface morpho-
logical analyses using a stereomicroscope (Leica M50, Wetzlar/
Germany) at 25× magnification to determine the amount of 
composite resin remaining according to the Adhesive Remnant 
Index (ARI) proposed by Artun and Bergland (15) scoring as: 0-no 
adhesive remaining on the ceramic surface; 1-less than 50% ad-
hesive remaining on the ceramic; 2-more than 50% adhesive re-
maining on the ceramic; and 3-100% adhesive remaining on the 
ceramic, with a distinct impression of the bracket mesh.

Any damage that may have occured to the ceramic surfaces 
during SBS testing was recorded using the Porcelain Fracture In-
dex (PFI) proposed by Bourke and Rock (16) scoring as: 0-ceramic 
surface intact or in the same condition as before the bonding; 
1-surface damage limited to very superficial ceramic; 2-surface 
damage which features significant loss of ceramic requiring res-
toration of the defect by composite resin or replacement of the 
restoration; and 3-surface damage where the core material has 
been exposed.

For the Statistical Package for Social Sciences, version 15.0 soft-
ware (SPSS Inc.; Chicago, IL, USA). Kolmogorov-Smirnov Test was 
used to verify normality distrubution of test values. Two-way 
analysis of variance (ANOVA) was used to check the effect of 
type of bracket, type of surface treatment, and their interaction. 
Tukey’s honestly significantly different test was used to compare 
SBS among the groups. Chi-square (χ2) test was used to deter-
mine if there were any significant differences in the ordinal ARI 
and PFI values. Nonparametric Wilcoxon signed-rank test was 
used to compare surface roughness values. Statistical signifi-
cance was set at the 0.05 probability level.

RESULTS
According to two-way ANOVA type of bracket, type of surface 
treatment and their interaction significantly affected the SBS test 
(Table 1).

The SBS for the study groups are shown in Table 2. The mean SBS 
values of the metal bracket groups ranged from 8.66 to 13.02 
MPa. HFA, Cojet, and Fs laser groups have significantly high-
er mean SBS than Nd: Yag laser group. The mean SBS values of 
the porcelain bracket groups ranged from 9.36 to 10.91 MPa. 
There were no significant differences between study groups. Ex-
cept for Nd: Yag laser group, all metal bracket groups showed 
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higher mean SBS compared with porcelain bracket groups. This 
difference reached statistical significance only in Fs laser group 
(p<0.05). 

Bond failure modes are shown in Table 3. Except for Nd: Yag 
porcelain/OPA porcelain groups (p>0.05), the ARI scores 
showed that adhesive failures between the ceramic and com-
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Table 1. Two-way ANOVA results for the type of bracket, type of treatment, and the interaction terms according to bond strength data (MPa).

Effect	 df	 Sum of squares	 Mean square	 F ratio	 p

Bracket type	 1	 97.799	 97.799	 12.095	 .001*

Surface conditioning	 4	 150.517	 37.629	 4.654	 .001*

Bracket type x surface conditioning	 4	 138.795	 34.699	 4.291	 .003*

*p<0.05

Table 2. Mean, standard deviation (SD), minimum (min.)-maximum (max.), and median of the SBS (MPa) according to the surface treatments.

Surface treatment	 Metal bracket	 SD	 Min.-Max.	 Median	 Porcelain bracket	 SD	 Min.Max.	 Median

Orthophosphoric acid	 10.32ABc	 3.65	 15.86-2.96	 10.37	 9.36Ac	 2.81	 4.91-12.64	 9.55

Hydrofluoric acid	 13.02Ac	 2.27	 9.38-15.96	 13.20	 10.91Ac	 1.60	 13.34-8.66	 10.84

Cojet	 12.70Ac	 4.31	 4.36-19.68	 12.53	 9.81Ac	 3.90	 2.49-17.06	 9.90

Nd:Yag laser	 8.66Bc	 2.13	 12.57-4.41	 8.56	 10.38Ac	 1.98	 6.81-13.20	 10.44

Fs laser	 13.01Ac	 2.43	 9.31-16.63	 12.72	 9.68Ad	 1.95	 5.64-12.44	 9.65

Mean values represented with same superscript upper-case letter (column) are not significantly different according to Tukey test (p>0.05); mean values represented 
with different superscript lower-case letter (row) are significantly different according to Tukey test (p<0.05)

Table 3. Frequency distribution of adhesive remnant index (ARI) 
scores.

		                          ARI scores		

Group	 0	 1	 2	 3

Metal bracket				  

Orthophosphoric acid	 0 	 7 	 2 	 8 

Hydrofluoric acid	 0 	 13 	 1 	 3 

Cojet	 1 	 9 	 0 	 7 

Nd:Yag laser	 15 	 1 	 0 	 1 

Fs laser	 3 	 4 	 3 	 7 

Porcelain bracket				  

Orthophosphoric acid	 1 	 12 	 2 	 2 

Hydrofluoric acid	 0 	 8 	 9 	 0 

Cojet	 0 	 7 	 7 	 3 

Nd:Yag laser	 7 	 8 	 2 	 0 

Fs laser	 0 	 7 	 6 	 4 

0-no adhesive remaining on the ceramic surface 
1-less than 50% adhesive remaining on the ceramic surface 
2-more than 50% adhesive remaining on the ceramic surface
3-100% adhesive remaining on the ceramic surface, with a distinct impression 
of the bracket mesh

Table 4. Frequency distribution of porcelain fracture index (PFI) 
scores.

		                          PFI scores		

Group	 0	 1	 2	 3

Metal bracket				  

Orthophosphoric acid	 13 	 1	 3 	 0

Hydrofluoric acid	 16 	 1 	 0 	 0 

Cojet	 11 	 2 	 4 	 0

Nd:Yag laser	 17	 0	 0 	 0

Fs laser	 8	 2	 7	 0

Porcelain bracket				  

Orthophosphoric acid	 13	 2 	 2 	 0

Hydrofluoric acid	 15	 1	 1	 0 

Cojet	 8	 3	 6	 0

Nd:Yag laser	 16	 1	 0	 0 

Fs laser	 4	 5	 8	 0

0-ceramic surface intact or in the same condition as before the bonding
1-surface damage limited to very superficial ceramic
2-surface damage which features significant loss of ceramic requiring resto-
ration of the defect by composite resin or replacement of the restoration
3-surface damage where the core material has been exposed

Table 5. Mean, standard deviation (SD), minimum (min.)-maximum (max), and median values of surface roughness (µm) according to the surface 
treatments

Group	 Mean surface roughness	 SD	 Min.-Max.	 Median

No treatment	 0.031a	 0.006	 0.021-0.036	 0.033

Orthophosphoric acid	 0.084b	 0.009	 0.071-0.092	 0.088

Hydrofluoric acid	 0.108b	 0.024	 0.084-0.140	 0.104

Cojet	 0.690c	 0.143	 0.515-0.823	 0.711

Nd:Yag laser	 0.100b	 0.009	 0.092-0.112	 0.097

Fs laser	 0.309d	 0.029	 0.286-0.347	 0.301

Mean values represented with different superscript lower-case letter are significantly different according to Wilcoxon signed-rank test (p<0.05)



posite resin were the predominant mode of failure in Nd: Yag 
laser groups (p<0.05). For other study groups, a failure mode 
shift between composite resin and bracket base were ob-
served especially in Fs laser groups compared with Nd: Yag 
laser groups (p<0.05). 

Porcelain fracture modes are shown in Table 4. Except for Cojet 
metal/Nd: Yag porcelain groups (p>0.05), the highest incidence 
of cohesive fracture of resin nanoceramics were observed in Fs 
laser and Cojet groups, the lowest incidence observed in Nd: Yag 
laser groups (p<0.05). 

Representative SEM images of the treated and nontreated resin 
nanoceramics are presented in Figure 2. Homogenous micropo-
rous surface texture of the nontreated specimen showed a vari-
ation in the surface microstructure with the surface treatments. 
Due to the partial dissolving of organic component of resin 
nanoceramic, OPA showed minimal erosive areas. HFA effecting 
both organic and inorganic components of resin nanoceramic 
showed erosive areas and randomly distributed micropores. Sil-
ica-coating produced random surface peeling and well-defined 
microsize elevation and depression areas. Nd: Yag laser pro-
duced undulated surface morphology with sulcular appearance. 
Fs laser produced uniform micro and nano roughnesses without 
crack formation on the surface. 

Representative 3D profilometer images of the conditioned and 
nonconditioned resin nanoceramics are presented in Figure 
3. 3D profilometer images of laser conditioned and noncon-
ditioned border area of Fs laser treated resin nanoceramic are 
presented in Figure 4. Compared to nonconditioned specimen 
minimum and maximum height changes can be clearly seen in 
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Figure 3. a-f. 3D profilometer images of treated and nontreated 
resin nanoceramics, (a) Nontreated (Maximum height 0.092 µm, 
minimum height −0.264 µm). (b) OPA (Maximum height 0.265 µm, 
minimum height −0.517 µm). (c) HFA (Maximum height 0.281 µm, 
minimum height -0.483 µm). (d) Cojet (Maximum height 2.472 µm, 
minimum height −2.924 µm). (e) Nd: Yag laser (Maximum height 
0.325 µm, minimum height -0.461 µm). (f ) Fs laser (Maximum height 
0.959 µm, minimum height −1.051 µm).

a b

c d

e f

Figure 4. a-b. Images of ablated and nonablated border area of 
Fs laser trated resin nanoceramic from different angles. Maximum 
height 5.116 µm, minimum height −2.348 µm. Peak to peak 
difference 7.463 µm.

a b

Figure 2. a-f. SEM surface images of treated and non-treated resin 
nano-ceramics (x2000 magnification) (a) Non-treated (b) OPA (c) HFA 
(d) Cojet (e) Nd: Yag laser (f ) Fs laser

a b

c d

e f



Figure 3 caused by surface conditioning methods. Cojet pro-
duced the highest increase of minimum and maximum height 
levels, which can be speculated as a sign of maximum increase 
of surface roughness (Figure 3d). OPA, HFA, and Nd: Yag laser 
groups showed comparable minimum and maximum height 
changes, which could be interpreted as a sign of similar surface 
roughness values (Figures 3b, 3c, and 3e). Specific to Fs laser 
group, ~ 5 µm ablation was observed at the border of the laser 
conditioned and nonconditioned areas (Figure 4).

