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A Preliminary Study
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Main Points
Motor-driven 3/4 oscillating segmental disks had better consistency.
Hand-operated abrasive strips tended to result in inadequate interproximal reduction.
« This tendency was more pronounced in the maxillary central incisors and mandibular canines.

ABSTRACT

Objective: To compare the consistency of two interproximal reduction (IPR) methods in terms of the amount of planned and
performed IPR during clear aligner therapy (CAT).

Methods: Thirty-four patients who received IPR using hand-operated abrasive strips (Group 1, 20 patients, 162 teeth) and motor-
driven 3/4 oscillating segmental disks (Group 2, 14 patients, 134 teeth) during CAT were included in this preliminary study. The
consistency between the planned and performed IPR amounts was evaluated within and between groups for teeth and quadrants.

Results: In Group 1, the amount of IPR performed on teeth numbers 22 and 43 and in the upper left quadrant was found to be
statistically less than that of planned. On the other hand, the amount of performed IPR was statistically higher on tooth number 44 and
in the upper right quadrant, whereas it was statistically less on tooth number 33 when compared with the planned amount in Group
2. The inconsistency between the planned and performed IPR amounts were statistically significant only in Group 1 and for teeth
numbers 11, 21, 32, 33, and 43. No significant difference was found when the same parameter was compared between the groups.

Conclusion: The consistency of IPR was found to be better with the motor-driven oscillating disk system than with the hand-operated
IPR strip system.

Keywords: Abrasive strip, clear aligner treatment, consistency, oscillating disk stripping

INTRODUCTION

With the development of technology and the increase in patients’ aesthetic perception, treatment options with
minimal visibility have become a necessity in orthodontic practice. Ceramic, plastic, vinyl, zircon, or polycarbonate
brackets combined with Teflon- coated wires have been used to meet the aesthetic demands for many years.
However, these tooth-colored brackets also failed to satisfy the aesthetic demands and led clinicians to use
even less visible orthodontic materials such as clear aligners."* Movement of teeth without the use of bands,
brackets, and wires was first introduced in 1945 by Dr. Kesling®, who performed orthodontic treatment using a
flexible tooth positioning device. Then, in 1997, the Invisalign® system (Align Technology Inc, Santa Clara, CA,
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USA) took Kesling's® philosophy further and produced a range
of transparent and removable devices using computer-aided
design and manufacturing technology.5’ In this system, manual
impressions or digital scans were converted into virtual models
with stereolithographic technology and then processed with
ClinCheck™ software (Align Technology Inc, Santa Clara, CA,
USA) to simulate virtual tooth movements and decide where,
when, and how much interproximal reduction (IPR) to make. A
series of aligners were then produced to obtain the necessary
corrections.5®° The advantages of these systems are improved
esthetics, increased patient comfort and oral hygiene, and
healthier periodontal tissues.>'%"

Success in clear aligner therapy (CAT) depends on various
patient-related factors, such as bone density and crown and
root morphology of the teeth, as well as operator-related
factors, such as an appropriate treatment plan, close follow-up
of the treatment process, and accurate execution of the pre-
planned IPR. Features such as the thickness and material of the
clear aligners and the shape and position of the attachments
also play an important role in the treatment success of clear
aligners.?

IPR, also known as stripping, enamel re-proximation,
slenderizing, interdental enamel re-proximation, and selective
enamel reduction, is a clinical procedure commonly used in
orthodontic practice to eliminate black triangles by reshaping
two neighboring teeth, to treat mild to moderate crowding, to
eliminate Bolton tooth size discrepancy and to stabilize dental
arches.”>'” The most preferred IPR techniques in clinical practice
arehand-ormotor-operated abrasive metal strips, thindiamond
burs and diamond-coated discs used with a handpiece.'>' The
hand-operated abrasive metal strips, attached to color-coded
plastic frames, effectively follow the proximal contours of the
teeth and bend without any deformation, while the frames
provide safety for the lips and cheeks.’® On the other hand,
oscillating segmental disk systems consist of diamond-coated
disks that are one-sixth (60°) the size of a standard disk and
a special handpiece. Unlike stripping disks that perform 360°
rotation, they work by making oscillating movements with a
30° rotation angle, thereby eliminating the need for lip or cheek
protectors.”

As the literature lacks reliable studies investigating the
consistency of IPR in CAT, this study aims to compare the
consistency of planned and performed IPR amounts during
CAT using two different techniques, hand-operated diamond
strips and motor-driven oscillating segmental disks with an in
vivo study design.

METHODS

This prospective study was approved by Baskent University
Institutional Review Board and Ethics Committee (project
no: D-KA21/13, date: 28.04.2021) and supported by Baskent
University Research Fund. Patients treated with clear aligners
(Invisalign®, Align Technology, California, USA) at Baskent
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University between June 2021 and May 2022 were included
in the study. Inclusion criteria were as follows: (1) IPR being
planned for one or both jaws, (2) non-extraction treatment,
(3) patients receiving mild, moderate, or comprehensive
treatment packages, (4) no previous history of orthodontic
treatment, (5) absence of periodontal pathology, and (6) no
conservative or prosthetic restorations performed during
treatment.

To achieve standardization, records of patients who were
treated by the same experienced orthodontist (A.A.D) were
included in the study. Digital scans were taken at the beginning
of treatment (T0) and after the first set of aligners/at the end
of treatment (T1) using an iTero Element 5 intraoral scanner
(Align Technologies Inc, San Jose, CA, USA). To capture the true
size and form of the crowns, patients were asked to brush their
teeth before scanning, and the teeth were dried thoroughly
during the procedure.

Sample size calculation performed with 80% power and 0.35
effect size with a 10% probability of dropout suggested that
112 teeth should be included per group.® IPR was performed
with hand-operated abrasive strips (ContacEZ-Ortho Classic®,
Vancouver, WA, USA) (Figure 1) in 20 patients (162 teeth) in
Group 1 and with motor-driven 3/4 oscillating segmental
discs (KOMET-Sterisafe® A6, Rock Hill, SC, USA) (Figure 2) in 14
patients (134 teeth) in Group 2. A metal interproximal gauge
KOMET USA, Rock Hill, SC, USA) was used after each IPR to check
whether the performed amount was even with the planned
amount. We assumed that equal reduction (50%) was achieved
in the mesial and distal surfaces of the adjacent teeth.

The mesiodistal widths of the teeth (measured from the widest
part) except for the molars were recorded at TO and T1 using
the Bolton table of the ClinCheck™ software. The difference
between T1-TO values gave the amount of IPR performed.
The mean difference between the planned and performed
IPR amounts was calculated by subtracting the planned

Figure 1. Hand-operated abrasive strips (ContacEZ, Ortho Classic®,
Vancouver, WA, USA)
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amount from the performed amount. The reliability of the
Bolton function of the ClinCheck™ software was evaluated by
calculating intraclass correlation coefficients (ICC) for the 282
teeth that were not subjected to IPR using TO and T1 values for
comparison.

Statistical Analysis

Statistical analyses were performed using the SPSS software
package (SPSS for Windows 22.0, SPSS Ing, IL, USA). The Shapiro-

Glileg Erglin et al. Consistency of Two Interproximal Reduction Methods in Clear Aligner Therapy

Wilk test was used to test the normality of distributions. Due to
the non-normal distribution of the data, the Mann-Whitney U
test was used for comparisons between paired groups, and the
Kruskal-Wallis H and Wilcoxon signed rank tests were used for
comparisons between three or more groups.

Descriptive statistical methods (mean, median, standard
deviation, and minimum-maximum) were used while
evaluating the study data. The significance level was set at 0.05.

RESULTS

A total of 34 patients and 296 teeth were used for data
analysis. The ICC value calculated to confirm the reliability of
the Bolton function of the ClinCheck™ software was found to
be 0.996 (mean difference= -0.09 mm, median= -0.07 mm),
indicating that the measurement system was reliable with
good repeatability.

Table 1 shows the difference between the amounts of planned
and performed IPR within the groups. The overall amount of
performed IPR was significantly less than the planned amount
in Group 1 but similar in Group 2. Furthermore, the amount
of IPR performed in Group 1 in the upper left quadrant and

Table 1. Comparison of the planned and performed amounts (mm) of interproximal reduction (IPR) on quadrant- and tooth-level

Quadrant

Upper right 33 0.24 0.10 0.20 0.13 0.074 24 0.19 0.07 0.27 0.18 0.021*
Upper left 37 0.28 0.13 0.23 0.15 0.023* 23 0.22 0.12 0.21 0.14 0.553
Lower right 46 0.22 0.08 0.20 0.12 0.115 41 0.24 0.11 0.24 0.16 0.638
Lower left 46 0.21 0.08 0.19 0.13 0.249 46 0.24 0.10 0.23 0.18 0.299
Tooth number

11 12 0.26 0.11 0.21 0.15 0.209 10 0.21 0.07 0.32 0.25 0.139
12 10 0.25 0.10 0.23 0.10 0.444 7 0.21 0.07 0.23 0.08 0.553
13 8 0.21 0.12 0.16 0.14 0.080 6 0.14 0.06 0.21 0.08 0.092
21 12 0.30 0.13 0.23 0.16 0.158 10 0.23 0.10 0.22 0.15 0.799
22 1 0.32 0.15 0.25 0.16 0.004* 7 0.26 0.15 0.28 0.14 0.307
23 9 0.27 0.14 0.26 0.16 0.889 5 0.19 0.12 0.14 0.06 0.501
31 14 0.25 0.07 0.24 0.12 0.850 13 0.27 0.10 0.30 0.15 0.289
32 13 0.23 0.06 0.22 0.14 0.753 13 0.27 0.10 0.28 0.17 1

33 11 0.21 0.07 0.13 0.11 0.068 12 0.23 0.10 0.11 0.11 0.021*
34 8 0.12 0.03 0.13 0.10 1 7 0.17 0.10 0.11 0.13 0.091
41 14 0.24 0.08 0.21 0.11 0.177 12 0.27 0.11 0.26 0.14 0.635
42 12 0.24 0.05 0.25 0.10 0.844 10 0.29 0.09 0.35 0.15 0.213
43 11 0.21 0.08 0.12 0.08 0.041* 11 0.21 0.10 0.12 0.11 0.068
44 8 0.14 0.07 0.21 0.18 0.260 7 0.16 0.11 0.22 0.16 0.027*
Overall 162 0.23 0.10 0.20 0.13 0.001* 134 |0.23 0.10 0.24 0.16 0.713

*Indicates statistical significance p<0.05
*Wilcoxon signed rank test
SD, standard deviation
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Table 2. Intragroup and intergroup comparisons of the mean difference between the planned and performed amounts (mm) of interproximal
reduction (IPR) on quadrant- and tooth-level

Group 1 (ContacEZ) Group 2 (KOMET) SERWeEn
groups

Measurement n EED n Mean p value*
Quadrant

Upper right 33 0.09 0.07 24 0.12 0.15 0.621
Upper left 37 0.10 0.08 23 0.10 0.07 0.819

0.786 0.877

Lower right 46 0.09 0.09 41 0.09 0.08 0.664
Lower left 46 0.08 0.07 46 0.11 0.10 0.208
Tooth number

11 12 0.12 0.09 10 0.18 0.22 0.692
12 10 0.07 0.04 0.05 0.05 0.522
13 8 0.06 0.03 6 0.09 0.04 0.132
21 12 0.13 0.09 10 0.11 0.07 0.716
22 11 0.07 0.07 7 0.06 0.06 0.926
23 9 0.08 0.07 5 0.11 0.07 0.349
31 14 0.05 0.04 13 0.09 0.06 0.223

0.032* 0.534

32 13 0.11 0.05 13 0.10 0.06 0.797
33 11 0.12 0.09 12 0.13 0.11 1

34 8 0.05 0.06 7 0.08 0.05 0.288
41 14 0.06 0.06 12 0.07 0.08 0.140
42 12 0.06 0.06 10 0.11 0.08 0.274
43 11 0.13 0.08 11 0.12 0.07 0.598
44 8 0.09 0.15 7 0.07 0.06 0.815
*Indicates statistical significance p<0.05

*Kruskal-Wallis H test

*Mann-Whitney U test

SD, standard deviation

on teeth numbers 22 and 43 was significantly less than that
planned. The amount of IPR performed in Group 2 in the upper
right quadrant and on tooth number 44 was significantly
higher than that planned; however, it was significantly less in
tooth number 33.

Table 2 shows intra- and inter-group comparisons of the mean
differences between planned and performed amounts of IPR.
Intra-group evaluations showed that the performed amount of
IPR was similar to the planned amount at the quadrant level in
both groups. When the mean differences were evaluated at the
tooth level, the difference values of teeth numbers 11, 21, 32,
33, and 43 in Group 1 were significantly higher than the other
teeth in the same group (p=0.032). Inter-group comparisons,
on the other hand, showed that there was no statistically
significant difference between the two methods in terms of
quadrants and teeth.

DISCUSSION

This study was conducted to compare the consistency of two
IPR techniques commonly used in clinical practice, hand-
operated abrasive diamond strips and motor-driven oscillating
segmental disks in CAT. The first important feature of the study

was that all IPRs were performed by a single orthodontist
with more than 20 years of clinical experience, ensuring
standardization. The second important feature was the in vivo
nature of the study, which is rare in the literature. In addition,
the accuracy of the IPR was checked with an interproximal
metal gauge after each IPR.

IPRis crucial for the full realization of planned tooth movements
in CAT. The consistency between the planned and performed
IPR amounts depends on dental characteristics such as enamel
hardness, tooth position, and crown morphology, as well as
technical factors such as pressure applied during IPR, particle
size and hardness of the abrasive material, and operator’s
experience 82021 |n addition, applying excessive pressure with
the interproximal gauge may create false spaces, resulting in
inadequate IPR.2°

The results showed that the overall amount of IPR performed
was similar to that planned with the motor-driven oscillating
disk system; however, it was less with the hand-operated
abrasive strip system. Consistent with theses findings, De
Felice et al.> demonstrated that the amount of IPR performed
with single-sided manual strips could not reach the prescribed
amount; however, the oscillating disk system effectively
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executed it. However, their study included patients treated by
10 different orthodontists, whereas the current study offers the
advantage of standardization in which IPRs were performed by
a single experienced orthodontist. Lagana et al.2 and Kalemaj
and Levrini* also reported that oscillating segmental disks had
better consistency. The findings of this study together with
the existing literature indicate that mechanical and manual
methods differ with consistency between the planned and
performed amounts of IPR, and that mechanical methods
have better consistency than manual methods. This may be
attributed to the incremental use of manual strips, which
may displace the teeth and lead to false readings on the
interproximal gauge, making it clinically more tiring and time-
consuming, especially for marked amounts of IPR. Furthermore,
this technique is clinically more tiring and time consuming,
especially when a marked amount of IPR is planned, which may
give the clinician a false impression that the targeted amount
is reached.

Mandibular canines received significantly less IPR than the
planned amount. A similar finding was demonstrated by
Kalemaj and Levrini'® who used burs, single-sided abrasives,
and contra-angle mounted strips for IPR. This is likely due to
the position of the mandibular canines on the arch, which
are usually proclaimed, crowded, and in tight interproximal
contact with the adjacent teeth.

Johner et al.?? tested the accuracy of two mechanical and one
manual IPR methods (oscillating segmental disks, motor-driven
abrasive strips and hand-operated strips) with an in vitro study
design and found that the amount of IPR performed was less
than that planned for all 3 methods. This contrasts with our
findings, showing consistent IPR amounts performed with the
mechanical method was consistent with the planned amount,
whereas the manual method was not efficient enough to fully
achieve the prescribed amount.

Based on the findings of this study, it may be advised to use
an interproximal gauge with minimal pressure after each
application and to perform slightly more IPR on mandibular
canines and maxillary central incisors when using manual
methods.

Study Limitations

One limitation of the study was the use of the Bolton function
of the ClinCheck™ software which is claimed to be prone to
measurement errors. However, our results showed that the ICC
value was 0.996, proving that the repeatability was high and
the outcomes were reliable.

CONCLUSION

The following conclusions are drawn from this clinical study:

* The consistency between the planned and performed
amounts of IPR is high with the mechanical (motor-driven 3/4
oscillating segmental disks) method.

Glileg Erglin et al. Consistency of Two Interproximal Reduction Methods in Clear Aligner Therapy

* The manual method (hand-operated abrasive strips) failed
to fully realize the planned amount of IPR, especially on the
maxillary central incisors and mandibular canines.

Ethics
Ethics Committee Approval: This prospective study was approved by

Baskent University Institutional Review Board and Ethics Committee
(project no: D-KA21/13, date: 28.04.2021).

Informed Consent: Written informed consent was obtained from all
individual participants included in the study.

Author Contributions: Concept - PG.E, AAQ, AAK, N.L.T; Design -
PGE, AAQ, AAK, N.IT; Supervision - AAO., AAK, N.LT; Fundings
- PG.E; Materials - A.AK,; Analysis and/or Interpretation - PG.E., A.A.O,,
AAK, N.LT; Literature Review - P.G.E.; Writing - PG.E; Critical Review -
AAQO, AAK, NLT.

Declaration of Interests: All authors declare that they have no conflict
of interest.

Funding: This prospective study was supported by Baskent University
Research Fund.

References

1. Ghafari J. Problems associated with ceramic brackets suggest
limiting use to selected teeth. Angle Orthod. 1992;62(2):145-152.
[CrossRef]

2. Jeremiah HG, Bister D, Newton JT. Social perceptions of adults
wearing orthodontic appliances: a cross-sectional study. Eur J
Orthod. 2011;33(5):476-482. [CrossRef]

3. De Felice ME, Nucci L, Fiori A, Flores-Mir C, Perillo L, Grassia V.
Accuracy of interproximal enamel reduction during clear aligner
treatment. Prog Orthod. 2020;21(1):28. [CrossRef]

4. Grinheid T, Loh C, Larson BE. How accurate is Invisalign in
nonextraction cases? Are predicted tooth positions achieved?
Angle Orthod. 2017;87(6):809-815. [CrossRef]

5. Kesling HD. The philosophy of the tooth positioning appliance. Am
J Orthod Oral Surg. 1945;31(6):297-304. [CrossRef]

6. Kravitz ND, Kusnoto B, BeGole E, Obrez A, Agran B. How well does
Invisalign work? A prospective clinical study evaluating the efficacy
of tooth movement with Invisalign. Am J Orthod Dentofacial
Orthop. 2009;135(1):27-35. [CrossRef]

7. Kuo E, Miller RJ. Automated custom-manufacturing technology
in orthodontics. Am J Orthod Dentofacial Orthop. 2003;123(5):578-
581. [CrossRef]

8. Lagana G, Malara A, Lione R, Danesi C, Meuli S, Cozza P. Enamel
interproximal reduction during treatment with clear aligners:
digital planning versus OrthoCAD analysis. BMC Oral Health.
2021;21(1):199. [CrossRef]

9. LanteriV, Farronato G, Lanteri C, Caravita R, Cossellu G.The efficacy
of orthodontic treatments for anterior crowding with Invisalign
compared with fixed appliances using the Peer Assessment Rating
Index. Quintessence Int. 2018;49(7):581-587. [CrossRef]

10. Rossini G, Parrini S, Castroflorio T, Deregibus A, Debernardi CL.
Periodontal health during clear aligners treatment: a systematic
review. Eur J Orthod. 2015;37(5):539-543. [CrossRef]

11. Tepedino M, Paoloni V, Cozza P, Chimenti C. Movement of anterior
teeth using clear aligners: a three-dimensional, retrospective
evaluation. Prog Orthod. 2018;19(1):9. [CrossRef]


https://doi.org/10.1043/0003-3219(1992)062<0145:PAWCBS>2.0.CO;2
https://doi.org/10.1093/ejo/cjq069
https://doi.org/10.1186/s40510-020-00329-1
https://doi.org/10.2319/022717-147.1
https://doi.org/10.1016/0096-6347(45)90101-3
https://doi.org/10.1016/j.ajodo.2007.05.018
https://doi.org/10.1067/mod.2003.S0889540603000519
https://doi.org/10.1186/s12903-021-01487-2
https://doi.org/10.3290/j.qi.a40511
https://doi.org/10.1093/ejo/cju083
https://doi.org/10.1186/s40510-018-0207-3

Gllec Erglin et al. Consistency of Two Interproximal Reduction Methods in Clear Aligner Therapy

12.

Kalai SV, Amudha, Kannan MS. A Review On Inter Proximal
Enamel Reduction-An Adjunct In Orthodontics. Eur J Mol Clin Med.
2020;7(8):1747-1752. [CrossRef]

. Kalemaj Z, Levrini L. Quantitative evaluation of implemented

interproximal enamel reduction during aligner therapy. Angle
Orthod. 2021;91(1):61-66. [CrossRef]

. Gazzani F, Lione R, Pavoni C, Mampieri G, Cozza P. Comparison of

the abrasive properties of two different systems for interproximal
enamel reduction: oscillating versus manual strips. BMC Oral
Health. 2019;19(1):247. [CrossRef]

. Buschang PH, Ross M, Shaw SG, Crosby D, Campbell PM. Predicted

and actual end-of-treatment occlusion produced with aligner
therapy. Angle Orthod. 2015;85(5):723-727. [CrossRef]

. Arman A, Cehreli SB, Ozel E, Arhun N, Cetingahin A, Soyman

M. Qualitative and quantitative evaluation of enamel after
various stripping methods. Am J Orthod Dentofacial Orthop.
2006;130(2):131.e7-131.e14. [CrossRef]

. Hellak A, Schmidt N, Schauseil M, Stein S, Drechsler T, Korbmacher-

Steiner HM. Influence on interradicular bone volume of Invisalign

20.

21.

22.

Turk J Orthod 2024; 37(1): 1-6

treatment for adult crowding with interproximal enamel reduction:
a retrospective three-dimensional cone-beam computed
tomography study. BMC Oral Health. 2018;18(1):103. [CrossRef]

. Kaaouara Y, Mohind HB, Azaroual MF, Zaoui F, Bahije L, Benyahia H.

In vivo enamel stripping: A macroscopic and microscopic analytical
study. Int Orthod. 2019;17(2):235-242. [CrossRef]

. Zhong M, Jost-Brinkmann PG, Zellmann M, Zellmann S, Radlanski

RJ. Clinical evaluation of a new technique for interdental enamel
reduction. J Orofac Orthop. 2000;61(6):432-439. [CrossRef]

Danesh G, Hellak A, Lippold C, ZieburaT, Schafer E. Enamel surfaces
following interproximal reduction with different methods. Angle
Orthod. 2007;77(6):1004-1010. [CrossRef]

Piacentini C, Sfondrini G. A scanning electron microscopy
comparison of enamel polishing methods after air-rotor stripping.
Am J Orthod Dentofacial Orthop. 1996;109(1):57-63. [CrossRef]
Johner AM, Pandis N, Dudic A, Kiliaridis S. Quantitative comparison
of 3 enamel-stripping devices in vitro: how precisely can
we strip teeth? Am J Orthod Dentofacial Orthop. 2013;143(4
Suppl):5168-5172. [CrossRef]


https://ejmcm.com/article_4372_84acea87bbd5588f66b692bd8780f162.pdf
https://doi.org/10.2319/040920-272.1
https://doi.org/10.1186/s12903-019-0934-y
https://doi.org/10.2319/043014-311.1
https://doi.org/10.1016/j.ajodo.2006.01.021
https://doi.org/10.1186/s12903-018-0569-4
https://doi.org/10.1016/j.ortho.2019.03.005
https://doi.org/10.1007/pl00001911
https://doi.org/10.2319/041806-165.1
https://doi.org/10.1016/s0889-5406(96)70163-4
https://doi.org/10.1016/j.ajodo.2012.10.001

DO.I: O.4274ﬂ'urkJOrthod.2023.2022.160 TURKISH JOURNAL OF

ORTHODONTICS

Original Article

Third Molar Comparison in Class | and Il Extraction and
Non-extraction Orthodontic Treatment:
A Retrospective Longitudinal Study

Danelin Pena-Reyes', & Jessica Quereza Freitas', & Karina Maria Salvatore Freitas?, & Silvio Augusto Bellini-Pereira’,
Aron Aliaga-Del Castillo®, ) Guilherme Janson', €2 Marcos Roberto Freitas'

'University of Sdo Paulo Bauru Dental School, Department of Orthodontics, Sao Paulo, Brazil
2Ingé University Center UNINGA, Department of Orthodontics, Maringa, Brazil
SUniversity of Michigan Faculty of Dentistry, Department of Orthodontics and Pediatric Dentistry, Michigan, USA

Cite this article as: Pefia-Reyes D, Freitas JQ, Freitas KMS, Bellini-Pereira SA, Aliaga-Del Castillo A, Janson G, Freitas MR. Third Molar Comparison in
Class  and Il Extraction and Non-extraction Orthodontic Treatment: a Retrospective Longitudinal Study. Turk J Orthod. 2024; 37(1): 7-13

Main Points
Premolar extractions in Class | and Il patients favored third molar angulation and eruption.
The third molars showed a more upright position after treatment, regardless of the malocclusion type or extraction protocol.
Third molar angulation can influence posterior eruption.

ABSTRACT

Objective: This study compared third molar angulation and eruption status in Class | and Il malocclusions after orthodontic treatment
with and without first premolar extractions.

Methods: The sample comprised 93 patients divided into four groups: Group 1, Class | malocclusion treated with first premolar
extractions; Group 2, Class | malocclusion treated without extractions; Group 3, Class Il malocclusion treated with first premolar
extractions; and Group 4, Class Il malocclusion treated without extractions. Panoramic radiographs were used to evaluate the third
molar mesiodistal angulations at T1 (pretreatment), T2 (posttreatment), and T3 (long-term posttreatment). Third molar eruption status
was assessed in dental casts. Intergroup angulations and eruption status comparisons were performed using one-way analysis of
variance (ANOVA), followed by Tukey’s test and Kruskal-Wallis test, respectively.

Results: Significantly greater mesial angulation and percentage of erupted right maxillary third molars were observed in the Class
| extraction group. Significantly greater eruption status of the right mandibular third molars was observed in the Class | and Class Il
malocclusion extraction groups.

Conclusion: Class | and Il malocclusion extraction treatment exhibited more favorable angulations and a greater number of erupted
third molars than non-extraction treatment. The non-extraction groups exhibited a greater percentage of unerupted third molars.
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INTRODUCTION

Third molars are the teeth with the highest rate of impaction,
therefore causing various complications frequently found in
dental practice."? Many factors are involved in their impaction,
such as morphology, growth, retromolar space, anatomy, and
position.> Numerous factors have been researched to predict
its future impaction.* It has been established that some of
these factors can be modified to favor third molar eruption.
Consequently, orthodontic treatment, mainly in extraction
therapy, has been suggested to help to prevent their impaction
by providing extra retromolar space.

Some researchers have proposed that forward movement of
the posterior teeth might improve the position of the third
molar by allowing them to develop further and consequently
in a more upright position.® To prove or deny the influence of
orthodontic treatment on third molar eruption, many authors
have assessed the third molars before and after treatment. Some
of them have compared extraction and no extraction groups to
assess retromolar space gain.® The results of those studies have
shown significant gains in retromolar space; however, this was
not translated into later third molar eruption.”

Moreover, some authors have proposed that in addition to
additional space, significant angulation changes should occur
to avoid impaction.? Recent studies evaluating third molar
angulation changes have shown significant differences in third
molar position, especially after extraction therapy.>® However,
some researchers have not found that these changes were
sufficient to avoid impaction, while others state that eruption
does occur.’® Despite the existing literature, it has been
reported that the available evidence is still limited to confirm
whether orthodontic treatment with premolar extractions can
favor the angulation and subsequent eruption of the third
molars; however, it highlights the possibility of a potential
benefit.”? Therefore, based on the need for more scientific
evidence on the subject, the purpose of this study was to
compare third molar angulation and eruption statuses in Class
I and Il malocclusions treated with and without first premolar
extractions.

METHODS

This project was approved by the Ethics in Research Committee
of University of Sdo Paulo Bauru Dental School (approval no:
466/12, date: 12.18.2018).

Sample Characteristics

Sample size calculation was performed based on an alpha
level of 5% and beta test power of 80% to detect a minimum
intergroup difference of 6 degrees, with a standard deviation
of 6 degrees.” The results showed that a minimum of 21
patients was necessary for each group. The sample comprised
93 patient records with Class | and Il malocclusion treated
with fixed appliances (standard or preadjusted edgewise
mechanotherapy) with moderate anchorage (extraoral
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headgear in the maxillary teeth in extraction treatments and
Class Il non-extraction treatment), with and without first
premolar extractions, and with unerupted third molars. The
records were retrospectively selected from the files of the
Orthodontic Department at University of Sdo Paulo Bauru
Dental School. The inclusion criteria for sample selection
were patients with unerupted third molars visible panoramic
radiographs at the initial stage, without dental anomalies
of number and form, and the presence of all permanent
teeth, excluding the first premolars in the extraction cases.
All participants’ records should have the initial, final, and
last follow-up panoramic radiographs and dental casts with
the presence of the third molar in a 1-to 5-year interval after
debonding. Patients with erupted third molars at the initial
stage, Class Il malocclusion, previous orthodontic treatment,
or asymmetric extractions were not included in the study.

The sample was divided into four groups according to the
malocclusion type and the orthodontic treatment performed,
with or without first premolar extractions: Group 1 consisted
of 23 records of patients with Class | malocclusion treated with
first premolar extractions, comprising 12 females and 11 males.
The mean treatment and follow-up time was 2.72 years (+1.15)
and 4.55 years (+1.58), respectively. The group exhibited a
mean age of 13.18 years (£1.00) at the initial stage, 15.90 years
(£1.50) at the end of treatment, and 20.45 years (£1.85) at the
last follow-up examination.

