@ () This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit
BY http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

CLINICAL RESEARCH

Influence of Operator, Tool, Dental Loupes, and Tooth
Position on Enamel Loss and Composite Remnants After
Removal of Composite Attachments for Orthodontic Clear
Aligners: An Experimental Study Using 3D Profilometry
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Purpose: To assess the influence of operator, tool, dental loupes, and tooth position on enamel loss and composite rem-
nants after removal of composite attachments (CA) for orthodontic clear aligners. Procedure duration was also analyzed.

Materials and Methods: Eight maxillary resin dental arches with four natural teeth were placed in the right posterior sec-
tor in dental simulators, and CA was realized. The dental arches were randomly distributed according to three experimental
factors: operator (junior, senior), tool (tungsten carbide bur and silicone polisher, only silicone polishers), and use of dental
loupes. Dental arches were scanned with 3D profilometry before and after CA removal to measure enamel surface height
variation (ESHV), particularly enamel loss in the CA area. Digital microscopy was used to detect composite remnants.

Results: The mean enamel loss was -22.7 + 29.4 pm (range -132 to 0 um). It was not significantly influenced by experi-
mental factors or tooth position. Composite remnants were found in 34.4% of teeth, significantly more in senior than in
junior operators (p = 0.038). They were more frequent with silicone polishers than with tungsten carbide burs (p = 0.0005)
and were reduced using dental loupes (p = 0.0090). Junior operators worked faster than senior operators (p = 0.031), but
the latter were quicker when using the dental loupes (p = 0.012).

Conclusion: Aligner CA removal induces enamel damage or leaves composite remnants on its surface. The presence of
composite remnants is influenced by the type of tool and can be reduced by using dental loupes, which also lowers work-

ing time.
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ligner treatments have become an important part of the
orthodontists’ therapeutic arsenal in the past two decades.
Dental movement possibilities have been greatly improved in
recent years with the introduction of composite attachments
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(CA).19 This requires the enamel surface to be treated with a
dental adhesive system and attachments to be molded on
teeth using dental flowable composite. However, removing
these attachments at the end of the orthodontic treatment re-
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Fig1l (a)Resindental arch including 3 molars and 1 premolar.
(b) Customized template.

Fig2 Dentalarch scanning.

mains a challenge due to the risk of damaging the enamel and
of potential presence of composite remnants.

Enamel damage has been studied in the context of orthodon-
tic brackets debonding. Brackets are bonded to the enamel sur-
face using high-viscosity composite resin cement. The enamel
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damage after removal of the resin composite cement is believed
to vary with the protocol used. The most recommended protocol
is the use of a tungsten carbide bur, using silicone polishers to
remove the last layer of composite resin cement.1,3,5,7,12,17,
18,20,23,27,28,30,31 However, some tools, like diamond burs or
airborne-particle abrasion, were shown to be aggressive to-
ward the enamel surface.”30 In fact, all tools were reported to
induce enamel damage (creation of grooves on the surface or
enamel loss), but protocols using tungsten carbide bur proved to
be less invasive.1,5:11,17,20,23,27,28,31 On the other hand, the per-
sistence of composite resin cement on the tooth surface after
debonding is also of concern. Indeed, those composite remnants
are submitted to aging and can show shade alteration with time
leading to esthetic impairment.® According to Baumann et al,
the use of dental loupes can markedly reduce the resin com-
posite cement residues after orthodontic bracket removal.3

To date, the enamel damage caused by the removal of
aligner CA has not been studied. Yet, the clinical situation and
the composite materials used are different compared to ortho-
dontics brackets. Indeed, in the context of aligners, a thicker
layer of material, which is a flowable composite, will have to be
removed. It can take more time, and the procedure can be
complicated by the fact that, during the molding process, the
use of flowable composite results in fine excesses that flow
around the attachment and are difficult to visualize because
they are tooth-colored. Consequently, enamel damage and the
presence of composite remnants after the removal procedure
of CA require the development of specific studies.

