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Abstract: The aim of the present study is to present a repeatable, reproductible, and accurate mor-
phometric measurement method for measuring and quantifying the area and volume of cement
that remains after fixed lingual multibracket appliance debonding, enamel loss after fixed lingual
multibracket appliance debonding, and the volume of cement used to adhere fixed lingual multi-
bracket appliances. Ten conventional lingual brackets were cemented in 10 extracted teeth embedded
into an epoxy resin model simulating a dental arch. This model was scanned before and after bond-
ing the lingual brackets, after debonding, and after polishing the surfaces. We also performed a
Micro-Computed Tomography scan of the lingual brackets used. Afterward, the standard tessel-
lation language (STL) digital file was aligned, each tooth was segmented individually, and the file
was re-aligned using engineer morphometry software. Inter-operator and intra-operator compar-
ative analyses were performed using the ANOVA test, and the repeatability and reproducibility
of the morphometric measurement technique were analyzed using Gage R&R statistical analysis.
Repeatability showed 0.07% and 0.16% variability associated with the area and volume measures,
respectively, while reproducibility showed 0.00% variability associated with the area and volume
measures, respectively. In conclusion, the morphometric measurement technique is a repeatable,
reproductible, and accurate morphometric measurement method for quantifying the area and volume
of cement that remains after fixed lingual multibracket appliance debonding, enamel loss after fixed
lingual multibracket appliance debonding, and the volume of cement used to adhere fixed lingual
multibracket appliances.

Keywords: lingual orthodontics; debonding; cement; technique; morphometry

1. Introduction

Lingual orthodontics has emerged as an aesthetic system for performing multibracket
appliance therapy and has been widely accepted by patients of all ages [1,2]. This tech-
nique also represents an alternative to vestibular multibracket appliances in cases with
a high risk of developing white spots, allowing one to avoid this unaesthetic effect at
the end of the orthodontic treatment [3]. However, lingual multibracket appliance ther-
apy suffers from worse accessibility and visibility than conventional buccal multibracket
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appliance therapy. Furthermore, the irregular anatomy of the lingual surfaces of the up-
per and lower incisors may make this therapy difficult [4]. Achieving good adhesion on
lingual surfaces does not seem to depend on the adhesive material used [5]. Brosh et al.
reported significantly higher debonding strength and fewer bonding remnants in buccal
than lingual multibracket appliances. There is, moreover, less dissolution of enamel prisms
on the lingual surfaces in comparison with buccal surfaces after acid etching [6]. There-
fore, sandblasting is commonly used to achieve better retention. However, this method’s
efficacy is controversial since Lopes et al. did not show a significant increase in shear
bond strength after sandblasting pre-conditioning [7] when compared to Lombardo et al.,
who reported an increase in micro-retention [8]. On the other hand, lingual multibracket
appliance therapy debonding produces enamel damage, which varies depending on the
surface [6]. Eichenberger et al. reported a roughness increase (ASa) of the enamel sur-
face after lingual multibracket appliance therapy debonding of 17.16 nm [9]. Composite
and fiber glass burs have been proposed as ways to remove the cement remaining after
lingual multibracket appliance therapy debonding, as both have shown lower values of
enamel roughness [9] compared to carbide-tungsten burs [10,11]. The application of sol-
vent agents to remove adhesive remains has also been reported, and an adhesive residue
remover has been recommended because it causes less damage to the enamel surfaces [11]
However, the polishing procedures could be insufficient, leaving behind some bonding.
Sfrondini et al. reported that the amount of bonding remaining after lingual multibracket
appliance therapy debonding is greater than that remaining after buccal multibracket
appliance therapy [12]. Moreover, the inherent characteristics of the bonding agent used
could influence the remaining bond [13]. Previously, the analysis of the enamel damage
after multibracket appliance therapy debonding wash has been performed using scan-
ning electron microscopy [14], profilometry [15], an atomic force microscope [16], and
optic coherence tomography technology [17]. However, these methods are not possible
to apply in clinical settings because they require the teeth to be extracted [14]. Therefore,
non-invasive digital measurement procedures through intraoral scanning devices have
been recommended to analyze the enamel damage accurately without needing to extract
the teeth [18].