Group 2 comprised 23 records of patients with Class |
malocclusion treated without extractions, consisting of 14
females and 9 males. The mean treatment time was 2.29
years (+0.85) with a follow-up time of 4.37 years (+1.85). The
initial mean age was 13.36 years (+1.35), 15.65 years (+1.58)
at the final stage, and 20.03 years (£2.37) at the last follow-up
examination stage.

Twenty-four Class Il malocclusion patients treated with first
premolar extractions comprised group 3 with 11 females
and 13 males. The group had a mean treatment time of 2.61
years (+0.90) and a mean follow-up time of 3.93 years (£1.66).
The initial, final, and last follow-up mean ages were 12.84
years (£1.29), 15.46 years (+1.59), and 19.39 years (£1.00),
respectively. Class Il malocclusion patients treated without
extractions comprised group 4, with 23 records (11 females
and 12 males). The mean treatment time was 2.28 years (+0.48)
and the follow-up time was 4.15 years (£1.52). The mean age
was 12.47 years (£1.23) at the initial stage, 14.75 years (£1.17)
at the final stage, and 18.90 years (+1.85) at the last follow-up
examination.

To assess third molar angulation changes, angular
measurements were performed on panoramic radiographs
at the initial (T1) and final stages (T2) of treatment and at the
last follow-up stage (T3) after a mean posttreatment period of
4.24 years (£1.64). To assess the third molar eruption status,
dental casts were used at T3. They were designated as the right
maxillary third molar (18), left maxillary third molar (28), left
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mandibular third molar (38), and right mandibular third molar
(48), according to the International Numbering System.'

Panoramic Radiographs

Panoramic radiographs were digitized using a Microtek
ScanMaker i800'den sonrasi parantez ici olacak. (Microtek
International, Carson, USA) scanner and saved in TIFF format.
Subsequently, the radiographs were digitally traced using
Dolphin Imaging Software Version 11.5 (Dolphin® Imaging
and Management Solutions, Patterson Dental Supply, Inc,
Chatsworth, California, USA).

Third Molar Angulation

Third molar mesiodistal angulation was assessed using angular
measurements traced on panoramic radiographs. The nasal
septum, anterior nasal spine, hard palate, and maxillary and
mandibular third molars were used as anatomical reference
structures. The reference lines were as follows: (A) the midline
reference plane (MRP), a vertical line traced outlining the nasal
septum and anterior nasal spine; (B) a horizontal reference
plane (HRP), constructed as a line perpendicular to the MRP
extending through the palatal shadow™ ™ (Figure 1). Thus,
the long axes of the maxillary and mandibular third molars
were traced as lines bisecting the middle of the crown and
root furcation. To determine the third molar angulations, the
outer angles formed between the third molar axes and HRP
were measured (Figures 1 and 2). Increases in the angular
measurements denoted mesial angulations of the maxillary
molars and distal angulations of the mandibular molars,
indicating a more upright position of the third molars.
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Third Molar Eruption

Third molar eruption was assessed in the last follow-up dental
casts with the presence of third molars.

The eruption stage was classified according to the third molar
clinical crown position.” It was classified as unerupted when
the clinical crown could not be seen in the dental casts; partially
erupted when the crown was partially visible; or erupted when
the clinical crown could be fully seen. Thus, the eruption stages
were scored on an ascending scale from one to three, assigning
a score of one when unerupted, two when partially erupted,
and three when erupted.

Error Study

Thirty panoramic radiographs were randomly selected and re-
measured at an interval of 30 days from the first measurement
by the same examiner (D.P.R.). Random errors were assessed
using the formula [Se* = S (d” / 2n)?], proposed by Dahlberg.'®
To calculate the systematic errors, dependent t-tests were
performed at p<0.05.” Thirty dental casts were also randomly
selected and re-evaluated after a 30-day interval to assess
the reproducibility of the eruption status evaluation. The
intra-examiner agreement was then calculated using Kappa
statistics.

Statistical Analysis

The normal distribution of the variables was assessed using
Kolmogorov-Smirnov normality tests. Intergroup comparability
regarding sex distribution was evaluated using the chi-square
test. One-way analysis of variance (ANOVA), followed by Tukey’s
test, was used for intergroup comparability regarding initial,
final, and follow-up ages, treatment, and follow-up times.

Intergroup comparisons of third molar angulations at T1, T2,
and T3 were performed using ANOVA, followed by Tukey tests,
when necessary.

Descriptive statistics were performed to assess the third molar
eruption status score frequency at T3. Intergroup comparisons
for third molar eruption status were performed using Kruskal-
Wallis tests. All statistical tests were performed using Statistica
software (Statistica for Windows, version 7.0, StatSoft Inc., Tulsa,
Okla, USA) at p<0.05.

RESULTS

The random errors ranged from 1.92° (right mandibular
third molar angulation) to 2.52° (left maxillary third molar
angulation) and were within acceptable limits.’ None of the
variables showed significant systematic errors. Intraexaminer
reproducibility of the eruption status assessment showed
perfect and substantial agreement between the first and
second evaluations.

The groups were comparable in terms of sex distribution,
initial, final, and follow-up ages, treatment and follow-up
times, and third molar angulations at T1 (Tables 1 and 2).
Intergroup comparisons in each stage showed significantly



Pefa-Reyes et al. Third Molars Extraction or Non-extraction

Turk J Orthod 2024; 37(1): 7-13

greater angulation of the right maxillary third molar in
the Class | extraction group at T2 and T3 than in the Class Il
non-extraction group, and at T3 in the other groups. The
left maxillary third molar in the Class | extraction group at
T2 showed significantly greater angulation than the other
groups (Table 2).

Descriptive statistics for the third molar eruption status score
showed a frequency of erupted maxillary third molars of 60.87%
in the Class | extraction group, 54.35% unerupted in the Class
| non-extraction group, and 45.83% and 63.04% unerupted in
the Class Il extraction and non-extraction groups, respectively.
For the mandibular third molars, the erupted frequency was

45.65% in the Class | extraction group and 47.83% in the Class
| non-extraction group. In the Class Il extraction group, 58.33%
erupted, and 56.52% unerupted in the Class Il non-extraction
group (Table 3).

Intergroup comparisons of third molar eruption status showed
a significantly greater percentage of erupted maxillary third
molars in the Class | extraction group than in the Class Il non-
extraction group. A significantly greater percentage of erupted
right mandibular third molars was also found in the Class | and
Il extraction groups than in the Class | and Il non-extraction
groups (Table 4).

Table 1. Intergroup comparison of sex distribution, initial and final ages, treatment and follow up times (chi-square and one-way ANOVA tests)

Group 1, Class | Group 2, Class | Group 3, Class I Group 4, Class I
Variables Ex Non-Ex Ex Non-Ex

n=23 n=23 n=24 n=23 p value
Sex n (%) n (%) n (%) n (%)
Female 12(52.17) 14 (60.87) 11 (45.83) 11(47.17) s
Male 11 (47.83) 9(39.13) 13 (54.17) 12(52.83)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Initial age 13.18 (1.00) 13.36 (1.35) 12.84(1.29) 12.47 (1.23) 0.079
Final age 15.90 (1.50) 15.65 (1.58) 15.46 (1.59) 14.75(1.17) 0.0571
Follow-up age 20.45 (1.85) 20.03 (2.37) 19.39 (1.00) 18.90 (1.85) 0.051"*
Treatment time 2.72(1.15) 2.29(0.85) 2.61(0.90) 2.28(0.48) 0.215'
Follow-up time 4.55 (1.58) 4.37 (1.85) 3.93 (1.66) 4.15(1.52) 0.604'*

Statistically significant at p<0.05

fChi-square test
One-Way ANOVA
SD, standard deviation

Table 2. Intergroup comparisons for the third molars angulations at T1, T2 and T3 (one-way ANOVA and Tukey tests)

Angulation comparisons

Variables Stage

Class |, Ex
n=23

Mean (SD)

Class |, Non-Ex
n=23

Mean (SD)

Class I, Ex
n=24

Mean (SD)

Class Il, Non-Ex
n=23

Mean (SD)

T1 55.64 (15.70) 53.72(16.53) 51.12(12.50) 51.75(11.13) 0.689
18 T2 64.97 (15.64) 56.94 (13.34)"® 56.72 (13.15)"® 51.79 (15.04)® 0.022*
T3 70.36 (13.24)* 58.96 (10.59)° 59.84 (14.59) 58.78 (19.37)® 0.023*
T1 47.61(11.48) 48.35 (15.70) 44.60 (12.20) 50.91 (13.94) 0.453
28 T2 62.04 (17.48) 52.91(13.96)° 54.97 (14.50)° 49.90 (13.76)° 0.048*
T3 65.13 (17.38) 56.75 (13.89) 59.77 (15.45) 56.09 (16.87) 0.210
T 36.04 (9.20) 37.36 (8.22) 37.44 (9.85) 38.11(11.93) 0.912
38 T2 39.53 (9.21) 41.68 (14.00) 35.78 (13.50) 39.93 (10.24) 0.387
T3 41.60 (22.43) 49.71 (23.10) 50.97 (22.18) 44.64 (20.28) 0.433
T1 38.36 (9.03) 38.67 (8.08) 36.20 (12.10) 36.04 (10.39) 0.722
48 T2 41.93 (11.47) 39.85(12.84) 40.97 (12.61) 37.05 (9.64) 0.525
T3 44.30 (18.39) 45.97 (25.54) 56.04 (18.10) 39.62 (23.06) 0.068

*Statistically significant at p<0.05

Different letters in a row indicate the presence of a statistically significant difference among the groups, indicated by the Tukey test.
AB: They indicate statistically significant differences between the groups.

SD, standard deviation
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DISCUSSION

Third molar angulation was measured on panoramic
radiographs, a method preferred over lateral cephalograms,
due to reduced bias from superimposed images.'"'* Previous
studies have supported the reliability and accuracy of angular
measurements in panoramic radiographs, which present less
angular distortion even with changes in head position.'>??Many
studies have used the occlusal plane, mandibular plane, and
second molar long axis as anatomical references to measure
third molar angulation, which are susceptible to growth and
treatment changes.”'? In the present study, the hard palate and
anterior nasal spine were used as references.’>?*for angulation
measurements due to their stability and minimal susceptibility
to growth or treatment changes. Initial third molar angulation
measurements may face criticism due to incomplete crown
formation at younger ages. However, measurements based on
the dental crown can still be conducted, despite incomplete
root development.?'

Class | patients treated with first premolar extractions exhibited
a more upright position in their right maxillary third molars at
T2 and T3 compared to Class Il non-extraction cases. At T3, they
also exhibited greater upright positioning compared to the
non-extraction Class | group. The left maxillary third molar at
T2 was more upright than the other groups (Table 2). Artun et
al.**found a similar trend in their assessment of posttreatment
angulation of maxillary third molars in extraction groups,
aligning with our findings. Artun et al.* found a similar trend in
their assessment of posttreatment angulation of maxillary third
molars in extraction groups, aligning with our findings.

This was expected given the more mesial positioning of
maxillary posterior teeth in Class Il patients compared to in
Class | patients.”® Therefore, in most Class Il non-extraction
cases, restricting anterior movement of the posterior teeth
is imperative to correct the sagittal discrepancy.”® In Class
| cases, distalization of the maxillary posterior teeth is not

Table 3. Descriptive statistics of the eruption status of the maxillary and mandibular third molars at T3

Eruption status

Class I, Ex Class I, Non-Ex Class I, Ex Class Il, Non-Ex
Third molars n=23 n=23 n=24 n=23
N (%) N (%) N (%) N (%)
1 10 (21.74) 25 (54.35) 22 (45.83) 29 (63.04) 86
Maxillary 2 8(17.39) 8(17.39) 11(22.92) 9(19.57) 36
3 28 (60.87) 13 (28.26) 15 (31.25) 8(17.39) 64
1 13 (28.26) 22 (47.83) 12 (25) 26 (56.52) 73
Mandibular 2 12 (26.09) 9(19.57) 8(16.67) 7(15.22) 36
3 21 (45.65) 15 (32.60) 28(58.33) 13 (28.26) 77
Total number of teeth 92 92 96 92 372
Total number of patients (n=93) 23 23 24 23 93
Eruption score: (1) unerupted, (2) partially erupted, (3) erupted

Table 4. Intergroup eruption status comparisons (Kruskal-Wallis tests)

Eruption status

Class |, Ex Class I, Non-Ex Class II, Ex Class Il, Non-Ex
Tooth (n=23) (n=23) (n=24) (n=23)
number
n (%) n (%) n (%) n (%)
1 5(21.74) 13 (56.52) 11 (45.83) 15 (65.22)
18 2 5(21.74) 4(17.39) 6 (25) 4(17.39) 0.010*
3 13 (56.52) 6 (26.09)"® 7 (29.17)"8 4(17.39)8
1 5(21.74) 12(52.17) 11 (45.84) 14 (60.87)
28 2 3(13.04) 4(17.39) 5(20.83) 5(21.74) 0.009*
3 15 (65.22)A 7 (30.43)"8 8(33.33)"® 4(17.39)8
1 7 (30.44) 11 (47.83) 6 (25) 13 (56.52)
38 2 8(34.78) 4(17.39) 5(20.83) 3(13.04) 0.164
3 8(34.78) 8(34.78) 13 (54.17) 7 (30.43)
1 6 (26.09) 11 (47.82) 6 (25) 13 (56.52)
48 2 4(17.39) 5(21.74) 3(12.5) 4(17.39) 0.021*
3 13 (56.52) 7 (30.43)8 15 (62.5)A 6 (26.09)8
Eruption score: (1) unerupted, (2) partially erupted, (3) erupted.
*Statistically significant at p<0.05
Different letters in a row indicate the presence of a statistically significant difference among the groups.
AB: They indicate statistically significant differences between the groups.
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necessary; therefore, extraction in Class | cases may allow
some mesialization of the posterior providing more space
and improving third molar angulation.?® This is particularly
evident at T3, where the extractions in Class | malocclusions
provided more space compared to non-extraction Class | cases
and Class Il non-extraction cases. The difference observed
in Class Il extraction cases may be attributed to the need for
maxillary molars to maintain their position or undergo some
degree of distalization.”?” The left maxillary third molar at T2
showed similar results to the right maxillary molar at T3; thus
explaining the similarity in explanations. However, at T3, no
more intergroup significant differences were found. These
results show that all maxillary third molars tend to be come
more upright over time, although the degree of uprighting
may vary in different malocclusions.

Among the groups, the Class | extraction group had the highest
frequency of erupted maxillary third molars (60.87%). Regarding
mandibular third molars, eruption frequencies were 45.65%
and 58.33% in the Class | and Il extraction groups, respectively.
A significantly greater percentage of erupted maxillary third
molars was observed in the Class | extraction group compared to
the Class Il non-extraction group. Similarly, a greater percentage
was found for the right mandibular third molars in the Class |
and Il extraction groups compared to the Class Il non-extraction
group. These results confirm that extraction treatment facilitates
the eruption of third molars by providing additional space in the
retromolar area after space closure, particularly in the maxilla for
Class I and in the mandible for Class Il treatments.

Mandibular third molar angulation comparisons showed no
significant differences, as reported in previous studies.®® Many
studies have also shown that, mandibular third molars exhibit
similar angulations after orthodontic treatment, regardless
of extraction and non-extraction therapy." Tarazona,* stated
that independent of extraction or non-extraction therapy,
third molar angulations will improve over time. These results
also contradict previous studies, which showed smaller upright
positions, indicated by mesial angulations of the mandibular
molars, which are unfavorable for eruption.??

Therefore, this study cannot conclusively state that non-
extraction treatment increases mandibular third molar
impaction. The Class | extraction group had the highest
frequency of erupted maxillary third molars (60.87%).
Concerning the mandibular third molars, eruption frequencies
were 45.65% and 58.33% in the Class | and Il extraction groups,
respectively (Table 3). A significantly greater percentage of
erupted maxillary third molars was observed in the Class |
extraction group than in the Class Il non-extraction group
(Table 4). A greater percentage was also found for the right
mandibular third molars in the Class | and Il extraction groups
than in the Class Il non-extraction group. These results confirm
that the extraction treatment favors the eruption of the third
molars due to a greater space gain in the retromolar space after
space closure, especially in the maxilla, in Class I, and in the
mandible, in Class Il treatments.*
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The significantly more upright position of the maxillary and
right mandibular third molars in Class | and Il extraction groups,
respectively, as demonstrated in our results, likely influenced
their eruption. This suggests a cause-effect relationship between
third molar angulation and posterior eruption. Some authors
have even proposed that the angulation of the third molar,
rather than retromolar space, is the primary factor forimpaction.?
Similar findings were reported by Kim et al.!, where over 50% of
the maxillary and mandibular third molars had erupted in the
extraction group. In contrast, Gungormus'’ showed that only
15% of the mandibular third molars had erupted in the extraction
group, with none unerupted in the non-extraction group.

The findings of the current study differ from previous studies,
where only 24% of mandibular third molars in the extraction
group erupted.® This might be due to sample differences, as
previous studies included non-growing patients. It is noted
that in growing patients, the third molar is still developing and
pre-eruptive movements can occur, facilitating its eruption.

Clinical Implications

Assessing the position of unerupted third molars is crucial for
accurate diagnosis, considering factors like angulation and
root development to avoid overdiagnosis or underdiagnosis
of potential impaction. Additionally, treatment planning
should account for the impact of extraction or non-extraction
therapy on third molar eruption. While extraction therapy may
assist third molar eruption in some cases, other factors must
be considered to ensure success. Moreover, incomplete root
development precludes accurate prediction of impaction.

Evaluation of the unerupted third molar position is crucial for
accurate diagnosis, considering factors like angulation and root
development to avoid overdiagnosis or underdiagnosis of its
potential impaction.® Furthermore, the effect of an extraction
or non-extraction therapy on third molar eruption should be
considered during treatment planning. While extraction therapy
may assist third molar eruption in some cases, other factors
must be considered to ensure success.” In addition, incomplete
root development precludes accurate prediction of.?

Although this study did not find worsening of third molar
angulation with non-extraction therapy, the frequency of
non-erupted third molars in these treatments should be
considered. Therefore, it is important to recognize that a
“non-extraction treatment” may necessitate third molar
extraction in some cases. The authors advocate an evaluation
of the third molar angulation before and after orthodontic
treatment and monitoring eruption until root development
is complete, thereby mitigating unnecessary extractions or
future complications.

CONCLUSION

Based on the results of this study, it can be concluded that:

«  Premolar extractions in Class | malocclusion treatment
positively influenced maxillary third molar angulation and
eruption, with 60.87% of maxillary third molars erupted.
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Class Il extraction treatment positively effected mandibular
third molar posterior eruption, with 58.33% of mandibular
third molars erupted.

Less than 32.60% of the third molars erupted in the Class |
non-extraction group.

Third molars showed a more upright position after
treatment, regardless of the malocclusion type or
extraction protocol.

These results suggest that third molar angulation can
influence posterior eruption.
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Main Points
Public Instagram accounts have more marketing purposes than private ones, as evidenced by more posts and followers.
The numbers of followers, followings, and daily posts are higher for accounts with a company name compared with those without one.

While the leading categories in orthodontic sharing are awareness and before-after posts, the most commonly shared treatment option is fixed
mechanics.

ABSTRACT

Objective: The aim of this study was to determine how orthodontists utilize the social media application Instagram for health
communication.

Methods: Four Turkish keywords were manually searched on the Instagram platform on February 12, 2022:“orthodontist” (ortodontist),
“orthodontics” (ortodonti), “orthodontic specialist” (ortodonti uzmani), and “doctor of orthodontist” (ortodonti doktoru). A total of 195
orthodontist accounts matching the inclusion criteria were divided into two groups: public and private. Profile information analyses
were performed, and the results for public and private accounts were compared. Public accounts were further divided by gender and
whether they shared a company name in their profiles. Groups were compared according to post content and type of patient photo.
Statistical analysis involved the Shapiro-Wilk test, an Independent Samples t-test, the Mann-Whitney U test, and chi-square and Kappa
tests.

Results: The number of posts (96.06+£149.30 vs. 195.36+248.51) and followers (1,250.56+2,347.47 vs. 4,071.43+6,557.63) were higher
for public accounts. The number of followers (3,171.62+4,645.08 vs. 5,472.57+8,595.99) and daily posts (0.17+0.37 vs. 0.23+0.43) were
higher for accounts with a company name. In the content analysis, posts on clear aligners (1.514+4.74 vs. 6.60+18.60, p<0.05) and
patient and company advertisements were more common (0.49+1.85 vs. 3.70+10.70, p<0.05) for accounts with a company name.

Conclusion: While public orthodontist accounts commonly promote fixed mechanics as a treatment option, accounts with a company
name adopt a different approach, emphasizing the sharing of information about clear aligners.

Keywords: Orthodontics, social media, Instagram

Introduction

Health professionals use social media to browse or discover medical information, exchange information with
colleagues, and share professional problems and clinical experiences, and some of these professionals contribute
to social media with new information on a daily basis."? Within the healthcare sector, social media posts appear
to be useful in improving the loyalty of current patients and enabling potential patients to gain insights into
orthodontists’ clinical practice.® Social media serves as an educational tool for patients undergoing orthodontic
treatment.*
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As dentistry transitions into the digital age in dentistry,
an upsurge in orthodontists’ use of digital technologies,
including social media, is anticipated.® The increased use of
social media in medicine and dentistry is accompanied by
some risks and ethical problems. In particular, the concerns of
specialist physicians and internet users about the quality and
intelligibility of health information for the public have come
to the fore.5” It can often be difficult for patients to distinguish
good, sound medical information obtained from electronic
sources from circulating false information.® At the same time,
the mixing of patients and physicians both online and in
public areas in the social media environment may result in
imprudent speculation and misunderstanding.’

Before the advent of the internet and social media,
orthodontists found potential patients through social means or
referrals from other colleagues. However, today, many patients
find their physicians by using the internet, either through
websites or social media.’® Recently, the use of social media,
which can be an effective marketing and communication tool
for orthodontists and patients, has become widespread.”
Parmar et al.'? analyzed the role of social media in dentistry
and reported that more than one-third of patients search for
their dentists on social media. Instagram use has become
quite popular among orthodontists and related companies for
information sharing with colleagues and the general public.”
As of May 2022, with 1.28 billion active users, Instagram was the
fourth most popular social media platform, and it continues
to grow rapidly in terms of users.”*'® This application provides
the opportunity to upload not only photos but also videos
using hashtags on social networking platforms.’® Instagram,
which has grown so much in a short time, has attracted the
attention of not only individuals but also physicians who
want to communicate with their potential patients within

the framework of health communication.” Alkadhimi et al.’
noted that advertisements on Instagram are common and
can be used to impress “followers” with clinical and scientific
claims. Nelson' also reported that social media is an effective
marketing and communication tool in orthodontic practice.
Instagram, which has grown so much in a short time, has
attracted the attention of not only individuals but also
physicians who want to communicate with their potential
patients within the framework of health communication.”
Therefore, the aim of the present study was to determine how
Instagram, a social media application, is used by orthodontists
in the context of health communication.

METHODS

Ethics committee approval was not required before conducting
this cross-sectional study because it used only publicly available
data. Four keywords were manually searched on Instagram
using its “Search” filter (www.instagram.com) by one of the
authors on February 12, 2022: “orthodontist” (orthodontist),
“orthodontics” (ortodonti), “orthodontic specialist” (ortodonti
uzmani), and "doctor of orthodontics" (ortodonti doktoru).
Among the five different categories (Top, Accounts, Audio,
Tags, and Places) that appear in the search filter, only the
Accounts category was searched. The search language used
was Turkish. Following the search, 205 accounts were recorded
in Microsoft Excel. For inclusion in the study, accounts had
to belong to individuals, display a full name, and match the
public orthodontist registry of the Turkish Orthodontic Society.
Accounts belonging to health institutions and multiple
accounts belonging to the same individual were excluded from
the study. Only public accounts of orthodontists with more
than one account were considered, resulting in the inclusion
of a total of 195 orthodontist accounts matching these

Query on Instagram
“orthodontist™
Filtered by
‘Accounts’

Query on Instagram
“orthodontics™
Filtered by
‘Accounts’

Query on Instagram
“orthodontic specialist”
Filtered by
‘Accounts’

Query on Instagram
“orthodontist doctor”
Filtered by
‘Accounts’

.

.

!

Accounts assessed
n: 60

Accounts assessed
n:42

Accounts assessed
n: 62

.

e Included accounts n: 58
e  Excluded accounts: 2

.

,

.

Accounts assessed
n: 41

,

e Included accounts n: 37
e  Excluded accounts: 5

® Included accounts n: 60

e Included accounts n:
40

Belonging to health Belonging to health e Excluded accounts: 2 .
instutions: 1 instutions: 4 More than one account e  Excluded accounts: 1
More than one account More than one account belonging to the same More than one account
belonging to the same belonging to the same person: 2 belong_mg to the same
person: 1 person: 1 person: 1
Analysed accounts Analysed accounts Analysed accounts Analysed accounts
n: 58 n: 37 n: 60 n: 40

Figure 1. Inclusion criteria for orthodontist accounts
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criteria (Figure 1). Due to the large difference in the number
of posts in public accounts and to evaluate the current posts
of orthodontists, the most recent 100 posts were evaluated.
Each orthodontist’s contributions were assigned sequential
numbers. The texts and images of the posts were recorded.
Beginning with the first post in the account, the average daily
post count was calculated by dividing the total number of
posts by the number of days passed.

Profile Analysis

In the analysis of profile information, the number of followers in
the account profile, the number of people followed, the number
of posts, gender, phone number, whether the address was
written, and whether the name of any orthodontic company
was written were recorded. Instagram accounts were divided
into two groups: public and private, depending on whether the
posts were public or not. Public account features were analyzed
according to whether a company name was mentioned in their
profiles.

Post Analysis
Content analysis
The posts were categorized based on their content as follows:

* Personal: Posts unrelated to orthodontics, were categorized
as personal.

* Awareness: Posts without any visual or content depicting
patients but providing information or raising awareness about
orthodontic treatment, were recorded as awareness.

* Before-after: Posts displaying treatment stages of orthodontic
patients, including photographic records, were categorized as
before-after.

* Fixed mechanics: Posts containing descriptions or
photographs of the orthodontic patient treated with fixed
mechanics were categorized as, fixed mechanics.

* Clear aligners: Posts mentioning treatment with clear aligners
or featuring images of clear aligner treatment were categorized
as clear aligners.

* Functional appliances: Posts containing descriptions
or photographs of the orthodontic patients treated with
functional appliances were recorded as functional appliances

* Orthodontic face mask: Posts including descriptions
or photographs of the orthodontic patients treated with
orthodontic face masks were categorized as such.

* Orthognathic surgery: Posts featuring descriptions or
photographs of orthodontic patients treated with orthognathic
surgery, were categorized as orthognathic surgery.

Photo analysis
The posts shared by the orthodontists were recorded according:

* Partial patient’s face: Posts showing a portion of the patient’s
face
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* Full patient’s face: Posts displaying the patient’s entire face.

* Patient and company name: Posts containing both the
patient’s name and the name of the orthodontic company.

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 for Windows
(IBM Corp, Armonk, NY, USA). Descriptive information was
expressed as minimum, maximum, frequency, ratio, mean, and
standard deviation. The normality of the data was evaluated
with the Shapiro-Wilk test. The statistical analysis of normally
distributed continuous variables was done with an Independent
Samples t-test, and the evaluation of non-distributed variables
was done with Mann-Whitney U test. Chi-square test was used
to compare categorical variables between groups. The Kappa
test was used to evaluate the intra- and interrater agreement of
categorical measures, and the interclass correlation coefficient
was used to evaluate continuous variables. p<0.05 was
considered as statistically significant.

RESULTS

Table 1 presents the description of profile information of
orthodontic accounts and a comparison according to whether
the account is private or public. The number of posts was
96.06+£149.30 in private accounts and 195.36+248.51 in public
accounts, and the difference between these two accounts was
found to be statistically significant (p<0.05). Furthermore, there
was a statistical difference between the two types of Instagram
accounts in terms of the number of followers (p<0.05). 12.5%
of private accounts and 71.5% of public accounts had a
phone number (p<0.05). Additionally, address information
was provided in 6.3% of private accounts and 74.3% of public
accounts.

The results of content analysis of public orthodontist accounts
are shown in Table 2. The number of days after the first post
sharing in the accountsis 1358.72+817.61. Besides, the average
number of posts per day was 0.20+0.40. It has been observed
that the number of personal posts in account content is quite
high with 22.68+23.30. This was followed by before and after
photos, fixed mechanics, awareness, clear aligners, functional
appliances, orthognathic surgery, and face mask. Moreover,
10.62+22.75 of the patient photos in the accounts included
partial face, 8.01+£18.80 full face, and 1.74+6.99 patient, doctor
and company name.

Table 3 shows a comparison of the contents of public
orthodontist accounts between genders. 63.3% of males and
78.0% of females shared phone numbers on their profiles
(p<0.05). In content analysis, a significant difference was
found between genders only in the number of personal posts
(p<0.05). This value was 18.67+21.41 for males, whereas it was
25.85+24.33 for females.

Table 4 displays a comparison of the contents of public
orthodontist accounts with and without a company name on
their profiles. Public orthodontist accounts with or without
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a company name on their profiles were similar in terms of
gender, having a telephone number and address information
(p>0.05). However, the number of followers (5472.57+8595.99),
number of following (950.55+792.00), and number of posts
per day (0.23+0.43) were found to be statistically higher in
accounts with a company name. In the content analysis, clear
aligners played a more significant role in accounts with a
company name than in accounts without a company name
(p<0.05). There were also some differences between the two
accounts in terms of patient photos. Patient and company
advertisements were more common in accounts with company
names (p<0.05).

