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RESUMO/PALAVRAS-CHAVE

A lesdo cervical ndo cariosa (LCNC) ¢ a perda de estrutura dentaria proximo a jun¢do cemento-
esmalte (JCE) que ndo esta associada a presenca de microorganismos, apresentando uma
prevaléncia conhecida de 5% a 85%. Autores sugerem que sua formagdo e progressao apresenta
etiologia multifatorial, com a combinag@o dos fatores fric¢do (atri¢do e abrasdo), biocorrosio e
estresse oclusal. O objetivo deste estudo foi reunir toda a literatura disponivel para 1) determinar
a prevaléncia mundial estimada das lesdes cervicais ndo cariosas e 2) determinar os fatores de
risco associados com as lesGes cervicais ndo cariosas, através de revisdes sistematicas da
literatura. O terceiro objetivo foi avaliar a relacdo entre o padrio de distribuicdo de tensdes,
diferentes cargas oclusais e o desenvolvimento das LCNCs, através de andlise tridimensional por
elementos finitos. Os resultados demonstraram que a prevaléncia mundial das lesdes nao cariosas
¢ de aproximadamente 46.7%, aumentando conforme a idade, sendo influenciada por diferentes
regides geograficas, diferentes tipos de populagdo, diferentes termos e defini¢des utilizadas para
se referir a doenca, entre outros aspectos. Os fatores de risco considerados associados foram
idade, frequéncia de escovagdo, forca colocada na escovacao dentéria, dureza da escova dental,
exposicao a acidos intrinsecos e extrinsecos, hébitos parafuncionais, aspectos oclusais, dentre
outros, deixando clara a multifatoriedade de sua etiologia. E, por fim, dentre as limitagdes
impostas por um estudo laboratorial, foi constatado que o padrdo de distribuicdo de tensdes no
osso alveolar ndo ¢ influenciado pela presenca de lesdes cervicais ndo cariosas,

independentemente do tipo de carga oclusal aplicada.

Palavras-chave: lesdes cervicais ndo cariosas, prevaléncia, fatores de risco.
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ABSTRACT/KEYWORDS

Non-carious cervical lesion (NCCL) is the loss of tooth structure close to the cemento-enamel
junction (CEJ), which is not associated with the presence of microorganisms, with a known
prevalence of 5% to 85%. Authors suggest that its formation and progression have a
multifactorial etiology, with the combination of friction (attrition and abrasion), biocorrosion and
occlusal stress factors. The aim of this study was to gather all available literature to 1) determine
the estimated worldwide prevalence of noncarious cervical lesions and 2) to determine the risk
factors associated with noncarious cervical lesions, through systematic reviews of the literature.
The third objective was to evaluate the relationship between the stress distribution pattern,
different occlusal loads and the development of NCCLs, through three-dimensional finite
element analysis. The results showed that the worldwide prevalence of non-carious lesions is
approximately 46.7%, increasing according to age, being influenced by different geographical
locations, different types of populations, different terms and definitions used to refer to the
disease, among other aspects. The risk factors considered associated with NCCL were age,
frequency of brushing, vigorousness/power of tooth brushing, toothbrush hardness, exposure to
intrinsic and extrinsic acids, parafunctional habits, occlusal aspects, among others, making the
multifactorial nature of its etiology clear. Finally, among the limitations imposed by a laboratory
study, it was found that the pattern of stress distribution in the alveolar bone is not influenced by

the presence of non-carious cervical lesions, regardless of the type of occlusal load applied.

Key-words: noncarious cervical lesion, prevalence, risk factors.
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1 INTRODUCAO E REFERENCIAL TEORICO

As mudangas no cendrio politico ¢ mundial fizeram com que as politicas publicas de
saude se transformassem nas Ultimas décadas. O aumento da expectativa de vida concomitante
ao aumento do estresse da sociedade devido a maiores jornadas de trabalho, somados a
industrializacdo da sociedade como um todo, com dietas cada vez mais acidas, fez com que o
cendrio odontologico também mudasse (Hawkins ef al., 2004). As doencas originadas por
microorganismos como a carie ¢ a deenca-pertodontal foram perdendo seu espaco para alteracdes
como a hipersensibilidade dentinaria, recessdes gengivais, disfungdes temporo-mandibulares e
como objeto de estudo deste trabalho, as lesdes cervicais nao cariosas (Orchardson ef al., 1994).
A etiologia dessas doengas ¢ amplamente discutida na literatura atual, por serem consideradas
multifatoriais.

A lesdo cervical ndo cariosa (LCNC) ¢, por defini¢do, a perda de estrutura dentaria
préximo a jungdo cemento-esmalte (JCE) que ndo esta associada a presenga de microorganismos
(Aw et al., 2002), apresentando uma prevaléncia de 5% a 85% (Michael et al., 2009). Autores
sugerem que sua formacao e progressdo apresenta etiologia multifatorial, com a combinagao dos
fatores friccao (atricdo e abrasao), biocorrosao e estresse oclusal (Grippo et al., 2012). O termo
“erosdo” também ¢ comumente utilizado para se referir ao papel dos elementos acidos sob a
estrutura dentaria (Barron ef al., 2003; Dawes et al., 2003; Bartlett ez al., 2009).

Uma variagdo tdo ampla da prevaléncia pode estar ligada a dificuldade de diagndstico,
falta de padronizacdo nos métodos de avaliagdo e diferencas bésicas entre as sociedades
estudadas, como diferencas geograficas, socioecondmicas e culturais existentes. Estudos
mostram que a idade esta significativamente associada a maior prevaléncia de lesdes (Aw ef al.,
2002; Teixeira et al., 2018), sugerindo mais um fator responsavel pelos diferentes dados de
prevaléncia encontrados na literatura.

O papel exato de cada fator de risco das LCNCs também ¢ amplamente discutido e ainda
ndo ha consenso entre os estudos. Acredita-se mais na associagao de fatores do que na ocorréncia
isolada de cada um deles. Associa-se tensdo e biocorrosdo por exemplo, através da presenca de
hébitos parafuncionais como o bruxismo, tdo presente nos dias atuais, concomitante a uma dieta
acida e/ou doengas gastricas que diminuem o ph do meio bucal (Grippo et al., 2012; Grippo and
Oh, 2013); friccdo e biocorrosdo, através da escovacdo imediata pos alimentacdo dacida
(Eisenburger et al., 2003); e tensdo e friccdo, onde um fator potencializa o efeito do outro,

acelerando o processo de desgaste cervical (Lintonjua et al., 2004).
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As LCNCs sdo frequentemente associadas com recessdes gengivais (RG) e
hipersensibilidade dentindria (HD) (Sangnes and Gjermo, 1976; Litonjua et al., 2004; Teixeira
et al., 2018), e isso se deve ao fato de que a exposi¢do radicular facilita o desgaste dentario e a
acdo dos fatores de risco. Em lesdes mais profundas, a proximidade da polpa ¢ uma questdo e
pode explicar a correlagdo positiva encontrada entre entre a profundidade das lesdes e o nivel de
sensibilidade dentinaria dos pacientes (Pashley, 2013; Teixeira et al., 2018).

Além disso, um fator comum importante entre as lesdes cervicais ndo cariosas e a
hipersensibilidade dentinaria ¢ a presenca de carga excessiva associada a forgas oclusais (Rees,
2000; Dejak and Mtotkowski, 2011), sendo o carregamento obliquo, que acontece principalmente
nos movimentos excursivos, o mais prejudicial para a estrutura dentdria e também para o 0sso
alveolar, pois altera o padrao de distribui¢do das forgas (Ichim et al., 2007; Soares et al., 2014).
Virios estudos investigaram as distribuicdes de tensdo em dentes com diferentes quantidades de
perda ossea alveolar (Cobo et al., 1993; Cobo et al., 1996; Geramy, 2000; Wood et al., 2008),
mas nao sabe-se ao certo se existe alguma relagdo entre a perda ossea e o desenvolvimento das
LCNCs.

Considerando todos os aspectos acima expostos, este trabalho tem como objetivos: 1)
determinar a prevaléncia mundial estimada das lesdes cervicais ndo cariosas através de revisao
sistemadtica da literatura; 2) determinar os fatores de risco associados com as lesdes cervicais nao
cariosas através de revisdo sistematica da literatura; e por fim, 3) avaliar a relacdo entre o padrao
de distribuicao de tensdes, diferentes cargas oclusais e o desenvolvimento dessas lesdes, por meio

de andlise tridimensional por elementos finitos.
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Capitulo 1

Original research: Prevalence of noncarious cervical lesions among adults: A

systematic review

Teixeira DNR, Thomas RZ, Soares PV, Cune MS, Gresnigt MMM, Slot DE. J
Dent. 2020 Apr;95:103285. doi: 10.1016/5.jdent.2020.103285. Epub 2020 Jan 30.
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ARTICLE INFO ABSTRACT

Keywords: Objectives: This study aims to systematically review the literature on noncarious cervical lesions (NCCLs) and
Dental calculate an overall prevalence estimate.
Non-carious cervical lesions Methods: The protocol of this sy ic review was prepared according to PRISMA and MOOSE guidelines. The
:;;-'ﬂfcle MEDLINE-PubMed and Cochrane-CENTRAL databases were hed. Rel blished papers that provided
lemiology 3 3 A 1, b
ETd information reg; g the p! e or of NCCLs among general or speclﬁc populations were included.

Results: The initial search identified 569 titles and abstracts, 24 of which met the eligibility criteria involving
14,628 particip The ': d mean preval of NCCLs among the whole studied population was 46.7 %
(95 % CI: 38.2; 55.3 %), rangin; g from 9.1%-93%. Based on sub-analyses, studies with populations older than 30
years T led hlgher ighted preval (53 %) than those with populations younger than 30 years (43 %).

R g the d ic hod, when visual or tactile clinical examination was used, the prevalence was lower
!han whcn the Suuth and Knight tooth wear index was used. When different definitions were used, the weighted
mean prevalence varied from 28 % to 62 %. As to the terms used to address the lesions, the prevalence was
higher when “noncarious cervical lesion” was used and lower when “root defects,” “abrasion,” or “abfraction”

were used. When geographical regions were compared, South Amcnca had the highest reported prevalence of
NCCLs, while the United States had the lowest. M , general pop pr d the highest prevalence,
slightly higher than dental populations, whose bers fre d dental practices.

Conclusion: The overall preva.lence of NCCLs was 46.7 % and higher in older populations. Visual and tactile
clinical examination underestimate this prevalence compared to the established index. The terms and definitions
used also influenced the prevalence data. Distinct geographical differences were observed, and general popu-
lations were more inclined to present NCCLs.

Systematic review

1. Introduction

A noncarious cervical lesion (NCCL) is defined as a defect resulting
from the loss of tooth structure at the cementoenamel junction (CEJ)
that is not related to bacteria [1]. Noncarious cervical lesions are also
commonly referred to as “abfraction lesions” [2-7], “cervical wear”
[8-11], “cervical abrasions” (or “noncarious cervical tooth surface loss”
[12], “abfraction-like cervical lesions” [13] and “vestibular cervical

dental abfractions” [14]. The etiology of NCCLs is considered multi-
factorial, with combinations of friction (attrition and abrasion), bio-
corrosion, and occlusal stress [7]. The term “erosion” is also used to
refer to the role of acids in tooth wear [15-17].

Debate regarding all these etiological factors, including which
process is dominant, persists [11,18,19]. Tooth substrate loss due to
attrition, abrasion, and erosion is not found only in the cervical region,
which complicates the diagnosis of NCCLs. In 1984, Lee and Eakle
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[20]—in an attempt to create a clearer definition—thus began to dis-
cuss and segregate the different etiological factors of noncarious loss of
tooth structure. In 1992 [21], the term “noncarious cervical lesion” was
being used, and in 1994, Levitch [18] accurately discussed each etio-
logical factor that was somehow related to the development of NCCLs to
clarify their cause, diagnosis, treatment, and prevention.

Despite all past discussion on the subject, different approaches are
still being used to classify and diagnose NCCLs. Some studies identify
any loss of tissue at the CEJ as an NCCL [22-25]; others consider only
wedge-shaped lesions [26-28] or 1-mm-deep lesions [1,9,29] to be
NCCLs. A large variation in the reported prevalence rates of NCCLs is
present in epidemiological studies, ranging from 5 % to 85 %. This
variation might result from using different nomenclature for the same
alteration; diversity in the definition, diagnosis, and assessment method
used; and variance in the geographical location, time period, and type
of population studied [1,11,13,18,27,30-34].

The reported prevalence of NCCLs in different geographical loca-
tions seems to vary considerably, yet no previous studies have esti-
mated the worldwide prevalence. This study therefore aims to sys-
tematically review the literature to estimate the worldwide prevalence
of NCCLs in the adult population, while a sub-analysis intends to clarify
the large variation in rates.

2. Methods

More details of this systematic review as included and excluded
studies, sub-analysis, quality and guidelines can be seen in
the Online Appendix Supplement (Tables S1-S7). The protocol of this
systematic review was prepared according to PRISMA and MOOSE
guidelines (see Online Appendix S6 and S7). The focused research
question was also prepared as follows: What is the worldwide pre-
valence of noncarious cervical lesions (NCCLs) among adults? For de-
tails regarding the search terms used, see Table 1.

2.1. Search strategy

Two online sources were used to find research papers that satisfied
the purpose of this study: the National Library of Medicine,
Washington, DC (MEDLINE-PubMed), and the Cochrane Central
Register of Controlled Trials (CENTRAL). Databases were searched for
eligible studies conducted in or earlier than November 2018 according
to the following criteria: studies in the English language; human sub-
jects =16 years old; diagnosed with NCCLs as assessed by dental care
professionals; and cross-sectional study design reporting the prevalence
of NCCLs in an adult population.

2.2. Screening and selection

Two independent reviewers (DNRT and RZT) screened the titles and
abstracts to find eligible papers. If eligible aspects were present in the
title, the paper was selected for further reading; if not, the abstract and
key words were screened for suitability. The two reviewers then read all
selected full-text papers in detail. Any disagreement between the two
was resolved with additional discussion, and if disagreement persisted,
the judgment of a third reviewer (DES) was decisive. The papers that

Table 1
Search strategy and terms.

Search terms used for PubMed-MEDLINE and Cochrane Library. The search strategy
was ized appropriately ding to the database being hed
considering di in lled vocabulary and syntax rules.

