PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Guarnieri FDF, Briso ALF, Ramos FdSeS,
Esteves LMB, Omoto EM, Sundfeld RH, et al.
(2021) Use of auxiliary devices during retreatment
of direct resin composite veneers. PLoS ONE
16(6): €0252171. https://doi.org/10.1371/journal.
pone.0252171

Editor: Denis Bourgeois, University Lyon 1 Faculty
of Dental Medicine, FRANCE

Received: February 8, 2021
Accepted: May 11, 2021
Published: June 16, 2021

Copyright: © 2021 Guarnieri et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: https:/repositorio.
unesp.br/handle/11449/193283.

Funding: This study was funded by the Sao Paulo
Research Foundation (FAPESP -https://fapesp.br)
Grant number: 2019/12437-0. "This study was
financed in part of Coordenac&o de
Aperfeigoamento de Pessoal de Nivel Superior —
Brazil (CAPES) Financial Code 001. The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

RESEARCH ARTICLE
Use of auxiliary devices during retreatment of
direct resin composite veneers

Fabricio Daniel Finotti Guarnieri®, André Lu[z Fraga Briso¥, Fernanda de Souza e
Silva Ramos®, Lara Maria Bueno Esteves®, Erika Mayumi Omoto®, Renato
Herman Sundfeld*, Ticiane Cestari Fagundes®**

Department of Preventive and Restorative Dentistry, School of Dentistry, Sdo Paulo State University
(UNESP), Aragatuba, SP, Brazil

® These authors contributed equally to this work.
F These authors also contributed equally to this work.
* ticiane.fagundes @unesp.br

Abstract

The removal of direct composite veneers, when the retreatment is necessary, represents a
challenge to the clinician, since the healthy dental structure must be preserved. Thus, the
aim of this study was to compare the accuracy provided by different auxiliary devices during
retreatment of direct composite veneers. Seventy-five bovine teeth were prepared for direct
composite veneers, scanned (T1), and restored. Specimens were divided into 5 groups for
retreatment: conventional high-speed handpiece without auxiliary device (WD); high-speed
handpiece with a white LED (WL); high-speed handpiece with an UV light (UL); electric
motor and multiplier 1/5 handpiece (EM); and conventional high-speed handpiece using
magnifying loupe (ML). After retreatments, other scanning was performed (T2). Changes on
dental wear or composite residues areas, as well as, the average between wear and pres-
ence of residues were measured. Data were submitted to Kruskal-Wallis and Dunn’s post-
test (p< 0.05). There were greater areas of wear for ML, being statistically superior to WD
and EM groups. The ML presented smaller residues areas, being statistically lower than the
WD and EM groups. Regarding the average between wear and the presence of resin resi-
dues, additional wear occurred after re-preparation, regardless of the group. Magnifying
loupe promoted greater areas of wear and smaller areas of resin residues than conventional
high-speed handpiece and electric motor. Both techniques using light accessories did not
differ from other ones.

Introduction

The use of veneers is indicated when the patient has abnormalities such as aesthetic deficien-
cies and color changes [1, 2]. Porcelain veneers show excellent aesthetic results and predictable
longevity of the treatment, while direct composite veneers can be considered as a good conser-
vative option, but with less durability [1]. Failures of direct resin composite veneers occurs
because of low resistance to staining and wear related to resin composites [2].

When retreatment is necessary, it is important to highlight the difficulty of removing resin
composite due to its similarity with the remaining dental tissue [3]. This procedure represents
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a challenge for the clinician, since unnecessary dental wear must be avoided during the resin
composite removal [4].

Although it is possible to repair resin composite restorations, there are controversial results
in the literature regarding bond strength and longevity [5, 6]. The repair consists of a chemical
bond between the filler particles and the organic matrix through the use of adhesive systems
[5, 6]. Some authors also recommend roughening the surface to prevent microleakage on the
new restoration [5]. However, the aged resin composite has less adhesive resistance to a new
layer, when compared to recent resins [6]. Another factor to be considered for the success of
the repair is the shape of the cavity because box cavity preparations have better retention of
restorative material than flat surface such as done for veneer preparations.

Dental market offers different auxiliary devices to aid clinicians during operative proce-
dures [3, 4, 7-10]. One of the most fundamental devices used in Dentistry, the handpiece can
enhance the efficiency of everyday dental tasks [7]. Through the years, handpieces have gradu-
ally been redesigned and upgraded to become the highly accurate and sophisticated tools they
are today [7]. Technological advances continue to improve these indispensable instruments
such as light-emitting high-speed handpieces [3, 4]. The most common type of light-emitting
high-speed handpieces is with white light-emitting diode (LED) coupled [3, 4]. Other type,
recently introduced in the market, is capable of exciting fluorescent particles present in resin-
ous materials. [3, 4, 11-15] These devices emit ultraviolet (UV) light, distinguishing the surface
of the dental substrate from the restorative material [3, 4, 11-15].

