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RESUMO

O objetivo deste estudo foi explorar o uso do escaner intraoral 3D para a
deteccao e monitorizac&o de lesdes cervicais n&o cariosas (LCNCs) simuladas
in vitro. Foram analisadas 288 LCNCs de diferentes severidades, simuladas em
um modelo laboratorial onde variou-se a rigidez da escova dental (macia, média
e dura) e a abrasividade do slurry abrasivo (baixa, média, alta e controle
negativo). As impressdes dentarias foram feitas ao inicio e depois de 35.000 e
65.000 ciclos de escovagao, e depois digitalizadas com um escaner CEREC
Omnicam, para analise da perda volumétrica nas LCNCs. Esses resultados
foram comparados com os da perfilometria éptica 3D, considerada como padrao
de ouro. Os dados foram analisados usando os testes ANOVA e PLSD de Fisher
(alfa=0,05), e a concordéncia entre métodos usando o coeficiente de correlagao
intraclasse e grafico de Bland-Altman. Escovas dentais dura e média causaram
maior perda dental do que as macias, quando associadas ao slurry mais
abrasivo, apos 35000 e 65000 ciclos (p<0,001). A variagdo da abrasividade do
slurry causou diferencas na perdadental (controle<baixa<média<alta, p<0,0001)
apo6s 35000 e 65000 ciclos, independentemente dotipo de escova dental, exceto
apés 35000 ciclos, quando controle=baixo (p=0,55). Menor perda dental foi
observada ap6s 35000 em relagao a 65000 ciclos para todos slurries (p<0,0001),
exceto para o controle. O coeficiente de correlagdo intraclasse para a
concordancia entre os métodos de teste e o padrao ouro foi de 0,85. A analise
de imagens 3D do escaner intraoral pode detectar e monitorar a progressao das
NCCLs, embora esta capacidade seja limitada em lesdes incipientes. Foi
encontradaumaboa concordancia geral entre o método de teste e a perfilometria
optica. O método sugerido apresentou potencial para detectar e monitorizar

LCNCs clinicamente.

Palavras-chave: Abrasdo dentaria, dentifricios, tecnologia odontoldgica.



ABSTRACT

To explore the use of 3D intraoral scanner/image analysis for the detection and
monitoring of simulated non-carious cervical lesions (NCCLs) in vitro. A total of
288 NCCLs of different severities and simulated using a laboratorial model
associating toothbrush stiffness (soft, medium and hard) and toothpaste
abrasivity (low, medium, high and negative control) were analyzed. Dental
impressions were taken from specimens before and after 35K and 65K brushing
strokes, and then scanned with a CEREC Omnicam scanner. 3D models were
analyzed for volumetric tooth loss. 3D optical profilometry was considered as
gold-standard. Data were analyzed using ANOVA and Fisher's PLSD tests
(alpha=0.05), and agreement between methods by using intraclass correlation
coefficient. Toothbrushes of hard and mid stiffness caused higher tooth loss than
soft when associated with the highest abrasive, at 35K and 65K strokes
(p<0.001). Variation in slurry abrasivity led to differences in tooth loss (with
control<low<medium<high, p<0.0001) after both 35K and 65K strokes,
regardless of the type of toothbrush used, except at 35K, wherein control=low
(p=0.55). 35K strokes caused less tooth loss than 65K for all abrasive slurries
(p<0.0001) except controls. The intra-class correlation coefficient for agreement
between the test and gold-standard methods was 0.85. Analysis of 3D images
from intraoral scanner could detect and monitor NCCLs progression, although
this ability was limited on incipientlesions. Overall good agreement was found
between the test method and optical profilometry. The suggested method may

be applicable to detect and monitor NCCLs clinically.

Keywords: non-carious cervical lesions, toothbrush, toothpaste, dentifrice, abrasivity,
dental technology.
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1. INTRODUGAO

Lesbes cervicais ndo cariosas (LCNCs) caracterizam-se pela presenca de
defeitos na regiao do colo dental resultantes da perda de tecido mineral, cuja
origem né&o esta relacionada com a carie'2. LCNCs apresentam prevaléncia
média de 60%34, comprometem a estrutura dental e a estética, estdo associadas
a hipersensibilidade dentinaria e podem progredir expondo a polpa. Desta forma,
estas lesbdes sdo bastante relevantes do ponto de vista da saude bucal,
principalmente alongo prazo®. A importancia desse tema se faz mais especifica
para a América do Sul, que dentre os continentes é o que apresenta prevaléncia
relativamente mais alta. Estudos prévios indicam que o Brasil se sobressai com
uma prevaléncia média observada de LCNCs em torno de 69%?°.

A prevaléncia de LCNCs aumenta com a idade, atinge mais homens,
acomete mais a face vestibulardo dente, sendo os mais susceptiveisa esse tipo
de lesao o primeiro pré-molar superior, segundo pré-molar superior, caninos,
seguido pelos molares346-9, As LCNCs estdo relacionadas com recessao
gengival e com o nivel 6sseo alveolar, que em situagdes de doenca periodontal
estd diminuido contribuindo para a exposi¢cao radicular, que ficara mais
susceptivel aos eventos causadores das LCNCs. Portanto, manter a saude
periodontal € um fator que contribui para prevencao desse tipo de lesao®

A etiologia das LCNCs ainda permanece controversa', mas a literatura
mostra associagédo com escovacgao horizontal, forgca aplicada na escovacgao,
dureza das cerdas da escova de dente, frequéncia de escovacdo, abrasividade
do dentifricio, consumo de comidas e bebidas acidas, e condi¢des sistémicas
que levam a presenca de suco gastrico na cavidade bucal 34791116 Frente a
isso, as lesbes podem ser originadas por processos: 1) corrosivos (usualmente
conhecidos por erosao dental), quando a perda de estrutura dental é devida a
exposicao a acidos de origem ndo bacterianae agentesquelantes’?;2) de fadiga
(geralmente denominada abfrac&o), quando a perda de tecido se relaciona a
cargas oclusais excessivas'3; e 3) abrasivos, causada por insultos mecanicos
como a escovacao’.