The following strategy was used:

((Non caries cervical lesions) OR (Non caries cervical lesion*) OR (Non caries cervical
lesion) OR (Non carious cervical lesions) OR (Non carious cervical lesion*) OR
(Non carious cervical lesion) OR (Abfraction AND dental))

The asterisk (*) was used as a truncation symbol.
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fulfilled all the selection criteria were processed for data extraction. For
those papers that provided insufficient data to be included in the ana-
lysis, the first or corresponding author was contacted in an attempt to
obtain additional data.

2.3. Data extraction and

thodological quality

The same two independent reviewers processed data from the pa-
pers that met the selection criteria for further analysis. The focus was
the prevalence of NCCLs among adult populations. Percentages con-
cerning the prevalence of NCCLs were thus extracted. However, if the
selected paper did not provide the prevalence of NCCLs but did report
on the number of subjects with the alteration, the prevalence was cal-
culated by dividing the number of patients who presented NCCLs
during the time period specified by the size of the population under
investigation. The heterogeneity across studies was detailed according
to the following factors: subjects’ characteristics, the geographical re-
gion of the investigated population; NCCL definition; diagnostic criteria
for NCCLs; and the prevalence of NCCLs (see online appendix S1).

2.4. Risk of bias

The methodological qualities of the included studies were subse-
quently assessed according to the quality criteria on the Joanna Briggs
Institute’s “Checklist for Analytical Cross Sectional Studies” [35]. When
the sources of data and details on the methods of assessment, descrip-
tion or consideration of potential sources of bias, calibration or training
of examiners, definition of noncarious cervical lesions, and whether the
investigated group was a representative population were provided, the
study was considered to have a low risk of bias.

2.5. Data analysis

The overall weighted mean prevalence percentage was calculated
using SPSS Statistics 21.0. To assign more weight to the studies that
carry more information for this analysis, each included study was as-
signed a weight according to its sample size. Due to the heterogeneity of
the data, it was determined a priori to perform a quantitative sub-
analysis for age group, type of population, geographical location per
continent where the study was conducted, the definition of “NCCL”
used, the diagnosis of NCCLs, and the terms used to address NCCLs. For
a detailed overview of which studies were used per analysis, see Online
Appendix S4.

2.6. Grading

The Grading of R dations A Develop and
Evaluation (GRADE) Working Group’s GRADE method was used to
appraise the evidence that emerged from this review. The three afore-
mentioned reviewers rated the body of evidence, and any disagreement
was resolved with additional discussion.

3. Results
3.1. Search results

The comprehensive search identified 569 unique papers. The
screening of titles and abstracts resulted in 69 full-text papers, of which
36 were excluded for not meeting the eligibility criteria (see Fig. 1,
online appendix §2), resulting in 11 included studies. All reference lists
of the selected studies were then hand-searched for additional pub-
lications that could possibly meet the y criteria of the study.
Thirteen additional studies were thus included (see online appendix
$3), totalizing 24 articles to be analyzed (see Table 2).

24 an ono
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Fig. 1. Search and selection results.

3.2. Characteristics of selected studies

The extracted data regarding study design, the characteristics of the
studied population, the definition of “noncarious cervical lesion”
(NCCL), criteria and diagnostic methods for NCCLs, and the geo-
graphical location of the studies are presented in the online appendix.

An evaluation of the selected papers revealed considerable hetero-
geneity. The range of the included number of participants within stu-
dies was 40-2,707, with a mean of 609.5. Gender was equally dis-
tributed in Studies 11, VI, and XIX. Conversely, in Studies I, IV, VIII, IX,
X, XI, XX, and XXIV, subject groups consisted of more females than
males, while Studies I11, V, VII, XII, XIII, XIV, XV, XVIII, and XXI con-
sisted of more males than females. Furthermore, the population of
Study XXIII was 100 % male. Gender distribution was not stated in
Studies XVI, XVII, and XXIIL.

As to the age range of the studied population, subjects were aged
between 16 and 75 years old. Studies IV, VI, VII, X, XII, XVI, and XXIV
included only those older than 30. Similarly, Studies X, XV, XVIII, XIX,
XX, and XXIV used restricted age groups, which can represent inclusion
criteria bias.

Subjects who frequented dental practices were included in Studies I,
VII, VIII, IX, XI, XIII, XVIII, and XIX. While general representative po-
pulations were assessed in Studies I, IV, V, VI, X, XIV, XV, XVI, XVII,
XX1, XXII, XXIII, and XXIV, specific populations were assessed in Studies
111 (Worker's Health Center Reference population), XII (population with
increased risk of oral disease), and XX (military personnel population).
Moreover, Europe, Asia, and South America were the most assessed
regions, discussed in 37.5 %, 25 %, and 21 % of the studies, respec-
tively.

Regarding diagnostic methods, most of the studies used visual or
tactile clinical examination to detect NCCLs. The Smith and Knight
tooth wear index was used for assessment in Studies II, IV, and XXIII,
while Study VI favored a modified index based on Smith and Knight’s.
Only Study VII assessed clinical signs on accurate diagnostic casts and
was thus excluded from the sub-analysis.

Finally, “noncarious cervical lesions” was the term used to refer to
the lesions in Studies I, II, 111, IV, V, VI, VIII, IX, XIV, XV, XVI, XVIII,
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Table 2
Overall characteristics of the included studies, for further details see Table S1
(online supplement).

Author/year Participants’ Method of NCCL  Cases of  Prevalence
Study location age assessment NCCL
Study design Total
Risk of bias sample
(D) Yoshizaki, 2017  Older than 18  Visual and 80 cases 67.8%
m years old tactile analysis out of
Brazil 118
Cross-sectional subjects
Low
(II) Yang, 2016 [2]  20-69 years Smith and 831 63 %
China old Knight tooth cases out
Cross-sectional wear index (3) of
Moderate 1320
subjects
(II) Bomfim, 2015  20-68 years Visual analysis 78 cases 76.8%
41 old out of
Brazil 100
Cross-sectional subjects
Moderate
(IV) Lai, 2015 [5]  35-44 and Smith and 1394 79 %0
China 65-74 years Knight tooth cases out
Cross-sectional  old wear index (3) of
Moderate 1759
subjects
(V) Que, 2013 [6] 20-69 years Visual and 633 61.7 %
China old tactile analysis cases out
Cross-sectional of
Low 1023
subjects
(VI) Jiang, 2011 [7]  35-44 and Smith and 1029 47.6 %0
China 65-74 years Knight tooth cases out
Cross-sectional  old wear index (3) of
Moderate 2160
subjects
(VII) Tsiggos, 2008  30-55 years Clinical signs 25 cases  24.5%
8] old assessed on out of
Greece accurate 102
Cross-sectional diagnostic casts  subjects
Moderate
(VII) Smith, 2008  16-3 years old  Visual 97 cases  62.2%
91 examination out of
Trinidad and 156
Tobago subjects
Cross-sectional
High
(IX) Kolak, 2018 19-55+ years  Visual 270 68.5 %
(101 old examination cases out
Servia of
Cross-sectional 394
Substantial subjects
(X) Hahn, 1999 50-60 years Visual and 277 93 %0
(885} old tactile cases out
Germany examination of
Cross-sectional 298
Moderate subjects
(XI) Reyes, 2009 23-82 years Visual and 23 cases 50 %0
(83} old tactile out of
USA examination 46
Cross-sectional subjects
Low
(XII) Ringelberg 45-75+ years  Visual and 87 cases 10%
et al., 1996 old tactile out of
3] examination 873
USA subjects
Cross-sectional
Substantial
(XIII) Akgul et al., Older than 20 Visual 39 cases 9.1 %
2003 [14] years old examination out of
Turkey 428
Cross-sectional subjects
High
(XIV) Bernardt 20-59 years Visual and 855 31.6 %0
et al., 2006 old tactile cases out
[s] examination of
(continued on next page)
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Table 2 (continued)

Author/year Participants’ Method of NCCL  Cases of  Prevalence

Study location age assessment NCCL

Study design Total

Risk of bias sample
Germany 2707
Cross-sectional subjects
Low

(XV) Brandini etal., 19-31 years Visual and 31 cases 53.5%
2011 [16] old tactile out of
Brazil examination 58
Cross-sectional subjects
High

(XVI) Estafan et al,, Mean of 28.9 Visual 99 cases  33.1%
2005 [17] years old examination of out of
USA casts 299
Cross-sectional subjects
High

(XVID) Lussi et al,,  26-30 and Visual and 84 cases  21.5 %0
1991 [18] 46-50 years tactile out of
Switzerland old examination 391
Cross-sectional subjects
Substantial

(XVII) Ommerborn  20-39 years Visual 27 cases 30 %0
et al., 2007 old examination out of
[19] 91
Germany subjects
Cross-sectional
Substantial

(XIX) Pegoraro 25-45 years Visual and 62 cases 88 %0
et al., 2005 old tactile out of
[20] examination 70
Brazil subjects
Cross-sectional
Substantial

(XX) Radentz et al., 17-45 years Visual and 40 cases 50 %0
1976 [21] old tactile out of
USA examination 80
Cross-sectional subjects
High

(XXI) Bergstrom & 18-65 years Visual 441 31 %
Lavstedt., 1979  old examination cases out
[22] of
Sweden 1423
Cross-sectional subjects
Moderate

(XXII) Sangnes & 18-50+ years  Visual and 240 45 %
Gjermo, 1976 old tactile cases out
[23] examination of
Norway 533
Cross-sectional subjects
High

(XX11I) Takehara 20-50+ years  Smith and 78 cases  49.1 %
et al., 2008 old Knight tooth out of
[24] wear index (3) 159
Japan subjects
Cross-sectional
Moderate

(XXIV) Telles et al., 16-22 years Visual and 29 cases  72.5 %0
2006 [25] old tactile out of
Brazil examination 40
Cross-sectional subjects
High

Journal of Dentistry 95 (2020) 103285
3.3. Risk of bias assessment

The quality assessment values, including methodology and statis-
tical validity, are presented in the online appendix S5. Based on a
summary of these criteria, the estimated potential risk of bias was low
for four studies, moderate for eight, substantial for five, and high for
seven.

3.4. Data analysis

The meta-analysis could not be conducted due to the heterogeneity
of the data; the weighted mean prevalence of NCCLs among the whole
studied population was therefore 46.7 % (see Table 2). Data concerning
the presence of NCCLs in the population were extracted or calculated
from 24 papers that involved 6,844 NCCL cases altogether. The pre-
valence ranged from 9.1%-93% (see Table 1). A weighted mean pre-
valence was calculated including four (I, V, XI, and XIV) that had a low
estimated risk of bias, which resulted in an overall weighted mean
prevalence of NCCLs among subjects of 40.7 %.

The sub-analysis is presented in Table 3. Concerning age, studies
with older populations indicated a higher weighted prevalence (54 %),
while studies whose populations also included younger subjects in-
d d ighted prevalence (43 %). Regarding diagnostic

1 a lower
methods, when visual or tactile clinical examination was used, the
prevalence was 38 % (n = 9,128); when the Smith and Knight tooth
wear index was used, the prevalence was about 62 % (n = 5,398.
Furthermore, when different definitions were used, the weighted mean
prevalence varied from 28 % [18] to 62 % [1]. As to the terms used to
address lesions, the prevalence was higher when “noncarious cervical
lesion” was used (53 %) and lower when “root defects,” “abrasion,” or
“abfraction” were used (30 %). The prevalence in South America was
the highest of all geographical regions (69 %, n = 542), and North
America (i.e., the United States) had the lowest prevalence (19 %,
n = 1,298. Both regions used visual and tactile clinical examination as
diagnostic methods, which prevents bias in the comparison. In between,
Europe had a prevalence of 35 % (n = 6,367, while Asia had a pre-
valence of 62 % (n = 6,421). General popul d the high

prevalence 54 %, n = 9,463. Moreover, when the population fre-
quented dental practices, the prevalence was about 44 % (n = 1,405).

ions pr

3.5. Grading

Table 4 reviews the factors used to establish the body of evidence
according to GRADE [36] and the risk of magnitude. Considering that a
high heterogeneity was found between the included studies, as well as
on the basis of sub-analysis, the magnitude of this observation depends
on the method of used to diag; NCCLs, the age range of
the studied subjects, the type of population, the geographical location
studied, and the definition and terms used to address NCCLs. This paper
thus proposes that the groups of subjects, diagnostic criteria,
definitions, and terms used for NCCLs should be standardized in future
studies.

4. Discussi

0 - calculated by the authors of this review based on the presented data in the
selected paper.

XIX, XXIII, and XXIV. “Root defects” was used in Studies X and XII;
“abfractions” in Studies VII and XI; “abrasion” in Studies XII, XX, XXI,
and XXII; and “erosion” in Study XVII. Additionally, Studies I, I11, V, IX,
XVIII, and XXIII referred to the definition Aw et al. established in 2002,
while Studies VIII, XIII, XV, and XVI referred to the definition Levitch
et al. established in 1994.

This systematic review addresses the available body of dental lit-
erature concerning an important issue that is prevalent among diverse
populations: noncarious cervical lesions (NCCLs). The weighted mean
prevalence of NCCLs was 47 % among the studied population-
s—confirming its importance and clinical relevance—varying from 9 %
in a Turkish study [37] to 93 % in a German one [32] (see Table 2). This
range is slightly higher than the findings of current literature, which
report a prevalence of 5 %-85 % [18]. This variation may be due to
inclusion bias in Hahn et al.’s study [32], which included only subjects
of a restricted age group (50-60 years old). As demonstrated in past
studies [1,31,38,39] and this review, age can be a determining factor
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Table 3
Overall analysis and sub analysis on the weighted mean prevalence of included studies. (See online appendix S4 showing which studies were used per analyses).
N. of Studies N. of lesions - N. of participants WM (SD) 95 %CI*

(A) Overall analysis
Total 24 6844-14628 46.75 (21.44) [38.18;55.32]
(B)Sub analysis on age
Only 30+ subjects 5 2765-5192 54.06 (25.66) [53.36;54.76]
16-30+ 19 4037-9436 42.76 (17.40) [42.41;43.11]
(C)sub analysis on population
General population 13 6016-12170 49.39 (18.29) [44.2;64.88]
Dental population 8 623-1405 44.32 (27.6) [25.20;63.44]
Specific population 3 205-1053 19.39 (12.53) [15.75;40.30]
(D)Sub analysis on geographical &
South America 6 377-542 69.27 (09.90) [61.36;77.19]
North America 4 249-1298 19.20 (16.10) [3.42;34.97]
Europe 9 2253-6367 35.39 (17.39) [24.03;46.75]
Asia 5 3965-6421 61.68 (12.37) [50.84;72.52]
(E)Sub analysis on diagnosis
Visual and/or tactile examination 19 3487-9128 38.19 (20.41) [29.01;47.36]
Smith and Knight index 3332-5398 61.64 (13.49) [48.43;74.85]
(F)Sub analysis on definition
Aw (2002) 6 1917-3087 62.09 (7.18) [59.52;64.66]
Levitch (1994) 4 266-941 28.26 (20.12) [8.55;47.97]
(G)Sub analysis on terms
NCCL 15 5588-10454 53.39 (17.46) [44.56;62.22]
Root defect 2 364-1171 31.12 (36.16) [29.05;33.19]
Abrasion 4 760-2464 30.84 (11.72) [19.36;42.32]
Abfraction 2 48-148 32.42 (11.84) [16.02;48.82]

*As a measure of precision, the standard error of the weighted mean (which reflects the variation among studies) was used relative to the number of experiments
available to calculate the lower and upper limits of the 95 % confidence interval of the weighted mean difference.