Mean roughness values (µm) are shown in Table 5. All surface 
conditioning methods caused significant increase in surface 
roughness compared with nonconditioned specimen accord-
ing to Wilcoxon signed-rank test. The surface roughnesses of 
the conditioned resin nanoceramics indicated significant differ-
ences among the groups (p<0.05). Cojet caused a significantly 
higher mean surface roughness compared with other surface 
treatments. Fs laser midsection roughness value is significantly 
lower than Cojet and significantly higher than OPA, HFA, and Nd: 
Yag laser groups (p<0.05). There was no statistically significant 
difference between OPA, HFA, and Nd: Yag laser groups (p>0.05). 

DISCUSSION
The results of this study demonstrated no significant SBS dif-
ferences between the metal and ceramic brackets; therefore, 
the first null hypothesis was accepted. The results of this study 
demonstrated significant SBS differences among surface condi-
tioning groups; therefore, the second null hypothesis was reject-
ed. The results of this study demonstrated significant surface tex-
ture changes depending on conditioning methods; therefore, 
the third null hypothesis was rejected.

CAD/CAM systems registered a constantly increasing use in den-
tistry. This technology allows a completely digital workflow, from 
impression to final framework, with acceptable clinical reliability 
(17), good aesthetics (18), and excellent patients feedback (19). 
However, only few studies tested the bond strength of orthodon-
tic appliances on these recently introduced materials (13); hence, 
this study was planned and performed to specify the most reli-
able surface treatment method for bonding ceramic and metal 
brackets onto resin nanoceramic CAD/CAM material with re-
gards to SBS values for bonded brackets, ARI and PFI scores, SEM 
images, and 3D profilometer analyses. Thermocycling procedure 
was applied to the specimens before SBS testing as a screening 
procedure for the performance of the bonded interfaces under 
standardized hydrothermal stresses (13). SBS test was used to 
evaluate the bond strength between resin nanoceramic material 
and brackets. Although the clinical implications of in vitro studies 
are questionable, they are the first choice in testing new materi-
als and methods before they can be used in vivo.

In accordance with previous studies, before bonding procedure, 
a silane coupling agent was applied to increase wettability and 
the bonding of resin to ceramics after surface conditioning (1). 

In the literature, there are no clear guidelines about shear force 
limits, but in fact a good orthodontic biomaterial should allow 
good adhesion in order to sustain masticatory forces (5-10 MPa). 
In contrast, adhesion forces should not be too strong in order 

to avoid enamel loss after debonding (40-50 MPa). Therefore, 
the ideal orthodontic biomaterial should have bonding forces 
included in the interval of 5-50 MPa for enamel bonding, even 
if these limits are mostly theoretical (20). But for ceramic resto-
rations, it was reported that bond strength values over 13 MPa 
between the ceramic and the composite resin increase the risk 
of cohesive fractures (21). For this reason, achieving the highest 
SBS may not be the most significant clinical factor. The clinicians 
should prefer ideal bonding methods that can endure masticato-
ry and orthodontic forces during treatment and easily debonded 
at the end of the treatment. In this study, all surface treatment 
groups acquired optimum or higher mean SBS. Porcelain brack-
et groups showed lower mean SBS than metal bracket groups 
other than Nd: Yag laser group, this difference reached statistical 
significance only in Fs laser group (p<0.05; 9.68±1.95 MPa and 
13.01±2.43 MPa, respectively). It was shown that ceramic brack-
ets promote higher SBS than metal brackets (13). Differences in 
bonding materials/adhesives, different settings of load applica-
tion, and different material preparation techniques might be the 
reason for variation of the results in this study.

In the literature, different ceramic materials have been subjected 
to surface conditioning with different laser types, and accept-
able results have been reported regarding SBS of orthodontic 
brackets (5, 11, 12). There are no optimized laser processing pa-
rameters for each material to be tested because of unique mi-
crostructure configurations and chemical compositions of the 
materials (22). For this reason, we conducted a pilot study for op-
timum Fs laser parameters both to attain minimal ablation rate 
and uniform surface morphology for bonding. Laser settings of 
five scans, a laser pulse power of 0.05 W, and line gap of 30 µm 
were chosen. Using these optimized parameters, ~5 µm ablation 
was observed in 3D profilometer evaluation (Figure 4). We did 
not observe melted and scattered particles and cracks because 
of the Fs laser conditioning of resin nanoceramics in SEM and 
3D profilometer analyses. This observation showed the notable 
lack of heating and shockwave effects of Fs laser on resin nano-
ceramic. Absence of microcracks with uniform micro and nano 
roughnesses on resin nanoceramic surface after Fs laser irradia-
tion might contribute to higher SBS (Figures 2f and 3f ).

Erdur et al. (5) performed in vitro study on feldspathic and e-Max 
surfaces using Ti: sapphire Fs, Nd: Yag, and Er: Yag lasers, and re-
ported that the highest SBS was obtained with Ti: sapphire Fs 
laser conditioning. Akpinar et al. (23) also reported higher SBS 
for Ti: sapphire Fs laser on feldspathic porcelain surfaces. Aglarci 
et al. (24) compared SBS of extracted human premolar teeth con-
ditioned with Ti: sapphire Fs laser and Er: Yag laser using metal 
brackets and reported lower SBS for Ti:sapphire Fs laser group, 
probably from single laser scan regime. Although using different 
power settings owing to material differences, our results are in 
line with Erdur et al. (5) and Akpinar et. al. (23)

Although some of the researchers have reported that Nd: Yag la-
ser conditioning is an effective technique for bracket adhesion 
to porcelain surfaces (25, 26), there are other researchers who 
stated insufficent bond strengths with Nd: Yag laser (5, 12). In this 
study, Nd: Yag laser conditioning caused optimum SBS and lower 
PFI scores. Hybrid compound of organic and inorganic particles 
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in resin nanoceramics might render it susceptible to laser pene-
tration and responsible for causing optimum SBS values. 

Cojet System uses 30-µm Al2O3 particles coated with silica for 
surface modification. With the aid of high-pressure deposition 
of these particles on the substrate surface are provided (13). A 
covalent bonding between silica-coated substrate and compos-
ite resin was established with the usage of Cojet System (2). In 
this study, silica coating followed by silane application fulfilled 
the required threshold. The results are in aggreement with the 
previous studies (2, 4, 13), but high cost is the main disadvan-
tage of tribochemical coating. Moreover, extra precautions such 
as rubber dam usage and high-power suction systems are rec-
ommended to avoid soft tissue injuries and spread of particles, 
respectively (27). 

It was found that HF acid etching was an acceptable method for 
ceramic surface conditioning (2). However, HF acid is responsible 
for dissolving the glass component of the silica-based ceramics, 
and there is no effect of HF acid on the high-strength materi-
als such as zirconia and core ceramics (11, 28). In this study, HFA 
etching dissolved both organic and inorganic compounds of the 
resin nanoceramic material and created a uniform microporous 
surface morphology amenable to penetration of silan and ad-
hesive resin (Figure 2c). Its surface roughness values were com-
parable to OPA group and lesser than Cojet and Fs laser groups 
(Figure 3 and Table 5). HFA proved to be an effective surface con-
ditioning method for resin nanoceramics, but it is a highly toxic 
and corrosive material, so maximum precautions should be tak-
en such as protective clothing and safety goggles to avoid skin 
and eye contact (29). We found that OPA-etched groups had sim-
ilar SBS to those that are HFA-etched. Surface modification effect 
of OPA can be clearly seen on SEM images and 3D profilometer 
analysis (Figures 2b and 3b). The possible reason for acceptable 
SBS of OPA etched groups was the increased micromechanic 
retention because of the modification of polymer containing 
organic component of the resin nanoceramic. Backer et al has 
shown that resin composite CAD/CAM materials are susceptible 
to roughening in acid conditions, which differs from convention-
al ceramics (30). Further studies are needed to clarify the exact 
role of OPA on resin nanoceramics. Main advantages of both OPA 
and HFA conditioning to laser systems or air borne particle abra-
sion are their cost effectiveness and ease of application.

In this study, ARI scores did not show correlation with the bond 
strength. The groups with similiar SBS had different ARI scores, 
so one cannot define the site of bond failure with a definite 
threshold of shear force (2). But, mean SBS increases could imply 
a failure mode shift from ceramic and composite resin to com-
posite resin and bracket interface.

All surface conditioning methods investigated in this study have 
sufficent SBS to withstand forces during orthodontic treatment. 
In fact, higher SBS exibited by Cojet and Fs laser groups showed 
higher PFI scores. Lawson et al (31) suggested polymer contain-
ing CAD/CAM materials might not possess high initial strength. 
Goujat et al (7) stated lower fracture toughness values for resin 
nanoceramics. These facts can elucidate high PFI scores seen in 

our study that resin nanoceramic could not withstand concen-
tric high pressure during debonding. Due to high PFI scores 
obtained in this study, extra precautions should be taken for 
debonding of resin nanoceramics.