There are also other options for auxiliary devices in daily restorative treatments. Devices
that provide greater control to operator can be used, such as electric motors with multiplier
contra-angle that may assist clinicians in achieving greater accuracy in tooth preparation, pro-
viding a satisfactory alternative to the air-turbine handpiece [8, 9, 16]. Additionally, surgical
loupes have been increasingly popular among dental professionals for their visual and postural
benefits [8]. Magnifying loupes allow operators to increase their visual capacity [17], since they
compensate for the loss of visual acuity that occurs naturally with age [18].

In this context, the literature is scarce on the use of different auxiliary devices for retreat-
ment of direct resin composite veneers. Furthermore, the present study describes an innova-
tive and precise methodology, through scanning and three-dimensional computerized
analysis, to assess changes during the retreatment of direct resin composite veneers. Then, the
objective of this in vitro study was to evaluate different auxiliary devices in the accuracy of
retreating direct resin composite veneers through dimensional changes. The null hypothesis
tested was that there would be no statistically significant difference between different auxiliary
devices in areas of dental wear and/or presence of resin residues, as well as, in the average
between wear and presence of residues for direct veneers retreatments.

Material and methods
Samples preparation

This research project was approved by the Animal Use Ethics Committee (CEUA) of Araga-
tuba School of Dentistry (# 00390-2019). Bovine teeth aged between 24 and 30 months
were selected, stunning practices promote good animal welfare, animals feel no pain and
become instantly unconscious; after that the throat cut was made immediately after the
head is restrained to ensure quick and thorough bleeding of the animal. (Certification
Scope: Cattle Slaughterhouse JBS S/A-Andradina/SP-SIF 385, implemented and maintains
the Animal Welfare Standards, according to requirements of: AMI-Recommended

Animal Handling Guidelines & Audit Guides). For the selection of teeth, the following
exclusion criteria were considered: teeth with stains, excessive wear on the incisal third,
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morphological changes in the clinical crown, and cracks in the enamel. The teeth were
mechanically cleaned with sharp periodontal curettes and subjected to prophylaxis with
pumice stone and water, with the aid of a brush adjusted at a low-speed handpiece. To
avoid bacterial proliferation, clean teeth were stored in a physiological saline solution con-
taining 0.1% thymol and kept in a refrigerator at an approximate temperature of 4°C until
the time of the experiment.

Teeth corresponding to color Al (Vita Classical color scale, VITA Zahnfabrik, Bad Sickin-
gen, Germany) were selected using the spectrophotometer of the intraoral scanning equipment
(Trios3, 3Shape, Copenhagen, Denmark). The sample size was calculated with 4 specimens
from the pilot study with 0.90 statistical power. The value of 0.13 was obtained for the mini-
mum difference between the averages, and the standard deviation’s average of 0.07. Thus, the
minimum sample size was 9 specimens per group. However, 15 teeth were selected per group,
considering intra-operator variations.

Teeth had their dimensions reduced in a polishing machine (Politriz, Aropol E, Arotec,
Cotia, SP) moved at 100 rpm, with abrasive discs of granulation #100 and under irrigation, up
to the dimensions of 10 x 8 mm, simulating the size of a human upper central incisor [19].
Then, the roots were sectioned, reducing the total height (crown and root) to 18 mm, to allow
their fixation on the base that was used to perform the procedures.

The specimens were fixed on supports made in a 3D printer (Form 2, Formlabs Inc, Somer-
ville, Massachusetts, United States), with one specimen in each support to make the handling
of samples easier. Then, the initial scan (T0) of all specimens was performed [20].

Addition silicone (Elite Transparen, Zhermack SpA, Badia Polesine, RO, Italy) was used for
construction of highly transparent matrices that allowed to restore teeth with the same thick-
ness of the resin composite. Teeth were prepared with a conventional high-speed handpiece
(without attached light) and with abundant irrigation, by an experienced operator (master stu-
dent, with 19 years of clinical experience), simulating the characteristics of preparation for
direct resin composite veneer. Orientation grooves of 0.3 mm depth were made from cervical
to incisal (#4141, KG Sorensen Ind. E Com. Ltda, Sdo Paulo, Brazil). Subsequently, the grooves
were merged leading to a whole buccal surface preparation, using a conical diamond tips
(#4138, KG Sorensen Ind. E Com. Ltda, Sdo Paulo, Brazil). The cervical outline was a shallow
chamfer of 0.1 mm thickness. The cervical and proximal outlines were established in enamel,
while parts of buccal surface were defined in dentin. The incisal edge was not performed due
to the limitation of the bovine tooth does not have an incisal border.

Then, teeth were scanned again (T1). The average amount of wear between T0 and T1 was
measured with specific software (Geomagic Control X, 3D Systems, Rock Hill, South Carolina,
USA) to verify the standardization of the preparations. Specimens with a volumetric change of
10% above or below average were excluded from the study. Preparations were standardized
with a mean wear value of 0.28 (+ 0.07) mm.