DISCUSSION

Recently, social media, especially Instagram, has become
a significant tool for both patients and professionals in the
field of healthcare.’”®” Instagram has become a dominant

channel for orthodontists’ relationships with active and
potential patients, both as a marketing tool and for providing
educational information3*"" The current study aimed to
evaluate the posts and information shared by orthodontists in
their public accounts on Instagram. The results indicated that
orthodontists’ private or public Instagram accounts differ in
terms of the number of followers, following and shared posts.
Public accounts naturally attract more followers than private
accounts. This distinction understandable because while you
can follow public accounts on Instagram at any time, private
accounts have to be approved by the users.

Today, with the increasing time customers spend online, social
media marketing is a cost-effective and more effective solution
to promote services and products than traditional methods.?
Notably, in public accounts, the prevalence of phone number,
address information, and significantly higher volume of posts
may suggest that these accounts were primarily created for

Table 1. Profile information descriptives of orthodontic accounts and a comparison based on the account is private or public

Parameters Private account Public account p value
Number of posts (mean + SD) 96.06+149.30 195.36+248.51 0.002"
Number of followers (mean + SD) 1250.56+2347.47 4071.43+£6557.63 0.000"
Number of followings (mean + SD) 620.06+656.27 789.08+651.55 0.2071
Male (n, %) 11 (68.8%) 79 (44.1%)
Gender 0.058°
Female (n, %) 5(31.3%) 100 (55.9%)
Not available (n, %) 14 (87.5%) 51 (28.5%)
Phone number 0.000°
Available (n, %) 2 (12.5%) 128 (71.5%)
Not available (n, %) 15 (93.8%) 46 (25.7%)
Address 0.000°
Available (n, %) 1(6.3%) 133 (74.3%)
Not available (n, %) 13 (81.3%) 109 (60.9%)
Company name - 0.107°
Available (n, %) 3(18.8%) 70 (18.8%)
Statistical significance at p<0.05
: Mann-Whitney U test, 2 Chi-square test, p: significance
SD, standard deviation
Table 2. Content analysis of public orthodontist accounts
Parameters N (mean £ SD)
. Number of days since first post (mean + SD) 1358.72+817.61
Profile analysis
Number of posts per day (mean + SD) 0.20+0.40
Personal post (mean + SD) 22.68+23.30
Awareness (mean + SD) 16.48+20.50
Before-after (mean + SD) 21.78+34.09
Fixed mechanics (mean + SD) 18.50+29.73
Content analysis -
Clear aligners (mean + SD) 3.50+12.41
Post analysis Functional appliances (mean + SD) 2.1749.78
Face mask (mean + SD) 0.33+0.86
Orthognathic surgery (mean + SD) 0.69+4.61
Partial face (mean + SD) 10.62+22.75
Photo analysis Full face (mean + SD) 8.01+£18.80
Patient and company advertisement (mean + SD) 1.74+6.99
N, number; SD, standard deviation
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marketing purposes. This study revealed that orthodontists
share an average of one post every five days in their open
accounts, indicating their active engagement. This trend
highlights the increasing prominence of social media, alongside
with other marketing tools, within the field of orthodontics in
recent years. The fact that the posts were orthodontic-themed
rather than personal posts reveals the marketing motivation of
these accounts.?"#

Studies have reported that patients use social media platforms
as sources of information regarding orthodontic treatments,
with Instagram being is the most frequently used program
for this purpose.”** Treatment modalities are one of the most
sought-after topics by orthodontic patients on social media.?
For this reason, our study also investigated the diversity of the
content of Instagram accounts that orthodontists use as an
information tool. Our findings frequently identified before-
and-after images, and orthodontic posts aimed at increasing
awareness. Supporting our findings, Meira et al.?* showed
that the categories of “being a teacher” and “before and after
treatment” had a higher effect on the reliability perception of
the participants. Among treatment modalities, fixed mechanics
were the most prominently featured, consistent with our
expectations. Graf et al?’ similarly found that on Instagram
and Twitter commonly discussed the application, removal,
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and limitations of brackets in their study. Our study found that
orthodontists also shared cases involving clear aligner cases.
Olson et al.?® showed that patients with the highest interest
in orthodontic treatment with clear aligners tended to prefer
orthodontists. In addition, they also reported that clear aligner
treatments had a high effect on the patient perceptions of
reliability. In our study, the least treatment options shared by
orthodontists were functional appliances, orthodontic face
masks, and orthognathic surgical treatment cases, respectively.
Buyuk and Imamoglu® in their examination of orthognathic
surgery posts on Instagram in 2019 using hashtags, reported
that Instagram was not an adequate source of information.
This highlights the importance of orthodontists sharing these
options that require sensitive information for informative
purposes.

Although physicians’ use of social media provides significant
benefits to both patients and medical professionals, it
also brings ethical problems. In the orthodontist accounts
analyzed in this study, the fact that the faces of orthodontic
patients are shared openly in most of the posts may give
an idea about possible ethical violations in social media
in the coming years. These ethical considerations present
significant problems for physicians as they engage in
online interactions with patients, society, and colleagues.*®

Table 3. Comparison of the contents of public orthodontist accounts between genders

Not available (n, %) 29 (36.7%) 22 (22.0%)
Telephone number 0.030°
Available (n, %) 50 (63.3%) 78 (78.0%)
Not available (n, %) 23 (29.1%) 23 (23.0%)
Address 0.353°
Available (n, %) 56 (70.9%) 77 (77.0%)
Not available (n, %) 54 (68.4%) 55 (55.0%)
Company name 0.069°
Profile analysis Available (n, %) 25 (31.6%) 45 (45.0%)
Number of days since first post (mean + SD) 1457.24+815.31 1279.30+814.94 0.151°
Number of followers (mean + SD) 4504.79+7227.95 3729.08+5990.65 | 0.783"
Number of followings (mean + SD) 708.74+643.77 852.55+653.18 0.053"
Number of posts (mean + SD) 174.65+184.27 211.72+289.26 0.816"
Number of posts per day (mean + SD) 0.13+£0.16 0.24+0.51 0.097*
Personal post (mean + SD) 18.67+21.41 25.85+24.33 0.040°
Awareness (mean + SD) 19.22+24.75 14.32+16.20 0.676"
Before-after (mean + SD) 27.25+44.44 17.47+£22.16 0.365"
Fixed mechanics (mean + SD) 23.01+38.73 14.95+19.46 0.269°
Content analysis
Clear aligners (mean + SD) 4.16+17.66 2.98+5.53 0.052f
. Functional appliances (mean + SD) 3.64+14.35 1.01+£2.54 0.4941
Post analysis
Face mask (mean + SD) 0.34+1.03 0.33+0.71 0.384"
Orthognathic surgery (mean + SD) 1.17+6.83 0.31+£1.07 0.606"
Partial face (mean + SD) 12.77+£30.55 8.93+13.75 0.518"
. Full face (mean + SD) 10.44£25.18 6.10+11.29 0.274*
Photo analysis
Patient and company advertisement 1444431 1.99+8.55 0215
(mean + SD)
Statistical significance at p<0.05
: Mann-Whitney U test, % Chi square test, ®: Independent Samples t-test, p: Significance
SD, standard deviation
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Table 4. Comparison of the content of public orthodontist accounts with and without a company name in their profile

Parameters Con.mpany name not Confpany name
available EVETETI
Male (n, %) 54 (49.5%) 25 (35.7%)
Gender 0.069°
Female (n, %) 55 (50.5%) 45 (64.3%)
Not available (n, %) 34 (31.2%) 17 (24.3%)
Telephone number 0318
Available (n, %) 75 (68.8%) 53 (75.7%)
Not available (n, %) 33 (30.3%) 13 (18.6%)
Profile Address ; 0.080°
. Available (n, %) 76 (69.7%) 57 (81.4%)
analysis
Number of days since first post (mean + SD) 1394.85+842.47 1303.48+780.82 0.693P
Number of followers (mean + SD) 3171.62+4645.08 5472.57+8595.99 0.003"
Number of followings (mean + SD) 685.38+£519.95 950.55+792.00 0.023"
Number of posts (mean + SD) 179.68+245.23 219.77+253.36 0.114*
Number of posts per day (mean + SD) 0.17+0.37 0.23+0.43 0.028"
Personal post (mean + SD) 21.52+24.70 24.48+20.98 0.292°
Awareness (mean + SD) 14.66+20.01 19.32+21.06 0.036"
Before-after (mean + SD) 22.92+37.23 20.01+28.70 0.957F
Fixed mechanics (mean + SD) 21.33+35.81 14.10£15.52 0.798"
Content analysis -
Clear aligners (mean + SD) 1.51£4.74 6.60+18.60 0.0007
Post Functional appliances (mean £ SD) | 2.22+10.97 2.10+7.62 0.201%
guabals Face mask (mean = SD) 0.25+0.72 0.45+1.04 0.440"
Orthognathic surgery (mean + SD) | 0.82+5.82 0.48+1.33 0.3121
Partial face (mean + SD) 10.40+25.75 10.97+£17.25 0.4991
. Full face (mean + SD) 7.71£19.00 8.48+18.60 0.204*
Photo analysis
Patient and company .
L A 0.49+1.85 3.70+10.70 0.000
Statistical significance at p<0.05
*: Mann-Whitney U test, *: Chi-square test, ®: Independent Samples t-test, p: Significance
SD, standard deviation

Confidentiality and privacy are the most important digital
professional problems in physicians’ use of social media. If
a physician shares a patient’s information to a third party
without the consent of the patient, it will be a violation of
privacy. For this reason, physicians should secure patients’
permission before disseminating their medical information
online, even if it serves medical purposes.® In the literature,
there are many studies on the effect of gender on social
media usage. Nelson et al.”® reported that orthodontists
actively utilized social media, with a higher prevalence of
usage among females. Another study conducted by Brenner?*'
stated that the utilization rate of social media use was 79%
among women and 69% among men. In the current study,
it was seen that female orthodontists added their phone
numbers to their profiles more frequently possibly as a
means to connect with patients. The possible verbal abilities
of women compared to men as a marketing strategy may
explain this result.?> Another difference was observed in the
frequency of sharing personal posts. Female orthodontists
were more willing to present slices of life visually, which is the
main purpose of Instagram.

In our study, the Instagram accounts of orthodontists with
or without a company name in their profiles were compared.

In the analysis of the profile information and shared posts, it
was seen that a significant number of orthodontists identified
themselves as “Invisalign providers”in their profiles, signifying
their association with the clear aligner company. The use
of this marketing method by a considerable proportion of
orthodontists (39.1%) prompted a comparison between
submissions from orthodontists who used and did not use this
method. Clear aligner treatment, prominently represented
by the Invisalign appliance, was introduced in 1997 and
started to be used by orthodontists in 1999.% This relatively
recent treatment approach has since been adopted by
various companies across different countries. Invisalign (Align
Technology, San Jose, California, USA) is the most widely used
of these systems, although similar systems under different
commercial names are also available in the market.?* The
Invisalign system serves as both a brand and a treatment
methodology. Invisalign’s leadership in this regard may
have led to the perception of clear aligner equals Invisalign
among patients. Using a well-known clear aligner company
like Invisalign in the profile description can be considered a
sensible marketing strategy, given that social media relies
heavily on visual content and clear aligners are often preferred
for their aesthetic benefits. However, it can also be misleading
when considering ethical violations and the limitations of
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clear aligner treatment. The results of this study indicate that
orthodontic accounts using this marketing method tend to
attract a larger number of followers. When the content analysis
between the two groups was analyzed, the only difference
was found that the orthodontists who incorporated the
company name in their profiles as a marketing method posted
more content about clear aligners- a result that aligns with
expectations.

Another review made on accounts with or without a company
name, focusing on the photos in the posts. It was observed
that the number of photographs in which the patient and the
company name were in the frame together was significantly
higher in the group containing the company name. It seems
that this group uses a common marketing method, both the
treatment method they apply and the company. Both the
contribution of such shares to the awareness of the company
and the fact that orthodontists attract patients who desire this
treatment can please both parties.® However, the possibility of
these posts increasing the prejudices of patients about fixed
treatments or against other companies raises the possibility
that this method may cause problems for orthodontists in the
long term.

Study Limitations

A limitation of this study was that it was based on the
assessment of the most recent posts shared in a specific period
and community on the Instagram platform. Secondly, the data
extracted from the Instagram platform may not be consistently
stable and could undergo frequent changes. Because this study
was conducted in a single population, the generalizability of
its results can be limited. The outcomes of this study highlight
important information that can be used by orthodontists to
navigate social media with greater professionalism and have a
greater impact on recruiting potential patients.

CONCLUSION

Instagram is a social network widely used among orthodontists.
Based on the findings of the current study, the following
conclusions could be drawn:

* Public Instagram accounts have more marketing purposes
with more posts and followers.

* Public accounts are more prone to share contact information
such as phone numbers and addresses.

* Accounts that incorporate a company name tend to exhibit
a larger larger follower counts, a higher number of accounts
followed, and a heightened frequency of daily posts.

* While the leading categories for orthodontic content sharing
are centered around rasing awareness and showcasing before
and after transformations. Among treatment options, fixed
mechanics emerged as the most frequently shared approach.
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Main Points
Pre-treatment spacing, degree of rotation and pre-treatment crowding were the most influencing malocclusion-related factors on the choice of
retainers.
A thermoplastic retainer was the most prescribed retention appliance for the maxillary arch.
The bonded retainer was the most prescribed retention appliance for the mandibular arch.

ABSTRACT

Objective: To investigate the most common retention practices, factors influencing the retention protocol, and the differences among
orthodontists regarding retention practices.

Methods: An online validated questionnaire was anonymously sent to 3,000 orthodontic residents and clinicians. The survey consisted
of 19 questions regarding the participants’ demographics, prescribed retention appliances, factors affecting retention appliance
choices, and adjunctive retention procedures. Descriptive statistics, Chi2 and Kendall's Tau-b tests were applied.

Results: Five hundred fifty-five orthodontic residents and clinicians, 53.3% males and 46.7% females, completed the survey, indicating
a response rate of 18.5%. Although participants’ demographics, type of treatment and pre-treatment malocclusion influence the
choice of retention protocols, thermoplastic retainers (TR) were the most popular retention regime for the maxillary arch for both
adults (47.4%) and adolescents (42.3%). Bonded retainers (BR) were the favored option for the mandibular arch (44.9% of adults and
40.7% of adolescents). The degree of arch expansion (64.1%) and the degree of interdigitation (50.1%) after treatment were the most
influential factors for the choice of the preferred type of retainers by the respondents. 68.6% of the participants thought professional
retention guidelines would be useful.

Conclusion: Thermoplastic retainers were the most common retention appliances for adults and adolescents in the maxilla. At the
same time, BR was the most favored retainer in the mandibular arch, with clinical experience, practice setting, and malocclusion- and
treatment-related factors influencing the type of the chosen appliance. The demographic differences and the uneven participation in
the survey need to be considered while interpreting the findings of this study.
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INTRODUCTION

The most challenging part of orthodontic treatment is the
retention phase. The term retention refers to the procedure
of holding teeth in an ideal aesthetic and functional
position after orthodontic treatment.” Retention permits the
reorganization of bone and supragingival/transseptal fibers
and neuromuscular and soft tissue adaptation. Static and
dynamic occlusal stability, an appropriate retention plan, soft
tissue balance, active growth, and patient cooperation are vital
parameters to avoid potential post-orthodontic relapse.?

Several researchers have concluded that a certain degree
of change is inevitable after active orthodontic treatment.
Thilander® showed that most patients (40% to 90%) reported
unacceptable outcomes ten years after treatment. However,
orthodontists in clinical practice require an understanding
of the etiologies of relapse. The etiologies of relapse include
age- and orthodontic-related factors.* Knowledge of different
types of retainers and retention protocols can help minimize
relapse. Though several types of removable or fixed retention
appliances have been proposed with varying protocols to
minimize relapse*® there is no consensus regarding the
optimal appliance and/or ideal protocol. The type of retention
choice and protocol depends on many factors, including but
not limited to clinician preference and experience, occlusal
outcomes, the type of orthodontic movement achieved, and
patients age and preferences.*

Several studies have reviewed retention protocols, covering
a broad spectrum of the types of prescribed retainers and
retention protocolsadopted by cliniciansindifferentcountries.”®
For instance, clinicians in the UK® and Australia'™ preferred
removable retainers as the retention protocol for the maxillary
arch. A study that involved clinicians from The Netherlands
showed that the most commonly used retainer was a fixed
retention appliance.® Norwegian orthodontists preferred using
a combination of removable and fixed retainers.”” However, it
is essential to acknowledge that the selection of retainers and
protocol is temporal. For instance, in the USA, the selection of
Hawley retainers declined in the period from 1986 to 1996,
while the use of spring aligners, clear thermoplastic retainers,
and canine-to-canine fixed retainers became more popular.'
This trend is due to the lack of conclusive findings about the
optimal choice of retention appliance and protocol.'* Many
clinicians justify their choice based on their clinical experience
and interpretation of the evidence.

The objective of this global study was first to investigate the
most common retention practices and, secondly, to assess the
associated rationale and reasoning that affected the retention
practices, and to inspect the differences among clinicians
regarding their retention practices with a primary focus on age,
experience, and practice settings.

Almuzian et al. Common Orthodontic Retention Practices

METHODS

Sample Population

Orthodontic residents and specialists who subscribed to virtual
orthodontic learning sessions hosted by the Orthodontic
Mastery Facebook group were eligible to participate in the
study. There was no restriction on the country of residence.
The participants who opted for a choice of general practitioner
were excluded from the survey.

Survey Validity

Initially, 29 questions were designed and agreed upon by the
authors. These questions were consistent with contemporary
literature and guidelines.*'* For content validity (CV), 20
specialist orthodontists were emailed via SurveyMonkey, and
were asked to rate each question as “essential”, “useful but not
essential’, or“not necessary”*The CV ratio (CVR) was calculated
for each item using Lawshe’s'® method. Questions with a CVR
higher than 0.51 were selected for the final survey. Hence,
23 questions remained and were included in the construct
face validity (CFV) phase. For the CFV phase, 100 participants
(50 residents and 50 specialist orthodontists) were emailed
via SurveyMonkey to anonymously rate the remaining 23
questions as “favorable” or “unfavorable”. An analysis of the
responses using Kappa statistics was undertaken to test the
agreement for every question. Questions with a low level of
agreement were excluded. In summary, 16 experts and 28
orthodontic specialists and residents participated in the CV
and CFV phases, respectively. Expert feedback at the CV phase
led us to drop 7, retain 22, revise 5, and add 1 new question to
the survey. At the CFV phase, 4 items were dropped, 19 were
retained, 2 were revised, and no new questions were added.
The final set of 19 questions was used in the final survey.

The Validated Survey

The validated online survey consisted of 19 questions divided
into five main domains (Appendix 1):

- Demographic information for participants, including
gender, age, years of experience, country of residency, and
clinical practice setting.

«  The prescribed retention appliances for different age
groups and their reasoning.

- Patient and clinician-related factors.
. Malocclusion and treatment factors.
«  The adjunctive procedures and the benefit of guidelines.

In the final survey and when necessary, a logical option was
implemented in which respondents could skip from certain
pages to specific destination pages further ahead, based on
theiranswertoa previous question.To avoid the partial response
error, the whole questionnaire was constructed as mandatory.
(https://www.surveymonkey.co.uk/r/Orthodontic1).
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Data Collection

The approval was granted by the Ethical Committee of ITTEFAQ
Hospital (registration number: RCDD-IHT-04-2020, date:
21.09.2020).

The anonymous survey link was shared with 3,000 residents
and orthodontists. At the commencement of the survey,
details about the study objectives and the research team were
provided to the participants. Reminders were sent after two
weeks to those who failed to participate. The survey remained
open for four months until the sample size was met.

Data Analysis and Sample Size

A sample size calculation was performed using the
SurveyMonkey calculator (www.surveymonkey.co.uk).
Considering that there are 25,000 residents and orthodontists
who are actively engaged in virtual learning, to detect a 95%
confidence interval with a margin error of 4% and statistical
power of 80%, the required sample size was 550 orthodontists.

Statistical analysis consisted of general descriptive analyses for
all categorical variables using absolute and relative frequencies.
The chi? test assessed the association or dependence between
categorical variables. Kendall's Tau-b test was conducted in the
ordinal scale measurement case. The significance level used in
the analysis was set at 5% (0=0.05).

All statistical analyses were performed using SPSS software
(SPSS Inc,, version 25.0 for Windows, Chicago, IL, USA).

RESULTS

Demographic Information of Participants

Intotal, 555 participants completed the survey (18.5% response
rate), of whom 53.3% were males and 46.7% were females.
More than half (50.2%) were from Asia, followed by Europe
(27.6%) and Africa (14%) (Figure 1).

The majority (43.4%) of the respondents were 30-39 years old.
Respondents aged 40-49 years and 50-59 years represented
22.7% and 11% of the total cohort, respectively. The minority of

Geographical area

Central/South America Africa Australia Europe

1.7% 14.0% 0.7% 2.5h

North America
5.8%

Asia

50.2%

Figure 1. Global distribution of the respondents

the participants were either younger than 30 years (18.4%) or
older than 60 years (4.5%).

Almost one out of three respondents (34.6%) were novices
in clinical orthodontics (less than 5 years), and one out of
four (27%) had 5-10 years of clinical experience. In contrast,
seasoned clinicians with more than 20 years of clinical
orthodontic experience represented 14.6% of the cohort. At
the time of the study, most of the participants were certified
orthodontists working either in private (46.1%) or mixed
settings (29%). In comparison, the remainder (24.9%) were
postgraduate students or residents in orthodontics (Figure 2).

Retention Appliances of Choice
1. Based on the age groups of patients

The thermoplastic retainer was the most prescribed retention
appliance for the maxillary arch for adults (47.4%) and
adolescents (42.3%). However, in the mandibular arch, bonded
retainers were the favored retention appliances in both adults
(44.9%) and adolescents (40.7%).

2. Based on the gender of the clinician

The results showed that there were no statistically significant
differences (p>0.05) between genders in the choice of the
retention protocol for adult and adolescent patients, except
that females clinicians were more likely to prescribe Hawley
retainers for adolescents in the maxillary arch (37.8%, p=0.044),
and to combine this with bonded retainers in the maxillary arch
for adult patients (18.5%, p=0.049) in comparison with their
male peers (Table 1).

3. Based on the clinical settings

The results showed that there was no significant influence
(p>0.05) of practice setting on the use of combined Hawley and
bonded retainers in the maxillary and mandibular arch for both
adults and adolescents (Table 1). In private practices, certified
orthodontists significantly favoured the uses of the combined
thermoplastic and bonded retainers for adolescent patients.
However, the difference was not significant among participants
from other settings regarding using this protocol in adults

Participants' Demographics

<5years 510 years 1115 years
=
8
90
60
; .I I .
. - == | | || .
<30 3039 4049 5059 o)  Gender
Femde
16-20 years >21years | I3

<30 3039 4049 50-59 >80

. -

<30 30-39 4049 5059 >80
Agegon

Figure 2. Bar plot depicts the participants demographics; gender
(male, female), age group (<30, 30-39, 40-49, 50-59, >60 years), and
years of experience (<5, 5-10, 11-15, 16-20, >21 years)
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(maxillary and mandibular arch). Hawley retainer was the least
favored retention appliance to be used by orthodontists in a
private practice setting compared to other practice settings,
the differences being statistically significant (p<0.001).

Those from mixed-setting practices significantly used lower
thermoplastic retainers for adults in their daily practice
(p=0.010) and prescribed bonded retainers in the maxillary
arch (p=0.016) and in the mandibular arch (p=0.036) for adult
patients, compared to different practice settings. However, the
influence of practice setting on the use of bonded retainers in
adolescents was insignificant (p>0.05).

4. Based on the clinicians’ age and experience

The results (Table 2) showed that the age of participants had a
negligible effect on the prescribed retention protocol (p>0.05),
except that younger age groups (less than 30 years of age)
were more likely to prescribe a combination of lower Hawley
and bonded retainers for their adult patients (14.7%, p<0.01).

Orthodontists aged 30-39 years were more likely to combine
Hawley and bonded retainers in the mandibular arch for
adolescent patients (14.1%, p=0.006) in comparison with
older age groups. Moreover, participants older than 60 years
preferred to use lower bonded retainers in adolescents (56%,
p=0.026).

With regards to clinical experience, orthodontists having less
than 5 years of clinical experience, highly preferred the use of
a combined lower Hawley and bonded retainer for their adult
and adolescent patients in comparison with other groups,
p=0.011 and p=0.007 respectively (Table 2). On the other
hand, the influence of clinical experience was not statistically
significant for other retention protocols (p>0.05).

Patient and Clinician Related Factors

When the participants were asked to choose factors influencing
their choice of a retainer, compliance of the patients (56.2%)

Table 1. Retention protocols in the maxilla and mandible in both adult and adolescents according to the gender and the practice setting

Gender Practice setting
: : Postgraduate  Private DR G
Patients Type of retainer Overall Male Female = : (university/hospital
n=296 (%) n=256 (%) student: practlceo and private)
n=138 (%) n=256 (%) s
Bonded retainer 100 (18%) | 56 (18.9%) | 54(20.8%) | 30 (21.7%) 38 (14.8%) 42 (26.1%)*
Hawley retainer 113(20%) |56 (189%) |57 (22%) | 36 (26.1%) 31 (12.1%) 46 (28.6%)***
el Thermoplastic retainer 263 (47%) | 145(49%) | 118 (45.6%) | 68 (49.3%) 114 (44.5%) 81 (50.3%)
arch in adults E‘;’(;Zgﬁzzti's:r”d 220 (39.6%) | 124 (41.9%) | 96 (37.1%) | 46 (33.3%) 109 (42.6%) 65 (40.4%)
ey el o 85(15%) | 37(12.5%) | 48 (18.5%)* | 23 (16.7%) 35 (13.7%) 27 (16.8%)
retainer
Bonded retainer 249 (45%) | 131 (44.3%) | 118 (45.6%) | 64 (46.4%) 101 (39.5%) 84 (52.29%)*
Hawley retainer 60 (11%) | 33(11.1%) | 27(10.4%) | 15(10.9%) 14 (5.5%) 31 (19.39%)***
Mandibular Thermoplastic retainer 172 (31%) | 85(28.7%) | 87(33.6) 49 (35.5%) 63 (24.6%) 60 (37.3%)*
arch in adults Eg‘;:;’;g’?gﬁ::r”d 241 (43%) | 130 (43.9%) | 111 (42.9%) | 58 (42%) 122 (47.7%) 61 (37.9%)
';":‘;‘;':g'ra”d ez 53(9.5%) | 24(8.1%) | 29(11.2%) | 16(11.6%) 19 (7.4%) 18 (11.2%)
Bonded retainer 78(14%) | 43(14.5%) | 35(13.5%) | 24 (17.4%) 27 (10.5%) 27 (16.8%)
Hawley retainer 186 (33.5%) | 88 (29.7%) | 98 (37.8%)* | 65 (47.1%) 54 (21.1%) 67 (41.6%)***
Maxillary Thermoplastic retainer 235 (42%) 132 (44.6%) | 103 (39.8%) | 55 (39.9%) 106 (41.4%) 74 (46%)
arch in .
adolescents Egi’drzgprzji';:r”d 171(31%) | 93(31.4%) | 78 (30.1%) | 34 (24.6%) 93 (36.3%) 44 (27.3%)*
Rty el o 110 (19.8%) | 54 (18.2%) | 56 (21.6%) | 29 (21%) 45 (17.6%) 36 (22.4%)
retainer
Bonded retainer 226 (40.7%) | 122 (41.2%) | 104 (40.2%) | 53 (38.4%) 95 (37.1%) 78 (48.4%)
Hawley retainer 103 (18.5%) | 50 (16.9%) | 53 (20.5%) | 39 (28.3%) 21 (8.2%) 43 (26.7%)***
Mandibular | Thermoplastic retainer 149 (26.8%) | 76 (25.7%) | 73 (28.2%) | 40 (29%) 58 (22.7%) 51 (31.7%)
arch in .
el Eg‘;:jngzprz:'rf:r"d 183(33%) | 105 (35.5%) | 78 (30.1%) | 37 (26.8%) 105 (41%) 41 (25.5%)**
LIS R ol 61(11%) | 29(9.8%) | 32(124%) | 17 (12.3%) 25 (9.8%) 19 (11.8%)
retainer

Statistically significant: *p<0.05; **p<0.01; ***p<0.001
n, number of participants
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Table 2. Retention protocols in the maxilla and mandible in both adult and adolescents according to the age and the clinical experience

Age Clinical experience
o Lessthan 30-39 40-49 50-59 m::\eao Lessthan 5-10 11-15 m:;ezo
Patients yp‘ 30years years years years 5 years years years
retainer years years
n=102 Cpe o N=126 o, N=25  n=192  n=150 n=83 L
(%) n=241 (%) %) n=61 (%) %) %) (%) (%) n=81 (%)
Bonded 31 o | 25 12 Lt R 9 .
retainer 304%) |37 (154%) | o0y | (1079%) | °@0%) | (2040 | 30Q0%) | (1330 | (1840 |17 1%
Hawley 27 o |23 13 , oy |28 13 o |24
e 265%) | 2(74%) | 15300 | (2130 | B32%) | 4624%) | qao0n | (15.7%) | 241 | (20.60)

. Thermoplastic o 117 57 29 1 97 64 44 23 35
gﬂrzﬁ':':ry Terainey A9(98%) | 4gso6) | (45.2%) | (475%) | (44%) | (505%) | (427%) | (53%) | (46.9%) | (43.2%)
adults ::Srgiggzt'c 36 100 56 20 832%) | 7° . 20 27

e iner (353%) | (41.5%) | (44.4%) | (32.8%) (36.5%) (44.6%) | (40.8%) | (33.3%)
Hawley and
20 o |18 . oy | 31 2 9 9 14
f’e‘zgic:fe‘: (19.6%) | 32(133%) | 1439 | 2(148%) 1624%) | 6100 | (1a70%) | (10.8%) | (184%) | (17.3%)
Bonded . o | 54 31 14 87 o |35 20 44
retainer 53(2%) | 97(402%) | 1 900 | 50.8%) | (56%) | (453%) | O3 2% | 43200 | @0.8%) | (54.3%)
Hawley o o 17 o o 22 o 9 o o
o 1008%) | 22(01%) | o 608%) | 5Q0%) |50 [ 15010%) | (oo 10%) | 13(16%)
. Thermoplastic | 36 o 37 19 o 65 o 22 15 22
gﬁrzﬂ?r"b”'a’ retainer 353%) | 2G03%) | 0040 | 310%) |78 | 3390 | *BC2%) | 56506) | (306%) | (27.2%)
adults Z:Zrmé'iit'c 41 1> 57 21 78%) | & 72 (a8%) | 38 2 2
ey 402%) | (47.7%) | (452%) | (34.4%) | (41.7%) °) 1 (45.8%) | (53.1%) | (30.9%)
Hawley and
15 . . . e | 26 14 6 |5
t)e(;gidnee(: (a7 | 26008%) | 7(56%) |349%) 2% oo g3k | 2% | 2@41%) | (6200
Bonded 20 29 16 10 1 12
0/ 0/ 0 0/
T (lo6%) | 24(10%) 1 24(19%) | 6(98%) | 4(6%) | [ci00 | (10700) | (12%) | (224%) | (14.8%)
Hawley 40 o |37 21 oy | 74 o | 20 10 33
retainer 3920) | 720B28%) | 09400 | (344%) | 2B0%) | (350 | *8CG2%) | (55306) | (204%) | (40.7%)

. Thermoplastic | 36 103 53 35 o o 33 24 36
Qﬂriﬁ"i'f;"y retainer (353%) | @27%) | (421%) | (5740 | 5020 | 76G96) 166U | 3950 | 4oy | (aaa%)
adolescents | Thermoplastic

30 41 54 27 17 16
0 (o) 0, 0,
f:t‘:i:g‘ded (204%) | 830B44%) | 35500 | T1(8%) 16(24%) | 50100 |57 08%) | 555 | (34700 | (19.8%)
Hawley and
2 o | 26 . o |47 26 18 o |15
:2;‘::2‘: @1.6%) | 22@03%) | o560 | 2148%) [ 4(16%) | op e | (1730%) | (21.7%) | F 82 | (1850
Bonded 36 | 53 30 14 oy | 59 36 19 M
fetainer (35.3%) | 03 386%) | o100 | (@9.2%) | 56%)* | 1) B7%) | (303%) | (43.4%) | (38.8%) | (50.6%)
Hawley 27 o 22 o 0 45 28 o | B o
P (265%) | 200166%) | 1750 | 9(148%) | 5(20%) | 53 40 | (15700 | EO6%) | (1020 |17 (21%)
. Thermoplastic | 24 o 35 20 o 52 41 19 16 21
gﬁrzﬂ?r']b“'ar retainer 235%) | 0°@70 | 78w | 328%) |20 | 2700 | @73%) | (229%) | (327%) | (25.9%)
adolescents | Thermoplastic
31 o 43 13 oy 59 58 32 17 .
f:tgig‘;?ded 304%) | 2TG780) 134000 | 213%) | 2@0%) | 3070 | 387%) | (38.6%) | (347%) |/ 1%
Hawley and
14 1 31 14 7 6
0 0 () 0,
f’e‘z'a‘i‘:;f (13.7%) | 34041%) 1 8(63%) | 4(66%) | oux | (16.1%) | (93%) | (84%) | > O | (7406
Statistically significant: *p<0.05; **p<0.01; ***p<0.001
n, number of participants
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and status of oral hygiene (54.2%) were the most influencing
clinician and patient-related factors.