The aim of this study was to carefully explain the digital steps needed to quantify how
much cement remains on the palatal tooth surface after debonding orthodontic therapy,
how much enamel is removed when the cleaning procedure of the cement is carried out,
and how much cement is left in the palatal surface of the tooth without being eliminated.

2. Materials and Methods
2.1. Study Design

The study was performed using 13 teeth from different dental sectors of the upper
maxilla. The teeth did not present caries, restorations, prosthetic crowns, or fractures.
Furthermore, they were extracted for orthodontic or periodontic reasons. The selection
of the sample was performed at Alfonso X El Sabio University (Madrid, Spain), Alfonso
X El Sabio University (Madrid, Spain), and the Clinical Master Degree in Orthodontics
at University of Salamanca (Salamanca, Spain) between September and November 2020.
A randomized controlled trial was conducted based on the German Ethics Committee’s
statement for the use of organic tissues in medical research (Zentrale Ethikkommission,
2003) and was authorized by the Ethical Committee of the Faculty of Health Sciences,
University Alfonso X el Sabio (Madrid, Spain) Faculty of Health Sciences, University
Alfonso X el Sabio (Madrid, Spain) in July 2020 (Process No.08/2020). After giving informed
consent, the patients agreed to transfer their teeth.

2.2. Experimental Procedure

The selected teeth were embedded into an epoxy resin model (Ref.: 20-8130-128.
EpoxiCure®, Buehler, IL, USA), following the manufacturer’s recommendations, to sim-
ulate the dental arch. Afterward, the experimental model was scanned with an intraoral
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scan (True Definition, 3M ESPE ™, Saint Paul, MN, USA) to obtain a standard tessella-
tion language (STL) digital file (STL1) (Figure 1a). Then, the fixed lingual multibracket
appliance therapy was bonded to the palatal enamel surface via a single operator using a
three-step adhesive technique. An acid etched agent (Ortho Solo ™, Ormco Corporation,
CA, USA) was applied to the palatal enamel surface for 20 s. Afterward, the acid etching
(Ortho Solo ™, Ormco Corporation, CA, USA) was removed under profuse washing and
dried. Furthermore, a photo-polymerized resin adhesive primer (Unitek Transbond™ XT,
3M ESPE ™, Saint Paul, MN, USA) was gently applied using a microbrush (Plus slim,
Microbrush International, Grafton, MA, USA) on the previously etched palatal enamel
surface and photopolymerized (BluePhase G2 ™, Ivoclar Vivadent, Schaan, Principado
de Liechtenstein). The fixed lingual multibracket therapy was directly cemented from the
second premolar to the second premolar following the instructions of the fabricant using a
photo-polymerized composite resin cement (Transbond™ XT, 3M ESPE ™, Saint Paul, MN,
USA). After that, the experimental model was submitted to a digital impression through an
intraoral scan (True Definition, 3M ESPE ™, Saint Paul, MN, USA) (STL2) (Figure 1b). Next,
the fixed lingual multibracket appliance was de-bonded using bracket-remover Weingart
pliers (Carl Martin, Solingen, Germany), and a digital impression (True Definition, 3M
ESPE ™, Saint Paul, MN, USA) was made, obtaining the STL3 (Figure 1c). Afterward, the
remaining cement of the fixed lingual multibracket appliance was removed from the palatal
surfaces of the teeth using a composite bur (H379AGK, KOMET Dental, Lemgo, Germany)
mounted on a micro-motor handpiece (INTRA MULTIflex L181M, KaVo, Biberach an
der Riss, Germany) with profuse irrigation until no cement remnants were visible to the
clinician’s eye. Finally, a digital impression (True Definition, 3M ESPE ™, Saint Paul, MN,
USA) of the experimental model was produced (STL4) (Figure 1d).

a)

Figure 1. Occlusal perspective of the STL1 (a), STL2 (b), STL3 (c), and STL4 (d) digital files.