Different methods have been developed to study enamel
surface modification after surface treatment. The use of scan-
ning electron microscope (SEM) combined with the use of in-
dexes, such as ESI (enamel surface index), SRI (surface rough-
ness index), or EDI (enamel damage index), allows for a
qualitative assessment of enamel surface modification and
roughness.2:3:12,18,28,30 Most of the studies on orthodontic
brackets debonding use this technique but do not allow for a
quantitative evaluation of enamel loss. On the other hand, sev-
eral in vitro studies analyzed surface roughness changes with
methods such as contact profilometry,1,7,8,10,2527 agtomic force
microscopy,1417 or non-contact scanning white-light interfer-
ometry.> Only one study reported enamel loss with tungsten
carbide bur versus diamond disks using contact profilometry,
which has only limited resolution.2”

The objective of this experimental study was twofold: (1) to
use 3D-profilometry to assess the influence of operator, tool,
dental loupes, and tooth position on enamel loss after removal
of CA for orthodontic clear aligners; (2) to study the influence
of these factors on the presence of composite remnants and on
procedure duration.

MATERIALS AND METHODS

Experimental Design

The study was approved by the ethics committee of the
(Blinded) on residual human material obtained after informed
patient consent. The study was based on a factorial experimen-
tal design in which 8 presumably identical dental arches with
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4 teeth (3 molars and 1 premolar) were randomly allocated to
four operators (2 juniors and 2 seniors), each operator receiv-
ing 2 dental arches; 1 arch was treated by tungsten carbide bur
and silicone polisher and the other one by only silicone polish-
ers. Dental loupes were randomly assigned to one junior oper-
ator and one senior operator for each tool. Thus, all 4 teeth of
the same dental arch were associated with the same operator
(junior or senior), tool (tungsten carbide bur or silicone polish-
ers only), and dental loupe (with or without).

Preparation of Dental Arches

Extracted premolars and molars were used. The inclusion cri-
teria were the absence of decay, composite fillings, and enamel
lesions such as hypoplasia or hyper-mineralization. Teeth were
stored in distilled water at 4°C to avoid any bacterial prolifera-
tion. Water was renewed every week. Teeth were then pos-
itioned in resin dental arches, in which 3 molars and 1 pre-
molar were embedded in the right posterior sector of each
maxillary arch.22

Realization of Composite Attachments

Composite attachments were realized following the manufac-
turer recommendations by the same operator (JV). The arches
were scanned using the Itero scanner (Itero 5, Align Techno-
logy). Customized templates were then CAD-CAM manufac-
tured for each arch to create a CA on the buccal surface of each
tooth (Fig 1). These templates were made in low-density poly-
ethylene and were 0.75 mm thick. The CA was placed on the
mesial cusp of the molars. For the premolars, the CA was pos-
itioned in the center of the vestibular surface. The teeth were
cleaned with water and fluoride-free pumice (Zircate Prophy
Paste, Dentsply Sirona, Milford, Germany) with a prophylactic
brush (Hawe Prophy-Cup Latch-Type, KerrHawe SA, Bioggio,
Switzerland), rinsed with water and dried with an air syringe.
The CA area was then etched with 37% H3POQ4 for 15 s, thor-
oughly rinsed with an oil-free air-water spray for 15 s, and air-
dried until the enamel appeared chalky white. Bonding adhe-
sive (Scotchbond Universal Adhesive, 3M Unitek, Germany) was
applied with a micro brush for 20 s, air-dried for 5 s, and light-
cured for 10 s. The CA were then molded in flowable composite
(Filtek Supreme Ultra flowable, 3M Unitek), filling the custom-
ized template, placing it on the corresponding arch, and light-
curing the composite for 12 s (6 s on the mesial side and 6 s on
the distal side) (Ortholux, 3M Unitek, 430-480 nm light output).

Removal of the Composite Attachments

To mimic a real clinical environment, the dental arches were
inserted into dental simulators (Phantom Head PK2, Frasaco,
Tettnang, Germany). The two junior operators were postgradu-
ate students in orthodontics, and the two senior operators
were specialists in orthodontics at the University Hospital Cen-
ter. Each operator used two different tools, respectively the
Smoozies kit (Komet, Paris, France) (S-kit) and the Easycomp
kit (Easycomp RA, EY-1, Eve, Keltern, Germany) (E-kit), with or
without dental loupes (2.5x magnification) according to the
experimental design. For the S-kit, a first multiblade tungsten
carbide bur coated with zirconium nitride (Komet, H23VIP)
mounted on a blue contra-angle handpiece (low speed) was
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Fig3 Superimposition of the TO and T1 scans of a molar buccal surface.
The dotted line delimits the area considered for the enamel surface
height variation (ESHV) measurements (CAA). CAA: composite attach-
ments area.