Malocclusion and Treatment Factors

Pre-treatment spacing, degree of rotation and pre-treatment
crowding were the most influencing malocclusion related-
factors on the choice of retainers, 77.7%, 73.5% and 70.8%,
respectively. Notably, the influence of third molars received
the lowest score (8.5%). With regards to treatment-related
factors, 64.1% of the total sample thought the amount of
expansion achieved during treatment was the most influential
factor for their preferred choice of retainer type. The degree
of interdigitation after treatment was chosen by half of the
participants (50.1%) as being a factor. Only 18.6% of the cohort
thought the amount of extrusion of posterior teeth would be
an influencing factor on their choice of retainer after treatment.
Appendix 2 shows a detailed report of the participants’
responses.

The Adjunctive Procedures and the Benefit of Guidelines
46.4% of the respondents do not routinely use adjunctive
retention procedures such as the circumferential supracrestal
fiberotomy (CSF) or interproximal reduction (IPR) (Appendix 3).
However, 39.7% of the cohort prescribe CSF to enhance retention
of de-rotated teeth, while 31.3% of the participants considered
IPR in the presence of pre-treatment labial segment crowding to
optimise post-treatment retention. The results demonstrated that
there is a consensus (92.8%) regarding the association between
a thick labial frenum and a median diastema. Most respondents
(94.2%) applied the blanching test for its diagnosis, while 39.5%
relied on the radiographical assessment. Most participants
believed in the thick labial frenum being an aetiological factor
for a median diastema and recommended labial frenectomy
to minimise relapse, either before commencing orthodontic
treatment (7.7%), during treatment but before complete
diastema closure (42%), or after active orthodontic treatment
(44.5%). Furthermore, 84.7% of the participants recommended
the use of a bonded retainer as a post-treatment retention
protocol for maintaining diastema closure, but only 12.6%
preferred a removable retainer (4.1% for the Hawley retainer and
8.5% for thermoplastic retainer).

Approximately, two-thirds (68.6%) of the participants agreed
that professional guidelines on retention would be useful,
24.7% thought it would be partially helpful, and only 5%
thought such guidelines would have no benefit.

DISCUSSION

The present survey has shed some light on the retention
regimes employed by orthodontic clinicians worldwide, which
may help orthodontists improve their retention protocols
in the absence of uniform clinical guidelines. Despite their
importance, existing guidelines are out of date, and their quality
was rated inadequate, especially in terms of their development,
editorial independence, stakeholder agreement, and record of
applicability, as judged by the AGREE instrument (Appraisal of

Almuzian et al. Common Orthodontic Retention Practices

Guidelines, Research, and Evaluation)."”

This study showed that thermoplastic retainers were the most
commonly prescribed retainers in the maxillary arch in adult
and adolescent patients, a finding similar to those of previous
studies in the UK,? Australia/New Zealand," Ireland,’ Canada,?
and Malaysia.** On the other hand, studies from other parts
of the globe showed different outcomes. For instance, the
Hawley retainer was the most common retention appliance
in the maxillary arch in the USA?"* and Saudi Arabia,?® while
fixed retainers were commonly adopted by clinicians from the
Netherlands,’® and Norwegian and Danish clinicians'* were
in favor of a combination of removable and fixed retainers,
indicating the influence of the training center on the choice
of retention appliance. It is noteworthy that over recent years
and in many countries, there has been a shift from Hawley to
clear thermoplastic retainers.?'#2%” Present evidence?® shows
that thermoplastic retainers are more cost-effective and well
accepted by patients when compared with Hawley retainers.
However, the effectiveness of thermoplastic retainers over
Hawley retainers for maxillary arch stability is inconclusive.?3°
Moreover, in this study, most clinicians favored bonded
retainers in the mandibular arch, which is in agreement with
most previous studies.®'011182025 Additionally, some previous
studies have reported using thermoplastic retainers** or a
combination of removable and fixed retainers.”

In the present study, female clinicians were more inclined
towards the use of Hawley retainers alone in the maxillary arch
in adolescents (37.8%) or in combination with bonded retainers
in adults (18.5%), similar to the findings of previous studies.'"?'
Clinicians in private practices favored thermoplastic retainers
in the maxillary arch and a combination of thermoplastic and
bonded retainers in the mandibular arch. These findings are
consistent with UK? and Ireland based retention surveys. For
orthodontists working in mixed practice settings, the use of
upper thermoplastic and lower bonded retainers were most
common, in contrast with an Ireland-based survey' in which
thermoplastic retainers were mostly used in both maxillary
and mandibular arches. This discrepancy could be due to the
fact that the latter study' included respondents from public
practices as well as the influence of the orthodontic training
background on the choice of retention appliance.

In the current study, upper thermoplastic retainers in adults,
Hawley retainers in adolescents, and lower bonded retainers,
were preferred options for patients treated in mixed settings
(university, hospital and private). Previous studies from Ireland
and the UK*" showed that thermoplastic retainers were most
commonly used in both jaws in hospital-based practices. This
trend can be explained by the fact that almost all of our participants
in mixed-based practices were postgraduate students who were
working under supervision.” The participants’ age had negligible
influence on retainer choice, with older orthodontists leaning
more towards lower bonded retainers. Similar opinions were
given by UK orthodontists in a previous study.’
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It is well established that clinical experience of orthodontists
is an important factor that can affect the retention protocol.?
In our study, orthodontic clinicians with less than 5 years
of clinical experience highly preferred using a combined
lower Hawley retainer and bonded retainer. This could be
due to the carry-over learning effect of their previous clinical
training during residency.” However, a recent study showed
no correlations between different retention modalities and
orthodontic experience.?'

In this study, malocclusion-related factors were more important
than patient- and treatment-related factors. The spacing and
de-crowding were equally important variables in selecting
the retainers, while the influence of third molars was the least
importance. Similar opinions were given by orthodontists
in previous studies.”’®" The most important patient-related
factors for the choice of retainers were compliance of the
patients and their oral hygiene status, similar to the findings
of previous studies.”'"'® Expansion achieved during treatment
and the degree of interdigitation at the end of treatment were
the most important treatment-related factors that influenced
retainer choice. In previous studies, interdigitation after
treatment,'® expansion and extraction,”'®?° and final occlusal
outcomes'"® were opined to be the most important treatment
factors in determining the retention plan.

Adjunct procedures like IPR and CSF are widely reported to
prevent relapse.**? In the present study, one third of the cohort
prescribed CSF to enhance retention of de-rotated teeth, while
a quarter of the participants considered IPR to be beneficial
in preventing potential post-treatment lower labial segment
relapse. In a Saudi Arabia-based survey,?® 28% of orthodontists
performed IPR, while 19.1% used CSF as an adjunct procedure
to optimise post-treatment retention.

Since a thick labial frenum is one of the causative factors for a
median diastema, it is an established fact that these patients
are at high risk of post-treatment relapse.®® In the present
survey, most clinicians acknowledged this association and
therefore recommended a labial frenectomy before complete
diastema closure or after active orthodontic treatment,
followed by placing a bonded retainer. This is in agreement
with the findings of previous studies.'®*' Regarding the need
for retention guidelines, the majority of the participants agreed
that such guidelines would be beneficial, which is in agreement
with several previous studies.”'"®

Some studies have reported a higher response rate in their
survey studies mainly by implementing telephonicreminders®'®
or paper-based postal services.”' In the present study, the
response rate was low, which is common in electronic-based
surveys in the field of orthodontic retention.??' As the present
survey was global and conducted during the coronavirus
disease-2019 pandemic, it was not practical for the authors
to have pre-contacts and personalized contacts with most of
the participants. Moreover, in survey-based studies, response
representativeness is more important than response rate.?

Turk J Orthod 2024; 37(1): 22-29

All previous survey studies on retention protocols’®'®2 were
mostly limited to specialist orthodontists, or were regional
and thus lacking favorable representativeness of working
orthodontic clinicians, in comparison with the present study.
However, higher response rate from different continents may
or may not change the significance of the results, but it may
increase the generalizability of the findings.

Study Limitations

The strength of this survey lies in the fact that it involved
validated questionnaires answered by orthodontists and
residents of different ages and experience levels from across
the globe, thus increasing representativeness rate and
minimizing the level of bias. The authors acknowledge that
the participation in this study was uneven, and therefore this
factor needs to be taken into consideration when interpreting
the findings.

CONCLUSION

This study showed that the most common retention
appliance was thermoplastic retainer in the maxillary arch and
bonded retainer in the mandibular arch for both adults and
adolescents. This is similar to the adopted adolescent retention
protocol in private practices except that the lower bonded
retainer is usually combined with thermoplastic retainer.
Female orthodontists commonly used Hawley retainer alone
or combined with bonded retainer. The age of participants has
negligible effect on the prescribed retention protocol except
that younger age groups who are more likely to prescribe a
combination of lower Hawley and bonder retainers for their
adult. The pre-treatment spacing and crowding were the most
influencing malocclusion-related factors. Moreover, the uneven
participation in this survey should be taken into consideration
during interpreting the results.
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Main Points
Self-etch ceramic primer increases the bond strength of aligner attachments to lithium disilicate ceramics.
Self-etch primer did not improve the bond strength of the aligner attachments for monolithic zirconia ceramics.
The resin attachment remnant index can be used to determine the remnant amount of aligner attachment.

ABSTRACT

Objective: This in vitro study aimed to evaluate the effectiveness of pretreatment with a self-etching primer for bonding aligner
attachments to lithium disilicate (LD) and monolithic zirconia (MZ) ceramics.

Methods: Forty ceramics, including LD (n=20) and MZ (n=20), were divided into four study groups according to the surface
pretreatments: LD specimens pretreated with universal primer (Monobond Plus, MP) after hydrofluoric acid etching (Group 1); MZ
ceramics pretreated with MP after sandblasting (Group 2); LD ceramics pretreated with self-etching ceramic primer (Monobond etch
& prime, MEP) (Group 3); and MZ ceramics pretreated with MEP after sandblasting (Group 4). The aligner composite (GC Aligner
Connect) and universal adhesive (GPremio Bond) were used to prepare the resin attachments. The bond strength was evaluated by
micro-shear bond strength (SBS) testing (0.1 mm/min) after thermocycling, and the remnant adhesive was scored according to the
resin attachment remnant index (RARI). The SBS data were analyzed using ANOVA and Tukey tests, and the RARI scores were analyzed
using the chi-square test.

Results: Group 1 had the lowest SBS, and group 2 had the highest SBS. There were significant differences between the groups in
terms of bond strength (p<0.05). The RARI scores showed no significant differences, regardless of the pretreatment and ceramic type.

Conclusion: The use of a self-etching primer increased the bond strength of resin attachments on LD ceramics. For zirconia ceramics,
both ceramic primers are recommended for aligner attachment bonding.

Keywords: Aligner attachment, ceramic, self-etching primer, shear bond strength

INTRODUCTION

Clear aligner (CA) treatment has gained popularity due to increased esthetic concerns. Adult patients
undergoing CA therapy have the highest quality-of-life scores compared with labial and lingual treatments."
Other advantages of CA therapy include shorter treatment duration and chair time in mild to moderate cases
over traditional fixed orthodontic treatment.2 Most available aligner systems require resin attachments to retain
appliances and better three-dimensional (3D) control of tooth movements. Therefore, the adhesion between
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the resin attachment and surfaces must be strong to withstand
orthodontic and chewing forces under intraoral conditions.

Due to advancements in adhesive materials, it has become
easier to provide adequate attachment bond strength on
natural teeth.* However, the adhesion protocol for attaching
aligner attachments to glass-based ceramics or zirconia
remains uncertain in clinical practice. The primary goal of
ceramic pretreatment is to create surface roughness, followed
by primer application to facilitate the bonding process. The
protocols vary depending on the chemical nature of the
ceramics. For lithium disilicate (LD) glass-ceramics, the most
common method involves hydrofluoric acid (HFA) etching
followed by silanization.® On the other hand, sandblasting is
commonly used for bonding orthodontic brackets to Y-TZP
zirconia ceramics.® When the ceramic surfaces are pretreated,
either mechanically by sandblasting or chemically by etching,
a ceramic primer is used as a silane coupling agent.> Therefore,
clinicians need to determine the appropriate pretreatment
method for applying aligner attachments to different ceramic
surfaces due to their dissimilar structures in the bracket-
bonding procedure.

The self-etching ceramic primer (Monobond etch & prime) has
been introduced as a single-component primer, especially for
glass-based ceramics, and an alternative to pretreatment with
HFA etching due to its adverse effects on systemic toxicity,
eye injuries, inhalation, and ingestion-related symptoms.’
In recent studies, this self-etching primer has demonstrated
adequate bracket bonding strength with no damage on
ceramic surfaces in the case of debonding.?? This raises the
question of whether the self-etching primer can serve as
an alternative to conventional pretreatment when bonding
aligner attachments to different ceramic surfaces. The aim of
this study was to evaluate the effectiveness of pretreatment
with a self-etching primer for bonding of aligner attachments
to LD and monolithic zirconia (MZ) ceramics. Therefore, the
null hypothesis was that there would be no difference in bond
strength and remnant amount of aligner attachments between
pretreatment with self-etching or universal ceramic primer,
regardless of the ceramic type.

METHODS

Sample size calculations were performed using software based
on a previous study.'® The required sample size in each group
was estimated to be 10, with an alpha-type error of 0.05, power
of 0.80, and effect size of 0.577.

Specimen Preparation

Forty disk-shaped specimens (5 mm in diameter and 2 mm
thick), including LD (n=20) and MZ (n=20), were fabricated
using the milling method. LD specimens were then
subjected to crystallization in a ceramic oven (Programat
P300, Ivoclar Vivadent, Schaan, Liechtenstein) according to
the manufacturer’s guidelines (840 °C, 20-25 min). The MZ
specimens were sintered in a furnace (inLab Profire, Dentsply
Sirona, Germany) according to the manufacturer’s instructions
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(1500 °C, 135 min). After glazing the ceramic surfaces, the
specimens were individually embedded in self-cured acrylic
resin, leaving the ceramic surfaces exposed. Four study groups
(n=10) were created according to the surface pretreatment as
follows:

e Group 1: LD pretreated with universal ceramic primer after
HFA etching.

e Group 2: MZ pretreated with universal ceramic primer after
sandblasting.

 Group 3: LD pretreated with self-etching ceramic primer.

 Group 4: MZ pretreated with self-etching ceramic primer after
sandblasting.

Surface Treatments

The materials used and their compositions are shown in Table 1.
The ceramic material was etched with 5% HFA (Condac porcelana,
FGM, Joinville, Brasil) for 20 s, rinsed for 30 s, and finally air-dried
in group 1. Sandblasting was conducted with 50 um grain size
ALO, particles from a distance of 10 mm for 15 s in groups 2
and 4. In groups 1 and 2, a universal ceramic primer (Monobond
Plus, Ivoclar Vivadent, Schaan, Liechtenstein) was applied
with a microbrush and allowed to react for 60 s. Subsequently,
the excess was dispersed with a strong air stream to ensure
solvent evaporation. In groups 3 and 4, a self-etching ceramic
primer (Monobond etch & prime-MEP, Ivoclar Vivadent, Schaan,
Liechtenstein) was applied using a microbrush, agitated into the
surface for 20 seconds, allowed to react for another 40 seconds,
rinsed thoroughly with water for 20 s, and air-dried for 10s.

Attachment Preparation and Bonding Procedures

One aligner attachment (3 x 3 x 1 mm?3) was specially designed
(Solidworks, Dassault Systemes SolidWorks Corp.Waltham,
MA, USA), and another software (Mimics, Materialise, Leuven,
Provincie Vlaams-Brabant, Belgium) was used to prepare
3D models of the ceramic specimens. All attachments were
bonded to each specimen using an attachment template
produced by thermoforming an aligner material (Duran, Scheu
Dental, Iserlohn, Germany).

Universal adhesive (G-Premio Bond, GC, Tokyo, Japan) was
applied to the pretreated surface and light-cured for 10 s. Then,
a specially developed aligner composite (GC Aligner Connect,
GC Corp, Tokyo, Japan) was applied to the attachment wells
of each template, pressed onto the ceramic surface, and then
light-cured for 10 s. All bonding procedures were performed by
the same researcher (5.C).

After the bonding procedure, the specimens were kept in
distilled water until the thermocycling process. Thermocycling
was performed between 5-55 °C with a dwell time of 30 s at
1000 cycles. A micro-shear bond strength (SBS) testing unit
(Mod Dental, Ankara, Turkey) was used at a crosshead speed
of 0.1 mm/min until detachment to assess the bond strength
of the resin attachments (Figure 1). After the SBS test, the
remaining attachment was scored under a stereomicroscope
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Table 1. The materials used and their respective compositions

Manufacturer

Ceramic type

Lithium disilicate (IPS e.max CAD)

Ivoclar Vivadent, Schaan, Liechtenstein

Composition

Si0, 57.0-80.0%, Li,O 11.0-19.0%, K,0 0.0-13.0%, P,O, 0.0-
11.0%, Zr0O, 0.0-8.0%, ZnO 0.0-8.0%,
Colorants 0.0-18.0%

Monolithic zirconia (Cercon HT)

Dentsply Sirona, Hanau, Germany

Zirconium oxide

Yttrium oxide 5%

Hafnium oxide <3%
Aluminium oxide,

Silicon oxide, other oxides <2%

Pretreatment

Condac Porcelana 5%

FGM Produtos Odont, Joinville, SC, Brazil | 5% Hydrofluoric acid

Monobond Plus

IvoclarVivadent, Schaan, Liechteinstein

Ethanol, silane, 10-MDP, and disulfide acrylate

Monobond Etch & Prime

Ivoclar Vivadent, Schaan, Liechteinstein

Silane, ammonium polyfluoride (etchant), alcohol, and water

Attachment bonding

G-Premio Bond GC, Tokyo, Japan

MDP, 4-MET, MEPS, methacrylate monomer, acetone, water,
initiator, silica filler

GC Aligner Connect GC Orthodontics, Alsip, IL, USA

Esterification products of 4,4-isopropylidenediphenol,
ethoxylated and 2-methylprop-2-enoic acid, 2,2-dimethyl-
1,3-propanediyl bismethacrylate, 1,3,5-Triazine-2,4,6-triamine,
polymer with formaldehyde, titanium dioxide, UDMA

(Olympus, SZ61, Munster, Germany) at 20x magnification
according to the resin attachment remnant index (RARI). This
index was developed on the basis of the original description
of Artun and Bergland,"" although there was no bracket mesh
base. The amount of remnant attachment was expressed as a
percentage, and the surface damage was also note, resulting
in a final score. Consequently, the RARI included five scores as
follows:

0: No resin attachment to the surface.
1: Less than 25% of the resin attachment remains on the surface.

2: More than 25% and less than 50% of the resin attachment
remains on the surface.

3: More than 50% of the resin attachment is left on the surface.
4: Surface damage.

Figure 1.The SBS test
SBS, shear bond strength

Statistical Analysis

The data were analyzed using SPSS software (vers. 21.0, SPSS
Inc, Chicago, IL, USA). The normality of distribution was tested
using the Shapiro-Wilk test. One-way ANOVA and Tukey tests
were used to compare the SBS results. The RARI scores were
analyzed using the chi-square test. For all tests, p<0.05 was
considered statistically significant.

RESULTS

The mean SBS values and intergroup comparisons are shown in
Table 2.The pretreatment of LD ceramics with HFA and MP showed
the lowest mean SBS value (6.02+2.19) in group 1, whereas the
pretreatment of MZ ceramics with MP after sandblasting showed
the highest mean SBS value (14.20+6.26) in group 2. There were
significant differences between the groups in terms of SBS results
(p=0.002). The mean SBS value of group 1 was significantly lower
than that of the other groups (p<0.05). The SBS values are shown
as a box plot in Figure 2.

Analysis of the RARI scores provided valuable information
concerning remnant attachment on ceramic surfaces. One
specimen for each score is shown in Figure 3. There were no
significant differences among the groups in terms of RARI
scores (p>0.05, Table 3). In addition, no ceramic damage was
observed during this study.

DISCUSSION

The demand for CA treatment has increased among adults
with ceramic restorations recently. Therefore, the appropriate
method for conducting ceramic surface treatment in clinical
practice has been a topic of discussion. Although many
alternatives have been recommended for bracket bonding
to LD and MZ ceramics,'*'® there are limited data on aligner
attachment bonding to different ceramics. In a recent study,
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Table 2. The comparison of SBS values (MPa) of study groups

95% confidence interval

Groups Mean+SD Min.-Max. Post-hoc tests
Lower Bound  Upper Bound

Group 1 .
(LD+HFA+ MP) 10 | 6.02+2.19 4.46 7.59 1.61-8.62

LD+HFA+MP versus MZ+S+MP 0.003
Group 2 10 | 14.20£6.26° | 9.72 18.69 7.02-25.11 LD+HFA+MP versus LD+MEP | "o
(MZ+5+MP) 000a | LD+HFA+MP versus MZ+S+MEP | - °0
Group 3 . ’ MZ+S+MP versus LD+MEP 0.871
(LD+MEP) 10 12.58+5.57° | 8.59 16.57 4.82-21.49 MZ+S+MP versus MZ+S+MEP 0'849
G P MZ+S+MEP versus MZ+S+MEP 0.986

roup 5 . .

(MZ+S+MEP) 10 12.48+3.94°> | 9.66 15.29 8.74-20.18
Different letters (*and ®) indicate statistically significant difference between groups (Tukey'’s test; p<0.05).
LD, lithium disilicate; HFA, hydrofluoric acid etching; MP, monobond plus (universal primer); MEP, monobond etch & prime (self-etching primer); MZ, monolithic
zirconia; S, sandblasting; SD, standard deviation

30 o

25 ]

20 o

10

Group 1 Group 2 Group 3 Group 4

Figure 2. Box plot showing SBS values (MPa) of the study groups

SBS, shear bond strength

the use of an all-in-one universal bonding agent and a high-
viscosity universal composite after air abrasion resulted in the
highest SBS values for attachment bonding to LD ceramics."”
Conversely, surface etching with AL O, abrasive particles is not
recommended for LD ceramics because it produces extremely
irregular surfaces that differ considerably from those produced
by acid etching.’®

A self-etching ceramic primer (MEP), which allowed for
etching and silanization in one step, was used in this study,
considering the advantages of eliminating the toxic potential
of acid etching and minimizing the technique sensitivity of
conventional methods. Only silanization can be used to achieve
adhesion in glass ceramics, but it is insufficient for zirconia
ceramics.' Because zirconia has glass-free components, the
formation of surface roughness cannot be provided by HFA
etching, as occurs in LD ceramics. Therefore, the MZ ceramics
were sandblasted to enhance micromechanical retention,
although a self-etching ceramic primer (MEP) was used.
Conventional pretreatment of the LD and MZ ceramics was
performed using HFA etching and sandblasting, respectively,
followed by silane application. As the manufacturer advised the
use of the aligner composite with G-Premio Bond for bonding

Figure 3. Stereomicroscope images of ceramic specimens
RARI score 0 (a); RARI score 1 (b); RARI score 2 (c); RARI score 3 (d)
RARI, resin attachment remnant index

of aligner attachments, this universal adhesive was applied
to improve the bond strength between pretreated ceramic
surfaces and aligner composite.?°

According to the SBS results, the adhesion between the silane
agents and the universal adhesive provided relatively high
bond strength with one exception. The LD ceramics pretreated
with HFA etching and the universal primer had the lowest
bond strength. This result is quite close to the lower bound
of the adequate bond strength value reported by Reynolds.?'
Compared with the conventional pretreatment, the MEP
increased the bond strength of the LD ceramics. These findings
can be explained by the technical sensitivity of the acid etching
procedure. HFA etching with a 5% acid concentration and
a short application time (20 seconds) was preferred in this
study. Ramakrishnaiah et al.*>reported that etching for a short
time produced small pores, whereas etching for a long time
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Table 3. The RARI scores of study groups

RARI scores
Groups

0 (%) 1 (%)
Group 1 (LD+HFA+MP) 5(50) 5 (50) 0(0) 0(0) 0(0)
Group 2 (MZ+S+MP) 3(30) 4 (40) 2 (20) 1(10) 0(0) 0.491
Group 3 (LD+MEP) 3(30) 7 (70) 0(0) 0(0) 0(0) ’
Group 4 (MZ+S+MEP) 3(30) 6 (60) 1(10) 0(0) 0(0)

2Chi-square test
p<0.05: statistically significant.

zirconia; S: sandblasting

LD, lithium disilicate; HFA, hydrofluoric acid etching; MP, monobond plus (universal primer); MEP, monobond etch & prime (self-etching primer); MZ: monolithic

produced wide irregular grooves. Previous studies have also
discovered a positive correlation between surface roughness
and etching time.???* Prolonged etching time and high acid
concentration may increase the SBS of aligner attachments
prepared on LD specimens. The application of 9.6% HFA
etching for 60 s was recommended for orthodontic attachment
adhesion to ceramic surfaces in a recent review.? Asiry et al.?
reported that conventional pretreatment produced higher SBS
values for LD ceramics than self-etching primer. This difference
could be due to the acid remnants in the deep porosities of
the non-neutralized ceramic surfaces.” Similarly, Canay et
al.2® recommended the removal of precipitates that interfere
with the bonding mechanism. However, in this study, the
acid-etched LD surfaces were rinsed thoroughly to eliminate
residuals without additional application. This resulted in the
self-etching primer increasing the bond strength of the aligner
attachments bonded to the LD ceramics.