WM = weighted mean.
SD = standard deviation.
95 %CI = 95 %confidence interval.

Table 4

GRADE evidence profile.
Study design Cross-sectional
Risk of bias Low to high
Consistency Rather inconsistent
Precision Rather precise
Directness Rather generalizable
Publication bias Possible
Body of evidence Low to moderate

Magnitude of the finding Moderate

for the prevalence of NCCLs, since older populations have probably
been exposed to the etiological factors longer than younger ones. Hahn
et al. [32] also used the term “root defect” to refer to NCCLs, whether
from erosive, abrasive, or even abfraction processes, which may have
led them to include more lesions per patient. These considerations,
g others, d rate potential bias in the estimation of NCCL
prevalence for the whole studied population from 24 papers.

The definition and diagnosis of NCCLs have long been discussed. As
NCCLs come in a large variety of forms, some studies have demon-
strated that different lesion shapes are often related to the prevalence of
specific etiological factors [40,41], and different terms have been used
to define these lesions, including “root defects” [32,42], “abrasion”
[37,43-45], “abfraction” [26,27], and “erosion” [46]. As per a recent
morphological classification [47], proposed in an attempt to reduce the
confusion and mi standing regarding the appearance of these le-
sions, NCCLs can be classified according to their appearance as shallow,
concave, wedge-shaped, notched, and irregular. In the past, terms such
as “dished-out,” “saucer-shaped,” “cupped,” “c-shaped,” “v-shaped,”
“shallow grooves,” “grooved,” “gingival notching,” and “deep notches”

[1,48-52] were used. Additionally, the most commonly used method of
NCCL diagnostic assessment found in the included studies was visual or
tactile clinical examination [22,26,28,32,33,37,38,42-46,53-59], fol-
lowed by the Smith and Knight tooth wear index [24,29,60-62]. As
clinical examination does not present specific grading, the lower
weighted prevalence found when comparing the use of this method to
that of Smith and Knight’s tooth wear index may result from the diffi-
culty of establishing a given pattern. Moreover, the studies that used
Smith and Knight's index were conducted in Asia, a populous region,
which supports the higher prevalence. The recognition and knowledge
of the appearance of NCCLs remains unclear, as the studies included in
this review reveal a high heterogeneity.

The different definitions used to describe NCCLs may also contribute
to the high variance of reported prevalence rates
[1,11,18,43,45,63,64]. Aw et al.’s is used most often and states that an
NCCL is “a loss of tooth structure at the cementoenamel junctional level
unrelated to dental caries” [1]. However, CEJ location can be confused
with the coronal border of the cervical lesion, which means that the
recognition and definitive diagnosis of NCCLs remains difficult from a
clinical perspective [65]. In turn, the difficulty of differentiating early
shallow NCCLs and gingival recession persists, compromising the di-
agnosis and resulting in a higher or lower prevalence. This lack of
standardized definitions therefore strengthens the bias across studies.

The large number of included studies allowed for sub-analysis by
geographical region as summarized in Table 2, with the corresponding
weighted mean values. The highest prevalence of NCCLs among adults
was observed in studies conducted in South America (69 %, n = 542),
especially in Brazil. All the studies used visual or tactile clinical ex-
amination to assess the NCCLs; however, only two included subjects
from the general population [22,56], which may have raised the
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: q 1
est prev:

e. The prevalence in Asia was estimated to be 61 %
(n = 6,421), and four of the five studies conducted in this location used
the Smith and Knight tooth wear index to assess the NCCLs, which,
according to the data, also had a prevalence of 61 % (n = 5,398.
Conversely, four American studies reported a prevalence of only 19 %
(n = 1,053, possibly since one study [26] included only abfraction
NCCLs, which are sharp and wedge-shaped. The second study [42]
considered only defects with more than 2mm of axial depth, dis-
regarding the other types of lesions; the third was assessed through cast
evaluation [57]; and the fourth presented a specific population, not
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being representative enough [43]. All these aspects togeth ded to
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Table 2 also indicates that the type of population influences the
prevalence data, as this aspect varied from 19 % for specific populations
(n=1,053) to 49 % for general populations (n = 12,170). In fact,
general populations are more heterogeneous and thus present wider
variation and different etiological factors, which raises the prevalence
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factorial [7,11,18,19]. It is therefore evident that the studied subjects’
characteristics are indeed relevant to the estimation of the prevalence
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of NCCLs, since they concern the risk factors of NCCLs.
5. Limitations and future recommendation

As the data p d in this sy ic review are heterogenous
due to a lack of standardization, a meta-analysis could not be con-
ducted. Nevertheless, the guidelines for future studies should consider
creating or standardizing an index that could be used to diagnose early
and advanced NCCLs, thus allowing researchers to compare results
from different studies or even conduct multivariate analyses in large-
scale studies. Future generations must be alerted to the early diagnosis
and treatment of NCCLs, which are increasingly common in dental care
practice. These clinical manifestations can affect a patient's quality of
life and understanding them can help to prevent potential future pro-
blems, such as dentin hypersensitivity and gingival recession, among
others. Ethics approval: Not applicable/not required.

6. Conclusion

The worldwide prevalence of NCCLs among adults is 46.7 % and
higher in older populations than younger ones. The blished index
also supports the rise in prevalence when compared to visual and tactile
clinical examination. South America has the highest prevalence of
NCCLs among different geographical regions, and general populations
are more inclined to present these lesions than specific ones.

Author contributions

Daniela Navarro Ribeiro Teixeira: contributed to conception, de-
sign, acquisition, analysis, interpretation of data and drafted the
manuscript.

Renske Z. Thomas: contributed to conception, design, acquisition,
analysis, interpretation of data and critically revised the manuscript for
important intellectual content.

Paulo Vinicius Soares:contributed to interpretation of data and cri-
tically revised the manuscript for important intellectual content.

Marco. S. Cune: contributed to interpretation of data and critically
revised the manuscript for important intellectual content.

Marco M. M. Gresnigt:contributed to conception, interpretation of
data and critically revised the manuscript for important intellectual
content.

Dagmar Else Slot: contributed to conception, design, analysis, in-
terpretation of data and critically revised the manuscript for important
intellectual content. All authors gave final approval and agree to be
accountable for all aspects of the work in ensuring that questions re-
lating to the accuracy or integrity of any part of the work are

The authors thank Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior, Brasil (CAPES) for one year of Phd scholarship, and the
University of Groningen, which financed the first author for an in-
ternship conducting this systematic review. We also thank UoG Library,
which provided the papers used in this review.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.jdent.2020.103285.

References

[1] T.C. Aw, X. Lepe, G.H. Johnson, L. Mancl, Characteristics of noncarious cervical
lesions: a clinical investigation, J. Am. Dent. Assoc. 133 (2002) 725-733 http://
www.ncbi.nlm.nih.gov/pubmed/12083648.

[2] AM.B.R. da Silva, L. Valencise Magri, M.A.M.R. da Silva, M.D. de Sousa Neto, Are
the bite force and electromyographic activity altered in muscle TMD patients with
abfraction lesions? Cranio - J. Craniomandib. Pract. 9634 (2017) 1-7, https://doi.
org/10.1080/08869634.2017.1407116.

[3] N. Miller, J. Penaud, P. Amb C. Bi: Boutelliez, S. , Analysis of
etiologic factors and d 1 di involved with 309 ab J. Clin.
Periodontol. 30 (2003) 828-832, https://doi.org/10.1034/j.1600-051X.2003.
00378.x.

[4] J.S. Rees, M. Hammadeh, Undermining of enamel as a mechanism of abfraction

lesion formation: a finite element study, Eur. J. Oral Sci. 112 (2004) 347-352,

https://doi.org/10.1111/j.1600-0722.2004.00143.x.

L. a Litonjua, S. Andreana, A.K. Patra, R.E. Cohen, An assessment of stress analyses

in the theory of abfraction, Biomed. Mater. Eng. 14 (2004) 311-321 http://www.

ncbi.nlm.nih.gov/pubmed/15299243,

[6] LD.Wood, A.S.A. Kassir, P.A. Brunton, Effect of lateral excursive movements on the
progression of abfraction lesions, Oper. Dent. 34 (2009) 273-279, https://doi.org/
10.2341/08-100.

[7] J.0. Grippo, M. Simring, T.A. Coleman, Ab bi and the
enigma of noncarious cervical lesions: a 20-year ve, J. Esthet. Restor. Dent.
24 (2012) 10-23, https://doi.org/10.1111/j.1708-8240.2011.00487 x.

[8] A.W.G. Walls, P.T. Silver, J.G. Steele, Impact of treatment provision on the epide-
miological recording of root caries, Eur. J. Oral Sci. 108 (2000) 3-8, https://doi.
org/10.1034/j.1600-0722.2000.00767 .x.

[9] L. Pikdoken, E. Akca, B. Giirbiizer, B. Aydil, B. Tagdelen, Cervical wear and occlusal
wear from a periodontal perspective, J. Oral Rehabil. 38 (2011) 95-100, https://
doi.org/10.1111/j.1365-2842.2010.02137 .x.

[10] M. Addy, R.P. Shellis, I ion b attrition, abrasion and Erosion in tooth
wear, Dent. Eros. 20 (2006) 17-31, https://doi.org/10.1159/000093348,

[11] D.W. Bartlett, P. Shah, A critical review of non-carious cervical (Wear) lesions and
the role of abfraction, erosion, and abrasion, J. Dent. Res. 85 (2006) 306-312,
https://doi.org/10.1177/154405910608500405.

[12] I Wood, Z. Jawad, C. Paisley, P. Brunton, Non-carious cervical tooth surface loss: a
literature review, J. Dent. 36 (2008) 759-766, https://doi.org/10.1016/j.jdent.
2008.06.004.

[13] B.T. Piotrowski, W.B. Gillette, E.B. H: k. ining the preval and char-
acteristics of abfractionlike cervical lesions in a population of U.S. veterans, J. Am.
Dent. Assoc. 132 (2001) 1694-1701, https://doi.org/10.14219/jada.archive.2001.
0122,

5

21



D.N.R. Teixeira, et al

14]

[1s]

[16]

n7]

(8]

9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

271

[28]

[29]

[30]

31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

S.P. Palomino-Gémez, F. Jeremias, L.S. Finoti, G. Paredes-Coz, D.B. Raveli,
Infls of lateral on vestibular cervical dental abfraction, Acta Odontol.
Latinoam. 24 (2011) 283-288 http://www.ncbi.nlm.nih.gov/pubmed/22550823.
D. Bartlett, Etiology and prevention of acid erosion, Compend. Contin. Educ. Dent.
30 (2009) 616-620 http://www.ncbi.nlm.nih.gov/pubmed/19998728.
R.P. Barron, R.P. Carmichael, M.A. Marcon, G.K.B. Sandor, Dental erosion in gas-
reflux disease, J. Can. Dent. Assoc. 69 (2003) 84-89 http://www.
ncbi.nlm.nih.gov/pubmed/12559056.
C. Dawes, What is the critical pH and why does a tooth dissolve in acid? J. Can.
Dent. Assoc. 69 (2003) 722-724 http://www.ncbi.nlm.nih.gov/pubmed/
14653937.
L.C. Levitch, J.D. Bader, D.A. Shugars, H.O. Heymann, Non-carious cervical lesions,
J. Dent. 22 (1994) 195-207 http: //www anl nlm mh gov/pubmcdﬂ%2894
J.0. Grippo, M. Simring, S. Sch ibfracti
revisited: a new perspective on tooth surface lesions, J. Am. Dent. Assoc. 135 (2004)
1109-1118, https://doi.org/10.14219/jada.archive.2004.0369.
W.C. Lee, W.S. Eakle, Possible role of tensile stress in the etiology of cervical erosive
lesions of teeth, J. Prosthet. Dent. 52 (1984) 374-380 http://www.ncbi.nlm.nih.
gov/pubmed/6592336.
J.0. Grippo, Noncarious cervical lesions: the decision to ignore or restore, J. Esthet.
Dent. (4 Suppl) (1992) 55-64 http://www.ncbi.nlm.nih.gov/pubmed/1298328.
D. Telles, L.F. J.C. Pereira, de of cervical lesions and
their relation to the presence of wear facets, J. Esthet. Restor. Dent. 18 (2006)
178-183, https://doi.org/10.1111/j.1708-8240.2006.00015.x discussion 184.
J.D. Bader, F. McClure, M.S. Scurria, D.A. Shugars, H.O. Heymann, Case-control
study of non-carious cervical lesions, Commun. Dent. Oral Epidemiol. 24 (1996)
286-291 http://www.ncbi.nlm.nih.gov/pubmed/8871039.
H. Jiang, M.Q. Du, W. Huang, B. Peng, Z. Bian, B.J. Tai, The prevalence of and risk
factors for non-carious cervical lesions in adults in Hubei Province, China,
Commun. Dent. Health 28 (2011) 22~28 http://www.ncbi.nlm.nih.gov/pubmed/
21485230.
D.A. Brandini, A.L.B. de Sousa, C.L Trevisan, L.A.P. Pinelli, S.C. do Couto Santos,
D. Pedrini, S.R. Panzarini, Noncarious cervical lesions and their association with
in vivo Oper. Dent. 36 (2020) 581-589,
https://doi. urx/lO 2341/10-152-S n.d..
E. Reyes, C. Hildebolt, E. Lang Iter, D. Miley, Abfractions and h loss
in teeth with p in centric rel. clinical observations, J.
Periodontol. 80 (2009) 1955-1962, https //doi. org/lo 1902/jop.. 2009 090149,
N. Tsiggos, D. Tortopidis, A. self-
reported bruxism activity and of dznul and oc-
clusal pits on natural teeth, J. Prosthet. Dent. 100 (2008) 41-46, https://doi.org/
10.1016/50022-3913(08)60135-3.
0. hardt, D. Gesch, C. Schwat FMﬂ,Gngzr,UJohn.TKochet
ds 1 1 eval of the mull J. Oral
Rdmbll. 33 (2006) 17-25, https://doi.org/10.1111/§.1365- 2842 2006.01532.x.
J. Takehara, T. Takano, R. Akhter, M. Morita, (‘Amthdom of nom:ulous cervical
lesions and occlusal factors di ined by using p g sheet, J. Dent.
36 (2008) 774-779, https://doi.org/10.1016/j.jdent.2008.05.009.
A0O. O;lnn! A.O Olusile, C.I. Udoye, Non-carious cervical lesions in a Nigerian
or abfraction? Int. Dent. J. 53 (2003) 275-279, https://doi.
orx/lO 1111/j.1875-595X.2003.tb00759.x.
J. Borcic, 1. Anic, M.M. Urek, S. Ferreri, The prevalence of non-carious cervical
lesions in permanent dentition, J. Oral Rehabil. 31 (2004) 117-123 doi:1223 [pii].
P. Hahn, D. Reinhardt, H.G. Schaller, E. Hellwig, Root lesions in a group of 50-60
year-old Germans related to clinical and social factors, Clin. Oral Invest. 3 (1999)
168-174, https://doi.org/10.1007/s007840050097.
K.T. Yoshizaki, L.F. Francisconi-dos-Rios, M.A.P. Sobral, A.C.C. Aranha,
F.M. Mendes, T. Scaramucci, Clinical features and factors associated with non-
carious cervical lesions and dentin hypersensitivity, J. Oral Rehabil. 44 (2017)
112-118, https://doi.org/10.1111/joor.12469.
D.N.R. Teixeira, L.F. Zeoll.A.C Machado, R.R. Gomes, P.G. Souza, D.C. Mendes,
P.V. Soares, Relati P cervical lesions, cervical dentin hy-
itivity, gingival ion, and iated risk factors: a cross-sectional
study, J. Dent. 76 (2018) 93-97, https://doi.org/10.1016/j.jdent.2018.06.017.
T. Briggs Institute Joanna, Joanna Briggs Institute Reviewer’s Manual, The Joanna
Briggs Institute, Adelaide, 2014,
G.H. Guyatt, A.D. Oxman, V. Montori, G. Vist, R. Kunz, J. Brozek, P. Alonso-Coello,
B. Djulbegovic, D. Atkins, Y. Falck-Ytter, J.W. Williams, J. Meerpohl, S.L. Norris,
E.A. Akl, H.J. Schii GRADE guidelines: 5. Rating the quality of evi-
denc ication bias, J. Clin. Epidemiol. 64 (2011) 1277-1282, https://doi.org/
10.1016/j.jclinepi.2011.01.011.
H.M. Akgiil, N. Akgiil, S. Kmmglnnoglu,N Ozdabak, A survey of the correspon-