No tocante ao desgaste dental, é imperativo que se realize um diagn dstico
precoce e correto. Assim, € primordial a existéncia de métodos que qualifiquem
e quantifiquemas lesdes de modo que seja possivel avaliar sua severidade e

monitorar sua progressao. Em estudos laboratoriais isso € possivel através de

15



métodos como perfilometria, radiomicrografia, microdureza'®. A perfilometria é
considerada o padrao-ouro nos estudos in vitro e é utilizada em diversos
experimentos'6-18, Porém, esses métodos sdo restritos aos laboratérios de
pesquisa, fazendo com que sua aplicacdo clinica ndo seja possivel 1920,

A deteccao de LCNCs clinicamente pode ser feita através de diversos
indices, incluindo o Tooth Wear Evaluation System (TWES). Esse método
consiste em primariamente avaliar sinais clinicos para classificar a lesao em
erosao, abrasdo ou atrigdo. O segundo passo, seria o que os autores chamam
de quantificar,acdo que consiste em avaliar as faces dentais e aplicar escores
que designam a presenca ou ndo de desgaste dental e quais tecidos sao
envolvidos. Em lesbes atingindo dentina propde-se medir a coroa dental com
auxiliode uma sonda periodontal, mas existe um viés ja que alguns desgastes
ndolevam a diminui¢ao cervico-incisaldoelementodental. O ultimo passo desse
método seria o registro da lesdo, seja pela confeccdo de modelos ou
fotografias®. Outro indice comumente utilizado é o Basic Erosive Wear
Examination (BEWE), que classifica o grau de severidade em cada superficie
dental em uma escala ordinal que varia de 0 (higido) a 3 (perda substancial de
estrutura dental em mais de 50% da face dental). E possivel também pontuar os
sextantes com o escore mais severo e em seguida somar os valores obtidos,
para se chegar a uma classificagdo que definira a abordagem terapéutica a ser
seguida?!.

Porém, o que se observa é que os indices clinicos sao subijetivos,
necessitam de um profissional experiente para resultados confiaveis e possuem
o viés de interpretacdo do examinador?2.Nesse cenario, vem sido sugerido na
literatura o uso do escanerintraoral como uma ferramenta objetiva que permite
um diagndstico e acompanhamento das LCNCs. Os escaners apresentam a
vantagem de serem utilizados na cadeira odontolégica e por permitirem uma
deteccdo precoce da lesdo'923:24,

Um recente estudo utilizou o escaner intraoral para obter imagens de
elementos dentais e restauracées feitas de zirconia. Ndo foi realizada uma
investigac&o no tocante ao volume de LCNCs, mas as imagens obtidas foram
utilizadas para calcularo desgaste dental/da zirconia através da superimposicao

de imagens. Esse método mostrou um bom coeficiente de correlagdo com o
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microtomografo, revelando que o escaner intraoral € uma ferramenta em
potencial para mensuraro desgaste dental?>.

Com o intuito de explorar essa nova tecnologia, o presente estudo
objetivou utilizar o escaner intraoral 3D e analise de imagens para deteccao e
monitorizacdo da progressao de LCNCs simuladas in vitro. Com isso, esse
estudo pode contribuir para o diagndstico precoce desse tipo de lesao,
monitoramento de sua progressao e na orientacdo para que a conduta
profissional seja a mais adequada de acordo com a severidade, uma vez que

fornece uma metodologia mais objetiva de avaliacdo da LCNC.
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ABSTRACT

OBJECTIVE: To explore the use of 3D intraoral scanner/image analysis for the
detection and monitoring of simulated non-carious cervical lesions (NCCLSs) in vitro.
MATERIALS AND METHODS: A total of 288 NCCLs of different severities and
simulated using a laboratorial model associating toothbrush stiffness (soft, medium
and hard) and toothpaste abrasivity (low, medium, high and negative control) were
analyzed. Dental impressions were taken from specimens before and after 35K and
65K brushing strokes, and then scanned with a CEREC Omnicam scanner. 3D
models were analyzed for volumetric tooth loss. 3D optical profilometry was
considered as gold-standard. Data were analyzedusing ANOVA andFishers PLSD
tests (alpha=0.05), and agreement between methods by usingintraclass correlation
coefficient.

RESULTS:Toothbrushes of hard and mid stiffness caused higher tooth loss than
soft when associated with the highest abrasive, at 35K and 65K strokes (p<0.001).
Variation in slurry abrasivity led to differences in tooth loss (with
control<low<medium<high, p<0.0001) after both 35K and 65K strokes, regardless
of the type of toothbrush used, except at 35K, wherein control=low (p=0.55). 35K
strokes caused less tooth loss than 65K for all abrasive slurries (p<0.0001) except
controls. The intra-class correlation coefficientfor agreement between the test and
gold-standard methods was 0.85.

CONCLUSIONS: Analysis of 3D images from intraoral scanner could detect and
monitor NCCLs progression, although this ability was limited on incipient lesions.
Overall good agreement was found between the test method and optical
profilometry.

CLINICAL RELEVANCE: The suggested method may be applicable to detect and

monitor NCCLs clinically.
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INTRODUCTION

Non-carious cervical lesions (NCCLs) can be defined as loss of tooth
structure at the cemento-enamel junction area not related to dental caries [1,2].
They can directly impact tooth form, function and esthetics, and be associated with
pain, rendering NCCLs very relevant when considering long-term oral health [1].
The prevalence of NCCLs varies, but typically occur in approximately 60% of dental
patients [3,4]. Prevalence increases with age, is higherin males and on buccal
dental surfaces, and affects mostly upper premolars and canines, followed by
molars [3-8].

The etiology of NCCLs remains a topic of debate and ongoing research [1],
with reports suggesting associations to horizontal toothbrushing, toothbrushing
force, toothbrushing frequency, toothbrush bristle hardness, consumption of acidic
foods and drinks and/or esophageal reflux [3,4,6,8,9]. The proposed processes
responsibleforNCCLs can be parsed into three principal types: 1) corrosion (usually
known as dental erosion), when the loss of dental structure is due to exposure to
acids of non-bacterial origin and chelating agents [10]; 2) fatigue (usually referred
as dental abfraction), when tissue loss is related to excessive occlusal forces [11],
although this has been a cause of controversy [1]; and 3) dental abrasion, which is
caused by mechanical insults such as toothbrushing [12].