Fig4 Digital microscope
photograph of the tooth in
position 17 of arch 2 (VHX-
7000, Keyence, IL, USA).

used with light pressure, under air/water spray cooling, at the
optimal speed of 40,000 rpm. Then a silicone polisher (Komet,
9498) was used at the optimal speed of 6,000 rpm under air/
water spray cooling. For the E-kit, two successive silicone pol-
ishers were used on a blue contra-angle under water cooling, in
which the first one was with medium grains (40-50mm), and
the second one with fine grains (3-6 mm), with an optimal
speed comprised between 3,000 and 8,000 rpm. The enamel
surface was considered clean and free of composite by visual
inspection by the operator under a dental operating light. The
time needed to remove each CA was recorded, and a new bur
was used for each tooth. After the removal of CA, operators
were asked to fill out a satisfaction questionnaire.
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Table 1 Distribution characteristics of study outcomes and control parameter

Variable N Mean + SD Range
Outcome

Enamel loss (um) 30* -22.7+29.4 -132to 0
Presence of composite remnants (n, %) 32 11 (34.4)

Time to remove the composite (sec) 32 70.0 +£20.6 31.7-109.6
Control parameter

RMS error (um) 30* 38.9+14.8 15.6-78.5

*Two teeth excluded.

Table 2 Impact of experimental factors on enamel loss (um) assessed by linear mixed-effects modeling of data*
Factor Coefficient + SE P-value
Intercept -18.7+19.1 0.40
Technique (S-Kit vs. E-Kit) 2.62+14.4 0.87
Operator (junior vs. senior) 7.03+20.7 0.76
Dental loupes (no vs. yes) 5.67+20.0 0.80
Tooth position (1-4) -0.48 +4.37 0.91
Operator x dental loupes -38.8+28.8 0.27

*Two teeth excluded (N = 30).

Table 3 Outcome characteristics according to each dental arch

Dental arch Enamel loss (um) Residual composite Time to remove composite (sec)
Mean + SD (%) Mean + SD

1 -283+7.4 0.0 63.2+6.5

2 -89+17.8 100.0 90.1+20.3

3 -1.0+1.8* 25.0 69.0+10.0

4 -22.3+33.3* 25.0 49.8+5.2

5 -1.0+£2.0 75.0 98.0+5.9

6 -24.9+31.1 50.0 77.2+11.7

7 -61.2+48.1 0.0 41.7+9.7

8 -28.3+23.4 0.0 71.0+14.2

* One tooth excluded.

3D Profilometry

The dental arches were cleaned with a cotton swab and ethanol
to avoid any pollution of the vestibular surfaces. They were
scanned at baseline (T0) and after CA removal (T1) using a cus-
tom-made device comprising a motorized XY stage and a 100-
nm resolution laser sensor (Keyence LK G30 with LK GD500
controller, Keyence Corporation, Osaka, Japan) with a step of
25-um.15 The dental arches were positioned in a specific holder
to ensure reproducible positioning (Fig 2). Raw data acquisition
and processing were performed using custom-developed soft-
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ware in C# language (Microsoft Visual Studio 2013, Microsoft
Corporation, Redmond, WA, USA) coupled with a digital data
acquisition PCl card (NI PCI-6534, National Instruments Corpo-
ration, Austin, TX, USA). The resulting matrix of Z values at base-
line (TO) and T1 were superimposed using a surface matching
software (Geomagic Control 2015, Geomagic, Morrisville, NC,
USA) to measure enamel surface height variation (ESHV) in
areas of CA (CAA). CAA were determined by taking the tem-
plates used for creating the CA as a reference (Fig 3). Baseline
scans were transformed into a computer-aided design format

The Journal of Adhesive Dentistry



Vandeloise et al

Table 4
fects modeling of the data (N = 32)

Impact of experimental factors on the presence of composite remnants as assessed by generalized linear mixed-ef-

Factor Regression coefficient + SE P-value
Intercept -1.43+1.29 0.27
Technique (S-kit vs. E-kit) 2.65+0.76 0.0005
Operator (junior vs. senior) 2.65+1.27 0.038
Dental loupes (no vs. yes) -3.47+1.33 0.0090
Tooth (1-4) -0.32+0.33 0.33
Table 5 Impact of experimental factors on time (sec) to remove composite attachments as assessed by linear mixed model-

ing of the data (N =32)