Regarding the limited amount of studies evaluating surface 
roughness of conditioned porcelain surfaces, Erdur et al (32) re-
ported Fs laser treated group having the highest mean rough-
ness value. Interestingly, using a 5% HFA just for 20 seconds on 
IPS e-Max surfaces, they also reported 2.21 µm mean surface 
roughness, which was much higher than HFA group of this study. 
Other than different measurement techniques and different 
glass components of study materials, they also did not include 
a “no treatment” group, making impossible to know roughness 
value of the test material before surface conditioning, therefore, 
any comparisons between the studies might be arbitrary. Çe-
vik et al. (12) reported no significant differences among control, 
OPA, or HFA treated surfaces of lithium disilicate and feldspathic 
ceramics. In this study, mean surface roughness values of OPA 
and HFA were similiar and significantly higher than the control 
group. Conditioning protocol, material, and measurement dif-
ferences could be speculated as possible causative factors. In 
this study, Cojet produced the highest mean surface roughness 
while Fs laser came behind. These values are the means of mid-
section measurements none of the surface conditioning groups 
caused ablation other than Fs laser group. If~5 µm ablation de-
tected on border area of Fs laser group added to the calculation 
the highest mean surface roughness ought to be the Fs laser 
group (Figure 4). Surface roughness values of Nd: Yag, HFA, and 
OPA groups were in acceptable range. Although on µm level, 
roughness values of Fs laser and Cojet groups might rise con-
cerns of patients following debonding especially for minimally 
prepared anterior full crown restorations and might require re-
pairs or renewals.

CONCLUSION
Within the limitations of this in vitro study, the following conclu-
sions can be made.

•	 HFA is an effective method for surface conditioning of resin 
nanoceramic material as stated before for other ceramic ma-
terials. OPA combined with silane application caused opti-
mum SBS and can be used as an alternative to HFA. 

•	 Surface conditioning with Nd: Yag laser provided optimum 
SBS and PFI scores for resin nanoceramic material. 

•	 Although surface conditioning of resin nanoceramic material 
with Fs laser and Cojet treatment provided optimum or higher 
SBS, increase in ceramic fracture risk during debonding, pos-
sible aesthetic failures because of elevated micro roughness 
and high cost are important disadvantages of these methods. 
Moreover, requirement of a pilot study for optimum Fs laser 
dosage is another disadvantage of Fs laser usage. Clinicians 
planning to use Cojet or Fs laser for surface conditioning of 
hybrid ceramics should approach with caution and limit their 
usage only for specific cases, which demand higher SBS and 
previously informing the patient about risk of failure. 
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Strategies for Managing the Risk of Mucogingival 
Changes During Impacted Maxillary Canine 
Treatment

ABSTRACT

Gingival recession is a frequent mucogingival defect in the adult population. It affects the esthetics and is related to hypersensitivity 
and a high risk of periodontal attachment loss. The connection between orthodontic treatment and periodontal health has been 
debated for a long time. A healthy periodontium can be preserved during safe orthodontic tooth movement even in patients with 
poor mucogingival anatomy. This article aimed to review the strategies around managing the risks of mucogingival and apical root 
changes owing to maxillary canine impaction, with a special focus on gingival recession and impacted maxillary canine treatment.

Maxillary canines are the second most frequently impacted teeth after the third molars. They can be located in the labial or buccal 
aspect of the alveolar bone. If interceptive procedures fail, the next step is the challenging and time-consuming comprehensive or-
thodontic-surgical treatment. Determining the exact impacted canine location, its relation to the adjacent teeth and structures, the 
least invasive surgical approach, and the best path for traction are all a part of the standard diagnostic process. It has also been sug-
gested that orthodontists should evaluate periodontal risks to achieve the best possible results. Clinical examination and cone beam 
computed tomography provide valuable information for the treatment plan that yields good results with a healthy periodontium.

Keywords: Gingival recession, impacted canine, mucogingival defect, periodontal health, periodontium

INTRODUCTION
Lack of keratinized tissue and gingival recession are the two main mucogingival defect categories that should be 
considered when planning an orthodontic treatment. Gingival recession is a condition where the gingival mar-
gin migrates apically away from the cementoenamel junction, exposing the root surface (1). Whether localized 
or generalized, it is frequent in adults and tends to increase with age. Approximately 50% of people between the 
ages of 18 and 64 years have 1 or more gingival recession sites (2). Because an increasing proportion of practices 
are focusing on adult treatment, identifying gingival recession and the risks of its progression is very important. 
Gingival recession is clinically significant for many reasons. The presence of recession is not only esthetically un-
acceptable for many patients but can also be associated with hypersensitivity and potentiate the risk for further 
periodontal attachment loss (3).
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Main points:
•	 Awareness of periodontal risks, among many other criteria, is an important factor for a successful management of impacted maxillary teeth. 
•	 Several factors such as the initial impacted canine position, periodontal biotype, pre-existing mucogingival changes, surgical technique, and ortho-

dontic traction affect the periodontal status after the impacted maxillary canine treatment 
•	 Periodontal risk assessment is an important part of the diagnostic process for many orthodontic patients, especially those treated for impacted 

maxillary canines.
•	 Clinical examination and CBCT imaging should give the orthodontist sufficient information to incorporate into the treatment planning process to 

achieve good and stable results accompanied by a healthy periodontium.
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The etiology of recession is yet to be fully elucidated; however, 
evidence suggests that anatomy, physiology, and tooth position 
are the risk factors that play a role. The connection between or-
thodontic treatment and periodontal health has been debated 
at length and is still controversial (4). However, it has long since 
been recognized that safe orthodontic tooth movement is as-
sociated with mucogingival characteristics, and a healthy peri-
odontium can be maintained during the orthodontic treatment 
in areas with even a minimal zone of keratinized tissue. Never-
theless, moving teeth outside of the alveolar bone housing puts 
them at risk for recession (5). Contemporary diagnostic tools 
help to identify those risks in terms of anatomy and individual 
patient susceptibility.

This article aimed to review the strategies for managing the risks 
of mucogingival changes, with a special focus on gingival reces-
sion and impacted maxillary canine treatment.

Periodontal Risks
Diagnosing periodontal biotypes and pre-existing mucogingival 
changes is the first step in the risk management of a progress-
ing defect. Several aspects such as anatomic, physiological, and 
tooth position risks need to be evaluated. Successful managing 
of the periodontal risks during orthodontic treatment lies in a 
personalized assessment of these factors.

Anatomic Risks	
Different terms have been used to describe gingival anatomy, 
which is determined by the underlying bone, function, tooth 
form, and crown height. Ochsenbein and Ross (6) were the first 
to use the terms “scalloped” and “flat” to classify the gingiva. These 
became “thin-scalloped” and “thick-flat” types and later on “peri-
odontal biotypes” (7, 8). More terms such as periodontal morpho-
types and periodontal phenotypes were coined soon after. All 
these terms connect bone morphotypes, shape of teeth, morpho-
logic characteristics of the gingiva, and the periodontium (9-11).

One of the most important anatomic risk factors is the amount 
of the keratinized tissue. Keratinized gingiva includes free and 
attached gingiva and stretches between the gingival margin and 
the mucogingival junction (12). This distance can be measured 
using a periodontal probe and varies between 1 mm and 9 mm. 
An insufficient amount of keratinized tissue makes a patient sus-
ceptible to further recession when inflammation is present. What 
constitutes the “lack” of keratinized tissue is still fiercely debat-
ed. Most periodontists agree that at least 1 mm or more of the 
attached gingiva is essential for maintaining periodontal health 
in a suboptimal plaque control environment (13). According to 
Claffey and Shanley (14), less than 1.5 mm gingival thickness 
is considered a thin tissue biotype and makes a patient more 
susceptible to periodontal diseases, whereas thickness greater 
than or equal to 2 mm is considered a thick tissue biotype. It has 
also been shown that thin pretreatment gingival biotype and 
a narrow keratinized gingival width predispose an orthodontic 
patient to gingival recession. Current recommendations propose 
that we need at least 1 mm or more of the attached gingiva and 
at least 2 mm or more of the gingival tissue around a tooth for 
safe orthodontic procedures (13).

Tissue thickness is most easily assessed by placing a metal in-
strument, usually a periodontal probe, in the facial sulcus. The 
thin-scalloped periodontium that can often be found around 
slender triangular-shaped crowns and is usually paired with a 
narrow keratinized tissue width can be diagnosed easily consid-
ering the fact that the overlying gingiva is thin and clear, which 
allows the probe to be visible through it (11). Thickness can also 
be assessed by transgingival probing or ultrasonic measure-
ment, but because it may induce discomfort, it is usually per-
formed under local anesthesia (15).

A few more factors, such as high frenulum attachment and a 
shallow vestibule, might also contribute to potential damage 
during the orthodontic treatment (13).

Physiological Risks
Appropriate oral hygiene and professional periodontal mainte-
nance are recognized methods that help keep the sites with ana-
tomic susceptibility to progressing mucogingival defects healthy 
(16). Such sites are usually kept free from inflammation prior to 
the orthodontic treatment. If persistent bleeding, swelling, red-
ness, or other signs of inflammation are detected or brought up 
by the patient during the orthodontic treatment, personalized 
risk modulation would drive an orthodontist to intervene.

Ironically, a high proportion of individuals with recessions has 
been reported in populations with high standards of oral hy-
giene. This supports the assertion that improper brushing and/
or aggressive cleaning techniques, such as horizontal scrubbing, 
excessive force, or hard bristle brushes, may contribute to mu-
cogingival pathology. This offers another opportunity for the or-
thodontist to manage the risk of these defects by emphasizing 
on proper oral hygiene techniques.

Tooth Position/Orthodontic Treatment Risks
Orthodontic tooth movement using optimal forces causes ade-
quate periodontal ligament and alveolar bone response. How-
ever, recession can be initiated or progressed depending on the 
direction of movement. Moving teeth buccally is usually associ-
ated with gingival recession owing to thin gingiva and alveolar 
housing. Buccal tooth movement, especially using heavy forces, 
might take teeth outside the alveolar bone and result in reduced 
bony support and formation of dehiscences and fenestrations, 
causing the gingiva to migrate apically and leave an exposed 
root surface (17, 18). Because this process takes time, recession 
may not be evident until the postorthodontic retention phase, 
which has been reported in the literature (19).