2.3. Alignment Procedure

Once all the standard tessellation language (STL) digital files were obtained (STL1-4),
they were exported into the engineering software Geomagic Wrap (3D Geomagic Capture
Wrap, 3D Systems, Rock Hill, SC, USA), which allowed us to create and analyze the 3D
images. Then, the STL digital files from 1 to 4 were aligned, using the non-modified buccal
and oclusal surfaces as a reference to ensure an alignment procedure was used for the
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digital files. Later, all STL digital files of the teeth from 1.5 to 2.5 were digitally segmented
to minimize the error rate in the alignment procedure (Figure 2a—d).

) d)

Figure 2. Occlusal view of the individually segmented teeth from 1.5 to 2.5 of the standard tessellation
language (STL)1 (a), STL2 (b), STL3 (c), and STL4 (d).

In addition, the fixed lingual multibracket appliances were scanned via micro Com-
puted Tomography scan (micro-CT) (Skyscan 1176, Bruker-MicroCT, Kontich, Belgium)
(STL5) with the following exposure parameters—160.0 kilovolt peak, 56.0-58.0 microam-
peres, 500.0 msec, 720 projections, 4 frames, a tungsten target between 0.25 and 0.375 mm,
a 3-um resolution, and a pixel size of 0.127 um—to allow an accurate boundary in the
STL digital file alignment based on the cement remaining after the debonding procedure

(Figure 3a—e).
a) b) c d) e)

Figure 3. Palatal view of STL1 (a), STL2 (b), STL3 (c), and STL4 (d) digital files from segmented tooth
1.5 and STLS5 (e) from the corresponding fixed lingual multibracket appliances.

After segmenting the STL digital files (STL1-4), the files were re-aligned individually
because the previously aligned but non-segmented STL digital files showed a low alignment
rate (Figure 4a—c). However, the segmented and re-aligned STL digital files (STL1-4)
showed a higher alignment rate, which could influence the accuracy of the measurement
procedure for the cement remaining after lingual multibracket therapy debonding, the
amount of orthodontic cement necessary to fix the lingual multibracket appliances, and the
amount of enamel removed after lingual multibracket therapy debonding (Figure 4d—f).
The spectrum was set to 100 um and the tolerance was set to +10 um (Figure 4g).
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a) b)
d) e)
Figure 4. Buccal perspective of the alignment rate of the segmented and aligned STL1 and STL2 (a),
STL1 and STL3 (b), and STL1 and STL4, and (d) the buccal view of the segmented and re-aligned

(a) STL1 and STL2 (d), STL1 and STL3 (e), and STL1 and STL4 (f). Reddish colors indicate an increase
in volume, bluish colors indicate a decrease in volume, and green represents an accurate alignment (g).

f)

2.4. Measurement Procedure

All measurements were obtained from the tooth 1.5 after the randomization procedure
(Epidat 4.2, Galicia, Spain). Moreover, the STL5 digital file from the micro-CT (Skyscan
1176, Bruker-MicroCT, Kontich, Belgium) scan was positioned on tooth 1.5 to obtain a
more accurate 3D image. The measurement procedure for the volume and area of cement
remaining after lingual multibracket therapy debonding was performed by comparing the
STL1 (Figure 5a) and STL3 (Figure 5b) digital files. A Boolean operation was used to achieve
a boundary in the previously segmented STL1 (Figure 5c) and STL3 (Figure 5d). To identify
the boundaries between both STL digital files, the STL3 was slightly over-contoured, the
Boolean operation with the subsequent boundary was obtained, and then the STL3 was
slightly under-contoured to its original size. Then, the area of cement remaining in the
STL1 digital file was selected (Figure 5e), and a new polygon of the selected area was
obtained (Figure 5g). Moreover, the area of cement remaining was selected in the STL3
through boundary selection (Figure 5f), and a new polygon was obtained (Figure 5h). The
normals of this polygon were flipped, and a new polygon was created by merging the
areas of Figure 5g,h, thereby obtaining a closed volume that corresponds to the remaining
cement after fixed lingual multibracket appliance debonding (Figure 5i).