The dental surface was conditioned with 35% phosphoric acid (3M ESPE, St. Paul, MN,
USA), for 15 seconds on the dentin and 30 seconds on the enamel and then washed for 30 sec-
onds with air/water spray and dried with absorbent paper. An adhesive system (Single Bond
Universal, 3M ESPE, St. Paul MN USA) was applied with a micro brush on the dental surface,
an air jet was applied to evaporate the solvents and it was photoactivated for 20 seconds with a
light-curing device (Valo, Ultradent Products Inc., South Jordan, USA; in Standard mode,
1000 mW/cm?). The silicone matrix was used to restore teeth with nanoparticulated resin
composite in color A1D (Filtek Z350 XT, 3M ESPE, St. Paul, MN, USA), using the same device
cited above, for 40 seconds. The specimens were stored for 30 days in relative humidity at
37°C.
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Randomization and study groups

The specimens were randomly divided into five groups for retreatment procedures: conven-
tional high-speed handpiece and without an auxiliary device (WD), high-speed handpiece
with white LED (WL), high-speed handpiece with UV light (UL), electric motor and multiplier
1/5 (EM); conventional high-speed handpiece and use of magnifying loupe 2.5x (ML).

Specimen re-preparation technique

The removal of the resin composite and the re-preparation of specimens were performed by
another operator (master student, with 2 years of clinical experience), with the same cylindri-
cal diamond tip mentioned before. The high-speed handpiece (Cobra, Gnatus, Ribeirao Preto,
SP, Brazil) may be used without light (WD), with only white LED (WL) or with UV light (UL),
since the lights are coupled to the handpiece (Fig 1). Only for the EM group, an electric motor
(W&H Group, Biirmoos, Austria) was used with a contra-angle multiplier 1:5 (Kavo, Biberach
an der Riss, Germany). The duration of each removal procedure was recorded. Then, a new
scanning was performed (T2).

Analysis of dimensional changes

Subsequently, the alterations between T2 and T1 was measured with the same software used
for standardization of initial preparations. This software allowed the measurement of dental
wear and resin composite residues areas (mm?), which are distinguished by different colors
(Fig 2). A tolerance of 0.025 mm was established for the overlap in the software to produce
accurate results (Fig 2A), with variations described from -1 mm (wear of the remainder) to +1
mm (presence of resinous residues) in the histogram [20, 21]. The average between dental
wear and presence of resin residues between T2 and T1 was also calculated. Fig 3 shows the
experimental design.

Fig 1. Auxiliary devices according to each group. (a) removal with high-speed handpiece without auxiliary device
(WD), (b) removal with high-speed handpiece with a white (WL), (c) removal with high-speed handpiece with an UV
light (UL) attached, (d) removal with electric motor and multiplier 1/5 handpiece (EM). (e) removal with conventional
high-speed handpiece using magnifying loupe (ML).

https://doi.org/10.1371/journal.pone.0252171.9001
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Fig 2. Comparison of tolerance for overlapping digital models in T1 and T2. (a) representative image showing the
areas where resin residues are present in yellow, areas of dental wear in blue, and areas where there was no additional
dental wear or presence of resin residues in green, with 0.025 mm of tolerance. (b) image showing a 0.5 mm of
tolerance, being inadequate to obtain accurate results.

https://doi.org/10.1371/journal.pone.0252171.9002
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Statistical analysis

All statistical analyses were implemented with SigmaPlot 12.0 (Systat Software Inc., San Jose,
CA, USA). Data normality was assessed by the Shapiro-Wilk test, and homogeneity by
Levene’s test.

Data from duration of the re-treatment procedure were analyzed by 1-way ANOVA and
the Tukey honestly significant difference post hoc test for multiple comparisons. Data from
areas were performed using Kruskal-Wallis and Dunn’s post-test. Statistically significant dif-
ferences were established with a 5% significance level.

Results

The mean duration of the removal procedure per restoration was 370 (+75) seconds. No statis-
tical differences were found among groups regarding the time consumption for re-preparation
(p> 0.05), with following media and standard deviations values in seconds: 357 (+73) for WD,
387 (+88) for WL, 341 (+80) for UL, 358 (+47) for EM, and 408 (+62) for ML.

Larger areas of dental wear occurred on the surfaces of ML, being statistically similar to WL
and UL groups (p> 0.05), and higher than WD and EM groups (p< 0.05), Fig 4. Regarding
the areas of resin composite residues, the opposite occurred since ML group had smaller areas
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Fig 3. Flowchart of the experiment.
https://doi.org/10.1371/journal.pone.0252171.9003
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Fig 4. Box plots of the dental wear areas (mm?) between T2 and T1 for each group.
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of residues, being statistically similar to the WL and UL groups (p> 0.05), and lower to WD
and EM groups (p< 0.05), Fig 5.

For all groups, additional wear occurred, with no statistical difference between them concern-
ing the average between wear and the presence of residues after retreatment (p> 0.05), Fig 6.