Impacted Maxillary Canines
The case of impacted maxillary canine exposure is an interest-
ing example of tooth position–related orthodontic interven-
tion. The prevalence of maxillary canine impactions in the gen-
eral population varies between 0.9% and 2.2% but has been 
reported to be much higher among orthodontic patients (20, 
21). The location is most frequently palatal but can also be labi-
al and intra-alveolar (20, 22). Considering the significant esthet-
ic and functional role of these teeth, it is clear that facilitating 
their eruption is an important part of the orthodontic practice. 
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Different preventive or interceptive procedures have been 
suggested for patients between the ages of 10 and 13 years 
(23, 24). If these procedures fail or the patient is not evaluated 
by an orthodontist at an early age, comprehensive orthodon-
tic-surgical treatment should be considered. Surgical exposure 
and orthodontic alignment of an impacted maxillary canine is 
a very challenging, time-consuming, and expensive procedure. 
Treatment difficulty, success rate, duration and necessity, as 
well as the patient’s motivation and expected compliance are 
some of the most important factors that need to be considered 
before defining a treatment plan. Determining the precise po-
sition of the impacted canine, its relation to the adjacent ana-
tomical structures, the best and the most predictable path for 
orthodontic traction, and the least invasive surgical approach 
are some of the essential data needed for designing a solid 
treatment plan (25, 26).

By treating impacted teeth, an orthodontist enhances the es-
thetics and function of the patient without the added trauma of 
tooth replacement with a dental implant. Nevertheless, there is a 
wide range of positional and biomechanical issues that can end 
with gingival margin disharmony. Depending on the location of 
the tooth, surrounding soft tissue features, and periodontal im-
plications, different surgical approaches and subsequent ortho-
dontic traction are suggested.

Labially Impacted Maxillary Canines
Labial maxillary canine impactions are less frequent but more 
challenging in terms of periodontal health. These teeth are cov-
ered by a thin mucosa indicative of thin alveolar plate suscepti-
ble to dehiscence and recession. There is also insufficient labial 
bone to move the canine over the adjacent tooth (27). Excisional 
uncovering, apically positioned flap, or closed eruption tech-
nique can be used. Excisional uncovering is suggested when the 
impacted canine crown tip is positioned coronal to the cemen-
toenamel junction of the adjacent teeth and there is a wide zone 
of attached gingiva. When the tooth is positioned below the 
mucogingival junction and the attached gingiva is insufficient, 
use of apically positioned flap is recommended. If the tooth is 
located above the mucogingival junction, closed eruption tech-
nique is the best option. Orthodontic traction should mimic 
physiological eruption and bring the tooth to the middle of the 
alveolar ridge. The type of orthodontic mechanics will depend 
on the crown position and its relation to the adjacent teeth and 
structures (28, 29).

Palatally Impacted Maxillary Canines
Palatal canine impactions are more prevalent. Kokich and 
Mathews (29) split them in two groups: simple and complex, de-
pending on the impaction severity. Becker’s classification is more 
compound, consists of six groups, and based on canine proxim-
ity to the line of the arch and vertical crown position in relation 
to the occlusal plane (28). Kokich and Mathews suggested early 
uncovering and “autonomous” eruption method for simple pal-
atal impactions (30, 31). Among other benefits, they stressed on 
better functioning periodontal ligament and reduced risk from 
root resorption (30). Complex palatal impactions are commonly 

treated by the closed eruption technique. Becker and Zilberman 
(32) suggested moving the canine lingually away from the roots 
of the adjacent teeth (Figure 1) and moving it to its proper posi-
tion only after the crown emerges on the palate. However, many 
clinicians pull the canine buccally toward the alveolar ridge right 
away, which can cause different adverse effects (Figures 2 and 3) 
(28, 29, 32, 33).

Imaging
In order to achieve a predictable and successful outcome, we 
need to obtain precise information. The first diagnostic step is 
the clinical examination during which we might detect maloc-
clusion, prolonged retention of deciduous teeth, delayed erup-
tion of permanent teeth, presence or absence of bulges in the 
area of unerupted teeth, and other concerns. (21, 34). After the 
initial examination, orthodontists usually resort to radiogra-
phy—the first one is typically the panoramic radiograph—to es-
tablish, among other things, whether the canine is present and 
where it is located. Using this two-dimensional (2D) diagnostic 
tool, we can determine the general location of the impacted ca-
nine. By means of the magnification technique described and 
validated by Chaushu et al. (35), the labiolingual position of the 
canine can be assessed, and with the help of the methodologies 
described by Dausch-Neumann (36) and Ericson and Kurol (37, 
38), we can evaluate the canine position, treatment difficulty, 
and success rate. The radiographic parameters described by Eric-
son and Kurol (37) can also be used to predict spontaneous erup-
tion probability, need for interceptive treatment, treatment du-
ration and difficulty, and chairside time (39, 40). Attempts have 
been made to use the same parameters to predict periodontal 
response; however, they did not prove to be valid predictors of 
the periodontal status at the end of the treatment, (41) with the 
exception of location of the palatally impacted canine crown tip 
in relation to the long axes of incisors and first premolars (42). It 
has been proposed that the closer the canine tip is to the incisor 
midline, higher is the probability for periodontal damage at the 
end of the treatment.
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Figure 1. Both impacted canines are moved lingually away from the 
roots of the adjacent teeth in order to avoid root resorption.



For those orthodontists using 2D radiography exclusively, 
the next step would be taking two periapical radiographs or 
a combination of a periapical and an occlusal radiograph for 
the horizontal or vertical parallax method, as well as a later-
al and posteroanterior cephalogram (43-45). This means that 
at least three, sometimes even four or more, 2D radiographs 
would be needed, which increases the radiation exposure for 

the patient (46). Moreover, it has been shown that predic-
tions based on angular and linear parameters are not reliable 
enough because of the limitations of 2D images (28). The su-
perimposition of anatomical structures, geometric distortion, 
and differential magnification on 2D diagnostic images can 
lead to misinterpretation of data and consequently sabotage 
the treatment plan.

126

Turk J Orthod 2020; 33(2): 123-32El et al. Risk Management During Impacted Maxillary Canine Treatment

Figure 2. a-g. Inadequate orthodontic traction. Cone beam computer tomography (CBCT) images taken before orthodontic traction (T1) and 
after nine months of orthodontic traction when the patient was referred (T2), (a) and (b) 3D reconstruction at T1, (c) part of the CBCT panoramic 
reconstruction at T1, (d) and (e) 3D reconstruction at T2, (f ) axial slice at T2, (g) coronal slice at T2.
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Therefore, we need three-dimensional (3D) data; hence, an in-
creasing number of orthodontists are resorting to cone beam 
computed tomography (CBCT) for diagnosing impacted teeth 
(47). Using CBCT, we can define the exact location of the impact-
ed canine and its relation to the surrounding teeth and other an-
atomical structures and detect the possible resorptions. Because 
buccolingual position of teeth has a profound effect on gingival 
tissue dimensional variation, risk of mucogingival defects can 
also be modulated through imaging to identify not only the cur-
rent bone morphology but also the morphology likely to exist 
after the treatment.

The 3D data obtained help us make the most favorable treat-
ment plan for both the surgical approach and orthodontic trac-
tion, which may be different from the one based on 2D data only. 
Furthermore, CBCT images display no distortion and less scatter-
ing around orthodontic brackets, bands, archwires, and metallic 

restorations, which adds to the diagnostic quality (Figure 2). In 
conclusion, CBCT-based diagnostics can help us achieve better 
results in lesser time, especially when dealing with more com-
plex canine impactions (25).

Impacted Maxillary Canine Severity Classification
The methodology described in the 1980s by Ericson and Kurol 
(37) was the most widespread classification system for palatally 
impacted maxillary canines before the introduction of CBCT to 
everyday orthodontic practice. It allowed the clinicians to deter-
mine the position of the impacted tooth and evaluate treatment 
difficulty and success rate. The parameters were later used to 
predict spontaneous eruption probability, interceptive treat-
ment need, comprehensive treatment duration, difficulty, and 
chairside time (26).

Owing to the widespread use of CBCT, several novel methodol-
ogies have been developed for impacted maxillary canine diag-
nosis and classification, the first one being the Kau – Pan – Gal-
lerano (KPG) index (48). The KPG index helps the orthodontists 
define the treatment complexity (easy, moderate, difficult, and 
extremely difficult). Complexity is determined according to the 
score calculated from values obtained in the X-, Y-, and Z-axes. 
On the X-axis of the CBCT panoramic view, the mesiodistal posi-
tion of the canine crown and root relative to the adjacent teeth is 
determined, and on the Y-axis, vertical cusp and root tip position 
in relation to the developmental norm is evaluated. The Z-axis is 
found on the axial slices where the perpendicular distance from 
the cusp and root tip to the occlusal line is measured in 2 mm 
increments (49).

A few years later, Naoumova et al. (50) described and validated a 
method for assessing the precise position of palatally impacted 
maxillary canines. They proposed measuring the mesial inclina-
tion and cusp to midline distance in coronal view, sagittal angle 
and vertical position in sagittal view, and cusp and root tip dis-
tance to the dental arch in axial view (Figure 4).

Finally, Zeno and Ghafari (51) introduced a new assessment 
method based on the projected treatment outcome. It was 
based on the idea that personalization through evaluation rel-
ative to the virtual posttreatment outcome would better reflect 
the impaction severity.

Incisor Root Resorption Associated with Impacted Canines
Incisor root resorption can be caused by an impacted canine 
(Figure 5) or can be a sequela of the impacted canine treatment. 
When using 2D radiographs (panoramic, periapical, and cepha-
lograms) to detect external root resorption, we can only identi-
fy root shortening and mesial or distal surface resorption (52). 
Furthermore, 2D radiographs underestimate or overestimate the 
amount of resorption and are not reliable for detecting the early 
stages of resorption (53). CBCT allows us to look at the roots in 
all the three planes of space and in much more detail. We can 
obtain high-precision measurements and easily detect even the 
early stages of root resorption (54). We should also note that 
false positive results are found in less than 10% of cases with 
no lesions using CBCT, as opposed to 20% false positives found 
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Figure 3. a-c. Intraoral images of the patient from Figure 2; (a) 
frontal, (b) right lateral, (c) occlusal.

a

b

c



using 2D modalities (54). Better information about root resorp-
tion may be critical in changing the extraction treatment plan 
and eventually extracting a resorbed lateral incisor instead of a 
healthy premolar (55).