dence b and tooth ng habits in Turkey, Int. Dent.
J. 53 (2003) 491-495 http://www.ncbi.: n.lm nih.gov/pubmed/14725378.
K. Que, B. Guo, Z. Jia, Z. Chen, J. Yang, P. Gao, A 1 study: i

cervical lesions, cervical dentine hypersensitivity and related risk factors, J. Oral
Rehabil. 40 (2013) 24-32, https://doi.org/10.1111/j.1365-2842.2012.02342.x.
B.G. Smith, N.D. Robb, The prevalence of toothwear in 1007 dental patients, J. Oral
Rehabil. 23 (1996) 232-239 http://www.ncbi.nlm.nih.gov/pubmed/8730269.
J.A. Michael, G.C. Townsend, L.F. Greenwood, J.A. Kaidonis, Abfraction: separating
fact from fiction, Aust. Dent. J. 54 (2009) 2-8, https://doi.org/10.1111/}.1834-

[41]

[42]

[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]

[52)

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]
[61]
[62]
[63]

[64]

[65]

22

Journal of Dentistry 95 (2020) 103285

7819.2008.01080.x.
B. Hur, H.C. Kim, J.K. Park, A. Versluis, Characteristics of non-carious cervical le-
sions - an ex vivo study using micro computed tomography, J. Oral Rehabil. 38
(2011) 469-474, https://doi.org/10.1111/j.1365-2842.2010.02172.x.
M.L. Ringelberg, G.H. Gilbert, D.E. Antonson, T.A. Dolan, D.W. Legler, U. Foerster,
M.W. Heft, Root caries and root defects in urban and rural adults: the Florida dental
care study, J. Am. Dent. Assoc. 127 (1996) 885-891 http://www.ncbi.nlm.nih.gov/
pubmed/8754463.
W.H. Radentz, G.P. Barnes, D.E. Cutright, A survey of factors possibly associated
with cervical abrasion of tooth surf: J. Periodontol. 47 (1976) 148-154,
https://doi.org/10.1902/jop.1976.47.3.148.
G. Sangna. ® Gjermo. Prevalence of oral soft and hard tissue lesions related to

d Commun. Dent. Oral Epidemiol. 4 (1976)
77-83 http://www.ncbi. nlm.nih. gov/pubmed/loﬁ2255

J. Bergstrém, S. Lavstedt, An epidemiologi h to g and dental
abrasion, Commun. Dent. Oral Epldgmlol. 7 (19'79) 57-64 http: //wv\w ncbi.nlm.
nih.gov/pubmed/282958.

A. Lussi, M. Schaffner, P. Hotz, P. Suter, Dental erosion in a population of Swiss
adults, Commun. Dent. Oral Epidemiol. 19 (1991) 286-290 http://www.ncbi.nlm.
nih.gov/pubmed/1742995.
J.A. Michael, J.A. Kaidonis, G.C. Townsend, Non-carious cervical lesions on per-
manent anterior teeth: a new morphological classification, Aust. Dent. J. 55 (2010)
134-137, https://doi.org/10.1111/j.1834-7819.2010.01228.x.
M. Aubry, B. Mafart, B. Donat, J.J. Brau, Brief study of
cervical tooth lesions in samples of prehistoric, historic, and modern populations
from the South of France, Am. J. Phys. Anthropol. 121 (2003) 10-14, https://doi.
org/10.1002/ajpa.10210.
F. Khan, S. Shahabi, Dental cervical lesions associated with occlusal, Aust. Dent. J.
(1999) 176-186.
J.M. Brady, R.D. Woody, Scanning microscopy of cervical erosion, J. Am. Dent.
Assoc. 94 (1977) 726-729 http://www.ncbi.nlm.nih.gov/pubmed/265335.
G. McCoy, The etiology of gingival erosion, J. Oral Implantol. 10 (1982) 361-362
http://www.ncbi.nlm.nih.gov/pubmed/6961233.
J. P.L S G.E. Carlsson, ldlopllhlc cervtul luions: in
vivo i ion by oral mi d and
pilot study, .l Oral Rehabil. 20 (1993) 1-9 http://www. ncbl nlm. mhgnv/pubmed/
8429417,
R.A. Bomfim, E. Crosato, L.E.N. Mazzilli, A.C. Frias, Prevalence and risk factors of
non-carious cervical lesions related to occupational exposure to acid mists, Braz.
Oral Res. 29 (2015) 1-8, https://doi.org/10.1590/1807-3107BOR-2015.vol29.
0085.
W.A.J. Smith, S. Marchan, R.N. Rafeek, The prevalence and severity of non-carious
cervical lesions in a group of patients attending a university hospital in Trinidad, J.
Oral Rehabil. 35 (2008) 128-134, https://doi.org/10.1111/j.1365-2842.2007.
01763.x.
V. Kolak, D. Pesi¢, 1. Melih, M. Lalovi¢, A. Nikitovié, A. Jakovljevié, Epidemiological
investigation of non-carious cervical lesions and possible etiological factors, J. Clin.
Exp. Dent. 10 (2018) e648-e656, https://doi.org/10.4317 /jced.54860.
D.A. Brandini, A.L.B. de Sousa, C.I. Trevisan, L.A.P. Pinelli, $.C. do Couto Santos,
D. Pedrini, S.R. Panzarini, Noncarious cervical lesions and their association with
i in vivo Oper. Dent. 36 (2011) 581-589,

https://doi. org/lO 2341/10-152-S.
A. Estafan, P.C. Furnari, G. Goldstein, E.L. Hittelman, In vivo correlation of non-
carious cervical lesions and occlusal wear, J. Prosthet. Dent. 93 (2005) 221-226,
https://doi.org/10.1016/j.prosdent.2004.12.012.
M.A. Ommerborn, C. Schneider, M. Giraki, R. Schafer, P. Singh, M. Franz,
W.H.M. Raab, In vivo evaluation of noncarious cervical lesions in sleep bruxism
subjects, J. Prosthet. Dent. 98 (2007) 150-158, https://doi.org/10.1016/50022-
3913(07)60048-1.
L.F. Pegoraro, J.M. Scolaro, P.C. Conti, D. Telles, T.A. Pegoraro, Noncarious cervical
lesions in adults: prevalence and occlusal aspects, J. Am. Dent. Assoc. 136 (2005)
1694-1700 http://www.ncbi.nim.nih.gov/pubmed/16383052.
B.G. Smith, J.K. Knight, An index for measuring the wear of teeth, Br. Dent. J. 156
(1984) 435-438 http://www.ncbi.nlm.nih.gov/pubmed/6590081.
J. Yang, D. Cai, F. Wang, D. He, L. Ma, Y. Jin, K.Que Non-carious cervical lesions
(NCCLs) in a random lis and the iation of NCCLs
with occlusive wear, J. Oral Rehabil. 43 (2016) 960-966, https://doi.org/10.1111/
joor.12445,
Z.Y. Lai, Q.H. Zhi, Y. Zhou, H.C. Lin, Prevalence of non-carious cervical lesions and

iated risk indi in middle-aged and elderly populations in Southern
China, Chin. J. Dent. Res. 18 (2015) 41-50.
C. Walter, E. Kress, H. Gotz, K. Taylor, 1. Willersh A.Z lis, The
of non-carious cervical lesions, Clin. Oral Invest. 18 (2014) 139-146, https://doi.
0rg/10.1007/500784-013-0960-0.
J.0. Grippo, Abfractions: a new classification of hard tissue lesions of teeth, J.
Esthet. Dent. 3 (1991) 14-19 http://www.ncbi.nlm.nih.gov/pubmed/1873064.

M.P. Santamaria, D. da Silva Feitosa, M.Z. Casati, F.H. Nociti, A.W. Sallum,
E.A. Sallum, d d lled clinical trial ive tissue graft
plus resin-modified glass i ion for the of gingival i

associated with non-carious cervical lesion: 2-year follow-up, J. Periodontol. 84
(2013) el-e8, https://doi.org/10.1902/jop.2013.120447.



Online Appendix Supplement

Table S1. Details of the selected studies.

Authors, Subjects Age (mean +
year Characteristics SD, range), NCCL definition in the study . . . NCCL
. Clinical parameters used for diagnosis
(ID) (n, type of population, gender prevalence
country) distribution
M d 118 patients of dental faculty E/a . >18
in Sdo Paulo ange: = Noncarious cervical lesion: Loss of dental
tissues at the cementoenamel junction, in a . . . 0
Dental population 3150 (42%) process that does not involve bacteria (Walter Visual and tactile analysis 67.8%
. ()
0: 68 (58%) et al.,, 2014)
Brazil ) 0
(2) (h 1320 subjects of Chengdu g:n e 20-69
City ge: Noncarious cervical lesion: Loss of tooth
structure at the cementoenamel junction Visual and tactile examination: Smith and 63%
General population 3+ 660 (50%) which is not related to dental caries (Aw et Knight (21) tooth wear index ’
: " al., 2002)
China Q: 660 (50%)
(3) (1) 100 sub.]ect.s of specific Mean: 44.15 +
population in Guarulhos 0.30
Ran e: 20-68 Noncarious cervical lesion: Non-caries related Visual examination: Location in the
Worker’s Health Center ge: 1 ¢ h ) cervical third of the tooth, no caries, o
Ref. lati oss of tooth structure at the cementoenamel doc-shaned lesi th sh d 76.8%
eference population iunction (Aw et al., 2002) wedge-shaped lesion with sharp edges, or
3155 (55%) J " C-shaped lesion with rounded edges
Brazil Q1 45 (45%)
@H(AV) 1759 subjects of Guangzhou | n/a
city Range: 3655-‘;‘; Noncarious cervical lesion: Loss of hard
G . tissue on the cementoenamel junction of Visual and tactile examination: Smith and
eneral population 79%%0

China

3851 (48%)
Q: 908 (52%)

tooth which has no relationship with
bacteria (Mair et al., 1992)

Knight (21) tooth wear index




) (V)

1023 subjects of Chengdu

City Mean: 46.1
Range: 20-69 Noncarious cervical lesion: Loss of tooth
. structure at the cementoenamel junction . . . o
General population 106 level unrelated to dental carics (Aw et al., Visual and tactile analysis 61.7%
9: 1' 2002)
China (ratio)
©) (VD 2160 subjects of g:n o 35-44
Hubei Province g 65-74
Noncarious cervical lesion: Loss of tooth Visual and tactile examination: Modified
General population structure at the cementoenamel junction Tooth wear index based on Smith and 47.6%90
21080 (50%) (Bartlett and Shah, 2006) Knight
China Q: 1080 (50%)
(7) (VD) 102 patients referred to the _
Fixed and Implant Mean: 44.14
Prosthodontics clinic of %7 _
Thessaloniki dental school ange: 30-55 Abfraction: visible V shaped vestibular Visual examination: Clinical signs assessed
. . . . 24.5%
lesions at least 2 teeth per subject on accurate diagnostic casts
Dental population 3 54 (53%)
Greece Q: 48 (47%)
(8) (VIII) | 156 patients attending an
undergraduate teaching clinic ]
at a University hospital in Mean: 40.6
Trini Range: 16-73 . : f -
rinidad Noncarious cervical lesion: Loss of tooth . o
. Visual examination: NCCL scored
structure at the cervical aspects of teeth . . 62.2%
Dental ati (Levitch et al., 1994) according to the dentine exposure and
ental population 38151 (33%) " presence or abscence of symptoms
: 105 (67%
Trinidad and Tobago #1105 (67%)
(9) (IX) 394 patients referred for the n/a Noncarious cervical lesion: Loss of tooth
Department of Restorative Range: 27-75 structure at the cementoenamel junction Visual examination 68.5%

Dentistry and Endodontics,

unrelated to dental caries (Aw, 2002)
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Faculty of Dentistry in
Pancevo

Dental population

31169 (43%)
Q: 225 (57%)