Discussion

Due to the precision of digital scanning devices, the establishment of new methodologies can
expand approaches to evaluate in vitro results [20]. Digital technique was investigated to
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Fig 5. Box plots of the resin residues areas (mm®) between T2 and T1 for each group.

https://doi.org/10.1371/journal.pone.0252171.9005
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Fig 6. Box plots of the average considering dental wear and resin residues areas (mm?) between T2 and T1 for
each group.

https://doi.org/10.1371/journal.pone.0252171.9g006

remove resin residues of orthodontic brackets being that the variability attributable to the area
and volume measurement techniques was 0.79% and 0.01% for reproducibility, respectively
[22].

However, it is important to highlight that these new technologies require specific protocols
so that this application reflects the real results and does not produce data with a large margin
for interpretation, leading to conclusions with low reliability, such as demonstrated in Fig 2B.
Recent studies in operative dentistry have presented methodologies through digital scanning
and overlapping of images; however, with the purpose of analyze fluorescence-aided identifica-
tion technique for posterior restorations with resin composite [13, 21]. Besides, the overlap-
ping graph of digital models was twenty times greater tolerance than that used in the present
study [13].

Regarding the re-treatment duration, similar mean duration of the removal procedure per
restoration was found in other study for posterior restorations (329 seconds) if compared with
our results (370 seconds). It was also found lesser resin removal duration for fluorescence
aided composite technique when compared to conventional treatment for one operator, with
no significant differences for the other operator [21]. The second operator of the present study
aimed at removing composite as completely as possible, having no influence on the re-treat-
ment duration using the different type of devices.

The use of equipment emitting violet light has been described in the literature as an auxil-
iary method in the selective removal of resin composite restorations [3, 4, 11, 12, 14, 21, 23]. It
is known that dentin emits fluorescence in greater intensity than enamel and this is probably
due to significant differences in the composition of these substrates, this also applies to resin
restorative materials [24, 25]. However, the fluorescence emitted by resin composites can vary
in intensity between different trademarks and resins of the same brand, differing according to
color and indications [25]. Regarding to auxiliary devices for removing resin composite using
light, similar results were found for the dental wear or presence of residues between the WD,
WL, UL, and EM groups. These results corroborate with the findings of Klein et al. [13], in
which the technique that used white LED also obtained similar values to the group emitting
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violet light for the presence of residues in class I cavities when the high fluorescence adhesive
was not used.

In this study, the resin composite used was chosen because it represents a material that
mimics adjacent dental structures, both in color and fluorescence [25, 26], thus making its
removal difficult and simulating a clinical condition. However, the similarity between the fluo-
rescence of the resin used in the present study and the dental tissues can be attributed as a fac-
tor so that there was no statistical difference between the UL group and other groups for all
analyses. Other authors opted to use only resin composites with fluorescence higher than the
dental structure when the removal with the aid of fluorescent light was evaluated [3, 14, 15,
21]. This option favored the removal of the resin composite for the removal of orthodontic
brackets and also for class I and II restorations, minimizing the presence of residues and
reducing the dental wear [3, 14, 21].

Bush et al. [11] suggested the use of UV lighting as an auxiliary method to identify resin res-
idues because they found resin residues for three different degrees of resin fluorescence (highly
fluorescent, moderately fluorescent, and weakly fluorescent), after their removal. It is worth
mentioning that in a retreatment procedure, the surgeon dentist does not usually have infor-
mation about the previously resin composite used [27], mainly for restorations performed by
another professional.

According to the analysis of dental wear and resin residues areas, the null hypothesis was
rejected, since the ML group had a greater area of dental wear and less area of resin residues
when compared to the WD and EM groups. It is a fact that the operator must obtain better
visualization with the use of oral magnification devices, allowing the dentist to identify resin-
ous residues and perform more precise preparations [28]. The visual acuity of the human eye
is about 70 um, but the vision in a gaseous environment (air), diffraction and refraction reduce
to about 150-200 pm [29]. In dentistry, these values can be further compromised by the low
luminosity in the oral cavity [30]. It is noteworthy that the operator of the present study aimed
to remove the restorative system as completely as possible, justifying the greater wear and tear
that occurred in the ML group. The removal of pigmented orthodontic adhesive with the aid
of magnifying loupe had advantages in comparison to other methods [28]. In another in vitro
study, an increase in class I cavity size was found after the removal of resin composite restora-
tions with and without the use of a 2.6X magnifying loupe, finding no significant difference
between the groups [31]. Corroborating with the present study, Baumann et al. [17] found that
the use of magnifying loupe to remove orthodontic brackets showed less dental wear on the
underlying structure, became possibly the visualization and location of the residues on the
unprepared enamel surface easier, which has a higher gloss than the resin cement. It is impor-
tant to highlight that high prevalence of coaxial misalignment among dental professionals was
found in a cohort study, in which the use of surgical loupes was evaluated [10]. Then, scientific
studies must assist dental professionals in making informed decisions when choosing their
magnification equipment and prompt surgical loupe manufacturers to develop more evi-
dence-based products [10].