Periodontal Response
Several factors such as the initial impacted canine position, peri-
odontal biotype, pre-existing mucogingival changes, surgical 
technique, and orthodontic traction affect the periodontal sta-
tus after the impacted maxillary canine treatment (42, 56).

Periodontal risk assessment is an important step that needs to 
be incorporated into the diagnostic and treatment planning pro-
cesses for further treatment quality improvement. Through the 
clinical examination (periodontal probing, transgingival probing, 
and ultrasonic measurement), we can determine the periodontal 
biotype, keratinized tissue, and attached gingiva measurements. 
If there is a CBCT image available, we should use it to take a clos-
er look into the bone morphology and the hard and soft tissue 

thickness (57). By determining these parameters, we can further 
evaluate the risks because it has been shown that there is a sig-
nificant correlation between the periodontal biotype and the 
labial plate thickness, alveolar crest position, keratinized tissue 
width, gingival architecture, and probe visibility (17).

Initial Impacted Canine Position
Few studies have compared the periodontal status at the end of 
labial and palatal impaction treatments; hence, it is still not clear 
which impacted canine position is more favorable in terms of the 
end of the treatment periodontal status. Bollero et al. (58) found 
greater probing pocket depth after palatal impaction treatment 
than after labial impaction treatment, but the results lacked clin-
ical significance. Comparing palatally and labially impacted ca-
nines to untreated contralaterals, Evren et al. (59) found worse 
periodontal status around the treated canines; however, labially 
impacted canines presented with a lower electric pulp testing 
score and higher bone levels compared with those of the pal-
atally impacted canines. Several authors compared palatally 
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Figure 4. a-d. (a) Mesioangular angle of palatally displaced canine with reference to the palatal plane measured on coronal view, (b) sagittal angle 
and vertical position measured onsagittal view, (c) distance measured from the canine cusp tip to the dental arch on axial view, and (d) distance 
from root apex of the canine to the dental arch on axial view.

a

c

b

d



impacted canines to untreated contralaterals and reached dif-
ferent conclusions. Burden et al. (60) found worse periodontal 
status around the treated canines, whereas Hansson and Rindler 
(61) noted good gingival and periodontal status with slightly 
increased pocket depth and lower marginal bone level. Zasci-
urinskiene et al. (62) found no significant differences in gingival 
recessions between the treated canines and controls and con-
cluded that the posttreatment periodontal conditions of the 
treated canines and adjacent teeth depended on the initial verti-
cal and horizontal impacted canine positions.

Type of Surgery
Several studies have investigated esthetic and periodontal out-
comes after different surgical exposure techniques of labially im-
pacted canines, unfortunately, with inconsistent results (41, 56, 
63). A systematic review comparing different surgical uncover-
ing procedures found the apically positioned flap to be superior 
to excisional uncovering, with periodontal outcomes compara-

ble with untreated teeth (64). Some authors found that closed 
eruption technique resulted in better esthetics and periodontal 
health, (56, 63) whereas others came to opposing conclusions 
(65). These inconsistences are probably due to different method-
ologies used for evaluating periodontal health as well as the fact 
that orthodontic traction and the initial tooth position play an 
important role in achieving the best possible results in terms of 
stability and periodontal health (29, 66).

When it comes to palatally impacted canines, a Cochrane sys-
tematic review analyzed the outcome differences between the 
open and closed eruption techniques in terms of success and 
other clinical and patient-reported outcomes (67). The periodon-
tal health–related results they looked into were probing depth, 
bleeding on probing, clinical attachment level, crestal bone lev-
els, gingival recession, and mid-buccal and mid-palatal reces-
sion. They found no differences between the two techniques.

This has also been confirmed by a recent systematic review and 
meta-analysis that compared the open and the closed tech-
niques for both labially and palatally impacted canines and 
concluded there were no differences in periodontal health and 
esthetics outcomes (68).

Orthodontic Tooth Movement and Attachment Position
Tipping teeth orthodontically is usually linked to a delayed 
movement of the gingiva in relation to the tooth. This delay, to-
gether with the tension from the gingival fibers, could be a factor 
in the inflammation mechanism in patients treated by combined 
orthodontic-surgical approach (69). Placing the orthodontic 
traction attachment on the palatal side may cause the canine 
to erupt in a rotated position, and derotating it could cause in-
creased probing depth (70).

Removed Bone Volume
Extensive bone removal to expose the crown and remove obsta-
cles in order to facilitate easier tooth movement was common in 
the early days of impacted canine treatment. However, a study 
conducted in the 1980s showed that if more bone is removed 
during the exposure, the bone loss would be greater at the end 
of the treatment (71). Therefore, a recommendation was made 
that extensive bone removal that could involve the cementoe-
namel junction should be avoided (72).

Radiation Exposure
Radiation exposure when using CBCT is certainly higher than that 
in 2D radiography; therefore, we need to consider the risk-ben-
efit ratio when deciding about the diagnostic radiography. This 
is not an easy task, considering that the differences in radiation 
doses still vary significantly among different CBCT machines. Ef-
fective radiation doses of a full scan with a large field of view 
(FOV) (>15 cm) CBCT scanner range between 52 mSv and 1073 
mSv, whereas the effective doses of panoramic radiographs vary 
between 6 mSv and 50 mSv and those of lateral cephalograms 
vary between 2 mSv and 10 mSv (73). Bearing in mind that most 
patients with impacted canines are children in their main growth 
period, the higher cancer risk from radiation makes it a critical 
concern. Thus, it would be advisable to use the low-dose CBCT 
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Figure 5. a-c. Patient with lateral incisor resorption before 
orthodontic treatment. (a) Part of the CBCT panoramic 
reconstruction, and (b, c) 3D reconstruction.

a

b
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protocols available for children and implement not just the “as 
low as reasonably achievable” (74) but also the as low as diagnos-
tically acceptable standard (75).

Radiation dose of the CBCT unit can be reduced through beam 
collimation, FOV-region of interest (ROI) coordination, mA and 
kVp resetting, exposure time and dose reduction, as well as us-
ing protective shielding (lead torso aprons and thyroid shields) 
(74, 76). Concerns have been raised that diagnostic data could 
be lost due to inadequate image quality of low-radiation settings 
(77); however, it has been shown that adequate image quality 
can be maintained with reduced doses of radiation (75).

CBCT scanning is considered justified if the additional informa-
tion affects the treatment plan and outcome (76). The general 
consensus seems to be that the benefits outweigh the risks of 
impacted canine diagnostics, especially because of better treat-
ment efficiency and results (78). However, even when dealing 
with adult patients, it is recommended to use the FOV size suit-
able for the ROI, as well as lower resolution settings (79).

CONCLUSION
Periodontal risk assessment is an important part of the diag-
nostic process for many orthodontic patients, especially those 
treated for impacted maxillary canines. Clinical examination and 
CBCT imaging should give the orthodontist sufficient informa-
tion to incorporate into the treatment planning process in order 
to achieve good and stable results accompanied by a healthy 
periodontium.
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Use of Laser Systems in Orthodontics

ABSTRACT

Laser systems have been used in the practice of dentistry for >35 years. Laser systems have so many advantages, such as increase 
patient cooperation, reduce the duration of treatment time, and help the orthodontists to enhance the design of a patient’s smile to 
improve treatment efficacy, and the success of orthodontic treatments can also be improved by diminishing the orthodontic pain and 
the discomfort of the patients. Laser systems also have some disadvantages, such as cost, large space requirements for some types, 
and high-risk potential for physician and patient if not used at the appropriate wavelength and power density, that is why before 
incorporating lasers into clinical practice, the physician must fully understand the basic science, safety protocol, and risks associated 
with them. Lasers have many applications in orthodontics, including accelerating tooth movement, bonding and debonding pro-
cesses, pain reduction, bone regeneration, etching procedures, increase mini-implant stability, soft tissue procedures (gingivectomy, 
frenectomy, operculectomy, papilla flattening, uncovering temporary anchorage devices, ablation of aphthous ulcerations, and ex-
posure of impacted teeth), fiberotomy, scanning systems, and welding procedures. In reviewing the literature on the use of laser in 
orthodontics, many studies have been conducted. The purpose of the present study was to give information about the use of laser in 
the field of orthodontics, the effects of laser during the postoperative period, and its advantages and disadvantages and to provide 
general information about the requirements to be considered during the use of laser.

Keywords: Dentistry, laser, orthodontics

INTRODUCTION

Laser (light amplification by stimulated emission of radiation) is a term involving the concepts of light that is 
amplified by stimulated emission. Laser system basically consists of three components, such as the laser medium 
(gain medium), the pump source, and the optical cavity or optical resonator. The laser medium is the active ele-
ment, and the medium determines the wavelength of the laser. The pump source stimulates the laser medium 
until the light energy is emitted. The optical cavity is a compartment of mirrors that contain the laser medium. The 
laser optical resonator amplifies the light energy that is released from the gain medium as reflected by the mirrors 
(fully glazed on one side and partly glazed on the opposite side of the media) back onto itself, where it may be 
amplified by stimulated emission before exciting the cavity (1). The generated beam of light is the laser beam. 

Laser Beam Characteristics
Laser light differs from normal light with some features. These are the following: 

•	 Laser light is monochromatic, meaning of one color and one wavelength.
•	 Laser light waves all travel in the same direction, without diffusion (collimated). It is possible to reach distant 

areas that are difficult to reach with other tools according to the feature of laser beam that travels as a single 
line without diffusion.

•	 Same phased photons that generate the light (coherent); laser light has the potential of constructive, as well as 
descriptive, interference as in radio waves and sound waves. Light wave consists of the spread out of photons 
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with different amplitudes, wavelengths, and frequencies (in-
coherent feature) according to the theory of electromagnetic 
wave. Laser is a light wave with the same amplitude, frequen-
cy (single frequency–single color), and temporal distribution. 
These point out the coherent features of laser (2). 