Dental practitioners agree on the paramount importance of early clinical
detection and longitudinal assessmentand monitoring of tooth wearlevels [13]. The
distinction between physiological and pathological rates of tooth wear impacts the
implementation of preventive and therapeutic measures [14]. NCCLs are
conventionally monitored clinically by subjective means, including analysis of
photographsandstudy cast models, as well as by the use of tooth wear indices, like
the Basic Erosive Wear Examination (BEWE) [15]. Although these methods are
useful,they each have shortcomings. Clinical photographs are limited by difficulty
in standardizing settings (positioning, lighting, etc) for longitudinal comparisons and
study casts require substantial space for physical storage [14]. Further,the BEWE
index [16] is subjective and results are dependent on examiner experience [17].
Therefore, the development of an objective evaluation tool performed in real-time at

chair-side would be extremely beneficial [18].
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Recenttechnological advances have positively impacted digital dentistry. For
instance, intraoral scannershave allowed therapid acquisition of 3D models of teeth
with several applications in diverse areas such as prosthodontics, orthodontics,
dental surgery, aesthetic dentistry and dental implantology [19]. Recent studies
have also suggested that intraoral scanners can be promising tools for the early
diagnostic and assessment of tooth wear given their ease of use and growing
ubiquity in dental practices today; however testing and further development is
needed[14,18,20]. In order to furtherexplore and advance this field, ouraim in this
study was to test the use of 3D intraoral scanner and image analysis for the
detection and monitoring of the progression of in vitro simulated NCCLs. The null
hypothesis was that there is no difference in the values of the dental volumes
obtained when using the intraoral 3D scannerwhen compared to those obtained by

optical profilometry.

MATERIALS AND METHODS
Experimental Design

This study employed dental impressions previously created and analyzed by
optical profilometry [21]. In the current study, they were scanned with the 3D
intraoral scannertest system and image analysis was subsequently performed to
determine volumetric tooth loss. All the procedures were performed in random and
blind conditions.In the previous original study, NCCL severity levels were simulated
by the association of three experimental factors: 1) toothbrush stiffness (soft,
medium and hard), 2) toothpaste abrasivity (low, medium, high and negative
control), 3) number of simulated brushing strokes (35K and 65K). A total of 24
groups (n = 24 samples), with differentlevels of volumetric tooth loss, stemmed from
the associations of the study factors. The newly generated data were analyzed
considering the experimental factors tested, and also correlated with the data

original data from the previous study.

Specimen Preparation, Treatment and Impression
This study used the specimens’ impressions created in the original study,
where details of their preparation andtreatment are fully described[21]. In brief, 288

upper first premolars were randomized into 12 stiffnessxabrasivity groups (n=24).
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They were brushed in an automated V-8 toothbrushing machine for 35K and 65K
double strokes, using toothbrushes of different stiffness (soft, medium, hard,
LactonaCorp., Bergen op Zoom, The Netherlands) associated to slurries containing
hydrated silica of different abrasive levels (low/Zeodent 113, medium/Zeodent 124,
high/Zeodent 103, Huber Engineered Materials, Havre de Grace, MD, USA),
prepared according to the ISO11609 guidelines for dentifrice abrasivity testing. A
total of three impressions were made for each specimen (at baseline and after 35K
and 65K brushing strokes), with an elastomeric impression material (hydrophilic
vinyl polysiloxane, Examix NDS Monophase, GC America, Alsip, IL, USA). The

impressions were labeled and kept stored in dry conditions at room temperature.

Specimen’s Impression Evaluation

In the original study, each specimen’s impression was scanned with an
optical profilometer using a type S65/10 sensor (resolution of 0.30 um, Proscan
2000, Scantron, Taunton, UK) and analyzed with the Proform Software (Scantron)
using the superimposition and subtraction functions to obtain the tooth volume loss
data after each brushing period [21].

In the present study, the dental impressions were scanned with a CEREC
Omnicam 4.6.1 (Dentsply-Sirona, Bensheim,Germany) intraoral scannerwith white
lightlOS andtriangulation technologyto producedigital impressions.Based on root-
mean-square evaluation criterion, the scanner’s reported accuracy parameters for
single tooth scan are: trueness of 13.8 um (+ 1.4 ym) and precision of 12.5 ym (+
3.7 ym) [22]. A previously trained examiner performed all the scans to ensure
consistency. Scanner calibration and use followed the manufacturer’s instructions.
The scannerwas allowed to warmup for 20 minutes prior to use. The impressions
were scanned paying attention to the sound emitted by the equipment, which helps
in carrying out the correct procedure and maintaining ideal measuring distance (0-
15 mm) between the camera and tooth surface. Visual inspection was performed to
verify that all surfaces of each specimen were properly captured (Fig. 1), and scans
were saved in stereolithography (.STL) format for subsequentanalysis.

Tooth Volume Loss Analysis
The .STL output files were opened in Geomagic Wrap 2017 (3D Systems,

Rock Hill, SC, USA) 3D modelling software. The volume of each model was
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recorded using the software. Wrap’s lasso tool was then applied to select surfaces
affected by the simulated lesions, and those surfaces were deleted from the model.
The resulting holes were then filled using the curvature fill function, which
interpolates the surface using a nearest neighbor polygon algorithm as a guide.
Resulting surfaces were compared with original baseline surfaces to confirm the
accuracy of the fill algorithm using models of specimens scanned duringthe original
study. This task was first performed independently foreach tooth and resultanttooth
loss volume was computed. The differencein volume between the original model
and that filled was used to calculate volume loss associated with each NCCL

simulation.

Statistical Analysis

A mixed-model ANOVA was used to analyze volumetric loss, with fixed
effects for toothpaste abrasivity, toothbrush stiffness, brushing strokes, and their
interactions, a random effect for the right-left pairing within specimens, and a
repeated effect for brushing strokes within the specimens. Pairwise comparisons
utilize Fisher's Protected Least SignificantDifferences method. Agreementbetween
the tooth structure loss measurements from the digital intraoral scannerand the lab
optical profilometer was assessed using a Bland-Altman plot and an intra-class
correlation coefficient. A 5% significance level was used for all tests. Analyses were

performed using SAS version 9.4.

RESULTS

Due to non-normality, a log (base 10) transformation was performed on the
volumetricloss data prior to the ANOVA.Overall, the effects of tooth paste abrasivity,
toothbrush stiffness, and brushing strokes were significant, as were the slurry-
toothbrush and slurry-strokes interactions; whereas the toothbrush-strokes and
slurry-toothbrush-strokes were notsignificant.

After 35K (Table 1), brushed samples evinced significantly less tooth
structure loss than after 65K (Table 2) for high, medium and low abrasives slurries
(p<0.0001), but not for control (p=0.16). Toothbrush stiffness hard and mid had
significantly higher tooth structure loss than soft for the high abrasive slurry

(p<0.001). No other significant differences were found between toothbrushes
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(p>0.05). Deionized water (DIW, negative control) had significantly less tooth
structure loss than high and medium abrasives slurries. DIW had also significantly
less tooth structure loss than low abrasive for 65K strokes (p<0.0001) but not for
35K strokes (p=0.55). Low abrasive had significantly less tooth surface loss than
high and medium abrasives (p<0.001). Medium abrasive hadsignificantly less tooth
surface loss than high abrasive (p<0.001).