Figure 5. Palatal perspective of tooth 1.5 segmented on STL1 (a) and STL3. (b) Boundary creation on
STL1 (c) and STL3. (d) Boundary selection of the cement remaining on STL1 (e) and STL3. (f) Mesh
of the cement remaining on STL1 (g) and STL3 (h), and the combined meshes with the remaining
cement after bracket removal from STL1 and STL3, obtaining a closed polygon (i).
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The volume of the cement remaining in the STL3 digital file (Figure 6a) and the mesh
of the cement remaining in the STL4 digital file after cement removal (Figure 6b) for the
previously segmented and re-aligned tooth 1.5 were selected and compared to analyze
the volume and area of the excess cement that was not removed after cement clearance
and left in the palatal area of the tooth, by means of an intersection Boolean operation (3D
Geomagic Capture Wrap, 3D Systems©, Rock Hill) (Figure 6c).

a)

b)

Figure 6. Mesh of the remaining cement after fixed lingual multibracket appliance debonding present
in STL3 (a), palatal perspective of STL4 (b), and mesh of the remaining cement after cement removal
in STL4 (c).

Moreover, these measurement procedures were also used to analyze the volume and
area of enamel damage after cement clearance by comparing the STL1 and STL4 digital
files (Figure 7a-i).

0 | a (‘.

o
0006

Figure 7. Palatal perspective of tooth 1.5 segmented on STL1 (a) and STL4. (b) Slight over-contouring
of STL1 (c) and STL4. (d) Boundary of the enamel removed from STL1 (e) and STL4. (f) Mesh of the
enamel removed from STL1 (g) and STL4 (h) and the combined meshes with the enamel removed
after polishing STL1 and STL4, obtaining a closed polygon (i).

d) h)

Additionally, the volume of orthodontic cement used to fix the lingual multibracket ap-
pliances was also measured by re-aligning the STL1 and STL2 of the previously segmented
tooth 1.5, as well as the STL5 digital file from the micro-CT (Skyscan 1176, Bruker-MicroCT,
Kontich) scan. The STL2 digital file (Figure 8a) was digitally filled to obtain a solid polygon
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(Figure 8b), and the bracket cemented in the STL2 digital file was digitally removed using
a subtractive Boolean operation with the corresponding bracket of the STL5 digital file
(Figure 8c). Then, a solid polygon was obtained from the previously segmented and re-
aligned tooth 1.5 with the volume of the orthodontic cement used to fix the lingual bracket

appliance (Figure 8c).

a) b) c) d)

Figure 8. Proximal perspective of tooth 1.5 segmented on STL2 (a) and the solid mesh of tooth 1.5 on
STL2. (b) STL5 (c) and the solid mesh of tooth 1.5 on STL2 with the volume of the cement used to
adhere and an absent bracket (d).

Finally, the STL1 digital file (Figure 9a) and the new digital mesh of the previously
segmented and re-aligned tooth 1.5 with the volume of the orthodontic cement used to
fix the corresponding lingual bracket appliance (Figure 9b) were selected to analyze the
volume of the orthodontic cement used to fix the corresponding lingual bracket appliance.
The measurement procedure (Figure 9c-i) was performed with the same protocol used in
the previous steps by employing the volume and area of cement remaining after lingual
multibracket therapy debonding.

Ooe o

b) d) f) h)

Figure 9. Palatal perspective of the tooth 1.5 segmented on STL1 (a), solid mesh of tooth 1.5 on STL2
with the volume of the cement used to adhere and the absence of a bracket. (b) Slight over-contouring
of STL1 (c) and the mesh of STL2 without a bracket. (d) Boundary of the orthodontic cement used to
fix the corresponding lingual bracket appliance of STL1 (e) and the mesh of STL2 without a bracket.
(f) Mesh of the orthodontic cement used to fix the corresponding lingual bracket appliance on STL1
(g) and the mesh of STL2 (h) and combined meshes with the orthodontic cement used to fix the
corresponding lingual bracket appliance, obtaining a closed polygon (i).