The history of laser dates back to 1996. Laser has become the 
agenda with Albert Einstein’s theory of propagation of light 
and the concept of stimulated emission in 1946, is developed 
with the first indication of induced radiation by W.E. Rutherford 
in 1947, and the discovery of the MASER system that the only 
difference from laser is invisible by Charles H. Townes in 1951 
and Theodore Maiman realized the first working laser based on 
ruby crystal (Hughes Research Laboratory) (1). The use of lasers 
in the medical field occurs in the 1970s. After the beginning of 
oral surgeons using carbon dioxide (CO2) laser on soft tissue in 
the 1980s and specifically the production of the first laser to be 
used in dentistry, many innovations and developments have 
been followed up until now. The Food and Drug Administration 
approved the use of erbium laser on hard tissue in 1997 and the 
use of the first diode laser on soft tissue after 1 year (3). 

Classification of Lasers
As there are many types of lasers used in dentistry and the med-
ical field, it is usual to classify laser devices according to their ac-
tive material. Lasers are classified into four types based on the 
type of laser medium used as follows: 

•	 semiconductor lasers (diode laser) 
•	 gas lasers
•	 solid-state lasers 
•	 fiber lasers (4). 

The clinical use of low-level laser therapy (LLLT) in different ac-
tive environments is realized by different wavelengths measured 
as nanometers (nm). The frequently used types of low-level la-
sers and wavelengths are as follows:

•	 He–Ne: 633 nm
•	 InGaAlP: 633–700 nm 
•	 GaAlAs (gallium–aluminum–arsenide): 780–890 nm
•	 GaAs: 940 nm.

In LLLT applications, there are too many factors that determine 
the impact of the laser beam onto the tissue. One of them is the 
range of the level and the duration of the effect of the used laser. 
Lasers with different wavelengths and levels of range have vari-
ous effects on the tissues (Table 1).

Laser–Tissue Interaction
The three main effects of lasers on the tissues are as follows:

1.	 photothermal effects: ablation of tissues with vaporization
2.	 photochemical effect: the biostimulation effect created by 

increasing the production of ATP
3.	 photoacoustic effect: dehydration, burning, and carboniza-

tion effects (5).

The factors that determine the effect of the laser beam on the 
tissues are the following:

a)	 the biological properties of the tissue (absorption power, 
blood circulation, minerals and water content, and tissue 
density)

b)	 the characteristics of the laser (wavelength, energy density, 
exposure time, continuous or pulsed, maximum pulse en-
ergy, with or without contact (contact or non-contact), and 
the average of pulse repetition (6).

Laser beam leads to chemical changes or thermal effects on the 
tissues. We can classify these thermal effects as warming (37°–
60°), coagulation (60°–90°), protein denaturation (90°–100°), 
vaporization (100°), tissue carbonization (125°–150°), and fast 
cutting (>125°). These effects on the tissue depend on the low or 
high level of the laser (7). 

USE OF LASER IN ORTHODONTICS
The orthodontic treatment process is a long and challenging 
process for both the patient and the physician. Too many com-
plications may occur in the dentoalveolar complex proportion-
ally with the prolonged treatment duration. Laser systems are 
used in many fields of orthodontics practice to prevent or reduce 
these types of complications. 

Effects of Laser Systems on Orthodontic Tooth Movement
Many studies have been conducted to accelerate the orthodon-
tic tooth movement. Guram et al. (8) applied low-level GaAIAs 
diode laser (810 nm, 5 J/cm2) on 20 simple Class I bimaxillary pro-
trusion patients to investigate orthodontic tooth movement du-
ration and pain perception. According to the result of the study, 
there was a statistically significant decrease in the rate of canine 
retraction in the laser group compared with the control group, 
and pain experience was also statistically significant for the first 
2 days of orthodontic treatment. As a result, it was underlined 
that the laser therapy is a useful procedure on orthodontic tooth 
movement and LLLT can reduce the fixed orthodontic treatment 
timing. In an in vitro study that aimed to compare the effects of 

Table 1. The effect of lasers of different wavelengths and dose ranges on the tissues.

		  Wavelength	 Dose range 
Area of use	 Type of laser	 ƛ (nm)	 (J/cm2)	 Effect

Acceleration of tooth movement (18)	 GaAlAs	 810	 7–9	 Increased macrophage response and proliferation

Bone regeneration (32)	 Diode	 780	 10	 Increased phagocytic activity of neutrophils

Condylar growth (39)	 KlO3	 630	 56	 Increased bone formation

Roughening the surface of the enamel (49)	 Er:YAG	 2940	 8	 Reduction in tooth enamel

Mini-implant stability (56)	 GaAlAs	 808	 90	 Increased osseointegration
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LLLT, low-intensity pulsed ultrasound (LIPUS), and their combina-
tion on bone remodeling during orthodontic tooth movement 
in rats, there were four groups: the first group was irradiated with 
940 nm diode laser, the second group with LIPUS, and the third 
group with a combination of both LLLT and LIPUS. The fourth 
group was used as the control group. It was revealed that the 
amount of tooth movement and the histological bone remodel-
ing were significantly greater in the treatment groups than in the 
control group. Among the treatment groups, the combination 
group was the highest, and the LIPUS group was the lowest. As 
a result, the use of LLLT and LIPUS can upregulate tissue gene 
expressions, increase orthodontic tooth movement, and im-
prove bone remodeling (9). Hasan et al. (10) found a statistically 
significant difference between the two groups (LLLT used and 
control groups) in the overall treatment time and the leveling 
and alignment improvement percentage at T1 (after 1 month 
of treatment commencement) and T2 (after 2 months). Fujita et 
al. (11) reported that low-dose laser application accelerates the 
tooth movement and osteoclast genesis on the pressure side of 
the bone by stimulating the stimulating factor of RANK/RANKL 
and c-fmc/macrophage colony. The stimulation mentioned here 
is the biostimulation caused by the application of low-level la-
ser. However, there are opinions advocating that LLLT is not an 
effective method of increasing the speed of tooth movement. In 
the review conducted by Long et al. (12), LLLT, corticotomy, elec-
tric current, pulsed electromagnetic fields, and dentoalveolar 
or electromagnetic dental or periodontal distraction were com-
pared in six fields (movement rate, movement time of the tooth 
to the desired distance, anchorage loss, periodontal health, pulp 
vitality, and root resorption) according to the effect on the speed 
of tooth movement. While corticotomy was found to be an ef-
fective and safe method for accelerating the amount of tooth 
movement compared with the other methods, it was stated that 
LLLT is not an effective method for increasing the speed of tooth 
movement.

Biostimulation and LLLT
Biostimulation is the use of low-energy laser beam on the tis-
sues to achieve the biological effect. Basically, it is used in wound 
healing and in reducing pain. The laser application giving low-
dose energy up enough to increase the temperature of applied 
tissue not more than the normal body temperature (36.5 °C) is 
described as “low-dose laser therapy” (13). The most well-known 
theory explaining the action mechanism of therapeutic lasers is 
photochemical theory. According to this theory, the light is ab-
sorbed by specific molecules and is followed by some of the bi-
ological chain of events. These photoreceptors are endogenous 
porphyrins and molecules on the respiratory chain and increase 
the ATP production (14). 

Biological Effects of LLLT
The biological effects of LLLT are the following:

1.	 induces the release and synthesis of beta-endorphin
2.	 increases the production of cortisol (cortisol is the front mol-

ecule of cortisone and allows the body to fight stress caused 
by trauma or disease)

3.	 increases ATP production

4.	 increases both DNA functions and protein synthesis ulti-
mately

5.	 neurotransmission is easy with the increase in the levels of 
serotonin and acetylcholine

6.	 mitochondrial activity is stimulated by cell replication
7.	 the modulation of macrophages, fibroblasts, and other cells 

occurs 
8.	 cell membrane potential is regulated by Na, Cl, and K ions
9.	 cytokines and other chemicals that accelerate the cellular 

communication are released
10.	 arterial microcirculation increases
11.	 edema decreases with the increase in venous and lymphatic 

flow
12.	 inflammation decreases with the increase of leukocytes in-

volved in phagocytosis
13.	 faster cell division, epithelial growth, and collagen forma-

tion are provided 
14.	 minimal scar and decreased keloid formation occur (5).

Reduction of Postoperative Pain
It is a known fact that postoperative pain occurs within 2–4 days 
following the application of orthodontic force. The relationship 
between the degree of force applied and pain still remains un-
answered. It has been reported by many researchers that LLLT 
application provides an analgesic effect in various therapeutic 
and clinical practices (15). A study where 40 patients who were 
scheduled to receive orthodontic treatment were randomly di-
vided into the laser group (810-nm gallium–aluminum–arsenic 
diode laser in continuous mode with the power set at 400 mW 
and 2 J·cm−2) and control group was analyzed and found that the 
application of LLLT appears to reduce the pain and sensitivity of 
the tooth and gingiva associated with orthodontic treatment. In-
terestingly, the effect also extended to the contralateral side in 
the trigeminal region, indicating that LLLT treatment may have 
some degree of bilateral effects within the orofacial region (16). 
According to the results of a randomized clinical trial, a single 
dose of LLLT (940-nm aluminum–gallium–arsenide [Al–Ga–As]
diode laser set on continuous mode with the power set at 100 
mW) considerably decreased postoperative pain accompanying 
the placement of super-elastic NiTi wires for initial alignment 
and leveling (17). The laser type that is often used to reduce the 
pain level in orthodontic treatment is GaAlAs lasers. The mecha-
nism under the analgesic effect of laser application is not exact-
ly known, but some researchers thought that laser application 
has neuropharmacological effects on the synthesis, release, and 
metabolization of some mediators, such as serotonin and acetyl-
choline in the central level and histamine and prostaglandin in 
the peripheral level (18).