Electric motor with a 1:5 multiplier provides greater control to the operator during the
resin removal procedure, providing less vibration compared to the high-speed handpiece.
Also, the electric motor with multiplier is a practical tool that expands and refines the clinical
capacity of restorative dentistry under the philosophy of minimally invasive dentistry. The
controlled speed rotary instruments were considered more conservative in removing healthy
and demineralized dentin, in terms of preparation and depth [32]. However, for the removal
of resin composite, the literature is scarce on the use of this device, becoming difficulty com-
parisons with other studies.
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The presence of resinous residues in replacement procedures for a deficient restoration
does not significantly affect the adhesion of a new restoration, as long as the appropriate adhe-
sive pretreatment procedures are performed on the surfaces that will receive the new restora-
tion [33]. It is suggested that in deep cavities, resin composite residues should be kept when
the proximity of the pulp may be harmful [34]. In addition, it was observed that dentists prefer
repair rather than the retreatment of direct restorations in molars compared to premolars and
anterior teeth, probably due to the aesthetic question that is more involved in the latter condi-
tions [35].

Regarding to the average between dental wear and presence of resin residues, additional
healthy dental structure wear occurs to retreat composite veneers, such as found in another
study [31].

As a limitation of this study, the use of resin composite with greater fluorescence than the
dental structure may supposedly present different results for the UL group. However, as previ-
ously mentioned, the similarity of fluorescence between dental structure and resin composite
is necessary for anterior teeth. Another limitation of the present study was that the restorations
had no change in color, and probably aged restorations with superficial and interface stains
would be better evidenced.

Further research is needed to assess the influence of different operators using currently
available auxiliary devices on the treatment duration of resin composite removal. Furthermore,
future studies are necessary to improve the technique in retreatments of previous direct
veneers, such as the use of laser, since resinous residues can be quickly removed with minimal
temperature increase in the pulp and loss of enamel [36]. Further studies are also needed to
determine the ocular risks of using a magnifying loupe and the effects of the various types of
lights used in dental offices [10, 37].

Conclusions

Although the use of a dental magnifying loupe has been more effective in removal of resin
composite residues during retreatment of direct veneers, it promotes greater dental wear.
Regardless of the auxiliary devices used, additional dental wear occurs during retreatment of
direct resin composite veneers.

Author Contributions
Conceptualization: Fabricio Daniel Finotti Guarnieri, Ticiane Cestari Fagundes.

Data curation: Fabricio Daniel Finotti Guarnieri, Fernanda de Souza e Silva Ramos, Lara
Maria Bueno Esteves.

Formal analysis: Fabricio Daniel Finotti Guarnieri, Fernanda de Souza e Silva Ramos, Lara
Maria Bueno Esteves.

Investigation: Fabricio Daniel Finotti Guarnieri, Fernanda de Souza e Silva Ramos, Lara
Maria Bueno Esteves, Ticiane Cestari Fagundes.

Methodology: Fabricio Daniel Finotti Guarnieri, Fernanda de Souza e Silva Ramos, Lara
Maria Bueno Esteves, Erika Mayumi Omoto.

Project administration: Ticiane Cestari Fagundes.
Supervision: Ticiane Cestari Fagundes.

Validation: Ticiane Cestari Fagundes.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252171 June 16, 2021 9/11


https://doi.org/10.1371/journal.pone.0252171

PLOS ONE

Auxiliary devices in the retreatment of direct veneers

Writing - original draft: Fabricio Daniel Finotti Guarnieri, Fernanda de Souza e Silva Ramos,

Lara Maria Bueno Esteves.

Writing - review & editing: André Luiz Fraga Briso, Renato Herman Sundfeld, Ticiane Ces-

tari Fagundes.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Alothman Y, Bamasoud MS. The success of dental veneers according to preparation design and mate-
rial type. Open Access Maced J Med Sci. 2018; 6:2402—-2408. https://doi.org/10.3889/0amjms.2018.
353 PMID: 30607201

Demarco FF, Collares K, Coelho-de-Souza FH, Correa MB, Censi MS, Moraes RR, et al. Anterior com-
posite restorations: a systematic review on long-term survival and reasons for failure. Dent Mater. 2015;
31:1214-1224. https://doi.org/10.1016/j.dental.2015.07.005 PMID: 26303655

Rocha RS, Saloméao FM, Silveira Machado L, Sundfeld RH, Fagundes TC. Efficacy of auxiliary devices
for removal of fluorescent residue after bracket debonding. Angle Orthod. 2017; 87:440-447. https://
doi.org/10.2319/081916-629.1 PMID: 28035838

Salomao FM, Rocha RS, Franco LM, Sundfeld RH, Bresciani E, Fagundes TC. Auxiliary UV light
devices for removal of fluorescent resin residues after bracket debonding. J Esthet Restor Dent. 2019;
31:58-63. https://doi.org/10.1111/jerd. 12412 PMID: 30194909