The intraclass correlation coefficient for agreement between the digital
intraoral scanner and the optical profilometer was 0.85 (Fig. 2). Disagreements
ranged from 8.0 mm3 lower to 13.9 mm? higher forthe digital intraoral scanner than
the optical profilometer, with an overall average difference of 0.2 mm3 higherforthe
digital intraoral scanner. The limits of agreement on the Bland-Altman plot, mean
difference +/- 2 standard deviations, were at +4.0 mm?3 and -4.3 mm3. The plot
suggests that the digital intraoral scanner underestimated tooth structure loss for
measurements less than ~2.5 mm? and overestimated larger tooth structure loss
compared to the optical profilometer. Additionally, the plotshows that the differences
in the measured volumeloss between the two methods increases in magnitude with

the amount of structure loss.

DISCUSSION

The fill-algorithm analysis of 3D models obtained using the intraoral scanner
detected significant effects for toothpaste abrasivity, toothbrush stiffness and
brushing strokes, as well as for the slurry-toothbrush and slurry-stroke interactions.
Overall, the increase of toothbrushing strokes led to an increase of dentin volume
loss, or progression of the lesion. There were significantdifferencesin volume loss
for all groups brushed with abrasive slurries between 35K and 65K strokes. This
result was expected considering the development pattern of NCCLs and reinforce
the importance of toothbrushing strokes when designing a NCCL experimental
model, as better differentiation of abrasive effects wasobserved in advanced lesions
at 65K strokes, compared to the early lesions at 35K strokes.

Toothbrushes of hard and mid stiffness showed significantly higher tooth
structure loss than those of soft stiffness, but only when associated with the highest
abrasive (Z103), after both 35K and 65K strokes. The toothbrush filament stiffness

seems to impact how the abrasives particles from the toothpaste interact with the
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tooth surface [23]. Previous investigations have observed similar results where
higher abrasive slurries and hard toothbrush stiffness cause highertooth wear [21,
23]. However, other studies have shown opposite results, which are explained by
the fact that soft toothbrushes are more capable of carrying the abrasive particles
[24]. The difference in these results may be related to differences between the
experimental methods. For instance, the current study used a toothbrushing load of
200 g and frequency of 260 strokes/min, whereas Alshehab et al. (2018) [24] used
a load of 250g with frequency of 150 strokes/min, which might have emphasized
more the interactions among toothbrush, abrasives and tooth. In addition, different
toothbrushing simulation times were used, with final brushing times of 65K strokes
in the present study compared to 4.2K strokes in the previous one. Therefore, more
severe lesions were simulated in the present work.

The 3D analysis performed differentiated surface loss resulting from different
abrasive slurries used after both 35K and 65K strokes regardless of the type of
toothbrush used.Our results are in accordance with previous studies able to directly
correlate tooth wear with slurry abrasivity [25,26]. At 35K, nodifferenceswere found
between the low abrasive slurry and the negative control group. This can be
explained by the fact that the low abrasive slurry may not generate detectable
lesions at 35K, but at 65K these lesions would be sufficiently pronounced to be
detected usingthis method. This finding may also be related to a limitation of our
analytical protocol involving virtual fill of the lesion. In fact, incipientlesions may be
of insufficientdepth and volume loss to be measured by filling.

The main goal of this study was to compare the results obtainedin a previous
study [21] with a method based on the use of 3D intraoral scanners and image
analysis. In the current study, there was no significant difference between the
brushing strokes (35K vs 65K) when brushing with water (negative control); whereas
in the previous study, highervolume loss was observed at 65K. A second difference
was that the present data shows tooth volume loss when brushing with the medium
abrasive (Z124) not affected by the stiffness of the toothbrush, whereas in the
previous study hard and mid stiffness were significantly higher than soft. A third
difference was thathard toothbrush caused significantly higher dental structure loss
than the mid toothbrushes when brushed with the more abrasive slurry (Z103), when

using optical profilometry. A final difference was that in the previous study, there
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was significant difference in the tooth volume loss between groups brushed with
water (control) and groups brushed with low abrasive slurry (Z113), for both 35K
and 65K strokes. This contrast in results seem to be directly related to limitations in
sensitivity of the current method for detecting and measuring incipientlesions, as
pointed out above.

When testing the correlation between the currentand previous (original) data
at both 35K and 65K, we observed that the overall values forthe more initial lesions
(groups brushedwith DIW) were numericallylower;whereas the values forthe more
advanced lesions (groups brushed with high abrasive slurry) were numerically
higher.Thiscan be visualized through the Bland-Altman plotthatshowstheintraoral
scanner to underestimate the tooth structure loss less than ~2.5mm?® and to
overestimate the tooth structure loss for larger structure losses. This underscores
limitations of measuring the most incipient lesions using the intraoral scanning
protocol. For the advancedlesions, differences may relate to limitationsin the digital
filling algorithm, and lack of the original dental surface to be used as a reference.
Differences between the current and original methods are also evident from
variation in volume differences between 35K and 65K, as we observed an average
increase rate of 11% and 48% for the groups brushed with DIW in the profilometry
and intraoral scanner studies, respectively. Despite these specific differences,
though, the comparison between the two sets of data showed a high correlation
coefficient agreement of 0.85 [27]. Our results suggest that relatively smaller
simulated lesions were not properly detected/measured by the intraoral scanner,
indicating a limitation of this method. A previous in vitro investigation similarly
concluded that smaller volume changes (approximately 1.5 mm3) measured by
intraoral scanner were inconsistentat this level [20].

While the optical profilometry method [21] is more sensitive for documenting
incipientNCCLs, the approach is unfeasible for direct clinical assessment [20,27].
In contrast, the intraoral scanning protocol can be applied routinely by practitioners
at chairside, it is non-invasive, and the required instrumentation is becoming
increasingly common in dental practices. Moreover, unlike the optical profilometry
protocol, the fill algorithm used with the intraoral approach does not require a
baseline measurement for subtraction of volume. This therefore can be used to

quantify and monitor NCCLs once they are deep enough to be visualized by the
26



dentist. And the lack of sensitivity of the intraoral scanner to measure incipient
NCCLs is less of an issue at that point, as only the smallest lesions cannot be
detected usingthe currently presented approach. This fits nicely with the suggestion
of O’'Hara andMillar (2020) [14] for the use of 3D images to monitor the development
and progression of tooth wear, as a potential way to overcome the barriers of the
currentclinical subjective methods. Additional advantages of the intraoral scanners
are their reasonable cost and the reduced time to scan the dental surfaces and
lesions (seconds per tooth).