2.5. Validation of the Repeatability and Reproducibility

To validate the repeatability of this new digital technique, the volume and area of
the cement remaining after lingual multibracket therapy debonding, the volume of the
cement remaining after cement clearance, and the volume of the enamel removed after
cement clearance were calculated two times by the same operator (Operator A). In addition,
the area and volume measurements were performed two times by a different operator
(Operator B) to validate the reproducibility of the morphometric measurement technique.
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2.6. Statistical Tests

The variables of interest were registered for statistical analysis (SPSS 22.00, Microsoft
inc, Redmond, WA, USA). Descriptive statistics were expressed as the mean and standard
deviation (SD) values for quantitative variables. Comparative statistics were employed
by comparing the intra-operator and inter-operator measurements using an ANOVA
test. The statistical significance was set at p < 0.05. In addition, a Gage R&R statistical
analysis was done to analyze the repeatability and reproducibility of the morphometric
measurement technique.

3. Results

The means and standard deviation (SD) values for the area of the cement remaining
after lingual multibracket therapy debonding, the area of the cement remaining after
cement clearance, and the area of the enamel removed after cement clearance are displayed
in Table 1.

Table 1. Descriptive statistics of the area of the cement remaining after lingual multibracket therapy
debonding, the area of the cement remaining after cement clearance, and the area of the enamel
removed after cement clearance.

Operator I n Mean SD Minimum Maximum
A 1 3 8.769 3.221 5.876 12.240
2 3 8.631 3.146 5.862 12.052
B 1 3 8.653 3.222 5.769 12.131
2 3 8.679 3.111 5.749 11.945

SD: standard deviation.

The ANOVA statistical analysis of the morphometric measurement technique after
segmenting and re-aligning the STL digital files based on the area of the cement remaining
after lingual multibracket therapy debonding, the area of the cement remaining after
cement clearance, and the area of the enamel removed after cement clearance revealed
no statistically significant differences between the two measurements performed by each
operator (p = 0.601) or between the measurements performed between the two operators
(r =0.612).

The Gage R&R statistical analysis of the morphometric measurement technique after
segmenting and re-aligning the STL digital files based on the area of the enamel removed
after cement clearance showed a repeatability value of 0.07%. Repeatability values be-
low 1% are necessary to demonstrate high repeatability. Therefore, the morphometric
measurement technique demonstrated a high repeatability rate for the area measurement
(Figures 10 and 11). In addition, the Gage R&R statistical analysis of the morphometric
measurement technique after segmenting and re-aligning the STL digital files based on the
area of the cement remaining after lingual multibracket therapy debonding, the area of the
cement remaining after cement clearance, and the area of the enamel removed after cement
clearance performed by the two operators showed a reproducibility value of 0.00%. Repro-
ducibility values below 1% are necessary to demonstrate high reproducibility. Therefore,
the morphometric measurement technique demonstrated a high reproducibility rate for
the area measurement (Figures 10 and 11).

The means and SD values for the volume of the cement remaining after lingual
multibracket therapy debonding, the area of the cement remaining after cement clearance,
and the area of the enamel removed after cement clearance are displayed in Table 2.

The ANOVA statistical analysis of the morphometric measurement technique after
segmenting and re-aligning the STL digital files in terms of the volume of the cement
remaining after lingual multibracket therapy debonding, the volume of the cement remain-
ing after cement clearance, and the volume of the enamel removed after cement clearance
revealed no statistically significant differences between the two measurements performed
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by each operator (p = 0.413) or between the measurements performed between the two
operators (p = 0.697).

Average and Range Charts
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Figure 10. Charts of the average of two measurements of the cement area remaining after lingual multibracket therapy
debonding (1), the cement area remaining after cement clearance (2), and the enamel area removed after cement clearance (3)
performed by each operator (average) and the differences of the two measurements of the three area parameters determined
by each operator (ranges).
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Figure 11. Measurement system analysis related to the area measurement with a chart of the contribution of each component
to the total variance (Components of Variation), the mean control chart and the range control chart (R Chart by Operator
and x Chart by appr), every measurement point in the graph (Trial by I and Trial by Operator), and interactions between the
operators (i): Operator interaction).
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Table 2. Descriptive statistics of the volume of the cement remaining after lingual multibracket
therapy debonding, the volume of the cement remaining after cement clearance, and the volume of

the enamel removed after cement clearance.