Effect on Bone Regeneration
Orthodontic treatment includes many regeneration tech-
niques with too many bones and support tissues, such as rapid 
maxillary expansion, distraction osteogenesis, and condylar 
adaptation. In vivo studies showed that the LLLT positively 
affects wound healing by accelerating bone regeneration, 
stimulating trabecular osteoid tissue formation, increasing 
vascularization, modulating cell functions, and supporting the 
acceleration of bone callus reaction (19). In a study examining 
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the effects of diode laser use on rapid maxillary expansion, 27 
individuals between the ages of 8 and 12 years were separated 
into two groups with and without laser application. In the la-
ser-applied group, diode laser was applied to 10 points around 
the mid-palatal suture, and the changes have been followed 
with occlusal radiographs used for density evaluation. In con-
clusion, it has been found that there is an effective opening in 
the mid-palatal suture with LLLT and bone regeneration and 
healing were accelerated (19). Moawad et al. (20) described the 
laser-assisted rapid maxillary expansion as LARME and stated in 
their in vivo study on 24 subjects aged 15.5–19 years that there 
are more significant changes in most maxillofacial components 
in the laser group after the expansion phase. However, there 
were no significant differences with respect to retention or 
total treatment duration between the control and laser treat-
ment groups. Laser applications may also be used in surgically 
assisted rapid palatal expansion. GaAIAs laser application ac-
celerated bone regeneration in 13 individuals with the ages 
ranging from 18 to 33 and after the application of subtotal Le 
Fort I surgery-aided rapid maxillary expansion compared with 
the control group (21). The positive effects of laser applications 
on bone formation can be explained by rapid regeneration of 
blood vessels. In the study by Santiago et al. (22) on experimen-
tal dogs, soft laser (Photon Laser III) was used during sutural 
expansion, and they reported that laser use has stimulated the 
healing process during and after the expansion and contribut-
ed to suture reorganization and palatal bone osteogenesis. It is 
stated that with the histological sections obtained from sutural 
areas, the blood vessels in the laser-applied group had been 
distributed more uniformly and were of regular sizes similar to 
never opened suture, and this has affected the microcirculation 
and neoangiogenesis in a positive way. LLLT can also be used 
to accelerate the healing process after bone fractures, during 
mandibular distraction osteogenesis and osteoradionecrosis of 
the jaw, and for stimulating condylar growth (23-25).

According to the results of the study by Abtahi et al. (26) that ex-
amined the effects of LLLT on condylar growth during the man-
dibular advancement of rabbits, LLLT increased condylar growth 
during mandibular advancement with no change in articular 
cartilage and the thickness of fibrous tissue. According to the re-
sults of this study, functional treatment times can be shortened 
by LLLT. 

Orthodontic Debonding 
Laser energy provides less force application during the remov-
al process of brackets by softening the adhesive resin material 
used to bond the brackets. Debonding operations with laser ap-
plication are especially used effectively in ceramic brackets that 
have high adhesion with enamel way and in particular during 
the removal of ceramic brackets with the use of erbium-doped 
yttrium aluminum garnet (Er:YAG) laser scanning method that 
required lower shear bond strength than conventional meth-
ods and showed adhesive remnant index (ARI) scores between 
2 and 3 (27). Laser energy may remove adhesive resin from the 
tooth surface through thermal softening, thermal ablation, and 
the effects of photoablation. The removal of ceramic brackets 
through Er:YAG laser is achieved with the effect of thermal soft-

ening (27). There is a possibility of diffusion of the heat gen-
erated during laser-assisted debonding to the tooth structure 
even leading to pulpal damage. Although it is known that a 
temperature increase of 5.5 °C in pulpal cavity leads to pulpal 
necrosis, studies showed that the diode laser with either 1 W or 
3 W power for 3 s is effective in debonding the ceramic brackets 
without any detrimental effect on the pulp or mechanical prop-
erties of the enamel, whereas laser applications that reduce the 
bond strength of brackets did not cause a significant increase 
in pulpal cavity temperature (28). Er:YAG laser application with 
water cooling appeared to be a safer option by reducing resin 
shear bond strength and reducing the likelihood of intrapulpal 
temperature increase while debonding ceramic brackets (29). 
According to Dostalova et al. (30), the brackets were removed 
easily after the Er:YAG laser irradiation and temperature increase 
was limited for both ceramic and metal brackets; in addition, 
scanning electron microscopy (SEM) investigation has con-
firmed less damage of the enamel than non-irradiated samples. 
Mundethu et al. (31) used Er:YAG laser irradiation for debonding 
ceramic brackets with a single laser pulse and stated that the 
debonding process is in the majority of cases due to thermo-
mechanical ablation in the superficial part of the adhesive layer 
and no additional force is necessary to remove the bracket from 
the tooth. SEM and light microscopy showed no damages to the 
enamel surface. 

Etching Procedures
Following Buonocuore (32) using 85% of phosphoric acid to 
prepare the enamel’s surface before direct bonding in 1955, 
etching with acid method in preparing the enamel surface is the 
most frequently used method nowadays. According to some re-
searchers, etching of the enamel surface with chemical methods 
have disadvantages, such as demolition of inorganic material of 
enamel structure and creating a more vulnerable surface against 
carries attacks (33). Following the report that laser systems may 
remove smear layer, many laser systems have been used for 
etching of the enamel surface. Especially in orthodontic practice, 
the laser etching of the enamel has become attractive in recent 
years because of the user-friendly procedure and the occurrence 
of acid-resistant enamel surfaces after laser etching. The process 
of bracket bonding to the ceramic surface process is a matter 
of great importance in orthodontic patients with prosthetic 
restorations or aged composite or amalgam restorations in the 
mouth. In recent years, laser use on the etching of amalgam 
surface as in the preparation of all kinds of enamel surface has 
gained popularity. In a previous study, amalgam surface etching 
with Er,Cr:YSGG laser was compared to sandblasting technique, 
and the shear bonding strength of stainless steel brackets coated 
with laser-applied amalgam surface has been remarkably great-
er than those of the sandblasted group (34). In an in vi-tro study 
that was aimed to evaluate the shear bond strength of metal 
brackets to microhybrid composite restorations after four differ-
ent surface preparation techniques (1-etching, 2-sand-blasting, 
3- grinding, and 4-CO2 laser irradiation), it was concluded that 
surface preparation by sandblasting and CO2 laser pro-vides 
clinically acceptable results with regard to bond strength and 
ARI score; however, grinding and acid etching failed to produce 
the same results (35). 
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Low-energy (80 mJ) Er:YAG laser levels are supposed to decrease 
demineralization, as shown by calcium and phosphorous mea-
surements from the tooth surface (36). Lasmar et al. showed that 
Er:YAG laser causes less reduction in calcium oxide and phos-
phorus pentoxide (P2O5) levels than acid etching. This reached 
significant levels in the P2O5 concentration, suggesting that the 
use of Er:YAG laser caused less demineralization than acid etch-
ing and white spot lesion formation (37). However, according to 
the findings by Cokakoglu et al. (38), the idea that laser etching 
might create remineralization microspaces by trapping free ions 
was rejected, and they indicated that different Er:YAG laser pa-
rameters of 1 W (100 mJ and 10 Hz) or 2 W (200 mJ and 10 Hz) for 
enamel conditioning cannot prevent enamel demineralization 
when using different adhesives.

According to Sallam et al. (39), it has been shown that there 
was no significant difference between the mean of shear bond 
strength and the etched groups, and it was concluded that the 
laser-etched group (1.5 W/15 Hz/Er:YAG laser) resulted in clini-
cally accepted bond strength and could be an alternative to con-
ventional acid etching. However, in another study (40), although 
high shear bonding strength has been obtained with Er:YAG 
laser-irradiated tooth samples prior to bonding, it was report-
ed that enamel surfaces have been highly damaged during re-
moval and so the acid etching method and single-step etching 
(self-etch) can be both used more safely in orthodontic bracket 
bonding. 

Laser-Assisted Polymerization
Owing to the developments in orthodontic bonding materials, 
reducing the time spent during the attachment of orthodontic 
bonding is important for clinical success. The most common 
type of laser used for polymerization is argon laser. The active 
medium of argon laser is argon gas and in gated-pulse mode 
emits a visible blue and blue-green light via fiber optic tip with 
488 nm and 514 nm in continuous wavelength (41). Recently, ar-
gon laser use is shown to be faster and more reliable than the 
conventional light-hardening method and light-emitting diode 
(LED) as an effective method in composite resin polymerization. 
It has been found that argon laser use in fluoride-released pit-fis-
sure sealants polymerization provides a high degree of protec-
tion against cariogenic changes compared with visible light and 
LED polymerization (41). In a systematic review that the study 
protocol was based on the PRISMA statement, 20 studies were 
included, and according to the results, CO2, Er:YAG, and Nd:YAG 
are the most common lasers in using ceramic brackets in or-
thodontics. The use of laser is an effective method in different 
aspects of bonding procedures for ceramic brackets, such as 
bonding, debonding, rebonding, and the elimination of the re-
maining composite on the tooth surface (42).

Mini-implant stability
Mini-implants have been successfully used for orthodontic an-
chorage in many studies. However, mini-implant failure rate 
has been found to be between 11% and 30% (43). The rate of 
mini-implant failure affects the orthodontist’s decision if he 
might use mini-implant or not in orthodontic daily practice. 
Despite all the advantages, mini-implants may loosen, and mo-

bility can increase and at the end may fail during the treatment 
process. It has been reported that low-dose laser and LED pho-
tobiomodulation applications have positive effects on mini-
screw stability. Pinto et al. (44) examined the effect of LLLT on 
the mini-implants and found that fast loading of 200 g has been 
applied on 32 mini-implants that are placed on rabbit tibias. LLLT 
has been applied for 21 days, and at the end, it was found that 
this application has significantly enhanced the implant stabili-
ty. Although in an another split-mouth randomized clinical trial 
that involved 15 subjects with a mean age of 20.9 (±3.4) years 
who required extraction of the maxillary first premolar teeth and 
mini-implant-supported canine retraction, a diode laser with a 
wavelength of 940 nm at 0, 7, 14, and 21 days after mini-implant 
placement was used in experimental sides. Mini-implant stability 
was measured using resonance frequency analysis at 0, 1, 2, 3, 
4, 6, 8, and 10 weeks after implant placement; however, accord-
ing to the results, there were significant difference between the 
groups for 3–10 weeks and no difference for the first weeks over 
a 10-week period, and there were no differences in mini-implant 
stability. At the end, LLLT cannot be recommended as a clinically 
useful adjunct to promoting mini-implant stability during canine 
retraction (45).