Despite the above mentioned potential value of this method for the monitoring
of NNCLs, we acknowledge that there is a need for further investigations to
determine cut-off values or thresholds for the detection and progression of these
lesions clinically. In the current study only two time points were considered for the
analysis of the NCCLs, which limited this understanding. Therefore, more detailed
laboratorial and clinical longitudinal studies using more evaluation time points will
be valuable forassessing the ultimate potential of this new approach to monitoring

and documenting NCCL progression.
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FIGURES & TABLE

Fig. 1. Representative images captured by the intra-oral scanner illustrating the

range of simulated NCCLs, according to the slurry abrasivity and toothbrush

stiffness levels (C: crown; R: root, *"NCCL).

Slurry: DIW
Toothbrush: Soft

Slurry: Lower abrasivity

Toothbrush: Soft Toothbrush: Medium

Slurry: Medium abrasivity

Slurry: Higher abrasivity
Toothbrush: Hard

Fig. 2. Agreement between Digital Intra-oral Scannerand Lab Optical Profilometer

for measuring tooth structure loss.
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Table 1. Interaction between different toothbrushes (soft, medium, hard) and

abrasives levels (control, low, medium, high)at 35K and 65K strokes. Volume loss

(mm?3) means (standard-deviations) are presented.

Strokes Slurry abrasivity  Soft Medium Hard

35,000 Lower 0.27 (0.25) Aa 0.37 (0.59) Aa  0.27 (0.38) Aa
Medium 144 (0.63)Ba 1.96 (1.14)Ba 2.20 (0.91) Ba
Higher 203 (1.39)Ca 4.64(1.92)Cb 7.00(3.87)Cb
Dl water (control) 0.21 (0.14) Aa 0.21 (0.14)Aa  0.26 (0.17) Aa

65,000 Lower 0.86 (0.36) Ba 1.00 (0.73)Ba  0.84 (0.59) Ba
Medium 322(1.37)Ca 442 (1.77)Ca 4.47 (1.36)Ca
Higher 7.59 (3.20) Da 12.00 (4.75) Db 14.59 (4.52) Db

Dl water (control)

0.21 (0.13) Aa

0.24 (0.16) Aa

0.31 (0.20) Aa

Different letters represent significant differences (p<0.05): upper-case within rows;

lower-case within columns.
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3. CONSIDERAGOES GERAIS

Nossos resultados mostraram que a analise das imagens obtidas através do
escaner intraoral foi capaz de detectar o aumento do volume de perda dental em
todos os grupos quando comparado os dois tempos de escovagao de 35000 e
65000 ciclos. Esse achado é reforcado pela literatura, que mostra que a formagao
das LCNCs se caracteriza pela perda incremental da estrutura dentaria na regiao
cervical ao longo do tempo afetando, portanto, principalmente adultos e idosos®.
Estudos anteriores de Lintonjua et al.2® (2004) e Sabrah et al.’” (2018) mostraram
resultados semelhantes. O grupo controle que ndo utilizou abrasivo nao mostrou
nenhuma diferenca no desgaste dental ao longo do tempo. Estudos prévios néao
encontraram a formacado de LCNCs quando a escovagao simulada foi realizada
apenascom agua,com investigacaofeita visualmente '® ou por perfilometria?’.Esse
comportamento é justificado pela auséncia de abrasivos durante a escovacéo.

Os dados encontrados também permitiram identificar o comportamento das
LCNCs sob influéncia dos filamentos da escova de dente. Filamentos de
consisténcia média e dura foram os que causaram maior perda de tecido dental.
Estudar essa variavel € importante uma vez que a consisténcia das cerdas da
escova afeta o0 modo que o abrasivo € transportado e interage com a superficie
dental?8. Também foi possivel observar o efeito da abrasividade do slurry com o
desgaste dental, sendo uma relacéo diretamente proporcional. Apesar disso, em
grupos que formaram uma lesao menor, o método objetivo proposto de analise nao
foi capaz de diferencia-los.

Apesar dessa limitagao encontrada em lesdes incipientes, o uso do escaner
intraoral apresentou um alto coeficiente de correlacdo com a perfilometria,
possuindo como vantagens o fato de poder ser utilizado clinicamente, ser de facil
uso e nao invasivo. Portanto, este estudo evidenciou o potencial para uso clinico
do escanerintraoral e analise digital das imagens para a detecgao e monitoramento
das LCNCs. Mais estudos laboratoriais e clinicos sdo necessarios, sobretudo que
utilizem mais pontos nalinha do tempo para analisarmelhor a sensibilidade deste

novo método de quantificagdo das LCNCs.
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4. CONCLUSAO

A analise de imagens 3D obtidas a partir de um escaner intraoral pode
detectar e monitorar a progressao das LCNCs, embora essa capacidade tenha
demonstrado ser limitada em lesées incipientes. Em geral, foi encontrado um bom

coeficiente de concordancia entre o método de teste e a perfilometria éptica.
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APENDICE A- Imagens obtidas através do Escanerintraoral

Figura 1- Imagem dos espécimes visualizados no programa Geomatic

CGE

Legenda: E possivel ver o mesmo espécime em tempos de analise diferentes,
sendo da esquerda para direita apés 0 ciclos, 35k ciclos e 65k ciclos de escovacéo.

Figura 2- Restauragédo virtual dos espécimes

&G &

Legenda: Espécimes restaurados virtualmente. E possivel observar primeiro a
restauracao do elemento dental a direita e depois do elemento dental a esquerda.
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APENDICE B- Imagens obtidas através da perfilometria no estudo original.

Figura 1- Imagem tridimensional dos espécimes obtida apds escaneamento com
perfilometro otico.
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Figura 2- Analise de subtracdo de imagem da Les&o Cervical N&o Cariosa

mmm Yimm Zinpm Xinmm Yimmm Zinpm Xinmm Yinmm Zinpm

X Disp

Y Disp :

ZDisp

100
1.0
17853

X Deg :0.0
Y Deg : 0.0
ZDeg :0.0

" Otg: Ze6002.80um  Mod: Z#6007.14gm

X

=22.004m

m

Crg: Z=0002.80pm Mod. 2=0067_13um

n

a3

69
25379
_0.00

e Help press F1

ZAxs  WIREFRAME ALWAYS

NUM

Legenda: *Calculo da diferenca do volume entre o escaneamento original e apos a
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Abstract

Objective To explore the use of 3D intraoral scanner/image analysis for the detection and monitoring of simulated non-carious
cervical lesions (NCCLs) in vitro.