The SBS results also revealed that the sandblasted zirconia
ceramics had similar bond strengths after silanization with
either the universal or self-etching primer. In this context, it
should be emphasized that both ceramic primers had the same
silanization component. In line with these findings, Gutierrez
et al? reported that the use of MDP-containing silane and an
MDP-containing universal adhesive for bonding to air-abraded
zirconia resulted in more stable results after thermocycling.
It is worth noting that the detachment forces decrease after
thermocycling.5%3*In this study, the number of cycles was set
to 1,000 because the aging procedure was performed, with
follow-up visits that were required every four to six weeks
being considered. However, this period could be accepted
as short-term aging because 10,000 cycles correspond to
approximately one year of aging.®' In contrast, the sandblasted
MZ ceramics that were pretreated with the universal primer had
a mean SBS value that exceeded the surface damage threshold
value reported in the literature (>13 MPa).*° Therefore, it was
necessary to assess the ceramic surfaces after detachment
because of the risk of surface damage with or without remnant
adhesives caused by high bond strength.? In this case, the RARI
was developed and used for evaluation and scoring.

According to the RARI scores, the amount of resin attachment
remaining on the ceramic surfaces was almost similar, with no
statistically significant differences. However, it is worth noting
that the higher the bond strength, the greater the remnant

resin.’*?® Consistent with these findings, the conventional
pretreatment of LD ceramics with HFA etching demonstrated
relatively lower RARI scores in parallel with lower SBS values.
In addition, greater bond strength and more attachment
remnants were found in MZ ceramics when the pretreatment
was performed using universal primer after sandblasting. Under
these circumstances, a tungsten carbide bur must be used
along with subsequent reglazing or repolishing to eliminate
the remaining resin attachments on the ceramic surfaces.?
Moreover, the detachment that occurs at the ceramic and
resin interface could increase the risk of ceramic damage. In
this study, no surface damage was observed regardless of the
ceramic type and the large detachment forces. In other words,
silane application provided surface protection for all groups.

Study Limitations

Based on the SBS and RARI results of this study, the null
hypothesis was partially rejected. The self-etching primer
produced a significantly higher SBS for the LD ceramics than
the universal primer. The major limitation of this study was
the difficulty in interpreting the findings in terms of clinical
conditions. Another limitation was the interpretation of
the findings based on previous bracket bonding studies.
Furthermore, this study is the first one on aligner attachment
bonding to different ceramics using a self-etching primer, and
there is no study on a precise method for determining remnant
aligner attachment. Therefore, the developed RARI scoring
system is expected to be used in future studies when different
bonding protocols are tested under both in vitro and in vivo
conditions.

CONCLUSION

Compared with conventional pretreatment with the universal
primer, pretreatment with a self-etching ceramic primer
increased the bond strength of the LD ceramics. A self-etching
ceramic primer can be used for aligner attachment bonding to
LD and MZ ceramics.
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Main Points
The increase in the vertical dimension of the face leads to a more convex general and subnasal soft tissue profiles, and the effect is more
significantly noticed in the hyperdivergent skeletal patterns.
An increase in Class |l sagittal skeletal discrepancy results in a retrusive lower lip and chin, and thus a more convex general soft tissue profile.
Changes in the vertical dimension had a greater impact on the soft tissue profile in class Il cases than other sagittal classifications.
Intergender differences were limited to the subnasal profile, where females had a more convex subnasal soft tissue profile.

ABSTRACT

Objective: To compare soft tissue profile variations between Class | and Class Il adult patients due to three vertical skeletal facial
patterns (normodivergent, hypodivergent and hyperdivergent) and determine which skeletal variation has the most significant
impact on soft tissue profile.

Methods: Retrospective soft tissue profile analysis was performed on lateral cephalograms of 131 adult patients. The analysis was
divided into two categories correlated with subnasal and general soft tissue profiles. The sample was divided based on two sagittal
skeletal patterns (Class | and 1) and three vertical groups. In addition, comparisons were made between males and females. Viewbox 4
was used for the analysis. Descriptive, comparative, and correlation statistics were performed using SPSS software.

Results: Statistically significant inter-gender differences were found at the subnasal profile level, but not at the general profile level.
No significant differences were observed when comparing subnasal profiles for the sagittal groups. However, significant differences
were observed at the level of the general profile, especially at the level of Z-angle, lower lip, and chin prominence. In the vertical
groups, hyperdivergent facial patterns had significant differences at the level of subnasal and general profiles compared with other
vertical facial patterns.

Conclusion: Females had more convex subnasal profiles than males. Hyperdivergent facial patterns had an impact on both general
and subnasal soft tissue profiles. The sagittal dimension affected only the general soft tissue profile. Therefore, changes in the vertical
dimension had the greatest impact on facial esthetics.
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INTRODUCTION

Soft tissue profile assessment has been historically
implemented and has served as a blueprint for guiding
orthodontists in harmonizing facial profile features with either
jaw or tooth movement.! It plays a vital role in orthodontic
treatment planning, and some orthodontists who initially
overlooked the profile may eventually find it more pleasant
before treatment.? Interest in facial profile assessment has
increased over time. Other specialties, such as plastic surgery,
continue to seek to define the ideal soft tissue profile,
considering it as one of the main determinants of facial
esthetics. In orthodontics, various methods have been used
to evaluate facial soft tissue characteristics. Moreover, several
studies have aimed at defining an ideal profile as a reference
for planning orthodontic treatment.>” One recent study relied
on morphometric methods to assess shape variability and
gender dimorphism in soft tissue profile. Other studies have
integrated the use of three-dimensional (3D) imaging, such as
cone beam computed tomography (CBCT) scans, as a method
for analyzing facial profiles. Most recent techniques involve
non-invasive imaging such as stereophotogrammetry and laser
facial scanning, to acquire 3D facial soft tissue.” However, lateral
cephalograms have been the primary and most commonly
used radiographs in evaluating both hard and soft tissue
profiles for orthodontic patients.'"

Several angles and reference planes have been described
to analyze different aspects of the profile using lateral
cephalograms.'>'3 Soft tissue cephalometric analysis has been
divided into two parts: subnasal and general. The subnasal
profile involves the area under the nose and evaluates lip
position relative to the nose and chin. The general soft tissue
profile includes the entire face and evaluates lip and chin
positions accordingly. Ricketts and Holdaway described two
different approaches for analyzing the subnasal profile. The
general profile assessment is often performed using the
nasolabial angle, Z-angle, 0-degree meridian, facial angle, and
lip/chin prominence.™

The influence of changes in the sagittal plane on the soft
tissue profile has been previously investigated. For Class Il
malocclusion, one study showed that Class Il subjects often
have a convex facial appearance related to small mandibles
rather than large maxillae. The ANB angles’ value are relatively
increased because of decreased SNB angles’ value in those
subjects.” Likewise, soft tissue profile changes following
maxillary protraction in Class lll patients were investigated. The
concave soft tissue profile of the maxilla was primarily corrected
by anterior movement of the maxilla and a concomitant
increase in the fullness of the upper lip.’®

However, the variation in soft tissue profile does not only
come from the sagittal skeletal discrepancy. Furthermore,
the vertical skeletal pattern impacts the surrounding tissues.
Vertical growth at the level of the condyle may directly affect
the rotation of the mandible; i.e., if condylar growth is slower
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than that at the level of the facial sutures or alveolar bone, the
mandible will rotate clockwise. This will eventually impact the
sagittal position of the chin and therefore alter the soft tissue
facial profile.””'® Accordingly, the correlation between the hard
and soft tissue profiles is of interest to the orthodontist. Any
dentoskeletal alteration associated with growth or treatment
may affect the overall soft tissue profile. Therefore, treatment
decisions should be based on changes in facial esthetics due
to alterations in skeletal and dental hard tissues.” Changes
in both the sagittal and vertical facial dimensions should be
considered when diagnosing orthodontic patients.

The majority of previous studies have focused on the effect of
orthodontic treatment on the overall facial profile.?>?> Therefore,
the present study was conducted to comprehensively evaluate
the combined effects of variations in both sagittal and vertical
skeletal patterns on the soft tissue profile. The study further
compared variations in soft tissue profiles between Class |
and Class Il adult patients for different vertical facial patterns.
Moreover, analysis of the relationship between soft and
underlying hard tissues was performed to specifically localize
the skeletal parameters that might have an impact on the soft
tissue profile.

METHODS

Data Collection

This retrospective cross-sectional study was approved by the
Scientific Committee of Lebanese University Faculty of Dental
Medicine (approval no: 34/2022, date: October 2019). Lateral
cephalograms for 131 healthy adult patients (47 males and
84 females) at the Department of Orthodontics of Lebanese
University were selected according to the following criteria:
Lebanese origin, 18-30 years of age, complete maxillary and
mandibulardentition with the exception of the third molars.The
exclusion criteria comprised patients with rhinoplasty, facial
surgical/non-surgical interventions, craniofacial syndromes,
previous orthodontic treatment, prosthetic restorations, and
severe skeletal discrepancies. Written consent was obtained
from patients during the initial consultation to allow the use of
records for educational and scientific purposes.

Cephalometric Analysis

Patients were asked to occlude with relaxed lips and remain
immobile during the acquisition of the radiographs. X-rays with
strained lips or mentalis muscle were excluded from the sample.
Pre-treatment digital lateral cephalograms were transformed
to digital imaging and communications in medicine format,
and further analyzed via the Viewbox Cephalometric tracing
software (Viewbox Version 4.0.1.7, 2013, dHAL Software,
Kifissia, Greece).

The sagittal skeletal patterns of the subjects were identified
and Classified using the ANB angle:

«Class| 0°< ANB <4°
«Class Il ANB >4°
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The vertical skeletal patterns were identified and Classified
according to the FMA angle:

FMA <22°
« Normodivergent pattern 22°< FMA <28°

« Hypodivergent pattern

« Hyperdivergent pattern FMA >28°

Soft Tissue Profile Analysis

Pre-treatment digital lateral cephalograms were analyzed
using Viewbox tracing software. Each lateral cephalogram was
divided into two subgroups: general and subnasal profiles.
General profile assessment (Figure 1A-C) was performed using
the nasolabial angle, Merrifield’s Z-angle, 0-degree meridian,
facial angle, and lip/chin prominence.'* The subnasal profile
assessment (Figure 1D) adopted both Holdaway’s H-line and
Ricketts' E-line.™

Statistical Analysis

All measurements were exported to Windows Microsoft Excel,
where they were grouped and then transferred to SPSS software
(SPSS Statistics, version 18.0 IBM, Chicago, lllinois, USA) where all
statistical tests were performed. Several comparative analyses
were performed to compare soft tissue values among different
sagittal and vertical skeletal groups in males and females.
Parametric tests were used to analyze normally distributed
data, whereas non-parametric tests were used to analyze
data showing an abnormal distribution. For the comparison
of two independent groups, such as Class | and Class II, t-test
was performed when normality was proven; otherwise, Mann-
Whitney U test was conducted. As for vertical skeletal groups,
the Kruskal-Wallis H test was adopted because the sample sizes
between the groups were unevenly distributed. The Spearman
correlation coefficient was calculated to check the association
between two skeletal variables (FMA and ANB) and the soft
tissue cephalometric values. The Shapiro-Wilk method was
used to test for normality. The significance level was set at
a=5%.

RESULTS

Comparison of Soft Tissue Variables Between Males and
Females

Ricketts analysis showed significant differences between
genders, with females displaying greater values for both
upper and lower lips to the E-plane (p=0.043 and p=0.029
respectively). Additionally, the Holdaway analysis showed
significant differences between genders. Nose projection
(p=0.024) and soft tissue A to the Holdaway line (p=0.027)
were greater in males, whereas soft tissue B to the Holdaway
line was greater in females (p=0.000). No statistically significant
differences were observed at the general profile level. Because
significant intergender differences were found, the overall
sample was divided based on gender, and comparative
statistics between soft tissue variables and skeletal patterns
were performed on each gender group individually (Table 1).
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Comparison of Soft Tissue Variables Between Class | and
Class Il Males and Females

When comparing Class | and Class Il males, significant
differences were found at the level of the naso-labial angle
(p=0.007), z-angle (p=0.018), lower lip (p=0.009), and chin
(p=0.0039). Class | males showed greater values for the
previously mentioned variables, except for the naso-labial
angle (Table 2).

When females were assessed, significant differences were
observed in z-angle (p=0.001), 0-degree meridian (p=0.014),
facial angle (p=0.043), lower lip prominence (p=0.004), and
chin prominence (p=0.001). They were found to be greater in
Class | females (Table 2).

Comparison of Soft Tissue Variables Between Different
Vertical Patterns in Males and Females

Hyperdivergent males had significantly greater values for lower
lip to E-plane distance (p=0.008) and soft tissue B to Holdaway
line (p=0.007) compared with the normodivergent group. There
were no major differences in soft tissue variables between the
hypodivergent and normodivergent groups. When comparing
hyperdivergent to hypodivergent males, the latter exhibited
significantly greater values for facial angle (p=0.031) and chin
prominence (p=0.022). On the other hand, the hyperdivergent
group displayed significantly greater values for the lower lip to

Figure 1. General Profile Analysis; A, Nasolabial angle (red), formed
by columella and upper lip tangents; Z-angle (white), formed by
line passing through soft pogonion and the most protruded lip and
Frankfurt horizontal; B, 0-degree meridian (white), distance from soft
pogonion to a line drawn perpendicular to Frankfurt horizontal through
soft nasion; Facial angle (red), intersection of Frankfurt horizontal with
a line extended from soft nasion to soft pogonion; C, Lip and chin
prominence, distance from upper lip, lower lip and soft pogonion to
SnV; D, Subnasal profile analysis; E-line (white); Holdaway line (red)




Turk J Orthod 2024; 37(1): 36-43

Farha et al. Vertical Cephalometric and Soft Tissue Correlation in Adult Patients

Table 1. Mann-Whitney test comparing soft tissue between males
and females

Females

(n=84)
Mean+SD

Males
(n=47)
Mean+SD

p value
(0.05)

Soft tissue variables

Upper lip to E-plane -5.43+2.8 -4.434+2.04 0.043*
Lower lip to E-plane -2.85+3.2 -1.70+2.5 0.029*
Nose 9.41+4.5 7.64+3.5 0.024*
Soft A to Holdaway -3.64+1.6 -4.19+1.5 0.027*
Soft B to Holdaway -6.53+2.4 -4.64+1.5 0.000*
*Significant difference (p value <0.05)

SD, standard deviation

the E-plane (p=0.003), lower lip to the Holdaway line (p=0.002),
and soft tissue B to the Holdaway line (p=0.000) (Tables 3 and 4).

Compared with hypodivergent females, normodivergent
females had significantly greater upper lip to E-plane
(p=0.025) and lower lip to E-plane (p=0.006). Conversely,
hypodivergent females displayed significantly greater nose
projection (p=0.011), z-angle (p=0.009), and chin prominence
(p=0.012). Significant differences were also observed
between hypodivergent and hyperdivergent females; the
latter presented greater values for the lower lip to the E-plane
(p=0.000), lower lip to the Holdaway line (p=0.000), and soft
tissue B to the Holdaway line (p=0.029). On the other hand,
hypodivergentfemales displayed significantly greater values for
nose projection (p=0.03), z-angle (p=0.000), 0-degree meridian
(p=0.000), and chin prominence (p=0.000). Only one variable,
the 0-degree meridian, displayed a significant difference
(p=0.03) between hyperdivergent and normodivergent
females (Tables 3 and 5).

Correlation Between Soft Tissue Variables and Vertical and
Sagittal Skeletal Patterns in Males and Females

Weak to moderate negative correlations were observed
between the soft tissue variables and the sagittal skeletal
groups at the level of the general profile, specifically z-angle
(-0.313 males and -0.571 females) and chin prominence (-0.337
males and -0.526 females). A weak positive correlation was
observed at the level of the upper lip to the E-plane of the
subnasal profile (0.307 males and 0.385 females) (Table 6).

The vertical groups displayed a moderate positive correlation
at the level of the subnasal profile, specifically soft tissue B to
the Holdaway line (0.555 males). Weak to moderate negative
correlations were observed in both males and females at
the level of the general profile, specifically Z-angle, 0-degree
meridian, facial angle, and chin prominence (Table 6).

DISCUSSION

To maximize the accuracy of our results, measurements were
performed on lateral cephalometric X-rays for the patients in
the relaxed lip position. Arnett and Gunson?® proposed that
while evaluating a patient’s soft tissue profile, his/her lips must
be in the rest position. This relaxed lip posture best displays the
patient’s soft tissues without any strain or muscular contractions
that might compensate for the dentoskeletal abnormalities.?®
Other studies have also adopted the same criteria in their
evaluation for the soft tissue profile.>'”? However, patients
who had missing teeth and underwent previous orthodontic
or extensive prosthodontic treatment were excluded from the
study because of the presence of factors that may alter the
natural soft tissue profile. Moreover, growing patients were
excluded from the study, and the age range of the included
subjects was between 18 and 30 years to guarantee the
maturity of soft tissue profile.?®

Jacob and Buschang' showed that Class Il subjects are
characterized by a smaller SNB angle compared with Class |
subjects, whereas the SNA angle between two groups were
similar. This indicates that Class Il subjects are characterized by
a retrognathic mandible, which impacts soft tissue profile." The
findings of Jacob and Buschang'® are similar to our findings.The
Class Il group in our study displayed a significantly decreased
SNB angle. Mandibular retrognathism in the absence of soft
tissue compensation often results in posterior positioning of
both the lower lip and chin, resulting in an expected convex
general profile. Consequently, underlying sagittal skeletal
variations in the Class Il direction had an immediate impact on
the general soft tissue profile in both males and females.

Soft tissue profiles were analyzed dividing them into general
and subnasal profiles. Subnasal analysis via Ricketts and
H-line methods showed no significant differences between

Table 2. Comparison of soft tissue variables between Class | and Class Il males and females

Class | (n=26) Class Il (n=21) value Class | (n=35) Class Il (n=49) value
Soft tissue variables MeanzSD Mean+SD p MeanzSD MeanzSD p
(0.05) (0.05)
Males Males Females Females
Nasolabial angle 95.12+£10.8 105.19+13.6 0.007* 97.71£12.5 102.61+9.7 0.087
Z-angle 78.62+5.2 74.95+4.8 0.018* 78.86+4.4 75.06+5.5 0.001*
0-degree meridian 2.19+£8.2 2.62+6.1 0.845 5.29+4.3 247+6.7 0.014*
Facial angle 92.00+4.1 91.33+£3.3 0.546 93.03+£2.5 87.92+2.6 0.043*
Lower lip prominence -0.92+3.6 -3.95+£3.8 0.009* -0.09+3.1 -2.10£2.9 0.004*
Chin prominence -7.00+5.2 -9.95+3.9 0.039* -5.03+4.3 -8.67+5.1 0.001*
*Significant difference (p value <0.05)
SD, standard deviation
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Class | and Class Il groups, indicating virtually identical
profiles.2 However, general profile analyses showed significant
differences between the two groups. Thus, the H-line and the
E-plane offered no additional information on chin projection
or overall profile. The sagittal dimension had a minimal impact
on the subnasal profile convexity. However, an increase in the
sagittal dimension in the Class Il direction led to a more convex
general profile due to the backward projection of the lower lip
and chin.

The increased nasolabial angle observed in Class Il patients
suggests a posterior subnasal region position, crucial for
orthognathic surgical planning. It may have a negative
implication on Class Il distalization treatment protocols by
worsening the nasolabial angle.?? Our Class Il sample comprised
both divisions (1 and 2), which might have contributed to

the results of our study. Often in a Class Il division 1 sample, a
decreased nasolabial angle is more likely to be observed due
to proclined maxillary incisors. Hence, if the sample was further
divided into Class Il divisions 1 and 2, this could have resulted
in more precise outcomes.

The literature has given minimal attention to the impact of
the vertical dimension on the soft tissue profile. Jacob and
Buschang®™ concluded that hyperdivergent patterns exhibit
more retrusive profiles. Our study indicated that the vertical
dimension affected all levels of the soft tissue profile, i.e.,
subnasal and general profiles. As the vertical dimension
increased from hypodivergent to hyperdivergent, lip protrusion
increased, resulting in hyperdivergent patients displaying a
more convex subnasal profile. This could be related to the chin’s
a more backward position in high-angle cases due to clockwise

Table 3. Descriptive statistics showing soft tissue variables of vertical groups in males and females. 1, Normodivergent; 2, Hypodivergent; 3,
Hyperdivergent

(1) Males (2) Males (3) Males (1) Females (2) Females (3) Females
Soft tissue variables (n=15) (n=25) (n=7) (n=32) (n=33) (n=19)

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Upper lip to E-plane -6.53+3 -5.24+2.5 -3.71+25 -3.91+2.1 -5.21+1.9 -3.95+1.6
Lower lip to E-plane -3.40+2.6 -3.52+3.1 0.71£2.2 -1.19+24 -3.00£2.2 -0.32+1.9
Nose 10.89+4.7 9.41+4.3 6.26+4 6.70£3.6 9.11£3.2 6.65+3.1
Soft A to Holdaway -3.40£1.3 -3.48£1.6 -4.71£1.8 -4.44+1.2 -3.70£1.4 -4.63%1.7
Lower lip to H-plane 0.40£2.1 -0.72+2.1 2.71£2.8 0.84+1.6 -0.09+1.6 1.89+1.5
Soft B to Holdaway -6.40+2.2 -7.48+2 -3.43+1.2 -4.56+1.3 -5.09+1.4 -4.00+1.7
Nasolabial angle 99.47+10.5 101.68+14.1 | 92.5+13 100.41£10.8 100.12£11.9 101.63+£10.8
Z-angle 76.60+4.8 78.20+4.9 73.43+6.9 75.78+4.4 79.45+4.1 73.214+6.6
0-degree meridian 0.67+6.7 4.36+6.7 -1.00+9.2 3.63£5.6 6.06+3.1 -0.53%8.1
Facial angle 91.20£3.1 92.80+3.1 88.86+5.2 92.13+2.8 93.58+2.1 80.42+4.1
Upper lip prominence 0.80+£2.8 0.88+3.1 1.57+£2.3 1.81+£2.3 1.42+1.9 1.16+£2.6
Lower lip prominence -2.60+3.6 -2.44+4.1 -1.00+4.4 -1.19+3.2 -0.82+3.1 -2.16+3.2
Chin prominence -8.93+5.1 -6.84+3.6 -12.2946.6 -7.88+3.9 -4.52+3.9 -10.53+6.3
SD, standard deviation

Table 4. Comparison of the soft tissue variables between vertical groups in males. 1, Normodivergent; 2, Hypodivergent; 3, Hyperdivergent

Soft tissue  Vertical p value Soft tissue Vertical  pvalue Soft tissue variables Vertical p value
variables groups (0.05) variables groups (0.05) groups (0.05)
: 2 0.991 : 2 0.248 : 2 0.353
3 0.008* 3 0.007* 3 0.321
Lower Iip to 1 0.991 Soft B to 1 0.248 . 1 0.353
2 2 Facial angle 2
E-plane 3 | 0.003* Holdaway 3 | 0.000* 3 0.031*
: 1 0.008* : 1 0.007* . 1 0.321
2 0.003* 2 0.000* 2 0.031*
: 2 0.266 : 2 0.355
3 0.063 3 0.261
Lowerlipto | 1 0.266 Chin 5 T 10355
H-plane 3 0.002* prominence 3 0.022*
1 0.063 1 0.261
3 3
2 0.002* 2 0.022*
*Significant difference (p value <0.05)
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Table 5. Comparison of the soft tissue variables between vertical groups in females. 1, Normodivergent; 2, Hypodivergent; 3, Hyperdivergent

Soft tissue Vertical p value Soft tissue Vertical p value Soft tissue variables Vertical p value
variables groups (0.05) variables groups  (0.05) groups (0.05)
: 2 0.025* : 2 0.312 : 2 0.012*
3 0.997 3 0.378 3 0.122
i 1 0.025* 1 0.312 1 0.012*
pEESHlRES 2 S 2 Chin prominence 2
E-plane 3 0.073 Holdaway 3 0.029* 3 0.000*
1 0.997 1 0.378 1 0.122
3 3 3
2 0.073 2 0.029* 2 0.000*
: 2 0.006* : 2 0.057 : 2 0.009*
3 0.390 3 0.069 3 0.170
i 1 0.006* i 1 0.057 1 0.009*
Lower lip to 5 Lower lip 5 Z-angle 5
E-plane 3 0.000* to H-plane 3 0.000* 3 0.000*
1 0.390 1 0.069 1 0.170
3 3 3
2 0.000* 2 0.000* 2 0.000*
. 2 0.011* : 2 0.183
3 0.999 3 0.030*
1 0.011* . 1 0.183
Nose 2 0 de.g'.’ee 2
3 0030 | meridian 3 0.000*
. 1 0.999 : 1 0.030*
2 0.030* 2 0.000*
*Significant difference (p value <0.05)

Table 6. Correlation between soft tissue variables, sagittal and vertical skeletal patterns

Soft tissue variables ANB males ANB females FMA males FMA females
Upper lip to E-plane 0.307 0.385 -0.053 0.282
Lower lip to E-plane 0.176 0.090 0.041 0.229
Subnasal profile Soft A to Holdaway -0.029 -0.204 -0.212 -0.256
Lower lip to H-plane -0.025 0.130 0.155 0.169
Soft B to Holdaway 0.018 -0.054 0.555 0.262
Nasolabial angle 0.266 0.228 -0.214 0.052
Z-angle -0.313 -0.571 -0.312 -0.490
0-degree meridian 0.112 -0.154 -0.379 -0.463
General profile Facial angle -0.087 -0.293 -0.420 -0.221
Upper lip prominence -0.032 -0.021 0.044 0.025
Lower lip prominence -0.150 -0.202 -0.018 -0.123
Chin prominence -0.337 -0.526 -0.432 -0.509

mandibular rotation, giving the impression of protruding lips.
This observation was not observed when comparing the sagittal
groups because Class | and Class Il patients had similar subnasal
lip projection. Similar to the sagittal dimension, the vertical
dimension also impacted the general profile. As the FMA angle
increased, the profile was seen to be more convex. The chin was
more retruded or least prominent in the hyperdivergent group
and most prominent in the hypodivergent group. Therefore, we
can infer that an increase in FMA and ANB angles have similar
effects on the general profile, making it more convex as they
increase.

Thus, a change in mandibular divergence will likely have a
more widespread influence on the soft tissue profile compared
with the anteroposterior relationship of the jaws. With regard
to gender differences, females had more convex subnasal
profiles, mainly due to lip protrusion. No difference in the
general profile was found between the two genders. Clinically,
careful attention must be paid to the vertical dimension when
diagnosing and planning orthodontic treatment mechanics. In
high-angle cases, clinicians should minimize mechanics that
would potentially harm facial esthetics and lead to a further
increase in mandibular divergence. According to our findings,
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any increase in the mandibular plane angle would worsen the
overall profile convexity. Early intervention in high-angle cases
to help minimize vertical growth and strict retention protocols
to avoid relapse should be considered.

Study Limitations and Future Considerations

This study is retrospective and 2D cephalometric radiographs
were used for the analysis. With the evolution of 3D
radiographs, the use of CBCT scans for such analysis could
have been more accurate. On the other hand, body mass
index should be considered for future studies because it has a
significant impact on soft tissues. Further division of the Class
Il group into divisions 1 and 2 could provide more information
on the effect of the incisor position on the nasolabial angle.
Finally, equal gender distribution and an age group older
than 21 years should be considered for future evaluations to
avoid confounding effects due to late growth, especially in
males.

CONCLUSION

- The vertical dimension significantly impacts the soft tissue
profile more than the sagittal dimension.

- Changes in the vertical dimension influence both subnasal
and general profiles, resulting in in a more convex profile with
increased vertical dimension.

- Chin projection was the most affected region for the soft
tissue profile.

- The vertical dimension had the greatest influence on the soft
tissue profile.

- When analyzing the general profile, Z-angle, facial angle, and
subnasal prominence are highly accurate tools. However; H-line
and E-line measurements should be limited to subnasal profile
assessment because they provide no information regarding
the general profile.
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Main Points
Videos about orthodontic aligner treatment have average reliability and quality but insufficient content.
The reliability, quality, and content usefulness of the videos are interrelated.
Video interaction and viewing rates were associated with video quality and reliability, suggesting that viewers should consider these factors
Orthodontists should pay attention to issues such as information flow, consistency, image use, and enrichment of the content while creating
video content.

ABSTRACT

Objective: This study aimed to evaluate the quality, reliability, and content usefulness of videos created by orthodontists on clear
orthodontic aligners.

Methods: Videos were screened using YouTube™ by conducting a search for “Invisalign”. After a preliminary evaluation of the first 250
results, 61 videos that met the selection criteria were scored and their length, days since upload, and numbers of views, likes, dislikes,
and comments were recorded. These data were used to calculate the interaction index and viewing rate. Video reliability was assessed
using a five-item modified DISCERN index, and video quality was assessed using the Video Information and Quality Index. A 10-item
content usefulness index was created to determine the usefulness of the video content. Descriptive statistics of the parameters were
calculated, and correlation coefficients were calculated to evaluate the relationships between the parameters.

Results: The mean reliability score was 2.75+1.02 (out of 5), and the total quality score was 11.80+3.38 (out of 20). The total content
usefulness index was quite low, with a mean score of 2.52+2.14 (out of 10). Interaction index and viewing rate were positively correlated
with reliability score (r=0.463, p<0.01; r=0.295, p<0.05) and total quality score (r=0.365, p<0.01; r=0.295, p<0.01, respectively). The
reliability score was positively correlated with the total quality score (r=0.842, p<0.01) and total content usefulness index (r=0.346,
p<0.01).