Servia
(10) (X) 298 subjects of West
Germany Mean: 54.7
Range: 50-60 Root defect: non-carious and non-filled root
General population surfaces with defects according to an Visual and tactile examination 93%¢
31119 (40%) abfraction, abrasion or erosion process
Germany Q: 179 (60%)
(11) (XI) | 46 patients and dental
students of the School of )
Dental Medicine at Southern Mean: 45 . . .
. Range: 23-82 Abfraction lesions: loading forces at the . L .
[llinois : ) Visual examination: It was included only
cervical level may cause the failure of the . . .
. . . abfraction-type lesions appearing as sharp, | 50%¢
Dental population enamel prisms and result in pathologic loss wedge-shaped loss of dental structure
pPop 314 (30%) of tooth structure (Grippo, 1991) & P
. 0
USA Q:32 (70%)
(12) (X1D) lfizsris(?;b_]ects of northern Mean: 61.5 | | o |
Range: 45-75+ Visual and tactile examination: Noncarious
General population with 3382 (440 Root surface defect: noncarious defects defect higher th.an 2 mm in a>.<1a1 depth (it 10%
increased risk of oral disease : (44%) was not fietermm.ed Whethe:rllt was caused
Q: 491 (56%) by abrasion, erosion or attrition)
USA
(13) 428 subjects of Erzurum Mean: n/a Visual examination: Lesions identifiable at
(XIID) Range: 20+ Abrasion: pathological wearing of dental the cemento enamel junction which were
Dental population hard tissue by mechanical forces (Levitch, discoloured, noncarious, C or V- shaped 9.1%
38 186 (43%) 1994) and flat-floored were all taken as wedge-
Turkey Q:242 (57%) shaped defects
(14) 2707 subjects of Pomerania Mean: 40.6 £ Noncarious cervical defects: in addition to Visual and tactile examination: wedge-
(XIV) 11.1 superficial erosions, hollows or notches, shaped had to be clearly discernable with a | 31.6%¢
General population Range: 20-59 pronounced abfractions or wedge-shaped probe, even apically — carious, erosive or
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Cross- defects manifest with a typical coronal hollowed areas of hard substance loss were
sectional | Germany 3:1 borderline to the intact enamel (Bishop, not counted as wedge shaped defects
study Q: 1.1 1997) — the defects were recorded without
(ratio) gradation of lesion depth or width
(15) (XV) Mean: 23.6 +
58 subjects of Araatuba II{.S 1931 Noncarious cervical lesion: the loss of Visual and tactile examination: losses of
General student population ange: 15- dental hard tissue near the cementoenamel dental hard tissue near the CEJ without the 53 50,
pop 2115 (26% junction without the development of caries development of caries were considered =70
. H13Q26%) g oviteh, 1994) NCCL
Brazil Q: 43 (74%)
(16) 299 casts of dental students of | Mean: 28.9
(XVD) New York Range: n/a . . L .
Noncarious cervical lesions: loss of cervical . o ]
. . Visual examination of casts: presence and o
General student population d:n/a tooth structure in the absence of caries severity of NCLs 33.1%
9: n/a (Levitch, 1994)
USA
a7 Mean: n/a
(XVID) 391 subjects of Switzerland Range: 26-30
46-50 Dental erosion: loss of tooth substance by Visual and tactile examination: scoring
General population chemical processes not involving bacteria system modified from Linkosalo and 21.5%%
d:n/a (Zipkin, 1949) Markkanen
Switzerland Q:n/a
(18) Mean: 28.37
(XVIII) 91 subjects of Dusseldorf 4.89 . : P
Noncarious cervical lesion: loss of tooth . S L
Range: 20-39 . Visual examination: lesions localized in the
Dental population substance that occurs in the absence of cervical third of a tooth, free of caries 30%¢
pop 3133 (36%) carious mechanisms at the cemento enamel wedee-shaned. with sha’ edocs ’ 0
Germany 9: 58 (6 4(; ) junction of a tooth (Aw et al., 2002) £ pec, pece
. 0
(19) 70 subjccts Mean: n/a
(XIX) ) Range: 25-45 . . L Visual and tactile examination: tip of the
Noncarious cervical lesions in human teeth robe perpendicular to the surface — if the
Dental population are classified into abrasion, attrition and P peip 88%9

Brazil

3135 (50%)
Q135 (50%)

erosion (Pegoraro, 2005)

probe was retained by some irregularity it
was considered a NCCL
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(20) (XX) 80 subjects from U. S. Army Mean:.24.0 . . .
Range: 17-45 Cervical abrasion: Loss of tooth structure in Visual and tactile examination: any area
Military personnel population the arca of cementoenamel junction with any explained tooth loss r'e azdless of | 50%¢
yp pop 3 66 (82%) resulting from abrasion, erosion and/or other ty d 5 & 0
USA Q: 14 (18%) noncariogenic factors (Radentz, 1976) suspected causes
2n . Mean: n/a
(XXI) 1423 subjects of Stockholm Range: 18-65 Dental abrasion: cervical abrasion of
General population cementum and dentin caused by Visual examination: superficial and deep 31%
pop 38704 (49.5%) | toothbrushing (Bergstrom and Lavstedt, lesions were identified ’
: 719 (50.5%) | 1979)
Sweden ?
(22) 261 patients of Dental Faculty
(XXII) gnd 272 employee§ of.an Mean: n/a Visual and tactile examination: V-shaped
industrial corporation in Oslo, . .
.. . Range: 18-50+ . grooves in the gingival area of the
totalizing 533 subjects Tooth abrasion: loss of structure caused . i
. . . vestibular and lingual surfaces of the theeth | 45%
i mainly by toothbrushing (Ervin, 1944) . )
General population g : E//a WereddGSErlgﬁd as small orlllargf according
1n/a to a depth of less or more than 1 mm
Norway
(23) 159 male officials at )
(XXIII) Okadama Base of the Ground Mean: 36.2 + . . .
Self-Defense Force 12.3 Noncarious cervical lesion: loss of tooth
Range: 20-50+ | structure at the cemento-enamel junction Visual and tactile examination: Tooth wear 49 1%
General population that is unrelated to dental caries (Aw et al., index was used (Smight and Knight) e
3:0 2002)
Japan Q: 159 (100%)
(24) 40 undergraduated dental Mean: n/a
(XXIV) students of Sdo Paulo R - . . . Visual and tactile examination: if an
ange: 16-22 Noncarious cervical lesion: loss of tooth . lari folt. i < dered
h ical area of the tooth irregularity was felt, 1t was considered an 72.5%0
General population structure on the cervica NCCL even if it was localized at the =70
3822 (55%) (Telles et al., 2006) S
0 18 (45%) cementoenamel junction
Brazil '

Abbreviations: NCCL — noncarious cervical lesoins; N/A — not applicable.
¢ - calculated by the authors of this review based on the presented data in the selected paper
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Table S2. Excluded studies after full text reading.

Exclusion criteria

Study

The prevalence of noncarious cervical lesion
was not provided

Piotrowski et al., 2001
Antonelli et al., 2013
Palomino-Goémez et al., 2011
Pikdoken et al., 2011
Ahmed et al., 2009
Oginni et al., 2003
Miller et al., 2003

Aw et al., 2002
Teixeira et al., 2018
Sugita et al., 2017
Sawlani et al., 2016
Wood et al., 2009
Afolabi et al., 2012
Afolabi et al., 2013
Nieri et al., 2013

Wada et al., 2015
Mamaladze et al., 2016
Haralur et al., 2019

Age of the subjects was not provided

Naik et al., 2016

Young and Khan, 2002
Khan and Shahabi, 1999
Sadaf and Ahmad, 2014

Narrative review

Addy and Shellis, 2006
Shellis and Addy, 2014
Wiegand and Schlueter, 2014
Robertson et al., 1997

Informative article

Kontaxopoulou and Alam, 2015)

Case-control studies

Bader et al., 1996
Alvarez-Arenal et al., 2018

No assessment of NCCL

Rabhiotis et al., 2013
Kopycka-Kedzierawski et al., 2017
Walls et al., 2000

da Silva etal., 2017

Age of the subjects did not match inclusion
criteria

Kumar et al., 2015
Borcic et al., 2004
Zuzaetal., 2019

Number of excluded papers after full reading
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Table S3. Included studies from reference list.

Included studies from reference list of the first
11 selected papers

1. Ringelberg, 1996
Akgul, 2003
Bernhardt, 2006
Brandini, 2011
Estafan, 2005
Lussi, 1991
Ommerborn, 2007
Pegoraro, 2005
Radentz, 1976
10. Bergstrom, 1979
11. Sangnes, 1976
12. Takehara, 2008
13. Telles, 2006

WX WD

Table S4. Studies included in sub analysis.

Sub analysis Groups

Studies included

Only 30+ subjects(25)

Lai, 2015

Jiang, 2011
Tsiggos, 2008
Hahn, 1999
Ringelberg, 1996

16-30+

Age

Yoshizaki, 2017

Yang, 2016

Bomfim, 2015

Que, 2013

Smith, 2008

Kolak, 2018

Reyes, 2009

Akgul et al., 2003
Bernardt et al., 2006
Brandini et al., 2011
Estafan et al., 2005

Lussi et al., 1991
Ommerborn et al., 2007
Pegoraro et al., 2005
Radentz et al., 1976
Bergstrom & Lavstedt., 1979
Sangnes & Gjermo, 1976
Takehara et al., 2008
Telles et al., 2006

General population

Population

Yang, 2016

Lai, 2015

Que, 2013

Jiang, 2011

Hahn, 1999

Bernardt et al., 2006
Brandini et al., 2011
Estafan et al., 2005

Lussi et al., 1991
Bergstrom & Lavstedt., 1979
Sangnes & Gjermo, 1976
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Takehara et al., 2008
Telles et al., 2006

Dental population

Yoshizaki, 2017
Tsiggos, 2008

Smith, 2008

Kolak, 2018

Reyes, 2009

Akgul et al., 2003
Ommerborn et al., 2007
Pegoraro et al., 2005

Specific population

Bomfim, 2015
Ringelberg et al., 1996
Radentz et al., 1976

Geographical location

South America

Yoshizaki, 2017
Bomfim, 2015
Smith, 2008
Brandini et al., 2011
Pegoraro et al., 2005
Telles et al., 2006

North America

Reyes, 2009
Ringelberg et al., 1996
Estafan et al., 2005
Radentz et al., 1976

Europe

Tsiggos, 2008

Kolak, 2018

Hahn, 1999

Akgul et al., 2003

Bernardt et al., 2006

Lussi et al., 1991
Ommerborn et al., 2007
Bergstrom & Lavstedt., 1979
Sangnes & Gjermo, 1976

Asia

Yang, 2016

Lai, 2015

Que, 2013

Jiang, 2011
Takehara et al., 2008

Diagnosis

Visual and/or tactile examination

Yoshizaki, 2017
Bomfim, 2015

Que, 2013

Smith, 2008

Kolak, 2018

Hahn, 1999

Reyes, 2009

Ringelber, 1996

Akgul, 2003

Bernardt, 2006

Brandini, 2011

Estafan, 2005

Lussi, 1991

Ommerborn, 2007
Pegoraro, 2005

Radentz, 1976
Bergstrom & Lavstedt, 1979
Sangnes & Gjermo, 1976
Telles, 2006

Smith and Knight index

Yang, 2016
Lai, 2015
Jiang, 2011
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Takehara, 2008

Definition

Aw et al., 2002

Yang, 2016
Bomfim, 2015
Que, 2013

Kolak, 2018
Ommerborn, 2007
Takehara, 2008

Levitch et al., 1994

Smith, 2008
Akgul, 2003
Brandini, 2001
Estafan, 2005

Terms

Non carious cervical lesion

Yoshizaki, 2017
Yang, 2016
Bomfim, 2015
Lai, 2015

Que, 2013
Jiang, 2011
Smith, 2008
Kolak, 2018
Bernardt, 2006
Brandini, 2011
Estafan, 2005
Ommerborn, 2007
Pegoraro, 2005
Takehara, 2008
Telles, 2006

Root defect

Hahn, 1999
Ringelberg, 1996

Abrasion

Akgul, 2003
Radentz, 1976

Bergstrom & Lavstedt., 1979
Sangnes & Gjermo, 1976

Abfraction

Tsiggos, 2008
Reyes, 2009
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Table S5. Quality assessment of selected papers.

Were the criteria for inclusion in
the sample clearly defined?

Was the exposure measured in a

. - + + o+ - + - - - + + - - - + - + - - + - - -
valid way?

Were objective, standard criteria

used for measurement of the + + + - o+ - - + + + o+ - + + - - + - - - + - + -

condition?

Were strategies to deal with
confounding factors stated?

Were the outcomes measured in
a reliable way?

RISK OF BIAS L Mm M M LM M H S ML S H L H H S S S H M H M H

Criteria were designated for each domain of methodology, internal validity, external validity and statistical methods. Each aspect of the score list was given a rating of ‘+’ for an informative description
of the item at issue and a study design meeting the quality standard, ‘- ‘for an informative description without a study design that met the quality standard, and “?’ for insufficient information.

+=yes

-=no

? = not specified/unclear

H — high risk of bias = 0-40%*

S — substantial risk of bias = 40-60%
M - moderate risk of bias = 60-80%
L — low risk of bias = 80-100%

(61)
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Table S6. Guidelines of PRISMA.

Reported
Section/topic # Checklist item on page
Lii
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both.
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known.
Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available,
provide registration information including registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years
considered, language, publication status) used as criteria for eligibility, giving rationale.
Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if
applicable, included in the meta-analysis).
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any

processes for obtaining and confirming data from investigators.
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Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 3
and simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this 3

studies was done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of
consistency (e.g., 12) for each meta-analysis.

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective | 3
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 4
indicating which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 5
exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 5
period) and provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Results of individual studies | 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 5-6
16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their 7-8

relevance to key groups (e.g., healthcare providers, users, and policy makers).
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Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval | 7-8
of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future 8
research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders 1
for the systematic review.

Table S7. MOOSE checklist.