Kanzow P, Wiegand A, Schwendicke F, Gostemeyer G. Same, same, but different? A systematic
review of protocols for restoration repair. J Dent. 2019; 86:1—16. https://doi.org/10.1016/j.jdent.2019.05.
021 PMID: 31108118

Lemos CA, Mauro SJ, de Campos RA, Dos Santos PH, Machado LS, Fagundes TC. Repairability of
aged resin composites mediated by different restorative systems. Acta Odontol Latinoam. 2016; 29:7—
13. PMID: 27701492

Lowe RA. The dental handpiece: technology continues to impact everyday practice. Compend Contin
Educ Dent. 2015; 36:300-301. PMID: 25821942

Kenyon BJ, Van Zyl |, Louie KG. Comparison of cavity preparation quality using an electric motor hand-
piece and an air turbine dental handpiece. J Am Dent Assoc. 2005; 136:1101—-1105. https://doi.org/10.
14219/jada.archive.2005.0313 PMID: 16161364

Campbell SC. Are friends electric?: A review of the electric handpiece in clinical dental practice. Dent
Update. 2013; 40:194—196. https://doi.org/10.12968/denu.2013.40.3.194 PMID: 23767108

Wen WM, Kanji Z, Laronde D, Shariati B, Rucker L. Out of the loupe: The prevalence of coaxial mis-
alignment of surgical loupes among dental professionals. J Am Dent Assoc. 2019; 150:49-57 https://
doi.org/10.1016/j.adaj.2018.09.022 PMID: 30503019

Bush MA, Hermanson AS, Yetto RJ, Wieczkowski G Jr. The use of ultraviolet LED illumination for com-
posite resin removal: an in vitro study. Gen Dent. 2010; 58:214—218.

Ribeiro AA, Almeida LF, Martins LP, Martins RP. Assessing adhesive remnant removal and enamel
damage with ultraviolet light: an in-vitro study. Am J Orthod Dentofacial Orthop. 2017; 151:292-296.
https://doi.org/10.1016/j.ajod0.2016.06.040 PMID: 28153158

Klein C, Babai A, von Ohle C, Herz M, Wolff D, Meller C. Minimally invasive removal of tooth-colored
restorations: evaluation of a novel handpiece using the fluorescence-aided identification technique
(FIT). Clin Oral Investig. 2020; 24:2735-2743. https://doi.org/10.1007/s00784-019-03135-0 PMID:
31712984

Kiran R, Chapman J, Tennant M, Forest A, Walsh LJ. Fluorescence-aided selective removal of resin-
based composite restorative materials: an in vitro comparative study. J Esthet Restor Dent. 2020;
32:310-316. https://doi.org/10.1111/jerd. 12536 PMID: 31618521

Dettwiler C, Meller C, Eggmann F, Saccardin F, Kuihl S, Filippi A, et al. Evaluation of a Fluorescence-
aided Identification Technique (FIT) for removal of composite bonded trauma splints. Dent Traumatol.
2018; 34: 353-359. https://doi.org/10.1111/edt. 12425 PMID: 29983006

Geminiani A, Abdel-Azim T, Ercoli C, Feng C, Meirelles L, Massironi D. Influence of oscillating and
rotary cutting instruments with electric and turbine handpieces on tooth preparation surfaces. J Prosthet
Dent. 2014; 112:51-58. https://doi.org/10.1016/j.prosdent.2014.02.007 PMID: 24726596

Baumann DF, Brauchli L, van Waes H. The influence of dental loupes on the quality of adhesive
removal in orthodontic debonding. J Orofac Orthop. 2011; 72:125-132. https://doi.org/10.1007/s00056-
011-0010-y PMID: 21503852

PLOS ONE | https://doi.org/10.1371/journal.pone.0252171 June 16, 2021 10/11


https://doi.org/10.3889/oamjms.2018.353
https://doi.org/10.3889/oamjms.2018.353
http://www.ncbi.nlm.nih.gov/pubmed/30607201
https://doi.org/10.1016/j.dental.2015.07.005
http://www.ncbi.nlm.nih.gov/pubmed/26303655
https://doi.org/10.2319/081916-629.1
https://doi.org/10.2319/081916-629.1
http://www.ncbi.nlm.nih.gov/pubmed/28035838
https://doi.org/10.1111/jerd.12412
http://www.ncbi.nlm.nih.gov/pubmed/30194909
https://doi.org/10.1016/j.jdent.2019.05.021
https://doi.org/10.1016/j.jdent.2019.05.021
http://www.ncbi.nlm.nih.gov/pubmed/31108118
http://www.ncbi.nlm.nih.gov/pubmed/27701492
http://www.ncbi.nlm.nih.gov/pubmed/25821942
https://doi.org/10.14219/jada.archive.2005.0313
https://doi.org/10.14219/jada.archive.2005.0313
http://www.ncbi.nlm.nih.gov/pubmed/16161364
https://doi.org/10.12968/denu.2013.40.3.194
http://www.ncbi.nlm.nih.gov/pubmed/23767108
https://doi.org/10.1016/j.adaj.2018.09.022
https://doi.org/10.1016/j.adaj.2018.09.022
http://www.ncbi.nlm.nih.gov/pubmed/30503019
https://doi.org/10.1016/j.ajodo.2016.06.040
http://www.ncbi.nlm.nih.gov/pubmed/28153158
https://doi.org/10.1007/s00784-019-03135-0
http://www.ncbi.nlm.nih.gov/pubmed/31712984
https://doi.org/10.1111/jerd.12536
http://www.ncbi.nlm.nih.gov/pubmed/31618521
https://doi.org/10.1111/edt.12425
http://www.ncbi.nlm.nih.gov/pubmed/29983006
https://doi.org/10.1016/j.prosdent.2014.02.007
http://www.ncbi.nlm.nih.gov/pubmed/24726596
https://doi.org/10.1007/s00056-011-0010-y
https://doi.org/10.1007/s00056-011-0010-y
http://www.ncbi.nlm.nih.gov/pubmed/21503852
https://doi.org/10.1371/journal.pone.0252171