Materials and methods A total of 288 NCCLs of different severities and simulated using a laboratorial model associating
toothbrush stiffness (soft, medium, and hard) and toothpaste abrasivity (low, medium, high, and negative control) were analyzed.
Dental impressions were taken from specimens before and after 35K and 65K brushing strokes, and then scanned with a CEREC
Omnicam scanner. 3D models were analyzed for volumetric tooth loss. 3D optical profilometry was considered as the gold
standard. Data were analyzed using ANOVA and Fisher’s PLSD tests (alpha =0.05), and agreement between methods by using
intraclass correlation coefficient.

Results Toothbrushes of hard and mid stiffness caused higher tooth loss than soft when associated with the highest abrasive, at
35K and 65K strokes (p < 0.001). Variation in slurry abrasivity led to differences in tooth loss (with control < low < medium <
high, p <0.0001) after both 35K and 65K strokes, regardless of the type of toothbrush used, except at 35K, wherein control = low
(p =0.55). 35K strokes caused less tooth loss than 65K for all abrasive slurries (p <0.0001) except controls. The intraclass
correlation coefficient for agreement between the test and gold standard methods was 0.85.

Conclusions Analysis of 3D images from intraoral scanner could detect and monitor NCCL progression, although this ability was
limited on incipient lesions. Overall good agreement was found between the test method and optical profilometry.

Clinical relevance The suggested method may be applicable to detect and monitor NCCLs clinically.

Keywords Non-carious cervical lesions - Toothbrush - Toothpaste - Dentifrice - Abrasivity - Dental technology

Introduction related to dental caries [1, 2]. They can directly impact tooth

form, function, and esthetics, and be associated with pain,
Non-carious cervical lesions (NCCLs) can be defined as loss  rendering NCCLs very relevant when considering long-term
of tooth structure at the cemento-enamel junction area not  oral health [1]. The prevalence of NCCLs varies, but typically
occurs in approximately 60% of dental patients [3, 4].
Prevalence increases with age, is higher in males and on buc-
cal dental surfaces, and affects mostly upper premolars and

< Anderson T. Hara

ahara@iu.edu canines, followed by molars [3-8].
The etiology of NCCLs remains a topic of debate and on-
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Indianapolis, IN, USA three principal types: (1) corrosion (usually known as dental
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fatigue (usually referred to as dental abfraction), when tissue
loss is related to excessive occlusal forces [11], although this
has been a cause of controversy [1]; and (3) dental abrasion,
which is caused by mechanical insults such as toothbrushing
[12].

Dental practitioners agree on the paramount importance of
early clinical detection and longitudinal assessment and mon-
itoring of tooth wear levels [13]. The distinction between
physiological and pathological rates of tooth wear impacts
the implementation of preventive and therapeutic measures
[14]. NCCLs are conventionally monitored clinically by sub-
jective means, including analysis of photographs and study
cast models, as well as by the use of tooth wear indices, like
the Basic Erosive Wear Examination (BEWE) [15]. Although
these methods are useful, they each have shortcomings.
Clinical photographs are limited by difficulty in standardizing
settings (positioning, lighting, etc) for longitudinal compari-
sons and study casts require substantial space for physical
storage [14]. Further, the BEWE index [16] is subjective and
results are dependent on examiner experience [17]. Therefore,
the development of an objective evaluation tool performed in
real time at chairside would be extremely beneficial [18].

Recent technological advances have positively impacted
digital dentistry. For instance, intraoral scanners have allowed
the rapid acquisition of 3D models of teeth with several appli-
cations in diverse areas such as prosthodontics, orthodontics,
dental surgery, esthetic dentistry, and dental implantology
[19]. Recent studies have also suggested that intraoral scan-
ners can be promising tools for the early diagnostic and as-
sessment of tooth wear given their ease of use and growing
ubiquity in dental practices today; however, testing and fur-
ther development are needed [14, 18, 20]. In order to further
explore and advance this field, our aim in this study was to test
the use of 3D intraoral scanner and image analysis for the
detection and monitoring of the progression of in vitro simu-
lated NCCLs. The null hypothesis was that there is no differ-
ence in the values of the dental volumes obtained when using
the intraoral 3D scanner when compared to those obtained by
optical profilometry.

Materials and methods
Experimental design

This study employed dental impressions previously created
and analyzed by optical profilometry [21]. In the current
study, they were scanned with the 3D intraoral scanner test
system and image analysis was subsequently performed to
determine volumetric tooth loss. All the procedures were per-
formed in random and blind conditions. In the previous orig-
inal study, NCCL severity levels were simulated by the asso-
ciation of three experimental factors: (1) toothbrush stiffness

@ Springer

(soft, medium, and hard), (2) toothpaste abrasivity (low, me-
dium, high, and negative control), (3) number of simulated
brushing strokes (35K and 65K). A total of 24 groups (n=
24 samples), with different levels of volumetric tooth loss,
stemmed from the associations of the study factors. The newly
generated data were analyzed considering the experimental
factors tested, and also correlated with the data original data
from the previous study.

Specimen preparation, treatment, and impression

This study used the specimens’ impressions created in the
original study, where details of their preparation and treatment
are fully described [21]. In brief, 288 upper first premolars
were randomized into 12 stiffnessxabrasivity groups (n =
24). They were brushed in an automated V-8 toothbrushing
machine for 35K and 65K double strokes, using toothbrushes
of different stiffness (soft, medium, hard; Lactona Corp.,
Bergen op Zoom, The Netherlands) associated with slurries
containing hydrated silica of different abrasive levels (low/
Zeodent 113, medium/Zeodent 124, high/Zeodent 103,
Huber Engineered Materials, Havre de Grace, MD, USA),
prepared according to the ISO11609 guidelines for dentifrice
abrasivity testing. A total of three impressions were made for
each specimen (at baseline and after 35K and 65K brushing
strokes), with an elastomeric impression material (hydrophilic
vinyl polysiloxane, Examix NDS Monophase, GC America,
Alsip, IL, USA). The impressions were labeled and kept
stored in dry conditions at room temperature.