Operator I n Mean SD Minimum Maximum
A 1 3 0.986 0.708 0.428 1.783
2 3 0.967 0.702 0.421 1.759
B 1 3 0.967 0.712 0.412 1.769
2 3 0.975 0.680 0.423 1.735

SD: standard deviation.

The Gage R&R statistical analysis of the morphometric measurement technique af-
ter segmenting and re-aligning the STL digital files based on the volume of the cement
remaining after fixed lingual multibracket therapy debonding, the volume of the cement
remaining after cement clearance, and the volume of the enamel removed after cement clear-
ance showed a repeatability value of 0.16%. Repeatability values below 1% are necessary
to demonstrate high repeatability. Therefore, the morphometric measurement technique
demonstrated a high repeatability rate for the volume measurement (Figures 12 and 13). In
addition, the Gage R&R statistical analysis of the morphometric measurement technique
after segmenting and re-aligning the STL digital files based on the volume of the cement
remaining after fixed lingual multibracket therapy debonding, the volume of the cement
remaining after cement clearance, and the volume of the enamel damage after cement
clearance, as determined by the two operators, presented a reproducibility value of 0.00%.
Values below 1% are necessary to demonstrate high reproducibility. Therefore, the morpho-
metric measurement technique shows a high reproducibility rate for the area measurement
(Figures 12 and 13).

Averages

Ranges

Average and Range Charts

A B
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Figure 12. Charts for the average of the two measurements of the cement volume remaining after fixed lingual multibracket

therapy debonding (1), the cement volume remaining after clearing the excess cement (2), and the enamel volume removed

after cement clearance, (3) performed by each operator (average), as well as the differences in the two measurements of the

three volume parameters determined by each operator (ranges).
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Figure 13. Measurement system analysis related to the volume measurement with a chart of the contribution of each
component to the total variance (Components of Variation), a mean control chart and a range control chart (R Chart by
Operator and x Chart by appr), every measurement point in the graph (Trial by I and Trial by Operator), and the interactions
between the operators (i): Operator interaction).

4. Discussion

Enamel damage has been widely analyzed using clinical indexes, such as the enamel
damage index (EDI), line angle grooves (LAG) [19], and the surface enamel index (ESI) [20].
Cement remains can also be evaluated by different scores of the index based on visual
observations—using the adhesive remnant index (ARI) [15] and the composite residual
(CR) [21]. The ARI has been evaluated by digital photography and disclosing tablets, show-
ing an absence of reproducibility among operators [22]. In addition, the remnant index was
previously used with optical microscopy techniques to evaluate the cement remaining after
the debonding of lingual customized brackets [23]. Even though magnification showed less
enamel damage and fewer cement remains after debonding [14], the use of a visual index to
assess these nanometric volumes is subject to the opinion of the operator [18] Light sources
have also been used to visually analyze cement remains, specifically using conventional or
fluorescence light [24], which depends on the fluorescent ability of the orthodontic cement
to identify resin remnants under direct view [17]. However, light source techniques have
shown no statistically significant differences in cement removal detection [20]. Spectropho-
tometric measurement techniques have also been used to evaluate enamel damage after
fixed multibracket appliance therapy and are associated with the resin tag depth confirmed
in the bonding of brackets [25]. However, none of the methods previously described can
accurately measure the area and volume of the cement remaining and enamel removed
after fixed lingual multibracket appliance therapy debonding.

Presently, technological advances allow one to analyze nanometric surfaces and quan-
tify nanometric volumes that are imperceptible to the clinician’s eye. Scanning electron
microscope (SEM) technology has been used to analyze the enamel roughness after fixed
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lingual multibracket appliance therapy debonding by comparing different polishing tech-
niques ([16]) and orthodontic cements [26]. This measurement technique has also allowed
the evaluation of dental fractures in the dental enamel, as well as the presence of ledges
or scratch lines [27]. However, the measurement technique is based on the analysis of
pixels in a previously obtained 2D image [28]. Therefore, the SEM technique does not allow
one to quantitatively measure volumes [21] Hence, other measurement techniques are
required to accurately analyze the volumes of cement remaining and the enamel removed
after fixed lingual multibracket appliance therapy debonding. Chan et al. reported a
measuring procedure using optical coherence tomography (OCT) to analyze the depth of
scanned volumes [29]. Moreover, Ledo et al. used OCT technology to compare 3D images
from multibracket appliance therapy debonding to measure the volume and remaining
areas [17]. However, some other measurement techniques have also been used, such as
atomic force microscopy to perform a nanometric quantification of enamel surface rough-
ness [30], planner sulphometry [31], and profilometry [32] to measure the enamel loss.
In the present study, the morphometric measurement technique was used to accurately
measure nanometric volumes and areas. This technique is the only one demonstrated to be
reproducible and repeatable, allowing one to accurately measure the nanometric areas and
volumes of the cement remaining and enamel removed after fixed lingual multibracket
appliance therapy debonding by quantifying the normal factors of the Tessella network
of the cement remaining and the enamel removed between the STL digital files after the
re-aligning procedure.