Factor Regression coefficient + SE P-value
Intercept 66.8+6.1 -
Technique (S-kit vs. E-kit) 3.0£3.7 0.47
Operator (junior vs senior) 19.9+5.2 0.031
Dental loupes (no vs yes) -8.0+5.2 0.22
Tooth (1-4) 23+1.8 0.21
Operator x dental loupe -40.3+7.4 0.012

(STL), and T1 scans of the entire tooth were superimposed
using a best-fit alignment algorithm with a threshold of mini-
mum deviation set at 15 pm as previously described.15 To pre-
vent bias in the measurement related to artifacts or surface pol-
lution, a threshold value of 250 pm was defined, leading to the
exclusion of points with a measured difference superior to 250
um from the enamel loss evaluation. The matching was ac-
cepted when the root mean square (RMS) was less than 80 um.
Once the matching of the entire tooth is validated through this
process, a measure of ESHV was obtained in CAA only (Fig 3).
The accuracy threshold of the measurement chain was 15 pm.1>
The same operator performed all of the measurements. Mean
enamel loss was assessed from ESHV measurement in CAA.
Enamel loss was set to zero for teeth with CAA fully covered by
composite remnants and then exhibiting positive ESHV values.

Digital Microscopy

The teeth were analyzed using digital microscopy (VHX-7000,
Keyence, IL, USA) at magnification x20 to analyze the presence
of composite remnants after CA removal (Fig 4).

Statistical Analysis

Experimental data were summarized by means, standard devia-
tion (SD), and range. To assess the effect of experimental factors
(operator, tool, dental loupes, tooth position) on study outcomes
(enamel loss, presence of composite remnants, time to remove
CA), data were analyzed by generalized linear mixed-effects mod-
els to account for repeatability and variability of teeth within the

doi: 10.3290/j.jad.b5876265

same dental arches. The tooth position was scored from 1 (last
molar) to 4 (premolar) but also treated as a qualitative factor.
Results were expressed as regression coefficients with standard
error (SE) and considered significant at the 5% critical level
(p<0.05). All calculations were performed with SAS (version 9.4).

Pilot Study

A pilot study was conducted on two dental arches, with two
operators testing the feasibility of the project and two others
assessing the tools to be used.

RESULTS

The experiment yielded a total of 32 observations (8 arches and
4 teeth/arch) for each outcome. Distribution characteristics of
study outcomes and control parameter are presented in Table 1.

Enamel Loss

Two teeth showing significant areas of positive and negative
values in the CAA, meaning an area of composite remnants and
also an area of enamel damage in the CAA, were excluded from
the analysis. The mean enamel loss was -22.7 + 29.4 um (range
-132 to 0 um). Of the 30 teeth, 10 exhibited no enamel loss, as
the area of interest was entirely covered by composite rem-
nants. Five teeth demonstrated minimal enamel loss (less than
-15 um, the precision threshold of the measuring chain). Ten
teeth exhibited enamel loss between -15 and -50 um, and five
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teeth exhibited enamel loss exceeding -50 um. The application
of linear mixed-effects models to the enamel data set (Table 2)
revealed that none of the experimental factors was signifi-
cantly associated with enamel loss.

Presence of Composite Remnants

Composite remnants were observed on 11 (34.4%) teeth out of
32 (Tables 1 and 3). Generalized linear mixed modeling applied to
composite remnants (Table 4) evidenced a significant effect of
the operator (2.7 + 1.3, p = 0.038), with junior operators leaving
less residual composite remnants than senior operators. A sig-
nificant effect was also observed for the tool used (coefficient +
SE: 2.7+ 0.76, p = 0.0005), with the Easycomp kit leaving more
composite remnants than the Smoozies kit, and for dental loupes
(-3.5+ 1.3, p = 0.0090), which significantly reduced the risk of
leaving a composite remnant. The presence of residual compos-
ite did not vary with tooth position (-0.32 + 0.33, p = 0.33).

Procedure Duration
The overall mean time to remove CA was 70.0 + 20.6 sec (range:
31.7-109.6 s) as described in Table 1 and Table 3. Applying a
linear mixed-effects model to the data (Table 5), two factors
were statistically significant: the operator (coefficient + SE: 19.9
+5.2, p=0.031) and the interaction between operator and den-
tal loupes (-40.3 + 7.4, p = 0.012). Junior operators worked
faster than senior operators, but the latter were quicker when
using the dental loupes. Neither the tool used nor the position
of the tooth affected the time to remove the composite. The
latter conclusion did not change when considering the position
of the teeth as a qualitative variable.