PLOS ONE

Auxiliary devices in the retreatment of direct veneers

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Perrin P, Ramseyer ST, Eichenberger M, Lussi A. Visual acuity of dentists in their respective clinical
conditions. Clin Oral Investig. 2014; 18:2055-2058. https://doi.org/10.1007/s00784-014-1197-2 PMID:
24481552

McGowan S. Characteristics of teeth: a review of size, shape, composition, and appearance of maxillary
anterior teeth. Compend Contin Educ Dent. 2016; 37:164—171. PMID: 26977896

Nedelcu R, Olsson P, Nystrom |, Thor A. Finish line distinctness and accuracy in 7 intraoral scanners
versus conventional impression: an in vitro descriptive comparison. BMC Oral Health. 2018; 18:27.
https://doi.org/10.1186/s12903-018-0489-3 PMID: 29471825

Dettwiler C, Eggmann F, Matthisson L, Meller C, Weiger R, Connert T. Fluorescence-aided composite
removal in directly restored permanent posterior teeth. Oper Dent. 2020; 45:62—-70. https://doi.org/10.
2341/19-032-L PMID: 31373886

Zubizarreta-Macho A, Triduo M, Alonso Pérez-Barquero J, Guinot Barona C, Albaladejo Martinez.
Novel Digital Technique to Quantify the Area and Volume of Cement Remaining and Enamel Removed
after Fixed Multibracket Appliance Therapy Debonding: An In Vitro Study. J Clin Med. 2020; 9:1098.
https://doi.org/10.4103/jfmpc.jfmpc_917_19 PMID: 32318474

Meller C, Connert T, Lost C, ElAyouti A. Reliability of a fluorescence-aided identification technique (FIT)
for detecting tooth-colored restorations: an ex vivo comparative study. Clin Oral Investig. 2017; 21:347—
355. https://doi.org/10.1007/s00784-016-1797-0 PMID: 27005811

Lee YK. Fluorescence properties of human teeth and dental calculus for clinical applications. J Biomed
Opt. 2015; 20:040901. https://doi.org/10.1117/1.JB0O.20.4.040901 PMID: 25875625

Silva TM, Oliveira HPM, Severino D, Balducci |, Huhtala MFRL, Gongalves SEP. Direct spectrometry: a
new alternative for measuring the fluorescence of composite resins and dental tissues. Oper Dent.
2014; 39:407-415. https://doi.org/10.2341/12-464-L PMID: 23937404

Kim BR, Kang SM, Kim GM, Kim BlI. Differences in the intensity of light-induced fluorescence emitted by
resin composites. Photodiagnosis Photodyn Ther. 2016; 13:114—119. https://doi.org/10.1016/j.pdpdt.
2016.01.005 PMID: 26805703

Conceicao L, Masotti A, Forgie A, Leite FRM. New fluorescence and reflectance analyses to aid dental
material detection in human identification. Forensic Sci Int. 2019; 305:110032. https://doi.org/10.1016/j.
forsciint.2019.110032 PMID: 31704514

Alencar EQ, Nobrega ML, Dametto FR, Santos PBD, Pinheiro FHSL. Comparison of two methods of
visual magnification for removal of adhesive flash during bracket placement using two types of ortho-
dontic bonding agents. Dental Press J Orthod. 2016; 21:43-50. https://doi.org/10.1590/2177-6709.21.
6.043-050.0ar PMID: 28125139

YuH, ZhaoY, LiJ, Luo T, Gao J, Liu H, et al. Minimal invasive microscopic tooth preparation in esthetic
restoration: a specialist consensus. Int J Oral. Sci. 2019: 11:31. https://doi.org/10.1038/s41368-019-
0057-y PMID: 31575850

Sitbon Y, Attathom T, St-Georges AJ. Minimal intervention dentistry II: part 1. Contribution of the operat-
ing microscope to dentistry. Br Dent J. 2014; 216:125-130. https://doi.org/10.1038/sj.bd].2014.48
PMID: 24504295