Item No

Recommendation Reported on Page No

Reporting of background should include

Problem definition

Hypothesis statement

Description of study outcome(s)

Type of exposure or intervention used

Type of study designs used

D | B[O |IN|~

Study population

NININININN

Reporting of search strategy should include

7 Qualifications of searchers (eg, librarians and investigators) 3
8 Search strategy, including time period included in the synthesis and key words 3
9 Effort to include all available studies, including contact with authors 3
10 Databases and registries searched 3
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Search software used, name and version, including special features used (eg,

11 . N.A.
explosion)

12 Use of hand searching (eg, reference lists of obtained articles) 3

13 List of citations located and those excluded, including justification 3

14 Method of addressing articles published in languages other than English 3

15 Method of handling abstracts and unpublished studies 3

16 Description of any contact with authors N.A.

Reporting of methods should include

Description of relevance or appropriateness of studies assembled for assessing

17 . 4
the hypothesis to be tested

18 Rationale for the selection and coding of data (eg, sound clinical principles or N. A
convenience) T
Documentation of how data were classified and coded (eg, multiple raters,

19 C . I N. A.
blinding and interrater reliability)

20 Assessment of confounding (eg, comparability of cases and controls in studies N, A
where appropriate) T

21 Assessment of study quality, including blinding of quality assessors, stratification 4
or regression on possible predictors of study results

22 Assessment of heterogeneity 4
Description of statistical methods (eg, complete description of fixed or random

23 effects models, justification of whether the chosen models account for predictors 4.5
of study results, dose-response models, or cumulative meta-analysis) in
sufficient detail to be replicated

24 Provision of appropriate tables and graphics Appendix

Reporting of results should include

25 Graphic summarizing individual study estimates and overall estimate Online Suppl

26 Table giving descriptive information for each study included Online Supp

27 Results of sensitivity testing (eg, subgroup analysis) Table 2
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28 Indication of statistical uncertainty of findings N. A.

Modified from Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008-12
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RISK FACTORS ASSOCIATED WITH NONCARIOUS CERVICAL LESIONS:
A SYSTEMATIC REVIEW

ABSTRACT

Objectives: This study aims to systematically review the literature on the risk factors
associated with noncarious cervical lesions (NCCLs).

Methods: The protocol of this systematic review was prepared according to PRISMA and
MOOSE guidelines. The MEDLINE-PubMed and Cochrane-CENTRAL databases were
searched. Relevant published papers that provided information regarding any risk factors
associated with NCCLs were included.

Results: The initial search identified 3209 titles and abstracts, resulting in 26 that met the
eligibility criteria. 13 articles were added from reference list, totalizing 39 to be analyzed,
of which only 23% were considered to have a low risk of bias. An association with dentin
hypersensitivity and gingival recession was found in 21% and 15%. Only 5% found an
association with both alterations concomitantly. Occlusal trauma, age and toothbrushing
were the most cited risk factors among the studies, with 41%, 39% and 36%, respectively.
Parafunctional habits and exposure to intrinsic or extrinsic acid totalized 21%, 8% and
21% of the studies.

Conclusion: This systematic review found factors in different categories to be associated
with NCCLs such as age, frequency and vigorousness of toothbrushing, hardness of
toothbrush, exposure to intrinsic and extrinsic acids, parafunctional habits and occlusal
trauma. Despite the lack of standardization of methods of NCCL and risk factors

assessment, its multifactorial etiology is clearly presented on this review.
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INTRODUCTION

Noncarious cervical lesions (NCCL) are defined as a tooth structure loss at the
cemento-enamel junction (CEJ) which is not associated with the presence of bacteria (32).
It has a worldwide prevalence of 46.7% which is higher in older populations, according
to a recent systematic review (62). Several studies report its multifactorial etiology (63—
65), which associates friction (attrition and abrasion), biocorrosion (63) or erosion (66—
68), and occlusal stress (abfraction), although no consensus of the role of each process

has been found to date.

Abrasion is mainly associated with toothbrushing and biting hard objects as pens,
pencils or even nails (64), although there is one systematic review which suggested that
there is not enough data to support the association between toothbrushing and NCCL or
gingival recession (GR) (69). Biocorrosion/erosion is related with extrinsic (food,
carbonated soft drinks, fruit juice, wine, vinegar, work environment, etc.) (70—72) and
intrinsic acids (gastroesophaseal reflux disease, among others) (73,74). Studies conducted
on the role of occlusal stress seem to show that occlusal interferences, premature contacts,
habits of bruxism and clenching may produce high load forces (75,76) and when

concentrated on the cervical region, might lead to NCCLs.

They are also often associated with GR and/or cervical dentin hypersensitivity (CDH)
(1,22,33,77). This is probably due to the cervical exposure and biofilm accumulation that
it might bring. Although there is no clear evidence of the exact association between the
presence of biofilm and NCCL (33), some authors believe that its acidity acts as an

endogenous biocorrosive factor (63), which favors the progression of NCCL.

Although several authors confirm the multifactorial nature of the disease, the etiology
of NCCLs is still not clear. Epidemiological studies on risk factors are being conducted
all over the world with the attempt to understand the process of formation and progression
of NCCL. These results are of great importance because, besides describing specific risk
factors, they can also point out preventive measures and ways of controlling the disease.
This study therefore aims to systematically review the available literature to identify the
main risk factors which contribute to the formation and progression of noncarious cervical
lesions, besides punctuating its association with other alterations such as gingival

recession and/or dentin hypersensitivity.
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MATERIALS AND METHODS

The protocol of this systematic review was prepared according to MOOSE guidelines
(Table S11). The Focused question was: “What are the risk factors of NCCLs?”
Therefore, two Internet sources were used to search for appropriate papers that satisfied
the study purpose. For details regarding the search terms used, see table 1 and for search,

screening and selection procedure see Figure 1.
2.1 Search strategy

Two internet sources were used to search for appropriate papers that satisfied the study
purpose: the National Library of Medicine, Washington, DC (MEDLINE-PubMed) and
the Cochrane Central Register of Controlled Trials (CENTRAL). For this comprehensive
search, databases were searched for eligible studies up to and including September 2020
according to the following criteria: studies in the English language; human subjects
>16years old; diagnosed with NCCL as assessed by dental care professionals; cross-
sectional, randomized clinical trials or cohort studies, reporting the outcome: risk factors

of noncarious cervical lesions.
2.2 Screening and selection

Two reviewers (DNRT and RZT) independently screened the titles and abstracts for
eligible papers. If eligible aspects were present in the title, the paper was selected for
further reading. If not, the abstract and key words were read in detail to screen for
suitability. After selection, the two reviewers read the full-text papers in detail. Any
disagreement between the two was resolved by additional discussion. If disagreement
persisted, the judgment of a third reviewer (MMG) was decisive. The papers that fulfilled
all of the selection criteria were processed for data extraction. For those papers that
provided insufficient data to be included in the analysis, the first and/or corresponding

author was contacted in an attempt to obtain additional data.

2.3 Data extraction and methodological quality assessment

From the papers that met the selection criteria, data were processed for further analyses.
This was done by two independent reviewers (DNRT and RZT). The primary interest was
the risk factors of NCCL. The heterogeneity across studies was detailed according to the

following factors: study design, subjects’ characteristics, age and gender distribution,
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diagnostic criteria for NCCL, presence of any association with gingival recession or
dentin hypersensitivity, and risk factor assessed like oral hygiene habits, diet, presence of
gastric diseases, parafunctional habits, premature contacts, among others (online

appendix S1 and S2).

2.3. Risk of bias

Subsequently, the methodological qualities of the included studies were assessed
according to the quality criteria that were obtained from the checklist for analytical cross
sectional studies (S6), cohort (S7), randomized clinical trials (S8) and case-control studies
(S9) of Johanna Briggs Institute statement (JBI Summary) (78). In short, when sources
of data and clear methods of diagnose, description or consideration of potential sources
of bias, calibration or training of examiners, valid and reliable sources of assessment of
each risk factor and appropriate statistics were used, the study was classified as having a

low risk of bias.

2.4 Data analysis

Data was pooled into a descriptive percentage table as a quantitative sub-analysis for age
group, type of population, geographical location, diagnosis of NCCLs, any association
with dentin hypersensitivity or gingival recession and all the risk factors assessed. For a

detailed overview of which studies were used per analysis, see Online Appendix S5.

2.5 Grading

The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system,) was used to appraise the evidence emerging from this review, as proposed by
the GRADE working group (2014). The three mentioned reviewers rated the body of

evidence; any disagreement was resolved after additional discussion.

RESULTS

3.1. Search results

The search identified 329 unique papers. The screening of titles and abstracts resulted in

35 full-text articles of which seven papers, after full text reading, were excluded for not
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meeting the eligibility criteria (online appendix S3), which resulted in 26 included studies.
Subsequently, all reference lists of the selected studies were hand-searched for additional
published work that could possibly meet the eligibility criteria of the study. 13 additional
studies were included this way (online appendix S4), totalizing 39 articles (1,2,14,15,18—
20,22,23,25,27,28,3,30-32,35,36,38,42,52,53,57,4,79-87,5-9,11) to be analyzed (Figure
1).

3.2. Characteristics of selected studies

Evaluation of the included studies showed considerable heterogeneity. The extracted data
about study design, characteristics of the studied population, geographical location of the
study, diagnostic methods for NCCL, association with dentin hypersensitivity and/or
gingival recession and risk factors assessed are presented in the online appendix.

The range of the included number of participants within studies was 20-2160, with a mean
of 100 subjects. Gender was equally distributed in studies X, XVII and XXXIV. In studies
XII, X1V, XVI, XXI, XXXI, XXXVI, XXXVIII and XXXIX subject groups consisted of
more females than males, while in studies I, II, IV, V, VI, VIII, IX, XIII, XIX, XXII,
X1V, XXVII, XXVIII, XXIX, XXX, XXXIII and XXXVII, the population consisted
more of males. The population was 100% male in studies XXV, XXXII and XXXV. In
studies III, VII, XI, XV, XVIII, XX, XXIII, XXVI the distribution between men and
women was not stated.

The age range of the studied subjects was 16-82 years old. Studies XIII, XVI, XVII, XXI,
XXV, XXVII, XXXII only reported subjects older than 30 years. Studies V, XXX,
XXXVI and XXXVII had restricted age groups, which can represent bias of the inclusion
criteria.

Subjects already referred to a dental faculty/practice were included in studies I, IT, 111, IV,
VI, VII, VIIL, IX, XV, XVI, XVIII, XIX, XX, XXI, XXII, XXIII, XXIV, XXVI, XXVII,
XXVIII, XXXIII and XXIV. General representative populations were assessed from
studies V, X, XI, XIII, XIV, XVII, XXIX, XXX, XXXI, XXXXVI and XXXVII. Specific
populations were assessed in studies XII (Worker’s Health Center Reference population),
XXV (U.S. Veterans population), XXXII (Japanese manufacturing company employees),
XXXV (Okadama Base of the Ground Self-Defense Force officials), XXXVIII (military
personnel population) and XXXIX (dental population and employees of an Oslo

industrial corporation).
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Europe, Asia and South America were the most assessed regions in the studies, totalizing
28.2%, 20.5% and 28.2% of the studies, respectively.

The majority of the studies used visual and/or tactile clinical examination to detect
NCCLs. Tooth wear index proposed by Smith and Knight (1984) was used as a way of
assessment in studies II, 111, V, X, XIII, X VI, XXIII and XXXV, and study X VII proposed
a modified index based on Smith and Knight. Only study XXI assessed clinical signs on
accurate diagnostic casts and thus, it was not included in the sub analysis.

Some studies related NCCL with dentin hypersensitivity and/or gingival recession in
some degree. Studies VIII, IX, XIV, XV, XXII, XXIV and XXXIII associated NCCL
with DH alone, and studies XII, XVI, XXV, XXIX, XXXI and XXXVIII associated
NCCL with GR alone. Only studies VI and XXXIX related NCCL to both alterations.
Study XXVIII found a negative association between NCCL and DH.

The risk factors assessed in each study are described in Table 3.

3.3. Risk of bias assessment

Quality assessment values, including methodology and statistical validity, are presented
in the online appendix. Based on a summary of these criteria, the estimated potential risk
of bias is low for nine studies, moderate for twelve, substantial for six and high for twelve

studies.

3.4. Data analysis

The description of included studies is shown in Table 2 and the statistically significant
differences found are described in Table 3. Meta-analysis was not possible to be
conducted due to the heterogeneity of the studies. For more information on the analyzed

data, see Online Appendix.

3.5. Grading

Table 4 shows a summary of the factors used to establish the body of evidence according

to GRADE (2014) (88) and the risk of magnitude.
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DISCUSSION

The main goal of this systematic review was to identify the risk factors which contributes
to the formation and progression of NCCLs. The lack of standardization and
heterogeneity of the included studies (online appendix S1 and S2) did not allow a meta-
analysis. A major problem, already discussed in another systematic review (62) and also
identified in this one, are the different diagnostic methods of NCCL assessment. While
some studies adopted an already established tooth wear index (89), others would only use
a binary dependent variable (presence or absence of NCCL) by simples visual
examination in their data analysis. This fact makes the comparison between the studies

more difficult.

Another problem is the different terms used to address NCCLs. As it is widely discussed
in the literature, its etiology comprises the processes of attrition, abrasion,
erosion/biocorrosion and abfraction (63). For a long time, these lesions were called by its
main etiological factor like ‘“abrasion lesions” (20,22,30) or “abfraction lesions”
(14,27,31) or “erosion lesions” (30), as seen in this review. It also makes the comparison

between studies difficult.

On the other hand, the separation between the risk factors is one limitation because all
the processes can occur at the same time and NCCLs etiology has a really strong
behavioral and lifestyle characteristic (63). Also, the majority of studies did not identify
nor establish strategies to deal with cofounding factors, which can be any concomitant
exposure or baseline characteristic (78) such as previous occlusal adjustment or
orthodontic treatment, for example, which impact directly on the results. This might have
influenced on the percentage of only 23% of studies with low risk of bias

(1,4,5,11,14,38,42,53,81).

Age can be a determining factor on the etiology of NCCLs, as demonstrated in past
studies (59,62,90) and in this review, with 39% of the studies considering it as a
significant factor. It may be considered a low number, but it was one of the most cited
factors on the studies included. As patients get older, more time teeth will be exposed to

all the other relevant factors (62).

Occlusal aspects were the most relevant factors of the studies, being significant in 41%

of them. Problem is that each study considers different aspects of occlusion such as
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“occlusal trauma”, “occlusal wear” or ‘“heavy occlusal forces” (14,23,33,35,84),
interference on maximal intercuspal position (1), interference on non-working side (1,53),
group function (8,15,26,32,84) and presence of wear facets (19,32,86,87), making the
comparison between studies difficult. Also, the only randomized clinical trial included in
this review (36) found no statistically significant difference in cervical wear rates between
the adjusted and non-adjusted teeth, concluding that occlusal adjustment does not appear
to halt the progression of NCCL. In contrast, Telles (86) found statistically significant
correlation between previous presence of wear facets and the development of new lesions.
Another 21% identified parafunctional habits as a risk factor, being bruxism (6—
8,30,53,82) the most cited one. Kolak (9), in reverse, found significantly lower frequency
of NCCLs among subjects who frequently chew gums. Hard objects biting hard was also
considered a risk factor for NCCL (4).