The satisfaction questionnaire revealed no difference be-
tween the two kits.

DISCUSSION

This study was designed to simulate the clinical setting as
much as possible, while allowing accurate enamel loss mea-
surement with digital profilometry using an optical scanner.
Basically, this measurement method is reported to be the
most reliable,?° and to the best of the authors’ knowledge, it
has never been used to measure enamel loss after the re-
moval of orthodontic devices. It should be noted that anterior
teeth were not used here due to the rarity of their extraction,
while according to Baumann et al,3 molars are usually more
damaged than anterior teeth during orthodontic bracket
removal.

The results showed that aligner CA removal can induce
enamel tissue loss and lead to the presence of composite rem-
nants. Moderate to severe enamel loss was observed in half of
the teeth, 5 teeth out of 30 showing more than 50 um loss on
average in the area. The only study that evaluated enamel loss
after orthodontic bracket removal using contact profilometry
reported values around -50 um with either tungsten carbide or
diamond disks.2” Those values are higher than the mean
enamel loss observed in this study, which can be explained by
the method used and the type of orthodontic device (brackets
versus aligner CA). Here, the operator’s experience (junior ver-
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sus senior), the tool, and the tooth position did not influence
enamel loss. It is important to note, however, that the presence
of composite remnants results in a reduction of the enamel
loss sample, which in turn limits the capacity to investigate the
subtle influence of the experimental factors.

Indeed, composite remnants were found in 34.4% of teeth
and significantly more in senior than in junior operators
(p = 0.038). They were more frequent with silicone polishers
than with tungsten carbide burs (p = 0.0005) and were reduced
using dental loupes (p = 0.0090). Baumann et al3 also showed
that the presence of composite remnants after bracket
debonding is reduced by using dental loupes. Indeed, Bernard*
demonstrated that the size of the smallest detail visible to the
human eye was 50 um. Composite remnants should be com-
pletely removed from the tooth surface so they can be restored
to their original state as closely as possible. As explained by
Tekge et al,26 composites are submitted to shade alterations
over time, which can have negative esthetic outcomes. In addi-
tion, composite remnants are elevated zones that can lead to
the formation of biofilm and promote caries.®:9,13,16 Ryf et al24
found resin remnants in 27% of teeth, close to the 34.4% re-
ported in the present study. According to these authors, if the
surface appears lustrous, it tends to prevent the clinician from
further polishing. Indeed, the operators left more composite
when using the Easycomp kit, which tends to make the surface
very shiny. Rocha et al2! observed fewer residues when using
fluorescent lighting to visualize the composite during removal.
Ideally, it is preferable to remove all the composite while limit-
ing enamel loss. In the present study, among teeth without
composite remnants, 25% had little enamel loss (<15 um, the
accuracy threshold of the measuring chain) and may be con-
sidered null.

Finally, time is an important factor in orthodontics, and,
contrary to Mohebi et al,17 the present experimental study in-
dicated that dental loupes also reduce working time when re-
moving CA. Soares Tendrio et al25 found a significant time re-
duction using a tungsten carbide bur compared to a silicon
polisher. In the present study, this time reduction was not sig-
nificant Furthermore, tungsten carbide burs are more aggres-
sive toward enamel and should never come into direct contact
with it. The use of dental loupes is also recommended with this
type of bur to leave a thin layer of composite, which can then
be removed with a silicon polisher. However, the involvement
of different operators using or not using magnification loupes
may have introduced a potential but unavoidable bias in the
study. Indeed, operators accustomed to a specific system may
find it challenging to work without magnification loupes if they
are accustomed to using them, and vice versa. The reliance on
a single operator accustomed to a particular working style,
with or without loupes, may limit the generalizability of the
present experimental study findings. This inherent bias under-
scores the complexities associated with comparing outcomes
between operators who have specific habits and preferences
regarding the use of magnification tools in their dental proced-
ures. Despite this limitation, the study has drawn meaningful
insights within the constraints of this inherent variability, rec-
ognizing the potential impact on the results due to operator-
specific factors.
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Clinical relevance: This experimental study showed that
CA removal can lead to enamel loss and to the presence of
composite remnants. Although enamel loss was not influ-
enced by the operator’s experience, the type of tool or
tooth position, the presence of composite remnants could
be reduced by using proper tools and dental loupes. Addi-
tionally, dental loupes helped to decrease the working
time.

281