Specimen’s impression evaluation

In the original study, each specimen’s impression was scanned
with an optical profilometer using a type S65/10 sensor (res-
olution of 0.30 um, Proscan 2000, Scantron, Taunton, UK)
and analyzed with the Proform Software (Scantron) using the
superimposition and subtraction functions to obtain the tooth
volume loss data after each brushing period [21].

In the present study, the dental impressions were scanned
with a CEREC Omnicam 4.6.1 (Dentsply-Sirona, Bensheim,
Germany) intraoral scanner with white light IOS and triangu-
lation technology to produce digital impressions. Based on
root-mean-square evaluation criterion, the scanner’s reported
accuracy parameters for single tooth scan are the following:
trueness of 13.8 um (+ 1.4 um) and precision of 12.5 um (+
3.7 um) [22]. A previously trained examiner performed all the
scans to ensure consistency. Scanner calibration and use
followed the manufacturer’s instructions. The scanner was
allowed to warm up for 20 min prior to use. The impressions
were scanned paying attention to the sound emitted by the
equipment, which helps in carrying out the correct procedure
and maintaining ideal measuring distance (0—15 mm) between
the camera and tooth surface. Visual inspection was
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performed to verify that all surfaces of each specimen were
properly captured (Fig. 1), and scans were saved in
stereolithography (.STL) format for subsequent analysis.

Tooth volume loss analysis

The .STL output files were opened in Geomagic Wrap 2017
(3D Systems, Rock Hill, SC, USA) 3D modelling software.
The volume of each model was recorded using the software.
Wrap’s lasso tool was then applied to select surfaces affected
by the simulated lesions, and those surfaces were deleted from
the model. The resulting holes were then filled using the cur-
vature fill function, which interpolates the surface using a
nearest neighbor polygon algorithm as a guide. Resulting sur-
faces were compared with original baseline surfaces to con-
firm the accuracy of the fill algorithm using models of speci-
mens scanned during the original study. This task was first
performed independently for each tooth and resultant tooth
loss volume was computed. The difference in volume between
the original model and that filled was used to calculate volume
loss associated with each NCCL simulation.

Statistical analysis

A mixed-model ANOVA was used to analyze volumetric
loss, with fixed effects for toothpaste abrasivity, toothbrush
stiffness, brushing strokes, and their interactions, a random
effect for the right-left pairing within specimens, and a repeat-
ed effect for brushing strokes within the specimens. Pairwise
comparisons utilize Fisher’s Protected Least Significant
Differences method. Agreement between the tooth structure
loss measurements from the digital intraoral scanner and the
lab optical profilometer was assessed using a Bland-Altman
plot and an intraclass correlation coefficient. A 5% signifi-
cance level was used for all tests. Analyses were performed
using SAS version 9.4.

Results

Due to non-normality, a log (base 10) transformation was
performed on the volumetric loss data prior to the ANOVA.
Overall, the effects of toothpaste abrasivity, toothbrush stiff-
ness, and brushing strokes were significant, as were the slurry-
toothbrush and slurry-strokes interactions, whereas the
toothbrush-strokes and slurry-toothbrush-strokes were not
significant.

After 35K (Table 1), brushed samples evinced significantly
less tooth structure loss than after 65K (Table 1) for high,
medium, and low abrasive slurries (p <0.0001), but not for
control (p = 0.16). Toothbrush stiffness hard and mid had sig-
nificantly higher tooth structure loss than soft for the high
abrasive slurry (» <0.001). No other significant differences
were found between toothbrushes (p > 0.05). Deionized water
(DIW, negative control) had significantly less tooth structure
loss than high and medium abrasive slurries. DIW had also
significantly less tooth structure loss than low abrasive for
65K strokes (p <0.0001) but not for 35K strokes (p =0.55).
Low abrasive had significantly less tooth surface loss than
high and medium abrasives (p <0.001). Medium abrasive
had significantly less tooth surface loss than high abrasive
(p<0.001).

The intraclass correlation coefficient for agreement be-
tween the digital intraoral scanner and the optical profilometer
was 0.85 (Fig. 2). Disagreements ranged from 8.0 mm® lower
to 13.9 mm® higher for the digital intraoral scanner than the
optical profilometer, with an overall average difference of
0.2 mm?® higher for the digital intraoral scanner. The limits
of agreement on the Bland-Altman plot, mean difference + 2
standard deviations, were at + 4.0 mm® and — 4.3 mm>. The
plot suggests that the digital intraoral scanner underestimated
tooth structure loss for measurements less than ~2.5 mm? and
overestimated larger tooth structure loss compared to the op-
tical profilometer. Additionally, the plot shows that the

Slurry: DIW
Toothbrush: Soft

Slurry: Lower abrasivity
Toothbrush: Soft

Slurry: Medium abrasivity
Toothbrush: Medium

Slurry: Higher abrasivity
Toothbrush: Hard

Fig. 1 Representative images captured by the intraoral scanner illustrating the range of simulated NCCLs, according to the slurry abrasivity and

toothbrush stiffness levels (C, crown; R, root; *, NCCL)
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Table 1 Interaction between
different toothbrushes (soft,
medium, hard) and abrasives
levels (control, low, medium,
high) at 35K and 65K strokes.
Volume loss (mm>) means
(standard deviations) are
presented

Strokes Slurry abrasivity Soft Medium Hard

35,000 Lower 0.27 (0.25)Aa 0.37 (0.59)Aa 0.27 (0.38)Aa
Medium 1.44 (0.63)Ba 1.96 (1.14)Ba 2.20 (0.91)Ba
Higher 2.03 (1.39)Ca 4.64 (1.92)Cb 7.00 (3.87)Cb
DI water (control) 0.21 (0.14)Aa 0.21 (0.14)Aa 0.26 (0.17)Aa

65,000 Lower 0.86 (0.36)Ba 1.00 (0.73)Ba 0.84 (0.59)Ba
Medium 3.22 (1.37)Ca 4.42 (1.77)Ca 447 (1.36)Ca
Higher 7.59 (3.20)Da 12.00 (4.75)Db 14.59 (4.52)Db

DI water (control)

0.21 (0.13)Aa

0.24 (0.16)Aa

0.31 (0.20)Aa

Different letters represent significant differences (p < 0.05): uppercase within columns (for 35,000 and 65,000
strokes independently); lowercase within rows

differences in the measured volume loss between the two
methods increase in magnitude with the amount of structure
loss.

Discussion

The fill algorithm analysis of 3D models obtained using the
intraoral scanner detected significant effects for toothpaste
abrasivity, toothbrush stiffness, and brushing strokes, as well
as for the slurry-toothbrush and slurry-stroke interactions.