Conclusion: Videos about orthodontic aligner treatment have average reliability and quality but largely insufficient content.
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INTRODUCTION

Humanity’s striving through the ages to reach a higher esthetic
has led to advances in technology that have also impacted
the field of orthodontics and brought along with it the search
for more esthetic methods to achieve the ideal result. One of
the most recent examples of these methods is the use of clear
orthodontic aligners. The evolution and adoption of clear
aligners, which started with the introduction of thermoplastic
tooth positioning appliances by Kesling,' accelerated after
the US Food and Drug Administration approved clear aligners
produced by Align Technology© in 1998. The widespread
clinical application and research about clear aligner treatments
led to their current popularity.® Patients welcomed these
practices with a wave of curiosity and a desire to learn more
about them.

YouTube™ and similar video sharing sites allow users to
share their experiences and knowledge and provide access
to audiovisual information about various areas. Studies have
shown that most active internet users access health information
online.** Today, parameters such as the smile and physical
appearance have an important place in many people’s lives
and lead younger people to continually produce more content,
especially on YouTube™, on subjects such as oral hygiene
and dental treatments.® The growing number of dentistry-
related videos produced both by “YouTubers” and healthcare
professionals has recently attracted researchers’ interest in
terms of examining their content, quality, and reliability.”®

With theirincreasing popularity, more videos about orthodontic
aligners are appearing daily. However, previous studies have
raised questions about whether this increasing amount of
content is a source of information pollution and misdirection
and about the quality and reliability of the videos.'** While
content created by patients is primarily based on sharing
personal opinions and experience, orthodontists’ main goals
in producing content are to provide accurate information to
patients or the people to whom a treatment is targeted and to
produce high-quality, reliable content based on scientific data.
To the best of our knowledge, no studies have investigated
YouTube™ content related to clear aligners created only by
orthodontists.

Considering the ethical responsibility of this information,
this study aimed to evaluate the quality, reliability, and
usefulness of content in videos created by orthodontists about
orthodontic aligners. The null hypothesis of this study was
“quality, reliability, and content usefulness of videos created by
orthodontists about orthodontic aligners are high”.

METHODS

The Google Trends application (https://trends.google.
com) provides users with statistical information about the
geographical regions, languages, and frequencies for which
words or sentences are searched. This site was utilized

Cesur et al. Quality of Videos on Clear Aligners

to determine the most commonly used search term for
“orthodontic aligner” worldwide based on searches using
various keywords. Search parameters were limited to the last
5 years and worldwide. The search was conducted using the
keywords “aligners,” “clear aligners,” “teeth aligners,” “Invisalign,”
“SmileDirectClub,” “ClearCorrect,” “Byte,” and “Candid.” According
to comparative search results, the most commonly used search
term related to “orthodontic aligners” was “Invisalign” (Google

Trends, April 23, 2021).

The YouTube™ website (https://www.youtube.com) was used
to screen videos on “orthodontic aligners”” A search for the
word “Invisalign” was conducted, and the results were sorted
using the “relevance” filter (April 25, 2021). All cookies and past
searches were cleared before searching to prevent bias. The
first 250 videos in the search results were evaluated. As the
order of the videos shown can change in searches performed
on different days, a new playlist was created from the evaluated
videos in the same order, and uniform resource locators were
saved. Multi-part videos were evaluated as a single video.

In the initial evaluation of the videos, videos created by
companies/manufacturers, blogs and promotional videos
made by aligner users, videos in languages other than English,
videos with no audio and/or subtitles, videos irrelevant to the
topic of clear aligners, clinic promotional videos not including
orthodontists, and videos longer than 15 min were excluded
(Table 1). A total of 61 videos that met these criteria were
included in the analysis.

Video Assessment

All videos were watched in their entirety, and data on the
number of views, likes, dislikes, comments, time since upload
(in days), and video length (in seconds) were recorded. Using
these data, interaction index and viewing rate formulas that
have been used in previous studies to determine viewer
interaction and viewing rates were employed.”'®'? In this
study, similar rates for each video were determined using the
following formulas:

Interaction index (%) = number of likes - number of dislikes 100
X

Viewing rate (%) = number of views

Table 1. Reasons for excluding videos

Not in English 19
No audio/subtitles 19
Based on patient experience/vlogs 95
Not related to subject 7
Manufacturer/company advertisements/videos 15
Clinical promotional videos (not including dentist) 9
Longer than 15 minutes 25
Total 189
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DISCERN (Quality Criteria for Consumer Health Information),
a 16-item tool published in 1999 for assessing written
information, is valuable for determining the reliability and
quality of written text. However, its questions may not be
suitable for web and video formats.'> Therefore, in previous
studies, investigators preferred to use a modified version this
tool consisting of 5 questions to evaluate the information
reliability of videos.’®'""* The five-item modified index was also
used to assess video reliability in this study (Table 2). While
assessing the videos, each question was scored as 0 (no) or 1
(yes), resulting in a reliability score between 0 and 5.

Video quality was assessed using the Video Information and
Quality Index (VIQI), which corresponds all components of the
Global Quality Scale used to assess the quality of websites.'”'®
Although the Global Quality Scale was used t in some similar
studies to determine video quality, VIQI was preferred because it
is more appropriate for video assessment. In VIQI, video quality
is rated on a 5-point Likert-type scale (0O=poor quality, 5=high
quality) in four different areas: flow, accuracy of the information,
quality (1 point each for using images, using animations,
including interviews with community members, including
subtitles, and using a summary report), and precision (level of
agreement between video title and content). These scores are
totaled to obtain a total quality score ranging from 0 to 20.”

To assess the usefulness of the video content, a 10-part content
usefulness index was created: 1. Definition and purpose of
aligner treatment, 2. Indications and contraindications of
treatment, 3. Advantages and disadvantages, 4. Instructions
for using the aligner (daily use time, how it is inserted and
removed, cleaning and maintenance instructions), 5. Aligner
treatment application procedures, 6. Treatment biomechanics,
7. Comparison with other treatment methods, 8. Effect on
quality of life (pain, soft tissue damage, effect on speech,
psychosocial effect), 9. Cost of treatment and 10. Duration
of treatment. The video was given 1 point for each section it
provided information about, yielding a total content usefulness
score ranging from 0 to 10.

Statistical Analysis

All  evaluations were performed simultaneously and
independently by two orthodontists (E.C., 10 years of experience
and KT, 4 years of experience), and interclass correlation
coefficients were calculated to evaluate interclass reliability.
Two weeks after the first evaluation, 15 of the 61 scored

Table 2. Assessment of reliability scores of videos on Invisalign'®'®

1. Are the aims clear and achieved?

2. Are reliable sources of information used? (i.e., publication cited,
speaker is an orthodontist)

3.1Is the presented information balanced and unbiased?

4. Are additional sources of information listed for patient reference?

5. Does the video mention areas of controversy/uncertainty?
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videos were randomly selected using an online randomization
website (https://www.randomizer.org) and reevaluated by
both researchers. The intraclass correlation coefficient was
calculated to determine intrarater reliability. The study data
were analyzed using SPSS version 21.0 (IBM Corp, Armonk,
NY, USA). The Shapiro- Wilk test was performed to determine
whether the data were distributed normally. Descriptive
statistics of the parameters were calculated. The Spearman
correlation test was used for correlations, and correlation
coefficients were calculated to evaluate the relationships
between the parameters. A p-value of 0.05 was considered
statistically significant.

RESULTS

The interobserver correlation coefficients were in the range
of 0.754-0.981, indicating high agreement between the two
raters. Both raters were consistent in repeated assessments,
with intraobserver correlation coefficients of 0.941-0.985 for
the first rater and 0.885-0.982 for the second rater. Therefore,
the statistical analyses were based on the evaluations of the
senior orthodontist (E.C.).

The descriptive statistics of the 61 videos evaluated are
presented in Table 3. The mean DISCERN reliability score
was 2.75+1.02, while the mean VIQI total quality score was
11.80+3.38, approximately half of the maximum possible
score of 20. Of the VIQI quality criteria, the mean scores
were above average for video flow (3.11£1.29), information
accuracy (3.67+0.97), and precision (3.44+1.50), while quality
(use of images, use of animations, including interviews with
community members, video subtitles, and using a summary
report) had the lowest score (1.57+0.88). The total content
usefulness index was quite low at 2.52+2.14 (Table 3).

When the relationships between video characteristics,
reliability score, quality scores, and content usefulness index
were evaluated, significant positive correlations were detected
between video duration and reliability score (r=0.542, p<0.01),
flow (r=0.564, p<0.01), information accuracy (r=0.541, p<0.01),
and total quality score (r=0.497, p<0.01). Days since upload
negatively correlated with reliability score (r=-0.332, p<0.01)
and total quality score (r=-0.263, p<0.05). The number of views
was positively correlated with flow (r=0.275, p<0.05), while the
number of likes was positively correlated with flow (r=0.375,
p<0.01) and information accuracy (r=0.357, p<0.01). In addition,
the number of comments was positively correlated with flow
(r=0.359, p<0.01), information accuracy (r=0.302, p<0.05), and
total quality score (r=0.257, p<0.05). Similarly, both interaction
rate and viewing rate were positively correlated with reliability
score (r=0.463, p<0.01; r=0.295, p<0.05), flow (r=0.460, p<0.01;
r=0.420, p<0.01), information accuracy (r=0.448, p<0.01;
r=0.325, p<0.05), and total quality score (r=0.365, p<0.01;
r=0.295, p<0.01, respectively) (Table 4).

Analysis of the relationships between reliability score, quality
scores, and total content usefulness index revealed that
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reliability score was positively correlated with flow (r=0.842,
p<0.01), information accuracy (r=0.786, p<0.01), precision
(r=0.533, p<0.01), total quality score (r=0.842, p<0.01), and
total content usefulness index (r=0.346, p<0.01). Flow was
positively correlated with information accuracy (r=0.773,
p<0.01), precision (r=0.371, p<0.01), total quality score (r=0.803,
p<0.01), and total content usefulness index (r=.389, p<0.05).
There were similar relationships between information accuracy
and precision (r=0.543, p<0.01) and total quality score (r=0.847,
p<0.01). The quality parameter was positively correlated with

Table 3. Descriptive statistics for YouTube™ videos (n=61)

Min. Max. Mean SD
NI, 4700 | 831.00 32942 | 211.92
(seconds)
Bl 7.0 3050.0 609.09 | 636.61
upload
Number of views | 11.0 738,515.0 44,021.55 | 110,044.69
Number of likes | 0.0 7,600.0 398.47 1,059.55
NILEES 0.0 481.0 17.88 62.58
dislikes
Moy i 0.0 1158.0 69.23 164.92
comments
Interaction 000 | 1221 148 181
index
Viewing rate 0.910 134,765.00 | 6,771.41 18,003.75
Reliability score | 1.0 5.0 2.75 1.02
Flow 0.0 5.0 3.11 1.29
LS e 10 5.0 3.67 0.97
accuracy
Quality 0.0 5.0 1.57 0.88
Precision 0.0 5.0 344 1.50
ol bl 40 180 11.80 338
score
ISEIGEINRAT | g 8.0 252 2.14
usefulness index
Min., minimum; Max., maximum; SD, standard deviation

the total quality score (r=0.381, p<0.01) and total content
usefulness index (r=0.365, p<0.01). There were also significant
positive correlations between precision and total quality score
(r=0.766, p<0.01) and between total quality score and total
content usefulness index (r=0.347, p<0.01) (Table 5).

DISCUSSION

Increased sharing of knowledge and experience related to
aligners through social media has led to research evaluating this
content.'*1920 To the best of our knowledge, three previous
studies in the literature have evaluated videos about clear
aligners.’*2! In a study evaluating YouTube™ content related
to orthodontic aligners, Ustdal and Guney'® reported that the
content produced was insufficient and unreliable, with only 12
of the 100 videos selected created by dentists or orthodontists.
Sadry and Buyukbasaran®' also found YouTube videos lacking
as a source of information on orthodontic treatment with clear
aligners. Livas et al.” conducted another study evaluating
patient testimonials. In planning this study, the starting point
was to evaluate whether content produced by orthodontists
is appropriate for patients, and if video reliability, quality, and
content contribute to video interaction and viewing. Therefore,
unlike other studies, we comprehensively evaluated video
content created only by orthodontists to inform patients,
rather than videos made by aligner users. The Google Trends
app identified “Invisalign” as the most searched term related to
“orthodontic aligners”. “Invisalign” term was used in this study
However, the use of other terms such as “clear aligners” during
the study would have allowed the video alternatives to be
diversified. Therefore, using a single term in searches may be a
limitation for this study.

Studies of search engine user behavior have reported that
users tend to focus on the first few results encountered without
scrolling further down the page.??? In previous studies, it was
emphasized that 90% of YouTube™ users clicked on results
within the first 3 pages, and only a small proportion of users
continued beyond the first page.”'? Considering this, we

Table 4. Correlations between video characteristics (duration, days since upload, number of views, number of likes, number of dislikes, number of comments,
interaction index, viewing rate) and reliability, quality, and content usefulness scores

8 Days since Number of Number of Number of Number of Interaction o
Duration . 5 o : Viewing rate
upload views Likes dislikes comments index

r r r r r p r r p
Reliability
— 0.542** | 0.000 |-0.332**| 0.009 | 0.1774 | 0.179 | 0.248 0.054 | 0.085 | 0.516 | 0.231 0.073 | 0.463** | 0.000 | 0.295* | 0.021
Flow 0.564** | 0.000 | -0.224 0.082 | 0.275* | 0.032 | 0.375** | 0.003 | 0.191 0.140 | 0.359** | 0.005 | 0.460** | 0.000 | 0.420** | 0.001
L"‘:fc‘::::;w" 0.541%* | 0.000 |-0.244 |0.058 |0.187 |0.149 |0357* | 0005 |0.173 |0.181 | 0302* | 0018  0448** 0000 | 0325% | 0.011
Quality 0.202 0.119 | -0.016 0.905 | 0.066 | 0.613 | 0.042 0.747 | 0.072 | 0.579 | 0.138 0.287 | -0.043 0.741 | 0.157 0.226

Precision 0.180 0.166 |-0.173 | 0.182 | 0.023 | 0.859 | 0.051

0.697 | -0.049 | 0.707 | 0.094 0.471 | 0.163 0.208 | 0.101 0.440

Total quality

score

score 0.497** | 0.000 | -0.263* | 0.041 | 0.144 | 0.269 | 0.244 0.058 | 0.084 | 0.521 | 0.257* | 0.046 | 0.365** | 0.004 | 0.295* | 0.021
Total
content
usefulness 0.201 0.121 | -0.197 0.128 | -0.081 | 0.534 | -0.006 | 0.964 |-0.060 | 0.649 | -0.058 | 0.655 | 0.224 0.082 | -0.048 | 0.716

Spearman correlation coefficients; *p<0.05, **p<0.01
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expanded our search to include the first 250 results. Although
evaluating many videos is a strength, it may also be a limitation
considering the evidence that lower-ranking studies are less
likely to attract attention. Additionally, videos longer than 15
minutes were excluded based on user behavior data, as most
sessions are less than 15 minutes.?? This exclusion aimed to
ensure user interest and facilitate simultaneous evaluation.

According to the results of this study, the reliability and total
quality scores of the videos were near the middle of the
possible score range. Similarly, Ustdal and Guney™ found
these parameters to be close to average, whereas Lena and
Dindaroglu’ evaluated videos related to lingual orthodontic
treatment and reported a slightly higher total quality score.
Within the VIQI total quality score, video quality scored the
lowest in this study. This was because most of the videos
lacked images or animations and did not include the opinions/
experiences of treated individuals. Therefore, incorporating
more visuals and patient experiences is recommended
to enhance video quality. Additionally, the total content
usefulness index score of the videos in this study was well
below average, compared to similar studies in dentistry.”102426
A major limitation was that most videos focused on specific
topics. It may be reasonable to focus on specific points related
to aligner treatment, and it would be unreasonable to expect
all videos to cover all the details relevant to the subject.
However, omitting background and key informations may lead
to the misconceptions. Therefore, to increase the usefulness of
the content, it would be beneficial to provide brief, evidence-
based information highlighting the definition and main points
of treatment in these videos.

When evaluating the relationships between video
characteristics and their reliability, quality, and content
usefulness, it was observed that longer video length correlated
with higher reliability and total quality scores. This finding
aligns with studies by Yavan and Gokge?®, where videos on adult
orthodontics with richer content and scored higher in quality.?
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Lena and Dindaroglu’ reported that viewers lost interest in
longer videos, with the average length of rich-content videos
was 7.47 minutes. Although previous studies have shown that
long videos are not preferred by viewers, longer durations were
associated with better video quality and reliability. While this
may seem like a dilemma for content creators, the positive
correlation between interaction and viewing rates with video
reliability, information flow, accuracy, and total quality score
indicates that viewers value and are influenced by these
factors. Therefore, orthodontists who create content should
consider these aspects and develop videos based on scientific
data while keeping them at an acceptable length.

Another interesting finding was that video reliability
and total quality score decreased with longer time since
upload. This suggests that more recently posted videos are
perceived as more reliable and higher in quality. This could
be attributed to the continuous improvement in knowledge,
experience, and technology related to aligner treatment, as
well as advancements in video technology/quality over time.
Therefore, regular updates of content can be beneficial for
maintaining video quality and reliability.

When the correlations between reliability score, quality score,
and total content usefulness index were evaluated, significant
positive relationships were observed among them. Previous
studies have shown that video quality, reliability, and content
are interrelated parameters.”'® Therefore, using reliable
sources, results in more useful content that provides balanced
and consistent information. Similarly, as information flow,
accuracy, and precision improve, videos become more reliable
and useful. Consequently, it's essential to consider these
parameters collectively rather than separately.

CONCLUSION

The null hypothesis was rejected. The results reveal that videos
on aligner treatment have average reliability and quality but

Table 5. Correlations between the reliability score, quality scores, and total content usefulness index

Information : o Total quality Total content usefulness
Flow Quality Precision :
accuracy score index

r 0.842** | 0.786** 0.231 0.533** 0.842%* 0.346%*
Reliability score

p 0.000 0.000 0.073 0.000 0.000 0.006
E r 0.773** 0.220 0.371** 0.803** 0.289*

ow

p 0.000 0.089 0.003 0.000 0.024

r 0.181 0.543** 0.847** 0.163
Information accuracy

p 0.162 0.000 0.000 0.209

r 0.067 0.381** 0.365%*
Quality

p 0.606 0.002 0.004

r 0.766** 0.148
Precision

p 0.000 0.254

r 0.342*%*
Total quality score

p 0.007
Spearman correlation coefficients; *p<0.05, **p<0.01
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largely insufficient content. Video interaction and viewing rates
were associated with video quality and reliability, suggesting
that viewers should consider these factors. In addition, the
reliability, quality, and content usefulness of videos are
interrelated. Therefore, when orthodontists create content,
providing balanced and current scientific information, paying
attention to issues such as information flow, consistency,
and image use, and enriching the content accordingly will
be beneficial both to ensure that patients are appropriately
informed and to generate more interaction.
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Main Points
The application of transcutaneous electrical nerve stimulation (TENS) therapy results in pain reduction during the debonding procedure.
Female subjects experienced more pain than the male subjects during debonding.
Higher pain scores were recorded for the mandibular anterior teeth than for the maxillary teeth.
Patients displayed good acceptance and satisfaction with TENS therapy for pain control during the debonding of fixed appliances.

ABSTRACT

Objective: The objective of the present study was to evaluate the effectiveness of transcutaneous electrical nerve stimulation (TENS)
therapy on pain during the debonding procedure.

Methods: A placebo-controlled, randomized split - mouth study was conducted on 30 orthodontic patients. The right and left anterior
teeth in the maxilla and mandible were randomly allocated to the control and experimental groups (EG) and were stimulated. TENS
application was made through a modified electrode probe that was used from an ammeter. The control group (CG) received the
mechanical application of the device with no current, whereas the EG received progressively increasing current from 0.1 mA to the
point where the patient experienced a mild tingling sensation for 60 s for each tooth. This was followed by a debonding procedure
using an orthodontic debonding plier. Pain perception was recorded on a numerical rating scale after debonding each tooth.

Results: The mean pain score was higher in the CG than in the EG, and the difference between the two groups was significant
(p=0.001). The pain score was higher in the mandibular teeth than in the maxillary teeth, and the difference between the two groups
was also significant (p=0.021). Pain score was higher in female subjects than in male subjects, and the difference between the two
groups was significant (p=0.015).

Conclusion: The application of TENS therapy results in pain reduction during the debonding procedure. The female subjects
experienced more pain. Higher pain scores were recorded for the mandibular anterior teeth than for the maxillary teeth.

Keywords: Debonding, randomized controlled clinical trials, transcutaneous electrical nerve stimulation
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INTRODUCTION

A frequent adverse effect of many orthodontic procedures
is pain. Pain is subjective and is expressed both verbally and
non-verbally.' It has been noticed that pain is typically felt
during or immediately after the adjustment of an orthodontic
appliance and may even last for 2 to 4 days, despite there
being no quantitative documentation. From a slight soreness
when clenching to a constant, throbbing pain, the level of
pain varies.? Orthodontic pain is a result of pressure, ischemia,
inflammation, and edema at the periodontium level. 95%
of orthodontic patients feel some level of pain or discomfort
during or after various orthodontic operations. The insertion
of separators, activation or placement of archwires, use of
miniscrews, and debonding of fixed appliances are among the
orthodontic operations that are most likely to cause pain or
discomfort.!

Techniques used to control pain are broadly classified
into pharmacological and non-pharmacological methods.
Pharmacological methods include local anesthesia, general
anesthesia, pharmacologic sedation, nitrous oxide relative
analgesia, and hypnosis. Bite wafers, chewing gum, low-level
laser therapy (LLLT), vibratory stimulation, transcutaneous
electrical nerve stimulation (TENS), application of ice/
cryotherapy, acupuncture/acupressure, and psychological
interventions such as a structured phone call to patients during
treatment are examples of non-pharmacological methods for
pain control. TENS has found its greatest use with physical
therapists in rehabilitation and chronic pain control.>*

Greeks were the first to document the use of electricity to
ease pain in writing. Walsh and Cavendish provided the first
written account of the numbing effects of electrical generators
in the 1770s. The first person to mention the use of electricity
to treat tooth discomfort was Francis in the 19 century.3*
TENS is used to treat the symptoms of mild to moderate pain
from any source, including neuropathic, musculoskeletal,
and nociceptive pain.® TENS has been used previously for
the treatment of myofascial pain dysfunction, trigeminal
neuralgias, and temporomandibular joint pain.

Bond strength is crucial for maintaining the effectiveness of
orthodontic treatment, but quick debonding of the brackets is
preferable at the end of the procedure.5’

A thorough review of the literature found no studies evaluating
the effect of TENS during the debonding procedure. Therefore,
the objective of this study was to evaluate the analgesic effect
of a single application of TENS on pain during the debonding
procedure. Therefore, the aim of the present study was to
evaluate and compare the effectiveness of TENS therapy on
pain during the debonding procedure.

METHODS

This study was approved by the LT.S. Institutional Ethics
Committee with protocol number: ITSCDSR/IIEC/RP/2019/014
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and date: 22.11.2019. Sample size was estimated using the
data obtained from a previous study conducted by Roth and
Thrash? where the mean and standard deviation of visual
analog scale scores were 4.77+6.96 for the treatment group
and 15.22+15.86 for the control group (CG). This data revealed
that, for an effect size of 0.85, a total sample size of 60 sites
would provide an adequate statistical power of 95% to detect
a significant difference.

This placebo-controlled, randomized split - mouth study was
conducted on 30 orthodontic patients aged between 12
and 27 years in whom fixed orthodontic treatment had been
performed using conventional metallic MBT brackets and in
whom debonding was scheduled. Patients who had no missing
teeth except the first premolar and who had not undergone
any tooth transplantation were selected. Patients using
antibiotics or analgesics, pregnant or breastfeeding, and those
with a history of systemic diseases such as seizures, cardiac
arrhythmia, or pacemakers were excluded. Patients with
treated or untreated apical bone lesions, parafunctional habits,
temporomandibular dysfunction, or smokers and alcoholics
were also not included in study.

All patients meeting the inclusion criteria were given oral
and written information by the operator and consented to
participate in the study. Before starting the procedure, 30
opaque envelopes were made, out of which 15 envelopes
were from the experimental group (EG) and 15 were from the
CG. Allocation concealment was performed via unmarked
envelopes. When the operator was about to start the
procedure, patients were instructed to choose one envelope,
and subsequently, the right maxillary and left mandibular
teeth were given the same intervention as mentioned in the
envelope. The left maxillary and right mandibular teeth were
subjected to the opposite intervention. Both groups were
informed that they would be evaluating a pain reduction
device that would administer a mild electric current and that
the strength of the stimulation could range from sub-sensory
to negligible tingling.

The brackets on the anterior teeth in the maxilla and mandible
were deboned in the study for pain evaluation. Immediately
before the debonding procedure, a conductive gel was
applied to the labial surface of the anterior teeth. The teeth
allocated to the EG received stimulation from the TENS
device on the incisal edges of the anterior teeth (Figure 1a).
The device used was a modified electrode probe that was
derived from an ammeter. It was selected because it had a
detachable metallic head that could be autoclaved (Figure 1b).
It generated a biphasic, symmetrical pulse with a net neutral
charge and a maximum current of 10 mA. The current was
progressively increased from 0.1 mA to the point where the
patient experienced a mild tingling sensation (Figure 2). From
this stage, the current was delivered for 60 s to each tooth.
The teeth in the CG group received the same mechanical
application of the device with no current. After delivery of the
current for 60 s, the dental operator started the debonding

51



52

Rastogi et al. Assessing Pain Perception During Debonding with TENS Application

Turk J Orthod 2024; 37(1): 50-55

procedure. The elastomeric modules, ligature ties, e-chains,
and any other accessories were removed to separately record
the pain score of each tooth. Debonding was performed with
debonding pliers by placing the blades of the plier at the
bracket-adhesive interface, and gentle squeezing action was
applied until bond failure occurred.

Pain intensity was scored on a numerical rating scale after
debonding in both the EG and CG groups immediately after the
debonding procedure. A score of 0 indicated no pain, whereas
a score of 10 indicated maximum pain. The patients were asked
to rate the pain levels separately for each tooth. Acceptance
of TENS therapy was assessed after the debonding procedure
using a questionnaire provided to the patients.

Statistical Analysis

Data were analyzed using SPSS v20.0 software (SPSS Inc,
Chicago, II, USA). The level of significance was maintained at 5%.
The data were subjected to normality testing using the Shapiro-
Wilk test, which showed that the data deviated from the normal
distribution. The demographic details of the study participants
were presented using descriptive statistics. Pain scores between
the control and EG groups were compared using the Mann-
Whitney U test. Pain scores were also compared between gender
and arch using the Mann-Whitney U test.

Figure 1. a) Patient receiving tens application. b) Modified electrodes
for intraoral application

RESULTS

The mean age of the sample was 19.63+3.11 years. The sample
size was 30 out of which 13 participants were male and 17
participants were female (Table 1). The Mann-Whitney U test
revealed that the mean pain score was higher in the CG than
in the EG, and the difference between the two groups was
significant (p=0.001). A significant difference was also observed
when comparing pain score in individual arches in the CG as
compared to EG (p=0.001) (Table 2). Also, the pain score was
higher in mandibular teeth as compared to maxillary teeth in
control (p=0.021) and EG, and the difference between the two
groups was significant (p=0.012).

Female subjects had a higher score than male subjects in
both groups, and the difference between the two groups was
significant (Table 3).

The pain score was higher in the CG than in the EG in female
and male subjects, and the difference between the two groups
was significant (p=0.001) for females and non-significant for
males (p=0.064) (Table 4).

Forindividual teeth pain scores, the maximum mean pain score
was recorded for the lower right central and lateral incisors
and the minimum for the upper right central incisor in the CG.
For the EG, the maximum mean pain score was recorded for
the lower right central incisors and the minimum mean pain
was recorded for the upper left central incisors (Table 5).

The questionnaire regarding their experience with TENS
therapy revealed that 50% of patients expected the debonding
procedure was painful, whereas 76.7% reported mild pain.
Thirty percent of patients had excellent responses, and 60%

Figure 2. TENS machine
TENS, transcutaneous electrical nerve stimulation.
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reported excellent responses with TENS therapy. 93.3%
patients agreed to use the same therapy as needed. Almost
all the patients 100% agreed to recommend this therapy to
friends and family, and only 13% of patients were aware of the
TENS machine/therapy (Table 6).

DISCUSSION

Modern dentistry has increasingly prioritized minimizing
patient pain and discomfort during dental procedures.
However, in orthodontics, research in this area is relatively
limited compared to other fields within orthodontics.® Pain
remains a significant concern as it can impact patient decisions
and treatment acceptability.® Management of orthodontic
pain includes both pharmacological and non-pharmacological
interventions. Pharmacological therapeutic therapies, however,
may have some side effects and limitations. For these reasons,
non-pharmacological treatments for orthodontic discomfort
have also been explored, including chewing gum, bite-sized
wafers, LLLT, vibratory stimulation, and TENS.™

Table 1. Demographic details of study participants

TENS, approved by FDA in 1972, delivers a pulsed electrical
current via electrodes on the skin to stimulate superficial nerves
for pain relief* It offers advantages such as non-invasiveness
and safety, but its use in dentistry, particularly in orthodontics,
has received only limited attention.