Forgie AH, Pine CM, Pitts NB. Restoration removal with and without the aid of magnification. J Oral
Rehabil. 2001; 28:309-313. https://doi.org/10.1046/j.1365-2842.2001.00680.x PMID: 11350582

Cortes M, Arias Pecorari VG, Basting RT, Gomes Franca FM, Turssi CP, Botelho do Amaral FL. Effect
of rotatory instrument speed on its capacity to remove demineralized and sound dentin. Eur J Dent.
2013; 7(4):429-435. https://doi.org/10.4103/1305-7456.120676 PMID: 24932117

Kanzow P, Wiegand A, Gostemeyer G, Schwendicke F. Understanding the management and teaching
of dental restoration repair: systematic review and meta-analysis of surveys. J Dent. 2018; 69:1-21.
https://doi.org/10.1016/j.jdent.2017.09.010 PMID: 28943362

Martins BMC, Silva EJNLD, Ferreira DMTP, Reis KR, Fidalgo TKDS. Longevity of defective direct resto-
rations treated by minimally invasive techniques or complete replacement in permanent teeth: a sys-
tematic review. J Dent. 2018; 78:22—30. https://doi.org/10.1016/j.jdent.2018.09.001 PMID: 30189230

Gordan VV, Riley J, Geraldeli S, Williams OD, Spoto JC, Gilbert GH. The decision to repair or replace a
defective restoration is affected by who placed the original restoration: Findings from the National Den-
tal PBRN. J Dent. 2014; 42:1528-1534. https://doi.org/10.1016/j.jdent.2014.09.005 PMID: 25223822

Chan KH, Hirasuna K, Fried D. Analysis of enamel surface damage after selective laser ablation of com-
posite from tooth surfaces. Photonics Lasers Med. 2014; 3:37-45. https://doi.org/10.1515/pIm-2013-
0052 PMID: 24707453

Yoshino F, Yoshida A. Effects of blue-light irradiation during dental treatment. Jpn Dent Sci Rev. 2018;
54:160—-168. https://doi.org/10.1016/j.jdsr.2018.06.002 PMID: 30302134

PLOS ONE | https://doi.org/10.1371/journal.pone.0252171 June 16, 2021 11/11


https://doi.org/10.1007/s00784-014-1197-2
http://www.ncbi.nlm.nih.gov/pubmed/24481552
http://www.ncbi.nlm.nih.gov/pubmed/26977896
https://doi.org/10.1186/s12903-018-0489-3
http://www.ncbi.nlm.nih.gov/pubmed/29471825
https://doi.org/10.2341/19-032-L
https://doi.org/10.2341/19-032-L
http://www.ncbi.nlm.nih.gov/pubmed/31373886
https://doi.org/10.4103/jfmpc.jfmpc%5F917%5F19
http://www.ncbi.nlm.nih.gov/pubmed/32318474
https://doi.org/10.1007/s00784-016-1797-0
http://www.ncbi.nlm.nih.gov/pubmed/27005811
https://doi.org/10.1117/1.JBO.20.4.040901
http://www.ncbi.nlm.nih.gov/pubmed/25875625
https://doi.org/10.2341/12-464-L
http://www.ncbi.nlm.nih.gov/pubmed/23937404
https://doi.org/10.1016/j.pdpdt.2016.01.005
https://doi.org/10.1016/j.pdpdt.2016.01.005
http://www.ncbi.nlm.nih.gov/pubmed/26805703
https://doi.org/10.1016/j.forsciint.2019.110032
https://doi.org/10.1016/j.forsciint.2019.110032
http://www.ncbi.nlm.nih.gov/pubmed/31704514
https://doi.org/10.1590/2177-6709.21.6.043-050.oar
https://doi.org/10.1590/2177-6709.21.6.043-050.oar
http://www.ncbi.nlm.nih.gov/pubmed/28125139
https://doi.org/10.1038/s41368-019-0057-y
https://doi.org/10.1038/s41368-019-0057-y
http://www.ncbi.nlm.nih.gov/pubmed/31575850
https://doi.org/10.1038/sj.bdj.2014.48
http://www.ncbi.nlm.nih.gov/pubmed/24504295
https://doi.org/10.1046/j.1365-2842.2001.00680.x
http://www.ncbi.nlm.nih.gov/pubmed/11350582
https://doi.org/10.4103/1305-7456.120676
http://www.ncbi.nlm.nih.gov/pubmed/24932117
https://doi.org/10.1016/j.jdent.2017.09.010
http://www.ncbi.nlm.nih.gov/pubmed/28943362
https://doi.org/10.1016/j.jdent.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30189230
https://doi.org/10.1016/j.jdent.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25223822
https://doi.org/10.1515/plm-2013-0052
https://doi.org/10.1515/plm-2013-0052
http://www.ncbi.nlm.nih.gov/pubmed/24707453
https://doi.org/10.1016/j.jdsr.2018.06.002
http://www.ncbi.nlm.nih.gov/pubmed/30302134
https://doi.org/10.1371/journal.pone.0252171