In addition, Renne et al. reported that the digital scanner and digital impression tech-
nique used could influence the accuracy of the measurement procedure. For this purpose,
the 3Shape D800 digital scanner showed the highest truth values in full arch digital impres-
sions, followed by the CEREC Bluecam digital scanner, while the Carestream 3500 digital
scanner showed the highest accuracy results in full arch digital impressions, which was
followed by the CEREC Blueacam digital scanner. However, the best compromise between
working time and accuracy was provided with the 3Shape TRIOS digital scanner [33].
Treesh et al. reported the Carestream CS 3500 digital scanner to have the lowest accuracy
and truth results in full arch digital impressions and also reported a significantly higher
working time compared to the CEREC Omnicam digital scanner and TRIOS color digital
scanner [34]. In addition, Ender et al. analyzed the accuracy of eight intraoral digital scan-
ners, comparing partial-arch and full-arch digital impressions by aligning the STL digital
files and measuring the differences between the normal factors of the Tessella network.
The authors reported statistically significant differences (p < 0.05) between the truth values
of the partial-arch and total-arch digital impressions with the total-arch digital impressions
found to be less accurate than the partial-arch digital impressions [35]. Therefore, in the
present study, the teeth were individually segmented and re-aligned. Moreover, Zimmer-
mann et al. reported that digital impressions are more accurate than conventional alginate
impressions, suggesting a promising future for digital impressions in orthodontics [36]. It
was also noted that the accuracy of the STL digital files obtained from intraoral scanners is
significantly better (p < 0.05) in powder-dependent scanners than non-powder-dependent
scanners because translucency produces few errors in the images [37]. Therefore, in the
present study, we used a power-dependent intraoral scanner.

Several factors can affect the accuracy of a digital scanner, and these drawbacks can be
carried over to the STL digital file, thereby increasing the cumulative error rate caused by
each alignment procedure, making it essential to avoid measurement errors in segmenting
and re-alignment procedures. Moreover, the density of the Tessella network provided by
the digital scan device can influence the accuracy of the measurement procedure. Therefore,
it is important to previously analyze the characteristics of the digital scan device before
using the device to make a digital impression.

A fixed lingual multibracket appliance was selected due to the relevance of cement
remaining on the lingual surfaces of teeth and the difficulties related to the bonding,
debonding, and polishing procedures associated with lingual orthodontics. The chosen ad-
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hesion technique for fixed lingual multibracket appliances is considered very important in
orthodontics. However, completely removing the remaining cement is still a challenge [38],
especially when the visual detection of remaining cement is compromised, increasing the
probability of cement remaining on the tooth and/or excessive enamel loss. In response,
the morphometric technology was shown to be a repeatable and reproducible measure-
ment technique to accurately analyze the capability to remove the remaining enamel
after fixed multibracket appliance therapy debonding, thereby improving the techniques
and materials actually employed to remove the remaining cement without damaging the
enamel surface.

5. Conclusions

Within the limitations of this study, the results show that the morphometric measure-
ment technique is a reproducible, repeatable, and accurate method for quantifying the
volume and area of cement excess after debonding lingual fixed multibracket therapy, the
volume and area of enamel removed during the clearance step of the excess cement, the
volume and area of the cement that was not removed from the palatal surface of the tooth,
and the volume of cement used to adhere the lingual fixed multibracket therapy.
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