The analgesic action of TENS is mediated by two mechanisms:
it stimulates the A-delta and A-beta fibers, which blocks the
transmission of painful stimuli by the small unmyelinated
C-fibers in the spinal cord; this is in accordance with Melzack
and Wall's "gate control” theory. The endogenous opioid theory
is an alternative explanation for this and was given by Reynolds.
According to this theory, TENS stimulates the activation of
local circuits within the spinal cord or from the activation of
descending pain-inhibitory pathways, which results in the
release of endogenous opioids in the spinal cord.* The present
study evaluated the efficacy of TENS application to control pain
during the debonding procedure in fixed orthodontic patients.
The results showed that the pain score was higher in the CG
than in the EG, and the difference between the two groups

Variable Category Mean=SD/n (%)

Age = 19.63+3.11 years
Male 13 (43.3%)

Gender Female 17 (56.7%)

SD, standard deviation

Table 2. Comparison of pain score between control and experimental groups of maxilla and mandible

: P value
0,
(G Mean+SD lefgrence (R Maxilla Mandible [ EVIERYS
(n=30 each) of difference) :
mandible
Control 3.11+£2.08 2.35+1.88 3.60+1.97 0.021 S
Experimental 1.10+0.96 2.01(1.16-2.85) 0.76+0.96 | 1.49+1.38 0.012* '

*p<0.05 indicating a statistically significant difference. SD, standard deviation; Cl, confidence interval

Table 3. Comparison of pain score between maxillary teeth and mandibular teeth in the two study groups

Difference (95%
Groups Gender Mean SD Cl of p value
difference)
Female 17 3.91 2.00
1.84 (0.40-3.27) 0.015*
Control Male 13 2.07 1.76
Female 17 1.38 1.07
Experimental 0.63 (-0.02-1.28) 0.094
Male 13 0.75 0.66 (NS)
*p<0.05 indicating a statistically significant difference. SD, standard deviation; Cl, confidence interval

Table 4. Comparison of pain score between males and females

Difference (95% Cl of

Groups Gender difference) p value
Control 17 3.91 2.00

Female Experimental 17 1.38 1.07 233141369 0.001*
Control 13 2.07 1.76

Male Experimental 13 0.75 0.66 063(0.2>-240 ?NO56)4

*p<0.05 indicating a statistically significant difference. SD, standard deviation; Cl, confidence interval
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Table 5. Descriptive statistics of pain scores in different teeth in the control and experimental group

Control group

Experimental group

Tooth no Minimum  Maximum Mean+SD Minimum Maximum  Mean£SD
1 15 0 4 1.13+£1.45 0 6 0.93£1.62
12 15 0 7 2.53+2.56 0 4 0.93+1.28
13 15 0 7 2.07+2.55 0 2 0.73+0.88
21 15 0 7 2.87+2.53 0 2 0.2+0.56
22 15 0 9 3.13+£2.61 0 3 0.87£1.18
23 15 0 5 2.4+1.88 0 4 0.93+1.48
31 15 0 8 2.93+2.76 0 5 1.8+£1.56
32 15 0 6 2.47+2.35 0 9 1.87+£2.41
33 15 0 8 2.07+2.25 0 3 0.8+0.94
41 15 1 9 5.2+2.1 0 6 2.07+2.08
42 15 3 9 5.47+1.60 0 5 1.6+1.45
43 15 1 6 3.47£1.50 0 4 0.8+1.26
SD, standard deviation

Table 6. Descriptive table of responses of questionnaire to assess acceptance of TENS therapy by patients

No pain Mild Moderate Severe
1. What type of pain did you expect in the postoperative period? 1(3.3%) 5(16.7%) 15 (50%) 9 (30%)
2. What type of pain did you experience in postoperative period? 7 (23.3%) 23(76.7%) | O 0
Excellent Very good | Fair Poor
3. What was the quality of pain relief after TENS therapy? 9 (30%) 18 (60%) 3 (10%) 0
4. How was your overall experience with pain management/TENS therapy? 13 (48.3%) 14 (46.7%) | 3 (10%) 0
Yes No
5. Would you use the same analgesia modality again if required? 28 (93.3%) 2 (6.7%)
6. Would you recommend the same modality to your family/friends? 30 (100%) 0
7. Were you aware of this treatment modality prior to its application? 4 (13.3%) 26 (86.7%)
TENS, transcutaneous electrical nerve stimulation

was significant (p=0.001) which indicated that the patients
experienced less pain when subjected to TENS therapy.

This result is in accordance with two studies that have
previously reported the use of TENS therapy for pain control in
orthodontic patients. Roth and Thrash? demonstrated reduced
pain in orthodontic patients receiving TENS therapy, while
Haralambidis” found pain relief for up to 48 hours post-TENS
application. Additionally, TENS therapy has also been reported
to be effective for pain control in different dental procedures.
Suzuki suppressed pain during cavity preparation using 4 to 10
AA through the bur.

Christensen and Radue' provided updates on TENS use for
dental anesthesia, reporting a 50% success rate in 1987. Clark
et al.”? treated fifty patients, with an 80% effectiveness rate
in the active group. Six hundred patients were examined
by Hochman®, with 76% experiencing pain relief. Jensen
examined 35 people using three different waveforms and
three different frequencies. Patients’ expectations of pain were
positively correlated with success. Malamed et al.™ achieved
an 86% success rate in 109 patients treated with H-Wave
equipment.

Electrodes are crucial for TENS equipment. Intraoral electrodes
come in sponges, conductive fabrics, and adhesive materials.™
Different types of electrodes have been used in previous
studies, such as through burs, and on the lip and mucosa, and
extraoral pads. In this study, a modified electrode probe was
used directly on the tooth’s incisal edge. Roth and Thrash?
noted rapid onset of analgesia with TENS, lasting for several
hours. Therefore, in the present study, the current intensity
was gradually increased until a mild tingling sensation was felt,
then delivered for 60 seconds per tooth.

Debonding process should be swift, painless, and safe. Previous
research analyzed the pain and discomfort during appliance
implantation, but debonding pain remains process poorly
understood.® According to Williams and Bishara' the mobility
of the tooth and the direction of force application have a
considerable impact on the threshold of patient discomfort
at debonding. Patients have been found to be far more able
to endure intrusive forces than mesial, distal, facial, lingual,
or extrusive forces at the moment of debonding.’> Applying
a biting force stabilizes teeth and balances debonding
pressures applied to the periodontal ligament. In addition,
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increased pressure on the periodontal ligament can induce
proprioceptive stimulation that lessens discomfort.’ Therefore,
in this study, debonding was performed mesio-distally with a
plier, while applying intrusive force on the incisal edge of the
tooth. The study found significant differences in pain scores
between mandibular and maxillary teeth, with mandibular
teeth exhibiting higher pain scores in both study groups.
Additionally, females experienced higher pain levels compared
to males, consistent with previous findings.

Study Limitations

The present study had some limitations, such as a small
sample size and unequal number of males and females. It is
recommended that more procedures should be evaluated at
different time periods to evaluate the duration of pain control
and follow-up.To test various electrodes, electrode placements,
wave patterns, frequencies, and combinations with other pain
control methods, a pain model that mimics the discomfort of
surgical operations is required.

CONCLUSION

Within the limitations of this study, the following conclusions
may be drawn:

» The application of TENS therapy results in pain reduction
during the debonding procedure.

» The female subjects experienced more pain than the male
subjects during debonding.

« Higher pain scores were recorded for the mandibular anterior
teeth than for the maxillary teeth.

Patients displayed good acceptance and satisfaction with
TENS therapy for pain control during the debonding of fixed
appliances.
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Main Points
All four study teeth had high accuracy in predicting peak pubertal stage.
The coinciding chance of peak pubertal stage with stage H in all studied teeth and with stage G in the second premolars and second molars was
higher than in other stages.
Stage G of the second molar is the best predictor of peak pubertal stage.

ABSTRACT

Objective: This study aimed to evaluate the accuracy of dental calcification stages in predicting the peak pubertal stage.

Methods: This retrospective study was conducted on panoramic and lateral cephalometric images of 406 female patients aged 9-14
years. The skeletal maturity and calcification stages of the mandibular canines, first premolars, second premolars, and second molars
were determined using the Hassel-Farman and Demirjian (DI) methods, respectively. The prediction accuracy of the peak pubertal
stage with the studied teeth was assessed using a receiver operating characteristic curve and the area under the curve (AUC). The DI
stage of H was designated as the reference level, and Bayesian logistic regression analysis was used to assess the coinciding chance of
each Dl stage and peak pubertal stage.

Results: The AUC range of studied teeth was 0.84-0.92 in predicting peak pubertal stage (all p<0.001). In the canines and first
premolars, the coinciding chance of peak pubertal stage and stage H was significantly higher than that in other stages [p<0.05, odds
ratio (OR) <0.14]. In the second premolars and second molars, the chance of peak pubertal stage coinciding with stages H and G did
not significantly differ (p>0.05); however, the chance of stage G coinciding with peak pubertal stage in the second molars was higher
than in stage H (OR=4.59).

Conclusion: Stage H in all studied teeth and stage G in the second premolars and second molars predict peak pubertal stage with
high accuracy. Considering that stage H is the end of tooth calcification stages and the accuracy of predicting stage G of second molar
teeth is higher than the above stage, estimating the peak pubertal stage is recommended by the second case.
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INTRODUCTION

Developmental scheduling plays a vital role in orthopedic
treatment outcomes for musculoskeletal disorders in
developing patients."? The highest response to jaw functional
appliances depends on their performance during the peak
pubertal stage (PPS).3# Chronological age is not a valid measure
of growth, and biological age is more reliable. Bone maturity
indices of the wrist and cervical vertebrae on radiographs are
common methods for biological age definition.>” The stages
of dental development are considered a potential method to
estimate skeletal age and can be examined from two aspects.
The first is the eruption phases of the tooth, for which studies
have shown a weak correlation between the eruption phases
and skeletal maturation. The second is the dental calcification
stage, which is a more reliable parameter. With a simple and
reliable method based on the dental developmental stages,
the routine use of panoramic and periapical radiography
in most dental clinics can justify the evaluation of skeletal
maturity without the need for additional radiographs, thus
decreasing patient exposure according to the principle of as
low as reasonably achievable principle.>>#

Most studies have shown a high correlation between the stages
of tooth calcification and indicators of skeletal maturity.'3568°
However, some studies have shown a poor correlation.’® To
determine areliable method instead of skeletal maturity, further
studies with statistically more accurate methods than Pearson
and Spearman’s correlation coefficients are necessary. On the
other hand, some studies have examined the relationship
between the stages of dental calcification and PPS separately.’
Therefore, despite evidence of a strong relationship between
dental calcification and skeletal maturation, a practical
recommendation based on dental calcification stages for
PPS prediction is not possible.”? This study aimed to assess
the accuracy of dental calcification stages for predicting the
peak pubertal growth stage compared with cervical vertebral
maturation in females.

METHODS

This retrospective study involved panoramic and lateral
cephalometric images of 406 female patients aged 9-14.
According to the statistical power analysis, 5% of type one
error, and Spearman’s rank correlation tests, the sample size
of the study (n=406) obtained 80% of the statistical power.
The study protocol was approved by the Ethics Committee of
Urmia University of Medical Sciences under the code IR.UMSU.
REC.1397.420 and date 30.01.2019.

All panoramic and lateral cephalometric images were collected
from the archives of orthodontic treatment centers. The
inclusion criteria consisted of a) simultaneous preparation
of both images (i.e., panoramic and lateral cephalograms), b)
proper image quality, and c) the presence of all studied teeth.
The exclusion criteria included a) radiographs of patients
with a history of hormonal, developmental, and nutritional
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diseases, b) radiographs of patients with a history of trauma
to the jaw and face, c) root canal treatment of the studied
teeth, d) shape and size anomalies of the studied teeth, and d)
history of orthodontic treatment. The images were saved in the
Digital Imaging and Communications in Medicine format. All
observations were performed using Romexis software (version
3.8.2) on a 14-inch LCD monitor (ASUS, China) with a resolution
of 768 x 1366.

The calcification stages of the mandibular canines, first
premolars, second premolars, and second molars were
obtained by the Demirjian (DI) method on panoramic images
(Figure 1)."* In this method, there are eight stages of dental
development:

* A: In single-rooted or multi-rooted teeth, the onset of
calcification at the top of the crypt is observed as one or more
inverted cones with no connections between them.

* B: By connecting the calcified areas, one or more cusps are
formed, determining the morphology of the crown.

* C: Enamel formation is completed at the occlusal surface
and extends to the cementoenamel junction (CEJ), the pulp
chamber is formed, and dentin deposition begins.

* D: Crown formation is complete until CEJ, the pulp chamber
becomes trapezoidal, and the roots begin to form.

* E: The formation of root divisions begins; nevertheless, the
root is still shorter than the crown.

* F:The end of the root is funnel-shaped, and the length of the
root is equal to or greater than that of the crown.

* G:The root canal walls are parallel, and the apex is open.

* H: The apex is completely closed, and the periodontal
ligament has the same width around the apex and root.
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The cervical vertebral maturation index (CVMI) for each patient
was obtained by examining the morphology of the bodies of
C2, C3, and C4 vertebrae on lateral cephalograms using the
Hassel-Farman method’ with no knowledge of the results
of the dental calcification stage and without observing their
panoramic images. (Figure 2). In this method, according to the
presence or absence of concavity in the lower borders of the
C2, C3, and C4 vertebrae and the difference in the shape of the
body of the vertebrae, there are six stages:

* CVMI 1 (Initiation): The lower borders of C2, C3, and C4 are
flat. The body shapes of C3 and C4 are trapezoidal, and their
upper border converges from posterior to anterior.

* CVMI 2 (Acceleration): Concavity forms in the lower borders of
C2 and C3, and the lower border of C4 remains flat. The shapes
of the bodies of C3 and C4 are almost rectangular.

* CVMI 3 (Transition): A clear concavity is observed in the
lower borders of C2 and C3, and a concavity is formed in the
lower border of C4. The shapes of the C3 and C4 bodies are
rectangular.

* CVMI 4 (Deceleration): A clear concavity is observed in the
lower borders of C2, C3, and C4. C3 and C4 are close to square
in shape.

CVMI 6

CVMI 5
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* CVMI 5 (Maturation): A clearer concavity is observed in the
lower borders of C2, C3, and C4. The bodies of C3 and C4 are
square.

* CVMI 6 (Completion): Deep concavity is observed in the lower
borders of the C2, C3, and C4 vertebrae. The C3 and C4 bodies
are vertical rectangles.

All observations were performed by an oral and maxillofacial
radiologist with 14 years of experience. To ensure the
reliability of the results and methods, 10% of the samples
were examined 2 weeks later by the main observer (intra-
observer) and an experienced orthodontist (inter-observer).
ICC (Cl 95%) in determining all stages of DI and CVMI was
found as =0.942.

Statistical Analysis

Statistical analysis of data was performed using R software
(version 3.6.3, Lucent Technologies, New Jersey, USA) and the
“arm” package. Spearman’s correlation coefficient was used
to evaluate the correlation between DI stages and CVMI. The
pre-pubertal stage was defined as the reference level. The
coinciding chance of the PPS and DI stages was assessed using
Bayesian logistic regression. For a more complete explanation,
the science of statistics is generally divided into two concepts:
classical and Bayesian. Most statistical methods in the classical
conceptrequirealarge samplesizeandinferenceasymptotically.
In contrast, methods based on the Bayesian concept are more
efficient in small sample sizes. The Bayesian logistic regression
method with a weak informative prior was used in this study to
increase the robustness of the results. Multiple collinearity is a
problematic case in statistical modeling, which is caused by the
correlation of predictor variables. Performing multiple Bayesian
logistic regression with the presence of correlated covariates
leads to invalid results. In this study, univariate Bayesian models
were used to avoid multiple collinearity problems. The DI stage
of H was designated as the reference level because of the
higher prevalence of the data. The first type error of 0.05 was
considered to be a significance level. The prediction accuracy
of the PPS for each tooth was evaluated in two steps. In the
first step, PPS attainment probabilities were predicted. In the
second step, the probability values were analyzed using the
area under the curve (AUQ).

RESULTS

The calcification stages of the canines were distributed in four
stages from E to H, the first and second premolars in five stages
from D to H, and the second molars in six stages from C to H
(Table 1). Highest frequency of the DI stages in the CVMI 3
and 4 (i.e, PPS) was related to stage H of the canines, with the
frequency of (75.3%) and (95.5%), respectively (Table 2). There
was only one case of CYMI 6, and all four teeth were in stage H;
therefore, these data were not included in Table 2.

The results of the Spearman test showed a good correlation
between the DI stages of the studied teeth and CVMI.
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Table 1. Distribution of stages of dental calcification with the Demirjian method

Number (%)
Stage
Canine First premolar Second premolar Second molar
C 0(0) 0(0) 0(0) 1(0.2)
D 0(0) 1(0.2) 14 (3.4) 13(3.2)
E 4(1) 30(7.4) 42(10.3) 66 (16.3)
F 54 (13.3) 93 (22.9) 144 (35.5) 112 (27.6)
G 98 (24.1) 101 (24.9) 127 (31.3) 188 (46.3)
H 250 (61.6) 181 (44.6) 79 (19.5) 26 (6.4)
Total 406 (100) 406 (100) 406 (100) 406 (100)

Table 2. Distribution of DI stages of studied teeth with regard to CVMI stages, No. (%)

CVMI, Number (%)

CVMI 1 (Pre-pubertal)
Dl stage C D E F G H cvmiT
Canine 0(0.0) 0(0.0) 4(5.9) 35(51.5) 22(324) 7(10.3)
First premolar 0(0.0) 1(1.5) 27 (39.7) 34 (50.0) 6 (8.8) 0(0.0) 6816.7]
Second premolar 0(0.0) 13(19.1) 26 (38.2) 28 (41.2) 1(1.5) 0(0.0)
Second molar 1(1.5) 12(17.6) 39 (57.4)° 16 (23.5) 0(0.0) 0(0.0)

CVMI 2 (Pre-pubertal) CVMI 2
Canine 0(0.0) 0(0.0) 0(0.0) 6(18.2) 53(60.2) 9(21.6)
First premolar 0(0.0) 0(0.0) 3(3.4) 7 (53.4) 29 (33.0) 9(10.2) R
Second premolar 0(0.0) 1(1.1) 1(12.5) 58 (65.9) 16 (18.2) 2(2.3)
Second molar 0(0.0) 1(1.1) 25 (28.4) 4(61.4) 8(9.1) 0(0.0)

CVMI 3 (Peak pubertal) CVMI 3
Canine 0(0.0) 0(0.0) 0(0.0) 2(2.5) 18 (22.2) 61(75.3)
First premolar 0(0.0) 0(0.0) 0(0.0) 8(9.9) 43 (53.1) 30(37.0) 81(199)
Second premolar 0(0.0) 0(0.0) 2(2.5) 33 (40.7) 37 (45.7) 9(11.1)
Second molar 0(0.0) 0(0.0) 2(2.5) 34 (42.0) 45 (55.6) (0)

CVMI 4 (Peak pubertal) CVMI 4
Canine 0(0.0) 0(0.0) 0(0) 1(0.8) 5(3.8) 127 (95.5)°
First premolar 0(0.0) 0(0.0) 0(0) 4(3.0) 23(17.3) 106 (79.7) 133 326)
Second premolar 0(0.0) 0(0.0) 3(23) 23(17.3) 68 (51.1) 39(29.3)
Second molar 0(0.0) 0(0.0) 0(0.0) 8(6.0) 120 (90.2) 5(3.8)

CVMI 5 (Post-pubertal) CVMI 5
Canine 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(100)
First premolar 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(100)" e
Second premolar 0(0.0) 0(0.0) 0(0.0) 2(5.7) 5(14.3) 8 (80)
Second molar 0(0.0) 0(0.0) 0(0.0) 0(0.0) 15 (42.9) 0(57.1)
"Represents the highest frequency of DI stages in each CVMI stage.
DI, Demirjian index; CVMI, cervical vertebral maturation index; No. (%), number (percent)

Table 3. Spearman correlation between CVMI stages and calcification stages of studied teeth

Number (%)

Canine First premolar Second premolar Second molar
Spearman correlation 0.732 0.793 0.716 0.847
p value <0.001 <0.001 <0.001 <0.001

P value of 0.05 was considered to be a significance level
CVMI, cervical vertebral maturation index.
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The highest correlation was related to the second molar
(Table 3). Due to the high correlation between the DI stages
of the studied teeth, leading to multicollinearity, multiple
Bayesian logistic regression analysis results were not valid, and
univariate analysis presented more acceptable and applicable
results. The results of the univariate analysis (when each tooth
was analyzed independently of the other teeth) are presented
in Table 4.

In the canines and the first premolars, the coinciding chance
of PPS and stage H was significantly higher than that in
other stages [p<0.001, odds ratio (OR)<0.14]. In the second
premolars (p=0.14) and the second molars (p=0.09), there
was no significant difference between stage G and stage H;
however, the coinciding chance of the PPS and stage G of
the second molars was insignificantly higher than stage H
(OR=4.59) (Table 4).

According to the results of the receiver operating characteristic
(ROCQ) analysis in Table 4 and the AUC in Figure 3, all four teeth
had high accuracy in predicting PPS (AUC=0.84, p<0.001). The
highest prediction accuracy was related to the second molars
(AUC=0.92, p<0.001).

DISCUSSION

In orthodontic patients, determining the skeletal maturity
stage is of utmost importance before initiating developmental
treatment. The common method used in this case is to
examine the changes in the cervical vertebrae on lateral
cephalograms. As panoramic radiography is a standard record
before orthodontic treatment, it might reduce the need for
additional radiographs if it is possible to determine the stage
of skeletal maturation using panoramic views. This approach
not only minimizes the patient’s exposure to radiation but
also reduces costs. The calcification stages of teeth, which can
be examined through panoramic radiography, have shown a
significant relationship with skeletal maturity indices in various

Table 4. Bayesian logistic regression between DI stages and PPS

Univariate analysis

studies.>*%% Due to superimpositions in the maxillary area
of panoramic radiographs, this study focused on examining
mandibular canines, first premolars, second premolars, and
second molars. DI was used to evaluate tooth calcification
stages. According to Bjork and Helm's' study, DI has the lowest
inter-examiner and intra-examiner errors and exhibits the
highest correlation with biological age. In orthodontic growth
modification therapies, knowledge of the timing of the growth
spurt is essential. The PPS occurs in CVMI 3 and 4, according to
Baccetti et al's* study.*

One of the influential factors in the occurrence of growth
mutations is gender.'* According to studies, The PPS tends
to start earlier in females, and the duration of puberty is
generally shorter compared to males. Consequently, the
timing of PPS holds greater clinical significance. In the
present study, 74.3% of patients were in CVMI stages 2, 3,
and 4, which are considered the most clinically important
stages. This distribution indicates that the age range of 9-14

0.75

True positive fraction
°
@
g

o
»
a

0.50 075 0.90 1.00
False positive fraction

C
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Figure 3. The surface area under the ROC curve for prediction of
pubertal stage separately for each tooth

AUC, area under the curve; ROC, receiver operating characteristic.

Tooth*
OR (95% Cl)

B 0.009 (0.003,0.031) <0.001

Canine 0.87 <0.001
G 0.045 (0.025,0.084) <0.001
F 0.012 (0.005,0.028) <0.001

First premolar 0.9 <0.001
G 0.147 (0.07,0.311) <0.001
E 0.01 (0.003,0.039) <0.001

Second premolar F 0.045 (0.015,0.138) <0.001 0.84 <0.001
G 0.432(0.137,1.358) 0.148
E 0.008 (0.001,0.068) <0.001

Second molar F 0.141 (0.025,0.782) 0.026 0.92 <0.001
G 4.599 (0.787,27.136) 0.093

*The “H" stage was set as a reference category, stages without data were not entered in the table

P value of 0.05 was considered to be a significance level.

AUC, area under the curve; OR, odds ratio; Cl, confidence interval; DI, Demirjian index; PPS, peak pubertal stage.
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years was appropriately selected for the study. The accuracy
of the studied teeth in predicting PPS was high (AUCs>0.84,
all p<0.001), and the second molars exhibited the highest
accuracy.While there was no statistically significant difference
between stages H and G in the second premolar and second
molar (p>0.05); the chance of stage G coinciding with PPS in
the second molar was higher than that of stage H (OR>1). As a
result, stage H of the studied teeth and stage G of the second
premolars and second molars were found to coincide with
PPS with high accuracy.

Spearman’s correlation coefficient was more than 0.7
for the studied teeth; with the highest coefficient being
0.847, observed in the second molar. Various studies have
employed Spearman’s correlation coefficient to establish
the relationship between DI stages, skeletal maturity,* and
PPS.*'® The results of these studies indicate a robust
association between DI stages and skeletal maturation,
aligning with the findings of this study. However, it's
important to note that high Pearson and Spearman’s
correlation coefficients only indicate a strong relationship
between the two variables and do not imply that the values
obtained by both methods are identical. Therefore, studies
such as Valizadeh et al's?, Lopes et al's', and Reboucas et
al.” utilized ordinal logistic regression models as a more
accurate statistical method to designate the DI stages
as indicators of pubertal stage. Nevertheless, due to the
frequent occurrence of zero values in the early DI stages, the
use of their data is prone to sparsity bias® leading to higher
OR values than reality. On the other hand, the PPS stage
cannot be evaluated separately, or it is impossible to analyze
the relationship between individual DI stages and PPS with
this analysis. Consequently, all three studies resorted to
using the data frequency distribution to investigate this
relationship.

Perinetti et al.*’ and Toodehzaeim et al.?? investigated the
diagnostic ability of the DI stages of the mandibular second
molar to identify the pre-pubertal, pubertal, and post-pubertal
stages using positive likelihood ratio (PLR) analysis with a
threshold of =10 for satisfactory performance. Despite the
high correlation coefficient between DI stage and skeletal
maturity, they found DI stages reliable only for identifying
the post-pubertal stage. In general, regression analysis is a
stronger statistical method than PLR because of the PLR results’
dependency on sample size. The PLR (sensitivity/1-specificity)
requires a 2 x 2 table; the CVMl is considered the gold standard;
each DI stage is considered the exposed cases, and the other
stages are considered the unexposed cases.

Due to the sequence of calcification stages, the obtained PLR
will not show the actual value. Nevertheless, the present study
analyzed the data with the PLR analysis to compare with the
above-mentioned study; the PLR of the DI stages in determining
the pubertal stage was calculated with a confidence interval
of 95%. Because stage H was the most frequent, stage H
was considered the reference level (PLR=1), and PLR=10 was

Mostafavi et al. Accuracy of Demirjian Method for Peak Pubertal Stage

considered clinically significant. T<PLR<10 means that stage H
predicts the stage of puberty better than the desired DI stage,
however, the difference between stage H and the DI stage was
not clinically significant. The results showed that, stage H in
second premolars and second molars predicts PPS significantly
betterthanstagesE[PLR . ..., (C195%) =20.53 (5.14,82.05);
PLR __ vt moir (€1 95%) = 46.20 (6.33, 336.94)] and F [PLR _
premotar (C195%) =20.53 (5.14,82.05); PLR __ ., .. (C195%) =10.08
(1.28, 79.40)]. Stage G in the second molars [PLR (Cl 95%)=0.40
(0.05, 2.98)] predicts PPS non-significantly better than stage H.
The difference between these results and results of Perinetti et
al’s?’ and Toodehzaeim et al’s* studies could be attributed to the
sample size.According to Spearman’s correlation coefficients,
univariate Bayesian logistic regression analysis,and ROC and PLR
analyses, the second molar G stage has the highest chance of
coincidence with PPS.

CONCLUSION

The H stage of the studied teeth estimates the peak pubertal
stage with high accuracy; however, considering the end stage
of the H stage and the higher prediction accuracy of the G
stage of the second molar teeth, PPS estimation is more
practical in the latter case.
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Main Points
Lithium can decrease the rate of orthodontic tooth movement.
Lithium may increase bone density and volume and reduce root resorption.
Lithium enhances alveolar bone formation during orthodontic retention phase.

ABSTRACT

Objective: This study aimed to systematically review the effect of lithium on orthodontic tooth movement (OTM).

Methods: The focus question was “does lithium have an effect on OTM?” A systematic search was conducted using indexed databases
and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were followed. The quality assessment of the
selected studies was performed according to the systematic review center for laboratory animal experimentation.

Results: Five of the initially identified 656 articles fulfilled the eligibility criteria and were selected for this review. The studies reported
that lithium administration lowered the rate of OTM by inducing a reduction in the number of osteoclasts and possibly inhibiting
osteoclastogenesis. These studies further showed an increase in bone density and bone volume by promoting the Wnt/B3-catenin
signaling pathway and osteoblastogenesis. It was also noted that lithium reduced orthodontically induced root resorption during
experimental OTM. Further, standardized studies are warranted to understand the impact of lithium in OTM. Overall, the risk of bias for
3 studies was very high, high in 1 study, and moderate in 1 study.

Conclusion: On an experimental level in animals, lithium decreased the rate of OTM during the active treatment phase by increasing
bone density and bone volume and reducing root resorption. In addition, lithium may enhance alveolar bone formation during
orthodontic retention. Clinically, this may impact the orthodontic treatment duration in patients receiving lithium, and further studies
are needed to understand the true impact of lithium on OTM.