Overall, the increase of toothbrushing strokes led to an
increase of dentin volume loss, or progression of the lesion.
There were significant differences in volume loss for all
groups brushed with abrasive slurries between 35K and 65K
strokes. This result was expected considering the development
pattern of NCCLs and reinforced the importance of tooth-
brushing strokes when designing a NCCL experimental mod-
el, as better differentiation of abrasive effects was observed in
advanced lesions at 65K strokes, compared to the early lesions
at 35K strokes.

Toothbrushes of hard and mid stiffhess showed significantly
higher tooth structure loss than those of soft stiffness, but only

Agreement Between Digital Intra—Oral Scanner and Lab Optical Profilometer for Measuring Tooth Structure Loss

|

Difference Between Measurements. Intra- Oral Scanner - Optical Profilometer (mm?)
1

I I

T

5

10

15

Average of Intra-Oral Scanner and Optical Profilometer Measurements (mm”)

Fig. 2 Agreement between digital intraoral scanner and lab optical profilometer for measuring tooth structure loss
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when associated with the highest abrasive (Z103), after both
35K and 65K strokes. The toothbrush filament stiffness seems
to impact how the abrasive particles from the toothpaste interact
with the tooth surface [23]. Previous investigations have ob-
served similar results where higher abrasive slurries and hard
toothbrush stiffness cause higher tooth wear [21, 23]. However,
other studies have shown opposite results, which are explained
by the fact that soft toothbrushes are more capable of carrying
the abrasive particles [24]. The difference in these results may
be related to differences between the experimental methods.
For instance, the current study used a toothbrushing load of
200 g and frequency of 260 strokes/min, whereas Alshehab
et al. [24] used a load of 250 g with frequency of 150 strokes/
min, which might have emphasized more the interactions
among toothbrush, abrasives, and tooth. In addition, different
toothbrushing simulation times were used, with final brushing
times of 65K strokes in the present study compared to 4.2K
strokes in the previous one. Therefore, more severe lesions were
simulated in the present work.

The 3D analysis performed differentiated surface loss
resulting from different abrasive slurries used after both 35K
and 65K strokes regardless of the type of toothbrush used. Our
results are in accordance with previous studies able to directly
correlate tooth wear with slurry abrasivity [25]. At 35K, no
differences were found between the low abrasive slurry and
the negative control group. This can be explained by the fact
that the low abrasive slurry may not generate detectable lesions
at 35K, but at 65K, these lesions would be sufficiently pro-
nounced to be detected using this method. This finding may
also be related to a limitation of our analytical protocol involv-
ing virtual fill of the lesion. In fact, incipient lesions may be of
insufficient depth and volume loss to be measured by filling.

The main goal of this study was to compare the results
obtained in a previous study [21] with a method based on
the use of 3D intraoral scanners and image analysis. In the
current study, there was no significant difference between
the brushing strokes (35K vs 65K) when brushing with water
(negative control), whereas in the previous study, higher vol-
ume loss was observed at 65K. A second difference was that
the present data shows tooth volume loss when brushing with
the medium abrasive (Z124) not affected by the stiffness of the
toothbrush, whereas in the previous study, hard and mid stiff-
ness were significantly higher than soft. A third difference was
that hard toothbrush caused significantly higher dental struc-
ture loss than the mid toothbrushes when brushed with the
more abrasive slurry (Z103), when using optical profilometry.
A final difference was that in the previous study, there was
significant difference in the tooth volume loss between groups
brushed with water (control) and groups brushed with low
abrasive slurry (Z113), for both 35K and 65K strokes. This
contrast in results seem to be directly related to limitations in
sensitivity of the current method for detecting and measuring
incipient lesions, as pointed out above.

When testing the correlation between the current and previ-
ous (original) data at both 35K and 65K, we observed that the
overall values for the more initial lesions (groups brushed with
DIW) were numerically lower, whereas the values for the more
advanced lesions (groups brushed with high abrasive slurry)
were numerically higher. This can be visualized through the
Bland-Altman plot that shows the intraoral scanner to underes-
timate the tooth structure loss less than ~2.5mm” and to over-
estimate the tooth structure loss for larger structure losses. This
underscores limitations of measuring the most incipient lesions
using the intraoral scanning protocol. For the advanced lesions,
differences may relate to limitations in the digital filling algo-
rithm, and lack of the original dental surface to be used as a
reference. Differences between the current and original
methods are also evident from variation in volume differences
between 35K and 65K, as we observed an average increase rate
of 11% and 48% for the groups brushed with DIW in the
profilometry and intraoral scanner studies, respectively.
Despite these specific differences, though, the comparison be-
tween the two sets of data showed a high correlation coefficient
agreement of 0.85 [26]. Our results suggest that relatively
smaller simulated lesions were not properly detected/
measured by the intraoral scanner, indicating a limitation of this
method. A previous in vitro investigation similarly concluded
that smaller volume changes (approximately 1.5 mm®) mea-
sured by intraoral scanner were inconsistent at this level [20].

While the optical profilometry method [21] is more sensi-
tive for documenting incipient NCCLs, the approach is unfea-
sible for direct clinical assessment [20, 26]. In contrast, the
intraoral scanning protocol can be applied routinely by prac-
titioners at chairside, it is non-invasive, and the required in-
strumentation is becoming increasingly common in dental
practices. Moreover, unlike the optical profilometry protocol,
the fill algorithm used with the intraoral approach does not
require a baseline measurement for subtraction of volume.
This therefore can be used to quantify and monitor NCCLs
once they are deep enough to be visualized by the dentist. And
the lack of sensitivity of the intraoral scanner to measure in-
cipient NCCLs is less of an issue at that point, as only the
smallest lesions cannot be detected using the currently pre-
sented approach. This fits nicely with the suggestion of
O’Hara and Millar [14] for the use of 3D images to monitor
the development and progression of tooth wear, as a potential
way to overcome the barriers of the current clinical subjective
methods. Additional advantages of the intraoral scanners are
their reasonable cost and the reduced time to scan the dental
surfaces and lesions (seconds per tooth).

Despite the above-mentioned potential value of this method
for the monitoring of NNCLs, we acknowledge that there is a
need for further investigations to determine cutoff values or
thresholds for the detection and progression of these lesions
clinically. In the current study only two time points were con-
sidered for the analysis of the NCCLs, which limited this
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understanding. Therefore, more detailed laboratorial and clini-
cal longitudinal studies using more evaluation time points will
be valuable for assessing the ultimate potential of this new
approach to monitoring and documenting NCCL progression.
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