This findings goes in accordance with a previous systematic review (91) which reported
that the role of occlusion in the pathogenesis of NCCLs seems as yet undetermined
because of the substantial amount of bias in the literature found, such as use of non-
blinded examiners and no control of other etiological factors that might happen
concomitantly. This is another limitation of cross-sectional studies, the most prevalent
type of study included in this analysis. They are performed at only one assessing time,
making it hard to isolate all the etiological factors and to determine exactly the causal

factor.

Besides the difference in assessment methods, there is also the different statistical tests
used in each study which can favor or disfavor some results, and some studies have not
even made clear the statistic used (22,79,80,82). The most appropriate way of isolate each
evaluated variable is by means of multivariate analysis, and the majority of studies in this
review used univariate analysis or even chi-square tests, which compromises their quality
and reliability. This can be seen on one study (9) where the frequency of toothbrushing

was statistically different in the univariate analysis but not in the multivariate analysis.

In this regard, the influence of toothbrushing remains controversial. Some studies
(1,2,20,30,31,35,92) found no significant difference between frequency of toothbrushing
and NCCLs, while others did (5,6,8,14,52). Toothbrushing vigorousness and hardness of
toothbrushes were also found to be relevant to NCCL (2,5,42,52,53), going in accordance

with other studies which state that the high prevalence of lesions on the vestibular aspect
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automatically imply the influence of toothbrushing in NCCLs formation (93). However,
according to some authors, toothbrushing is not capable of injuring enamel and dentin
wear is minimal (48,94), and the fact that lesions can occur in one tooth without affecting
the adjacent (95) or that NCCLs are present in non-brushing populations (96) leads to
the conclusion that brushing habit acts as a catalyst in the process. Still, the evaluation
method of the studies is not standardized as it mostly appears as questionnaires. Thus,
new researches should be done in favor of this standardization so the role of toothbrushing

gets clearer.

The role of acids in the progression of NCCL has been increasingly discussed. Likewise,
as the other risk factors, the difficulty lies in the assessment methods, which again is not
standardized. Smith (8) found significant association between NCCLs and citrus fruits,
juices, alcohol, vinegar, soft drinks and more, while other studies (5,6,30,31,33,35) did
not find any relation. These differences are probably due to the sample size and subjective
characteristics of each population. Subjects can be act different even in the same
population even. In one study (2), for example, the frequency of fresh fruit consumption
was significantly associated with NCCL occurrence but consumption of fruit juice,
carbonated beverages and vinegar were not. Two other studies (4,38) found an association
between acid diet and age, demonstrating that older people who have acidic habits tends
to be more likely to develop a NCCL than the middle-aged group. Only 8% of the studies
showed significant association between intrinsic acids (salivary pH level, heartburn,
gastric disease) and NCCL, despite the results seen previously where it is proven that
prolonged exposure of gastric acids to the teeth leads to the dissolution of dental surface’s

specific components, causing loss of structure and also dentin hypersensitivity.

The association of gingival recessional and dentin hypersensitivity with NCCL is another
important point of this review. It has been found a weak yet positive correlation between
the presence of the three alterations (33), and the root exposure and dentinal tubules
exposure might explain it (32,97). The correct management and treatment of each
alteration will affect positively or not the progression of the associated NCCLs, so it is

mandatory the knowledge regarding.

It is of great important to emphasize that the interaction between all the risk factors is
unavoidable. Yet that should be a positive point as it is what exactly happens in reality,

the studies’ evaluation gets tricky, making it hard to come to an accurate conclusion about
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specific topics. This fact should guide new studies to come up with new strategies to deal
with all the confounding factors that may be present, so that the quality of available

literature increases.

CONCLUSION

This systematic review found factors in different categories to be associated with NCCLs
such as age, frequency and vigorousness of toothbrushing, hardness of toothbrush,
exposure to intrinsic and extrinsic acids, parafunctional habits and occlusal trauma.
Despite the lack of standardization of methods of NCCL and risk factors assessment, its

multifactorial etiology is clearly presented in this review.
REFERENCES

1. Yoshizaki KT, Francisconi-dos-Rios LF, Sobral MAP, Aranha ACC, Mendes
FM, Scaramucci T. Clinical features and factors associated with non-carious
cervical lesions and dentin hypersensitivity. J Oral Rehabil [Internet].
2017;44(2):112-8. Available from: http://doi.wiley.com/10.1111/joor.12469

2. Yang J, Cai D, Wang F, He D, Ma L, Jin Y, et al. Non-carious cervical lesions
(NCCLs) in a random sampling community population and the association of
NCCLs with occlusive wear. J Oral Rehabil. 2016;43(12):960-6.

3. BOMFIM RA, CROSATO E, MAZZILLI LEN, FRIAS AC. Prevalence and risk
factors of non-carious cervical lesions related to occupational exposure to acid
mists. Braz Oral Res [Internet]. 2015;29(1):1-8. Available from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1806-
83242015000100280&Ing=en&tlng=en

4, Lai ZY, Zhi QH, Zhou Y, Lin HC. Prevalence of Non-carious Cervical Lesions
and Associated Risk Indicators in Middle-aged and Elderly Populations in
Southern China. Chinese J Dent Res. 2015;18(1):41-50.

5. Que K, Guo B, Jia Z, Chen Z, Yang J, Gao P. A cross-sectional study: Non-
carious cervical lesions, cervical dentine hypersensitivity and related risk factors.
J Oral Rehabil. 2013;40(1):24-32.

6. Jiang H, Du MQ, Huang W, Peng B, Bian Z, Tai BJ. The prevalence of and risk

factors for non-carious cervical lesions in adults in Hubei Province, China.

60



10.

11.

12.

13.

14.

15.

Community Dent Health [Internet]. 2011 Mar;28(1):22—8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21485230

Tsiggos N, Tortopidis D, Hatzikyriakos A, Menexes G. Association between
self-reported bruxism activity and occurrence of dental attrition, abfraction, and
occlusal pits on natural teeth. J Prosthet Dent. 2008;100(1):41-6.

Smith WAJ, Marchan S, Rafeek RN. The prevalence and severity of non-carious
cervical lesions in a group of patients attending a university hospital in Trinidad.
J Oral Rehabil. 2008;35(2):128-34.

Kolak V, Pesi¢ D, Melih I, Lalovi¢ M, Nikitovi¢ A, Jakovljevi¢ A.
Epidemiological investigation of non-carious cervical lesions and possible
etiological factors. J Clin Exp Dent. 2018;10(7):e648-56.

Hahn P, Reinhardt D, Schaller HG, Hellwig E. Root lesions in a group of 50-60
year-old Germans related to clinical and social factors. Clin Oral Investig.
1999;3(4):168-74.

Reyes E, Hildebolt C, Langenwalter E, Miley D. Abfractions and Attachment
Loss in Teeth With Premature Contacts in Centric Relation: Clinical
Observations. J Periodontol [Internet]. 2009;80(12):1955-62. Available from:
http://www.joponline.org/doi/10.1902/jop.2009.090149

Ringelberg ML, Gilbert GH, Antonson DE, Dolan TA, Legler DW, Foerster U, et
al. Root caries and root defects in urban and rural adults: the Florida Dental Care
Study. J Am Dent Assoc [Internet]. 1996 Jul;127(7):885-91. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8754463

Akgtil HM, Akgiil N, Karaoglanoglu S, Ozdabak N. A survey of the
correspondence between abrasions and tooth brushing habits in Erzurum, Turkey.
Int Dent J [Internet]. 2003 Dec;53(6):491-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14725378

Bernhardt O, Gesch D, Schwahn C, Mack F, Meyer G, John U, et al.
Epidemiological evaluation of the multifactorial aetiology of abfractions. J Oral
Rehabil [Internet]. 2006 Jan;33(1):17-25. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16409512

Brandini DA, de Sousa ALB, Trevisan CI, Pinelli LAP, do Couto Santos SC,
Pedrini D, et al. Noncarious cervical lesions and their association with
toothbrushing practices: in vivo evaluation. Oper Dent [Internet].

2011;36(6):581-9. Available from:

61



16.

17.

18.

19.

20.

21.

22.

23.

24.

http://www.ncbi.nlm.nih.gov/pubmed/21913861

Estafan A, Furnari PC, Goldstein G, Hittelman EL. In vivo correlation of
noncarious cervical lesions and occlusal wear. J Prosthet Dent [Internet]. 2005
Mar;93(3):221-6. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S002239130400825X

Lussi A, Schaffner M, Hotz P, Suter P. Dental erosion in a population of Swiss
adults. Community Dent Oral Epidemiol [Internet]. 1991 Oct;19(5):286-90.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/1742995

Ommerborn MA, Schneider C, Giraki M, Schafer R, Singh P, Franz M, et al. In
vivo evaluation of noncarious cervical lesions in sleep bruxism subjects. J
Prosthet Dent [Internet]. 2007 Aug;98(2):150-8. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0022391307600481

Pegoraro LF, Scolaro JM, Conti PC, Telles D, Pegoraro TA. Noncarious cervical
lesions in adults: prevalence and occlusal aspects. J Am Dent Assoc [Internet].
2005 Dec;136(12):1694-700. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16383052

Radentz WH, Barnes GP, Cutright DE. A Survey of Factors Possibly Associated
With Cervical Abrasion of Tooth Surfaces. J Periodontol [Internet]. 1976
Mar;47(3):148-54. Available from:
http://doi.wiley.com/10.1902/jop.1976.47.3.148

Bergstrom J, Lavstedt S. An epidemiologic approach to toothbrushing and dental
abrasion. Community Dent Oral Epidemiol [Internet]. 1979 Feb;7(1):57—64.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/282958

Sangnes G, Gjermo P. Prevalence of oral soft and hard tissue lesions related to
mechanical toothcleansing procedures. Community Dent Oral Epidemiol
[Internet]. 1976 Mar;4(2):77-83. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1062255

Takehara J, Takano T, Akhter R, Morita M. Correlations of noncarious cervical
lesions and occlusal factors determined by using pressure-detecting sheet. J Dent
[Internet]. 2008 Oct;36(10):774-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18597913

Telles D, Pegoraro LF, Pereira JC. Incidence of noncarious cervical lesions and
their relation to the presence of wear facets. J Esthet Restor Dent [Internet].

2006;18(4):178-83; discussion 184. Available from:

62



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

http://www.ncbi.nlm.nih.gov/pubmed/16911416

Piotrowski BT, Gillette WB, Hancock EB. Examining the prevalence and
characteristics of abfractionlike cervical lesions in a population of U.S. veterans.
J Am Dent Assoc [Internet]. 2001;132(12):1694-701. Available from:
http://dx.doi.org/10.14219/jada.archive.2001.0122

Antonelli JR, Hottel TL, Brandt R, Scarbecz M, Patel T. The role of occlusal
loading in the pathogenesis of non-carious cervical lesions. Am J Dent.
2013;26(2):86-92.

Palomino-Goémez SP, Jeremias F, Finoti LS, Paredes-Coz G, Raveli DB.
Influence of lateral excursion on vestibular cervical dental abfraction. Acta
Odontol Latinoam [Internet]. 2011;24(3):283—8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22550823

Pikdoken L, Akca E, Giirbiizer B, Aydil B, Tasdelen B. Cervical wear and
occlusal wear from a periodontal perspective. J Oral Rehabil [Internet]. 2011
Feb;38(2):95-100. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20678102

Ahmed H, Durr-E-Sadaf, Rahman M. Factors associated with Non-Carious
Cervical Lesions (NCCLs) in teeth. J Coll Physicians Surg Pak [Internet]. 2009
May;19(5):279-82. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19409158

Oginni AO, Olusile AO, Udoye CI. Non-carious cervical lesions in a Nigerian
population: Abrasion or abfraction? Int Dent J. 2003;53(5):275-9.

Miller N, Penaud J, Ambrosini P, Bisson-Boutelliez C, Briangon S. Analysis of
etiologic factors and periodontal conditions involved with 309 abfractions. J Clin
Periodontol. 2003;30(9):828-32.

Aw TC, Lepe X, Johnson GH, Mancl L. Characteristics of noncarious cervical
lesions: a clinical investigation. J Am Dent Assoc [Internet]. 2002
Jun;133(6):725-33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12083648

Teixeira DNR, Zeola LF, Machado AC, Gomes RR, Souza PG, Mendes DC, et
al. Relationship between noncarious cervical lesions, cervical dentin
hypersensitivity, gingival recession, and associated risk factors: A cross-sectional
study. J Dent. 2018;76.

Sugita I, Nakashima S, Tkeda A, Burrow MF, Nikaido T, Kubo S, et al. A pilot

63



35.

36.

37.

38.

39.

40.

41.

42.

43.

study to assess the morphology and progression of non-carious cervical lesions. J
Dent [Internet]. 2017;57(2017):51-6. Available from:
http://dx.doi.org/10.1016/j.jdent.2016.12.004

Sawlani K, Lawson NC, Burgess JO, Lemons JE, Kinderknecht KE, Givan DA,
et al. Factors influencing the progression of noncarious cervical lesions: A 5-year
prospective clinical evaluation. J Prosthet Dent [Internet]. 2016;115(5):571-7.
Available from: http://dx.doi.org/10.1016/j.prosdent.2015.10.021

Wood ID, Kassir ASA, Brunton PA. Effect of Lateral Excursive Movements on
the Progression of Abfraction Lesions. Oper Dent [Internet]. 2009;34(3):273-9.
Available from: http://www.jopdentonline.org/doi/10.2341/08-100

Afolabi AO, Shaba OP, Adegbulugbe IC. Distribution and characteristics of non
carious cervical lesions in an adult Nigerian population. Nig Q J Hosp Med
[Internet]. 2012;22(1):1-6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23175871

Afolabi AO, Shaba OP, Adegbulugbe IC. Clinical investigation of patient related
factors in non carious cervical lesions. Nig Q J Hosp Med [Internet].
2013;23(2):129-34. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24579510

Nieri M, Pini Prato GP, Giani M, Magnani N, Pagliaro U, Roberto R. Patient
perceptions of buccal gingival recessions and requests for treatment. J Clin
Periodontol. 2013;40(7):707-12.

Wada I, Shimada Y, Ikeda M, Sadr A, Nakashima S, Tagami J, et al. Clinical
assessment of non carious cervical lesion using swept-source optical coherence
tomography. J Biophotonics. 2015;8(10):846—54.