Keywords: Lithium, orthodontic tooth movement, systematic review

INTRODUCTION

Orthodontic tooth movement (OTM) is a complex process involving the application of mechanical force followed
by a biological response as well as genetic and environmental interactions. OTM encompasses the dynamic
process of alveolar bone remodeling in response to controlled orthodontic forces through bone deposition and
bone resorption on the tension and pressure sides, respectively. The tooth displacement following OTM varies
according to the magnitude, frequency, and duration of the applied force and the biological response of the
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periodontal ligament and bone."? The carefully orchestrated
biological responses, such as osteoblastogenesis and
osteoclastogenesis, in response to controlled orthodontic forces
may also be affected by a plethora of genetic, environmental,
local, and systemic factors, including medications.>*

The majority of mental illnesses are diagnosed in adolescences,
young adults or adults <50 years.> The symptoms of several
disorders may fluctuate over time, and management may be
lifelong.® Bipolar disorders (BDs) are one of the most common
mental illnesses affecting adolescents and adults. According
to the World Health Organization, approximately 40 million
people globally suffer from BD. The prevalence in Turkey was
0.84% during 2006-2019. However, the population has also
increased from 69 million to approximately 83 million in the
same period as that reported by the World Bank. Lithium
is one of the oldest and first-line medications used for the
management of BD and is often considered a gold standard
in the management of BD. Lithium salts have been used
since the early 19" century for the management of manic
episodes of BD.®’ Lithium salts have also been used in the
management of a variety of psychiatric conditions, including
obsessive compulsive disorders, hyperactivity disorders
in adolescents, attention deficit disorders in children, and
unipolar depression in adults. Lithium salts are occasionally
used in the management of refractory cases of schizophrenia,
certain impulse control disorders, and prophylaxis of certain
trigeminal autonomic cephalalgias.®®'> Vestergaard et al.®
reported that the risk of fracture in Colles and spines among
children were lower following lithium consumption. Studies
have shown that lithium can increase bone density and bone
volume by promoting the Wnt/[3-catenin signaling pathway in
mice. The Wnt/R-catenin signaling pathway not only promotes
the production of osteoblasts and osteoblastogenesis but also
inhibits the production of osteoclasts and osteoclastogenesis
processes, effectively reducing bone resorption.” Studies
dwelling into the role of lithium in OTM have varied results.
Some studies have suggested that lithium may reduce
orthodontically induced root resorption®*> while others
reported it may promote alveolar bone formation.' Chronic
use of lithium has also been suggested to lower rate of
tooth movement.'”'® Hashimoto et al." reported a negative
correlation between bone morphometric measurements and
OTM, particularly trabecular bone structure in rats that had
undergone ovariectomy procedures.

Because lithium is administered on a long-term basis and
significant portion of the population opts for orthodontic
treatment in various age groups, the aim of the present
systematic review was to assess the influence of lithium on
OTM. Due to a lack of clinical studies, pre-clinical animal studies
were evaluated with the anticipation of future translation
studies.
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METHODS

This systematic review was conducted in accordance with the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)."

A meta-analysis was not performed because of the high
heterogeneity of the included studies.

Questions
The addressed focused question was “does lithium affect
orthodontic tooth movement?”

Patients, Interventions, Control, Outcome (PICO)
Population (P): subjects who underwent orthodontic treatment;
Interventions (1): effect of lithium therapy on OTM; Control (C):
orthodontic treatment without adjunct lithium administration;
and Outcome (O): tooth movement.

Study Eligibility

The eligibility criteria were based on PICO, and controlled
studies involving animals and human subjects undergoing
active OTM were reviewed. Non-comparative studies (letters
to the editor, commentaries, historic reviews, case reports
and case series), systematic reviews, and meta-analyses were
excluded from this review.

Search Protocol and Study Selection

An electronic search was performed based on the “Preferred
Reporting Items for Systematic Review and Meta-Analysis”
(PRISMA) guidelines by two authors (AW and KK). A search
without time or language restrictions was conducted up to
June 2021 in PubMed (National Library of Medicine), Cochrane
Library, EMBASE, MEDLINE (OVID), Scopus, Google Scholar, and
Web of Science databases. The search was performed using
a combination of the following MeSH terms with Boolean
operators (AND, OR): 1) orthodontic therapy; 2) orthodontic
treatment; 3) OTM; 4) tooth movement techniques; 5)
orthodontics; 6) orthodontic brackets; 7) orthodontic
appliances; 8) lithium; 9) lithium salts. Two authors (AW and
KK) electronically assessed the retrieved records for eligibility
independently. The authors were not blinded to the identity
of the authors, their institution, or the results of the research.
Subsequently, the full report of records considered by each
reviewer to meet the eligibility criteria was obtained and
assessed a second time independently, with any disagreements
resolved by consultation with the sixth author (JK) (Table 1).

Risk of Bias (ROB) Assessment

The systematic review center for laboratory animal
experimentation?® was used to assess ROB in the included
studies by author ST. A total of nine questions were used to
assess ROB, and based on the results, the overall ROB was
evaluated as low, moderate, high, and very high. The following
questions were addressed: 1) sequence generation, 2) baseline
characteristics, 3) allocation concealment, 4) random housing,
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Table 1. Search criteria

Keywords

Lithium, Lithium Salts, Lithium compounds, Lithium Chloride, Lithium
. Carbonate, Lithium acetate, Lithium Sulfate, Lithium Citrate, Lithium .
Moy Orotate, Lithium Gluconate, Lithium bromide, Lithium Chloride, ittt ((esls] s)
Lithium iodide, Lithium Fluoride
Orthodontic tooth Orthodontic, orthodontics, Orthodontic tooth movement, tooth .
. . . Tooth movement technique (MeSH Term)
movement movement, tooth movement technique, orthodontic appliances

((“lithium”"[MeSH Terms] OR “lithium”[All Fields]) OR ((“lithium”"[MeSH Terms] OR “lithium”[All Fields]) AND (“sodium chloride”[MeSH Terms] OR (“sodium”[All

Fields] AND “chloride"[All Fields]) OR “sodium chloride"[All Fields] OR “salt”[All Fields])) OR (“lithium compounds”[MeSH Terms] OR (“lithium”[All Fields] AND
“compounds”[All Fields]) OR “lithium compounds”[All Fields] OR (“lithium”[All Fields] AND “compound”[All Fields]) OR “lithium compound”[All Fields]))

AND ((“tooth movement techniques”[MeSH Terms] OR (“tooth”[All Fields] AND “movement”[All Fields] AND “techniques”[All Fields]) OR “tooth movement
techniques”[All Fields] OR (“orthodontic”[All Fields] AND “tooth”[All Fields] AND “movement”[All Fields]) OR “orthodontic tooth movement”[All Fields]) OR (“tooth
movement techniques”[MeSH Terms] OR (“tooth”[All Fields] AND “movement”[All Fields] AND “techniques”[All Fields]) OR “tooth movement techniques”[All Fields]
OR (“tooth”[All Fields] AND “movement”[All Fields] AND “technique”[All Fields]) OR “tooth movement technique”[All Fields]) OR Orthodontic[All Fields])

5) blinding, 6) random outcome assessment, 7) incomplete
data outcforrle, 8) selective outcome reporting, and 9) other B T e ot o
search {n = 658 =

sources of bias. Reabien (no0) s

RESULTS l

Study Selection

Arficles reviewed st title and abstract

The initial search identified 656 potential manuscripts. Thirty e

manuscripts were duplicates, and 621 articles did not address

the focused question and/or eligibility criteria. Five animal 1

studies that fulfilled the eligibility criteria were included in e ety
. . . . Articles assessed for eligibility PR

this systematic review and processed for data extraction.>'>'8 (n=626) - . S

Fi 1 i Articles nt included for ofher
|gure . ;:S;nnaselepuns:

General Characteristics of the Included Studies

All the included studies®'>'®in this review were conducted in
rodents. No clinical studies were available at the time of the
search.The included studies had an experimental study design.
The mean age of the rodents ranged from 7 to10 weeks, and
the weight of the rodents ranged from 194 to 350 g. The study
duration for the included studies ranged from 14 to 51 days.
Three studies included male rats and two studies included Figure 1. PRISMA flow chart

female rats (Table 2). PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-
Analyses

Studies included in qualitative review
n=5

SYRCLE Risk of Bias

Are reports of the study free of selective outcome reporting 7 |
Were incomplete outcome data adequately addressed? |
Was the outcome assessor blinded ?
Were the animals selected at random for outcome asses:sme nt ? |
Was the performance of caregivers and/or investigators blind el |/
Were the animals randomly housed during the exXperiment ?
Was the allocation adequately concealed ? | —
Were groups similar at base|ine 7 | —
Was the allocation sequence adequately generated and ap plie |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Reported M Not reported Unclear

Figure 2. Risk of bias in included studies
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Table 2. General characteristics of the included studies

Country Publication SmBSE Rodent Study
Author of Sex :
of study year : type duration
animals
(4 groups, n=8 rats/group)
Group 1=Saline only (Control
Group)
Ino- Sprague- Group 2=0.32 mM/kg of LiCl
Kondo et | Japan 2018 32 Female | Dawley 10 194-234g | (Exp Group) 14 days
al.” rats Group 3=0.64 mM/kg of LiCl
(Exp Group)
Group 4=1.28 mM/kg of LiCl
(Exp Group)
OTM induced 14 days and 14 days
divided equally into 2 groups, of OTM
Group 1=LiCl, n=18 followed
. Wistar Group 2=Saline, n=18 by days 0,
EmE3ER | die 2017 42 BT Rats 8 200+10g Rats were randomly sacrificed 3,7,and
post OTM on days 3, 7, and 14 14 of the
(n=6/group) retention
Initial control (n=6) phase
(3 groups, n=64 rats/group)
L group received 60 mg/kg LC
in saline solution, resulting in
serum lithium levels of 1.30 16 rats
+/-0.55 mmol/L at 90 min after | from each
administration group were
da Silva Wistar The LM group received prior euthanized
Kagy et Brazil 2016 192 Male Rats 9 300-350g | daily administration of LC for on days
al.’” 30 days and then subdivided 33,37,44,
into groups that subsequently | and 51 to
received additional LC for 3, 7, measure
14, or 21 days. All groups had O™
serum lithium levels of 1.34 +/-
0.53 mmol/L
SM=Saline group
Wang et Sprague- 2 groups, n=5 rats/group
al3 China 2013 10 Male Dawley |8 200+10g | Group 1=lithium chloride 14 days
’ rats Group 2=Control group (NR)
2 groups
Group 1=Sham, n=15
Huang et China 2021 42 Female C5.7BL/6 7 NR Group 2=Ovariectomy, n=27. 14 days
al.’® mice . .
In this group, 12 of 27 mice
received LiCl only.
OTM, orthodontic tooth movement; LiCl, lithium chloride; LC, lithium carbonate; Exp Group, experimental group; NR, not reported; g, grams; n, number of
animals.

Characteristics of studies involving lithium

Four studies*'>'8'® used lithium chloride (LiCl) versus one study
that used lithium carbonate (LC)."” Two studies®>'” administered
lithium intraperitoneally, whereas three studies®'®'® used
gavages. Ino-Kondo et al.’> administered LiCl at 0, 0.32, 0.64,
and 1.28 mM/kg of body weight, which was dissolved in saline
and administered daily. In the study by Pan et al.,'s the animals
received 200 mg/kg, whereas the study by da Silva Kagy et al."”
administered LC at the rate of 60 mg/kg in 3 groups: L group
(that resulted in lithium serum levels of 1.30 +/- 0.55 mmol/L),
LM group (that resulted in lithium serum levels of 1.34 +/- 0.53
mmol/L), and SM (saline group, no changes). In addition, the
LM group received the drug subsequently at 3, 7, 14, and 21

days, corresponding to the induced tooth movement. Wang
et al.®administered 200 mg/kg of LiCl, whereas Huang et al.'
administered 200 mg/kg daily for 14 days (Table 3).

Characteristics of Orthodontic Force Application and Tooth
Displacement

Four studies®*>" mentioned closed-coil springs in their
experiments with Ino-Kondo et al.’®, using 10 cN; Pan et al.,'®
Wang et al..? using 50 g; da Silva Kagy et al.,'”” using 30 cN of
force; and Huang et al.'® using 10g of force to induce OTM
with a customized closed coil spring. The duration of OTM
ranged from 14 to 51 days. Ino-Kondo et al.”® reported that the
higher the dose of LiCl administered, the lower was the OTM,
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Table 3. Characteristics of studies involving lithium

Delivery method

Authors Lithium salt D|Iut.|on and duration of Freqygncy 9f
medium o : administration
administration
4 groups with 4 independent doses
g s Group 1=Saline only .
:??5 OIS Ic':::)' :?e Saline Group 2=0.32 of LiCl mM/kg of body weight. I(?r:ranii;;?;eal Daily
’ Group 3=0.64 of LiCl mM/kg of body weight.
Group 2=1.28 of LiCl mM/kg of body weight.
Lithium Group 1=200 mg/kg of LiCl . : .
16
Pan et al. chloride NR L A=A e ) ol Al Gavage (immediate) | Daily
da Silva Kagy Lithium r Group 1fL group, 60 mg/kgkOf LfC Intraperitoneal i
ot al” carbonate Saline Group 2=LM group, 60 mg/kg of LC G lkie) Daily
’ Group 3=Saline group, 60 mg/kg of LC
Lithium Group 1=200 mg/kg of LiCl (Exp group) . .
3

U CREL chloride NR Group 2=Control (No treatment) EREERUmIERE) | BEn7al

Lithium Double- Group 1=200 mg/kg of LiCl (Exp group) . . .

18

AEEEEEL chloride distilled H,O | Group 2=Control (Sham) GrEERinseEi) | Dy
LiCl, lithium chloride; LC, lithium carbonate.

Table 4. Characteristics of orthodontic force application and tooth displacement

Orth'o COREIE Site of the Duration of T?Oth Magnitude of OTM in Magn!tude of OTM Ehe
Authors  appliance Force displacement experimental (lithium)
: OoTM the OTM : the control groups
and material evaluation group
Distal surface 0.32 group: ShD was 0.3-0.4
1. Measure .
of the OTM between mm. Distance between CPD
Ino- Nickel- maxillary left maxillary 1% and ShD 0.3-0.4 mm was 0.4-0.5 mm
Titanium first molar a y Distance between CPD | 0.64 group: ShD was 0.2-0.3
Kondo et . . 14 days 10cN | 2™ molars .
15 closed-coil and mesial was between 0.5 and mm. Distance between CPD
al. - 2.ShD between
spring surface of the CPD 0.6 mm was 0.3-0.4 mm
maxillary left 1.28 group: ShD was 0.2-0.3
second molar 3.TIA mm. CPD was 0.3-0.4 mm
4.RAD ’ -
OTM for 14 The mesial movement .
. . The mesial movement
. days and Distance achieved between . .
) Maxillary left . - . g achieved between maxillary
Pan et Closed-coil retention between maxillary 1*tand 2" 4 )
: first molar 509 . X 1*tand 2" molars remained
al.'e spring . measured maxillary 1*tand | molars remained .
and incisor 4 - the same during the
ondays 3,7 2"molars the same during the -
. retention phase
and 14 retention phase
. Nickel- Distance Day 33=4.054+/-3.61 mm | Day 33=1.76+/-1.29 mm
zg SII\:; Titanium ﬁ?c'::(r)?ls and 2:)’:“3;'53;7’ 30 N between the Day 37=5.23+/-3.23 mm | Day 37=3.02+/-2.0 0 mm
al 1g7y closed-coil 1% molar elr rou centralincisors | Day 44=6.22+/-3.90 mm | Day 44=1.84+/-1.49 mm
: spring pergroup and 1% molar Day 51=6.13+/-3.53 mm | Day 51=3.14+/-2.10
Nearest
Nickel- points Distance
Wang et | Titanium between between
al3 closed-coil the first 14 days 509 maxillary 1% and 0.1120+/-0.061 mm 0.1755+/-0.106 mm
spring and second 2" molars
molars
Nearest
Customized | points Distance
Huang et | nickel- between between
al.'® titanium the first IR 109 maxillary 1t and 011 mm 0.14mm
spring and second 2" molars
molars

cN, centinewton of force; mm, millimeters; CPD, distance between contact points; TIA, angle of tooth inclination; RAD, the distance of movement of the root apex;

OVX group, group that received ovariectomies; ShD, shortest distance.
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as measured by the distance between tooth contact points.'
Pan et al,'® reported that the mesial movement achieved
between maxillary 1%t and 2™ molars remained the same
during the retention phase; however, these measurements
were not reported in the paper. da Silva Kagy et al." reported
that the distance between maxillary 1%t and 2" molars on day
33 was 4.05 +/- 3.61 mm vs 1.76 +/- 1.29 mm in the control vs.
experimental group, respectively; 5.23 +/- 3.23 mm vs. 3.02
+/- 2.00 mm in the control vs. experimental group on day
37, respectively; 6.22 +/- 3.90 mm vs. 1.84 +/- 1.49 mm in the
control vs. experimental groups on day 44, and 6.13 +/- 3.53
mm vs 3.14 4+/- 2.10 mm in the control vs. experimental group
on day 51. Wang et al.® reported that the distance between
maxillary 1¢tand 2" molars on day 14 was 0.1120 +/- 0.061 mm
for the control and 0.1755 +/- 0.106 mm for the experimental
group. Huang et al.”® reported that the distance between
maxillary 15t and 2" molars was 0.11 mm in the sham group vs.
0.14 mm in the experimental (osteoporotic model) group on
day 14 (Table 4).

Study Outcomes

The first study™ measured 4 parameters between maxillary
1%t and 2" molars: shortest distance (ShD), distance between
contact points (CPD), angle of tooth inclination, and distance of
movement of the root apex. The second study'® measured the
effect of lithium on OTM during the retention phase. In addition,
histology and immunohistochemistry were performed to
measure bone volume and total volume in the regions of
interest, which were the distal buccal root of the maxillary first
molarand the adjacent periodontal ligamentand alveolar bone.
In the third study,” in addition to studying OTM, biochemical
analysis was performed to record the plasma levels of inorganic
serum phosphate (PO4), alkaline phosphatase (ALP), aspartate
aminotransferase (AST), and creatinine as well as serum levels
of lithium, calcium, and albumin. The fourth study? also studied
the root resorption area ratio. The fifth study'®studied OTM in
the presence in an osteoporotic model with ovariectomise.

The first study' noted that there was no significant difference
in the ShD between the control and experimental groups. The
distance between contact points mildly decreased with lithium
administration, and the root apex moved distally in tipping
tooth movement in the control and experimental groups
receiving a dose of 0.32 mM/kg of LiCl. The root apex moved
mesially during tipping tooth movement in the experimental
group receiving 0.64 and 1.28 mM/kg of LiCl. It was concluded
that lithium reduced orthodontically induced root resorption,
which included mesial movement. The second study'
reported that lithium promotes alveolar bone formation
during orthodontic retention and may have therapeutic
potential in shortening the retention period. We also noted
that the osteogenic activity of lithium may be related to the
activation of the Wnt signaling pathway and enhancement
of Runx2 and Osterix expression. Resorption lacunae and
multinucleated osteoclasts seen on day 0 disappeared by day
14. Monolayers of osteoblasts lined the lacunae on the surface
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of the newly developing alveolar bone. The LiCl experimental
group exhibited significantly more osteoblasts than the control
group on day 14. Immunohistochemistry revealed that the
expression of Runx2 and Osterix increased markedly on days 7
and 14 compared with the controls. This study concluded that
lithium promotes alveolar bone formation. This may also have
therapeutic potential in shortening the retention period. The
third study' noted that the lithium group showed a lower rate
of movement on day 44 than the saline group. Higher serum
lithium levels were observed in the L and LM experimental
groups; higher PO4 were observed in the SM saline (control)
group. The LM group showed a higher mean value than the L
experimental group. Higher ALP values were verified in the L
experimental group compared with the SM and LM experimental
groups. Serum creatinine was found in lower levels in the LM
experimental group than in the L experimental and SM groups.
The weight variation was higher in the L and LM experimental
groups. No statistical differences were observed in the SM and
LM experimental groups at any time point, although there was
a tendency toward a reduction in the number of osteoclasts in
the LM experimental group at 44 days. This study concluded
that the induced tooth movement associated with chronic
lithium lowered the rate of tooth movement during 14 days,
possibly due to a reduction in the number of osteoclasts. The
fourth study® noted that the average distance measurement
in the control group was slightly higher than that in the
lithium group. It was also noted that the mean root resorption
area ratio of the control group was significantly greater than
that of the lithium group. The fifth study concluded that the
lithium group protects tooth movement in osteoporosis by
upregulating osteogenic differentiation and suppressing
apoptosis in bone marrow-derived mesenchymal stem cells,
in turn reducing OTM compared with the group that did not
receive LiCl. It stated that LiCl promoted autophagy, inhibited
apoptosis, and osteoclastogenesis, and effectively restored
bone formation in preexisting osteoporotic alveolar bone. We
concluded that the average distance of OTM measured in the
control and osteoporotic groups was slightly higher than that
in the group that received LiCI'® (Table 5).

ROB of the included Studies

Regarding individual criteria, the maximum frequencies of
reporting were recorded for abstract, background, objectives
(introduction-based), ethical statement, study design,
experimental procedures, experimental animals used in the
study, housing of animals, sample size, allocation of test groups
and experimental outcomes, baseline data, number of animals
analyzed, outcomes and estimations and scientificimplications,
study generalizability, and statistical methods results for each
analysis. Funding was reported in only 80% of the studies only,
and no adverse events were reported. The allocation sequence
was adequately generated in 3 studies,’'5'® but it was unclear
in 1 study and was not adequately generated in 1 study.® All
five studies have groups similar at baseline.>'>'® Allocation was
not adequately concealed in 3 studies’'”and was unclear in 2
studies.>'® Animals were not randomly housed in 2 studies,™"”
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Table 5. Study outcomes regarding the effect of lithium on orthodontic tooth movement

Primary o
Authors  methods of Primary study outcome LG Conclusions Statlst!cal P value Power'
: outcome analysis analysis
evaluation
- LiCl reduced OIRR
- Micro CT - No significant difference in - Lithium
- Scanning ShD between the groups - No significant difference | reduced
Ino- Electron - CPD mildly decreased with in body weight between | orthodontically
Kondo et Microscope | lithium administration the various groups induced root - One-Way | - Reported NR
als - Scanning - Root apex moved distally - OIRR correlated resorption, ANOVA as significant
’ Laser in tipping tooth movement with cortical bone which included
Microscope | in the control and 0.32 exp morphometry mesial
Images groups versus mesially in 0.64 movement
and 1.28 exp groups
- Resorption lacunae
and multinucleated
- Lithium promotes alveolar osteoclasts disappeared
bone formation during by day 14
orthodontic retention - Monolayer of - Reported
- May have therapeutic osteoblasts lined the as P
potential in shortening the lacunae on the surface - Lithium S
. ) ) insignificant
Pan et . retention period of newly developing promotes - Two-Way
- - Micro CT ) . on 3, NR
al. - Osteogenic activity of alveolar bone alveolar bone ANOVA significant
lithium may be related - The LiCl group exhibited | formation 9
- S - on days 7
to activation of the Wnt significantly higher and 14
signaling pathway and osteoblasts on day 14
enhancement of Runx2 and - Expression of Runx2 and
Osterix gene expression Osterix genes increased
significantly on days 7
and 14
- Higher serum lithium
levels were observed in
the L and LM groups
- Higher values of ALP - Chronic use of
were reported in the L lithium lowered
dasilva . _ Lithium'group showedla group compared to the rate of tooth - Reported
- Digital SM and LM groups movement, -One-Way | as
Kagy et . lower rate of movement on L - I NR
a7 Caliper day 44 - Serum creatinine levels | possibly due ANOVA insignificant.
’ were lower in the LM to reduction in (p>0.05)
group than in the L and the number of
SM groups osteoclasts
- No. of osteoclasts in
the L group remained
constant at all times
-The average
distance of
. - The root resorption area | OTM measured
- Average distance . .
. . ratio of the control group | in the control - Reported
Wanget | -Micro measurement in the control - . - One-Way
5 ; . was significantly higher | group was as NR
al. cT group slightly higher than T . . ANOVA L
: i compared to the lithium | slightly higher insignificant
that in the lithium group :
group than that in the
experimental
group
-The average
- Lithium group protects - LiCl promoted distance of OTM
tooth movement in autophagy and measured in
osteoporosis by upregulating | inhibited apoptosisand | the control and
Huanget | Micro CT osteogenic differentiation osteoclastogenesis osteoporotic -Two-Way | - Reported NR
al.'® and suppressing apoptosis - LiCl effectively restored | groups was ANOVA as significant
in bone marrow-derived bone formation in slightly higher
mesenchymal stem cells, in preexisting osteoporotic | than thatin
turn reducing OTM alveolar bone the group that
received LiCl
CT, computed tomography scan; ANOVA, analysis of variance; OTM, orthodontic tooth movement; ALP, alkaline phosphatase; PO4, serum phosphate; OIRR,
orthodontic-induced root resorption.
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were unclear in 2 other studies,>'® and were randomly housed
in 1 study.’® Caregivers and/or investigators were blinded in 1
study'® and unblinded in 4 studies.>'>""'® All five studies did
not randomly select animals for outcome assessment. The
outcome assessor was blinded in 1 study,'® whereas addressing
the outcome data was unclear in 3 studies and adequately
addressed adequately in 2 studies.'®'® All five studies were
free of selective outcome reporting. Among all the included
studies, 3 studies®'>'” had a very high ROB, 1 study'®had a high
ROB, and 1 study'®had a moderate ROB (Table 6).

DISCUSSION

Studies have shown that lithium can activate the Wnt/beta-
catenin pathway,?’* which may have an impact on bone
mass. Wnt/B-catenin signaling stimulates the generation of
osteoblasticcells by promoting the differentiation of pluripotent
mesenchymal stem cells (MSCs) toward the osteoblastic
lineage, while simultaneously suppressing commitment to the
chondrogenic and adipogenic lineages.?* In particular, Wnt/(3-
catenin signaling has promoted the progression of Osterix1-
expressing cells to osteoblasts that produce bone. In addition,
Whnts signaling has been shown to prevent apoptosis of mature
osteoblastic cells and thereby increasing their lifespan by
both B-catenin independent as well as B-catenin dependent
pathways.?

All five studies included in this review reported a reduction
in the active phase of OTM upon lithium administration and
had a direct effect on the retention phase after OTM was
achieved. Huang et al.”® provided evidence to support the use
of LiCl in providing safe orthodontic treatment to osteoporotic
patients with better and more controllable outcomes. Pan et
al.’®reported that LiCl strongly reduced the area, depth, and
volume of orthodontically induced root resorption (OIRR).
Subsequently, the ratio of OIRR per CPD was significantly
smaller in the 0.64 and 1.28 mM/kg experimental groups than
in the control group. These results suggested that LiCl inhibited
OIRR more efficiently than OTM. The osteogenic activity of
lithium may be related to the activation of the Wnt signaling
pathway and the enhancement of Runx2 and Osterix gene
expression, which are cytoplasmic markers of osteoblasts.

Strengths of this review include the utilization of an well-
established method. A comprehensive search was conducted
up to June 2021 without any pre-determined limitations
regarding the status of publication and languages. Processes for
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verifying eligibility, screening, and abstraction of information
from studies involving both animal and human subjects were
performed in duplicate. However, limitations of this review are
based on the number of experiments; thus, additional studies
are warranted to confirm the above findings. Furthermore, this
review relies on animal model studies. Based on the search
criteria, no human studies were identified. In addition, there
was inconsistency in the species of rats or mice included in
the studies, and tooth displacement was measured at different
sites within the oral cavity. In addition to other limitations,
the assessment of OTM using micro CT, considered the gold
standard, was not as effective as da Silva Kagy et al."” who used
a digital caliper for the measurement. In studies by Pan et al.'®
and Huang et al.’8, OTM in the LiCl group was not recorded,
which is a significant shortcomings.

OTM can be performed via traditional fixed appliances, which
have been used for decades, as well as clear aligners, which
have become extremely popularin the past decade.The normal
orthodontic treatment duration with aligners is approximately
12-18 months depending on the severity of malocclusion. In this
day and age, the current trend and high demand for cosmetic
dentistry in any age group is rising significantly. More and more
people are receptive about their smile, and orthodontists often
offer home remedies for managing malocclusion. In addition,
as the stigma of mental health is narrowing in society, it is
important that both the patient and healthcare provider have
an understanding of how either of these conditions can affect
each other. The normal orthodontic treatment duration with
fixed treatment or aligners is approximately 12-24 months
depending on the severity of malocclusion. Based on the
aforementioned studies, lithium may affect the treatment
periods for OTM. Based on the current literature of studies
published only on animal studies, there is limited evidence of
the effect of lithium on OTM. Further standardized prospective
studies mainly on humans are warranted to evaluate the
influence of lithium on OTM.

CONCLUSION

Lithium, a commonly used drug used for decades for the
treatment of BD, has primarily been studied in animal models.
These studies indicate decreased rates of OTM during the active
treatment phase by increasing bone density and bone volume
and reducing root resorption. In addition, lithium enhances
alveolar bone formation during the orthodontic retention

Table 6. Risk of bias using SYRCLE

Ino-Kondo et al.”™ Yes Yes No No No No No uc Yes 33.3% Very high
Pan etal.’® Yes Yes No uc Yes No Yes Yes Yes 55.5 High

da Silva Kagy et al."” ucC Yes No No No No No ucC Yes 22.2% Very high
Wang et al.? No Yes ucC ucC No No No uc Yes 22.2% Very high
Huang et al.”® Yes Yes ucC Yes No Yes No Yes Yes 66.6% Moderate
UC, unclear; ROB, Risk of Bias.
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phase. These findings have significant clinical implications,
potentially affecting treatment duration and retention phase in
long-term lithium medication patients. Further clinical studies
are warranted to assess the impact of lithium on OTM.
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