Soft Tissue Procedures
In many stages of orthodontic treatment, soft tissue incisions or 
augmentations may be needed. Laser-assisted incisions have so 
many advantages during the surgical procedures, such as topical 
anesthesia is sufficient most of the time before laser intervention, 
the closure of blood vessels and lymphatic, more clean and clear 
field of view, no sutural requirement, less bleeding and edema in 
the postoperative period, and increased patient satisfaction (46). 
The areas of use of laser methods in soft tissue surgery in ortho-
dontics include bonding preparation of teeth that the eruption 
has not been completed, removal of soft tissue on impacted ca-
nines and to do bonding in the same session, removal of excess 
tissue formed following the closure of large diastemas, bonding 
of second molar teeth by the removal of surround operculum, re-
moval of hypertrophic and inflamed gingival tissues formed as a 
result of poor oral care, treatment of aphthous ulcers, correction 
of hyperpigmentation and crown lengthening by gingiva and 
shaping, and removal of high frenulum attachments (47). To et al. 
(48) compared the efficiency of laser-assisted gingivectomy (test 
group) and non-surgical periodontal therapy (control group) 
during fixed orthodontic treatment on patients with gingival hy-
perplasia. This comparison was made with the evaluation of five 
periodontal parameters (plaque index, gingival index, bleeding 
in probing, pocket depth, and gingival growth index), and as a 
result, a significant improvement was observed in both the test 
group and control group, and in the early stages of treatment 
for gingival index, pocket depth, and gingival growth parame-
ters, more significant level of improvement was found in the test 
group.

Laser-Assisted Circumferential Supracrestal Fiberotomy
Long-term treatment stability in orthodontic treatment has al-
ways been an issue that needed to be focused on. One of the 
major reasons for the occurrence of relapse after orthodontic 
tooth movement is an the elastic supracrestal gingival fibril 
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network (49). While collagenous fibers complete their reorga-
nizations within 4–6 months, elastic supracrestal fibrils remodel 
slowly and are capable of generation of enough force to move 
the teeth even after 1 year after the completion of orthodontic 
treatment (42). In a randomized controlled clinical trial that com-
pared the tendency of mandibular incisor's rotational relapse 
after conventional circumferential supracrestal fiberotomy (CSF) 
with Er,Cr:YSGG laser-aided CSF, it was concluded that laser-aid-
ed CSF in 1 month was as effective in reducing rotational relapse 
tendency of mandibular incisor teeth as conventional CSF and 
also probing depth, clinical crown height, and experienced pain 
levels exhibited negligible differences between the groups (50). 
According to the result of the study by Kim et al. (51), evaluating 
the effects of laser-assisted CSF and LLLT on the relapse of rotat-
ing teeth on test the dogs, laser-assisted CSF reduced the relapse 
when used on rotated teeth and support and did not cause any 
damage on periodontal structures, but LLLT application on rotat-
ed teeth increased the tendency of relapse without retainer. In a 
systematic review that aimed to evaluate the efficacy of LLLT on 
relapse of corrected tooth rotations, it was concluded that the 
effect of LLLT on relapse of corrected tooth rotations is related to 
energy density, and that low-energy density appears to incerase 
relapse, whereas high-energy density may reduce the relapse 
(52).

Laser Scanning Systems
Laser scanning systems can be used as soft tissue scanner, and 
three-dimensional (3D) images can be created using various 
techniques. The images created using this technique can be 
used for the publication of normative population data, to evalu-
ate the results of treatment in advance for cross-sectional chang-
es in growth, and to assess the treatment of the head and neck 
areas with or without surgery. 3D orthodontic scanning pattern 
done with laser scanning is a reliable method in arch–width and 
arch–length measurements on dental casts (53). 

Many measurements and evaluations can be done on the mod-
els with laser scanning, including surface, area, and millimetric 
measurements. Noninvasive systems such as stereophotogram-
metry can produce a 3D surface model from multiple viewpoints 
in a synchronized manner with a short capture time and clinical-
ly acceptable accuracy (54). Although the successful use of ste-
reophotogrammetry has been reported for facial scanning, laser 
facial scanning is an alternative technique to stereophotogram-
metry and has been successfully introduced into the workflow 
for making facial measurements and roducing facial protheses 
(55,56). As with stereophotogrammetry, laser scanning of deep-
er regions and undercuts of face is limited by the separation of 
the laser-line generator and the receptor camera (55). In addi-
tion, some facial laser scanning systems will require the patient 
to remain motionless for a prolonged time which could further 
limit data acquisition (57).

Welding Processes in Orthodontics
Laser welding is one of the very recent yet versatile techniques 
used in dentistry, which is capable of manufacturing good qual-
ity weld joints with remarkable consistency. In addition, there 
are many ways for welding, such as soldering, resistance (spot) 

welding, plasma (torch) welding, and single pulse tungsten 
inert gas welding (4). The primary use of industrial lasers is to 
ensure the fusion of two metals without welding agents. It has 
been stated that other than laser use in the intraoral field, laser 
use in laboratory procedures are stronger than bonding with 
solder-ing material. Laser welding devices allow for welding on 
ortho-dontic devices in many different ways without soldering 
agents (58). Thus, heterogenetic orthodontic wires made of met-
al alloys of different components can be generated (59). Laser 
welding devices have advantages by making possible to man-
ufacture the components of devices to be used in orthodontics, 
ensur-ing more durable connection than conventional welding 
agents (58). However, the laser devices can also be used in the 
intraoral environment. Studies showed that the lasers are bio-
logically harmless for the periodontal tissues adjacent the laser 
welded ares, alveolar bone, and pulp tissue and have no thermal 
effect (60).

CONCLUSION 

Laser system has far been the latest addition among these tech-
nologies that clearly have made an exceptional impact because 
of its minimal side effects, high precision level, and biocompati-
bility. There are many laser types determined for dental use, and 
laser systems have a wide range of applications in the fields of 
orthodontics and dentistry. Laser systems may be an exceptional 
modality of orthodontic treatment for many clinical conditions 
when used effectively. Although lasers have many advantages, 
it is important to determine the effective laser type and wave-
length to meet all requirements in both soft and hard tissues, 
and the orthodontist should consider some points before using 
the laser that includes relatively high cost of the devices, needs 
additional education (especially in basic physics), every wave-
length has different properties, and needs implementation of 
safety measures. In many areas of orthodontics, there are differ-
ent types of lasers that can be used, but hence there is no single 
laser type that can meet all requirements in both hard and soft 
tissues; in routine practice, the orthodontist should analyze well 
for what purpose to use the system. In addition, in the literature, 
even if the effectiveness of soft tissue laser applications is gen-
erally indicated, there are conflicting results in applications, such 
as accelerating tooth movement, hard tissue laser applications, 
reducing relapse, etching operations, and mini-implant stability. 
Further randomized controlled studies with larger sample size 
are required to clarify these controversial results regarding the 
effectiveness of laser systems in orthodontic applications. 
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Interview

Interview with Dr.Ravindra Nanda on Current 
Concepts in Orthodontics

Dr.Ravindra Nanda is Professor Emeritus, Former UConn Alumni Endowed 
Chair and Head of the Department of Craniofacial Sciences and Division of Or-
thodontics, University of Connecticut, USA. Dr.Nanda, a renowned researcher 
and lecturer in Orthodontics, has been author of many books and scientific 
articles. He is on the Editorial Board of Turkish Journal of Orthodontics. 

The editors of Turkish Journal of Orthodontics (TJO) did an interview with 
Dr.Ravindra Nanda about current concepts in orthodontics.

TJO: What has been the most important innovation of the past 20 years in 
orthodontics?

Dr. Nanda: I will have to say Aligners. They have changed the way we practice today.

TJO: What should be the case selection criteria in aligner treatments? And we would like to ask your opinion as 
an expert in biomechanics, if a paradigm shift occurred in terms of biomechanics while treating cases with clear 
aligners?

Dr. Nanda: My views have changed significantly over the last five years. Now I feel one can treat most of the 
malocclusions if done properly. I am not sold yet on aligner treatment of adolescent patients. Biomechanics 
principles are universal but for aligners there are quite a few differences. Major issue is deformation of aligners 
which makes it difficult to analyse force system the same way as we can with braces. Attachments have played a 
nice role in applying forces on teeth but their shape, size, site and angular positioning can affect the type of tooth 
movement. More studies are needed to improve our understanding of effect of non continuous forces, compli-
ance , aligner material and attachments. Unfortunately, aligner companies are pushing treatment of even 4 and 5 
years old or patients with growth discrepancies. There is no research to support these treating kids with aligners.
 
TJO: Do you think the evolution of the clear aligners will bring to an end to braces? 

Dr. Nanda: Braces are not going anywhere. Aligners have some unresolved issues such as compliance, aligner 
material, and treatment of transverse and a-p discrepancies, and I can go on.
 
TJO: Do you use temporary anchorage devices frequently, and what should we take into consideration while 
using TAD’s?

Dr. Nanda: I am personally retired now from active practice. I would say at our university probably 15% of pa
tients receive TADs. In our eyes if biomechanics and differential moments are used properly, use of TADs be
comes redundant. In my view TADs are ideal for en masse movements, molar intrusions, large space closures, 
major midline corrections and multidisciplinary patients.

TJO: Do you treat all your orthognathic surgery cases with ‘the surgery first protocol’? And do you take advan-
tage of the temporary anchorage devices in these cases?

Dr. Nanda: We feel majority of the orthognathic surgery patients can be managed by Surgery First protocol. 
Some patients may need minor pre surgery treatment if some teeth may prevent proper post surgical occlusion. 
Yes, TADs can be placed if major movement of teeth is required post surgery.
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