Mamaladze M, Khutsishvili L, Zarkua E. DISTRIBUTION OF CARIOUS AND
NON-CARIOUS CERVICAL LESIONS AND GINGIVAL RECESSION AT
AGE RELATED ASPECTS. Georgian Med News [Internet]. 2016 Jul;(256—
257):18-23. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27661270
Haralur, Algahtani, AIMazni, Algahtani. Association of Non-Carious Cervical
Lesions with Oral Hygiene Habits and Dynamic Occlusal Parameters.
Diagnostics [Internet]. 2019 Apr 12;9(2):43. Available from:
https://www.mdpi.com/2075-4418/9/2/43

Naik VK, Jacob CA, Nainar DA. Assessment of non-carious root surface defects

in areas of gingival recession: A descriptive study. J Clin Exp Dent.

64



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

2016;18(4):397-402.

Young WG, Khan F. Sites of dental erosion are saliva dependent. J Oral Rehabil.
2002;29:35-43.

Khan F, Shahabi S. Dental cervical lesions associated with occlusal. Aust Dent J.
1999;(3):176-86.

Sadaf D, Ahmad Z. Role of brushing and occlusal forces in non-carious cervical
lesions (NCCL). Int J Biomed Sci. 2014;10(4):265-8.

Addy M, Shellis RP. Interaction between Attrition,Abrasion and Erosion in
Tooth Wear. Dent Eros [Internet]. 2006;20:17-31. Available from:

https://www .karger.com/Article/FullText/93348

Shellis RP, Addy M. The Interactions between Attrition, Abrasion and Erosion in
Tooth Wear. In 2014. p. 32—45. Available from:

https://www .karger.com/Article/FullText/359936

Wiegand A, Schlueter N. The Role of Oral Hygiene: Does Toothbrushing Harm?
In 2014. p. 215-9. Available from:

https://www .karger.com/Article/FullText/360379

Robertson PB, Walsh MM, Greene JC. Oral effects of smokeless tobacco use by
professional baseball players. Adv Dent Res [Internet]. 1997 Sep;11(3):307-12.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/9524430

Kontaxopoulou I, Alam S. Risk Assessment for Tooth Wear. Prim Dent J
[Internet]. 2015;4(3):25-9. Available from:
http://openurl.ingenta.com/content/xref?genre=article&issn=2050-
1684&volume=4&issue=3&spage=25

Bader JD, McClure F, Scurria MS, Shugars DA, Heymann HO. Case-control
study of non-carious cervical lesions. Community Dent Oral Epidemiol
[Internet]. 1996 Aug;24(4):286-91. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8871039

Alvarez-Arenal A, Alvarez-Menendez L, Gonzalez-Gonzalez I, Alvarez-Riesgo
JA, Brizuela-Velasco A, DeLlanos-Lanchares H. Non-carious cervical lesions
and risk factors: a case-control study. J Oral Rehabil [Internet]. 2018 Sep 25;
Available from: http://www.ncbi.nlm.nih.gov/pubmed/30252966

Rahiotis C, Polychronopoulou A, Tsiklakis K, Kakaboura A. Cervical dentin
hypersensitivity: A cross-sectional investigation in Athens, Greece. J Oral

Rehabil. 2013;40(12):948-57.

65



55.

56.

57.

58.

59.

60.

61.

62.

63.

Kopycka-Kedzierawski DT, Meyerowitz C, Litaker MS, Chonowski S, Heft
MW, Gordan V V., et al. Management of Dentin Hypersensitivity by National
Dental Practice-Based Research Network practitioners: Results from a
questionnaire administered prior to initiation of a clinical study on this topic.
BMC Oral Health [Internet]. 2017;17(1):1-7. Available from:
http://dx.doi.org/10.1186/s12903-017-0334-0

Walls AWG, Silver PT, Steele JG. Impact of treatment provision on the
epidemiological recording of root caries. Eur J Oral Sci. 2000;108(1):3-8.

da Silva AMBR, Valencise Magri L, da Silva MAMR, Sousa Neto MD de. Are
the bite force and electromyographic activity altered in muscle TMD patients
with abfraction lesions? Cranio - J Craniomandib Pract [Internet].
2017;9634(November):1-7. Available from:
http://doi.org/10.1080/08869634.2017.1407116

Kumar S, Kumar A, Debnath N, Kumar A, K. Badiyani B, Basak D, et al.
Prevalence and risk factors for non-carious cervical lesions in children attending
special needs schools in India. J Oral Sci [Internet]. 2015;57(1):37—43. Available
from: https://www .jstage.jst.go.jp/article/josnusd/57/1/57 37/ article

Borcic J, Anic I, Urek MM, Ferreri S. The prevalence of non-carious cervical
lesions in permanent dentition. J Oral Rehabil [Internet]. 2004;31(2):117-23.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15009594

Zuza A, Racic M, Ivkovic N, Krunic J, Stojanovic N, Bozovic D, et al.
Prevalence of non-carious cervical lesions among the general population of the
Republic of Srpska, Bosnia and Herzegovina. Int Dent J [Internet]. 2019 Feb
7;1dj.12462. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1111/id}.12462

Sélzer S, Slot DE, Van der Weijden FA, Dorfer CE. Efficacy of inter-dental
mechanical plaque control in managing gingivitis - a meta-review. J Clin
Periodontol [Internet]. 2015 Apr;42:5S92—105. Available from:
http://doi.wiley.com/10.1111/jcpe.12363

Teixeira DNR, Thomas RZ, Soares PV, Cune MS, Gresnigt MMM, Slot DE.
Prevalence of noncarious cervical lesions among adults: A systematic review. J
Dent [Internet]. 2020 Apr;95:103285. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0300571220300191

Grippo JO, Simring M, Coleman TA. Abfraction, abrasion, biocorrosion, and the

66



64.

65.

66.

67.

68.

69.

70.

71.

72.

enigma of noncarious cervical lesions: A 20-year perspective. J Esthet Restor
Dent. 2012;24(1):10-23.

Grippo JO, Simring M, Schreiner S. Attrition, abrasion, corrosion and abfraction
revisited: A new perspective on tooth surface lesions. ] Am Dent Assoc
[Internet]. 2004;135(8):1109-18. Available from:
http://dx.doi.org/10.14219/jada.archive.2004.0369

Bartlett DW, Shah P. A Critical Review of Non-carious Cervical (Wear) Lesions
and the Role of Abfraction, Erosion, and Abrasion. J Dent Res [Internet]. 2006
Apr 13;85(4):306—12. Available from:
http://journals.sagepub.com/doi/10.1177/154405910608500405

Bartlett D. Etiology and prevention of acid erosion. Compend Contin Educ Dent
[Internet]. 2009;30(9):616-20. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19998728

Barron RP, Carmichael RP, Marcon MA, Sandor GKB. Dental erosion in
gastroesophageal reflux disease. J Can Dent Assoc [Internet]. 2003
Feb;69(2):84-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12559056
Dawes C. What is the critical pH and why does a tooth dissolve in acid? J Can
Dent Assoc [Internet]. 2003 Dec;69(11):722—4. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14653937

Heasman PA, Holliday R, Bryant A, Preshaw PM. Evidence for the occurrence
of gingival recession and non-carious cervical lesions as a consequence of
traumatic toothbrushing. J Clin Periodontol. 2015;42(S16):S237-55.

Auad S, Moynihan P. Diet and dental erosion. Quintessence Int [Internet]. 2007
Feb;38(2):130-3. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17263152

Kitchens M, Owens B. Effect of Carbonated Beverages, Coffee, Sports and High
Energy Drinks, and Bottled Water on the in vitro Erosion Characteristics of
Dental Enamel. J Clin Pediatr Dent [Internet]. 2007 Apr 1;31(3):153-9.
Available from:
https://meridian.allenpress.com/jcpd/article/31/3/153/78456/Effect-of-
Carbonated-Beverages-Coffee-Sports-and

Wongkhantee S, Patanapiradej V, Maneenut C, Tantbirojn D. Effect of acidic
food and drinks on surface hardness of enamel, dentine, and tooth-coloured

filling materials. J Dent [Internet]. 2006 Mar;34(3):214-20. Available from:

67



73.

74.

75.

76.

77.

78.

79.

80.

81.

https://linkinghub.elsevier.com/retrieve/pii/S0300571205001223

Bartlett DW, Evans DF, Anggiansah A, Smith BG. A study of the association
between gastro-oesophageal reflux and palatal dental erosion. Br Dent J
[Internet]. 1996 Aug 24;181(4):125-31. Available from:
http://www.nature.com/articles/4809187

Moazzez R, Bartlett D, Anggiansah A. Dental erosion, gastro-oesophageal reflux
disease and saliva: how are they related? J Dent [Internet]. 2004 Aug;32(6):489—
94. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0300571204000661

Rees JS. The biomechanics of abfraction. Proc Inst Mech Eng Part H J Eng Med
[Internet]. 2006 Jan 17;220(1):69-80. Available from:
http://journals.sagepub.com/doi/10.1243/095441105X69141

BORCIC J, ANIC I, SMOJVER 1, CATIC A, MILETIC I, RIBARIC SP. 3D
finite element model and cervical lesion formation in normal occlusion and in
malocclusion. J Oral Rehabil [Internet]. 2005 Jul;32(7):504—10. Available from:
http://doi.wiley.com/10.1111/j.1365-2842.2005.01455.x

Grippo JO. Noncarious cervical lesions: the decision to ignore or restore. J Esthet
Dent [Internet]. 1992;4 Suppl:55—-64. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1298328

Briggs Institute Joanna T. Joanna Briggs Institute Reviewer’s Manual. Adelaide:
The Joanna Briggs Institute; 2014.

Rusu Olaru A, Popescu MR, Dragomir LP, Rauten AM. Clinical Study on
Abfraction Lesions in Occlusal Dysfunction. Curr Heal Sci J [Internet].
45(4):390-7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/32110441
Rusu Olaru A, Popescu MR, Dragomir LP, Popescu DM, Arsenie CC, Rauten
AM. Identifying the Etiological Factors Involved in the Occurrence of Non-
Carious Lesions. Curr Heal Sci J [Internet]. 45(2):227-34. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31624652

Teixeira DNR, Zeola LF, Machado AC, Gomes RR, Souza PG, Mendes DC, et
al. Relationship between noncarious cervical lesions, cervical dentin
hypersensitivity, gingival recession, and associated risk factors: a cross-sectional
study. J Dent [Internet]. 2018;(June):1-5. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0300571218301805%0Ahttp://www
.ncbi.nlm.nih.gov/pubmed/29940290

68



82.

3.

&4.

85.

86.

87.

88.

&9.

90.

Marinescu IR, Popescu SM, Réghici EC, Scrieciu M, Mercut V, Turcu AA, et al.
Etiological Aspects of Noncarious Dental Lesions. Curr Heal Sci J [Internet].
43(1):54-61. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30595855
Antonelli JR, Hottel TL, Garcia-Godoy F. Abfraction lesions--where do they
come from? A review of the literature. J Tenn Dent Assoc [Internet].
2013;93(1):11-4. Available from:
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&do
pt=Citation&list uids=23909084%5Cnhttp://www.ncbi.nlm.nih.gov/pubmed/239
09084

Brandini DA, Trevisan CL, Panzarini SR, Pedrini D. Clinical evaluation of the
association between noncarious cervical lesions and occlusal forces. J Prosthet
Dent [Internet]. 2012 Nov;108(5):298-303. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23107237

Hirata Y, Yamamoto T, Kawagoe T, Sasaguri K, Sato S. Relationship between
occlusal contact pattern and non-carious cervical lesions among male adults. Int J
Stomatol Occlusion Med [Internet]. 2010 Mar 23;3(1):10—4. Available from:
http://link.springer.com/10.1007/s12548-010-0039-3

telles daniel, Pegoraro luiz fernando, Pereira jose carlos. Incidence of
Noncarious Cervical Lesions and Their Relation to the Presence of Wear Facets.
J Esthet Restor Dent [Internet]. 2006 Jul;18(4):178-83. Available from:
http://doi.wiley.com/10.1111/j.1708-8240.2006.00015.x

TELLES D, PEGORARO LF, PEREIRA JC. Prevalence of Noncarious Cervical
Lesions and Their Relation to Occlusal Aspects: A Clinical Study. J Esthet
Restor Dent [Internet]. 2000 Jan;12(1):10-5. Available from:
http://doi.wiley.com/10.1111/5.1708-8240.2000.tb00193.x

Guyatt GH, Oxman AD, Montori V, Vist G, Kunz R, Brozek J, et al. GRADE
guidelines: 5. Rating the quality of evidence—publication bias. J Clin Epidemiol
[Internet]. 2011 Dec;64(12):1277-82. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0895435611001818

Smith BG, Knight JK. An index for measuring the wear of teeth. Br Dent J
[Internet]. 1984 Jun 23;156(12):435-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/6590081

Smith BG, Robb ND. The prevalence of toothwear in 1007 dental patients. J Oral
Rehabil [Internet]. 1996 Apr;23(4):232-9. Available from:

69



91.

92.

93.

94.

95.

96.

97.

98.

99.

http://www.ncbi.nlm.nih.gov/pubmed/8730269

SENNA P, DEL BEL CURY A, ROSING C. Non-carious cervical lesions and
occlusion: a systematic review of clinical studies. J Oral Rehabil [Internet]. 2012
Jun;39(6):450—-62. Available from: http://doi.wiley.com/10.1111/j.1365-
2842.2012.02290.x

Brandini DA, de Sousa ALB, Trevisan CI, Pinelli LAP, do Couto Santos SC,
Pedrini D, et al. Noncarious cervical lesions and their association with
toothbrushing practices: in vivo evaluation. Oper Dent [Internet]. 36(6):581-9.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21913861

Khan F, Young WG, Shahabi S, Daley TJ. Dental cervical lesions associated
with occlusal erosion and attrition. Aust Dent J [Internet]. 1999 Sep;44(3):176—
86. Available from: http://doi.wiley.com/10.1111/j.1834-7819.1999.tb00219.x
Azevedo AM de, Panzeri H, Prado CJ do, De-Mello JDB, Soares CJ, Fernandes-
Neto AJ. Assessment in vitro of brushing on dental surface roughness alteration
by laser interferometry. Braz Oral Res [Internet]. 2008 Mar;22(1):11-7.
Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1806-
83242008000100003&Ing=en&tlng=en

Litonjua LA, Andreana S, Bush PJ, Tobias TS, Cohen RE. Wedged cervical
lesions produced by toothbrushing. Am J Dent [Internet]. 2004 Aug;17(4):237—
40. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15478482

Faye B, Kane AW, Sarr M, Lo C, Ritter A V, Grippo JO. Noncarious cervical
lesions among a non-toothbrushing population with Hansen’s disease (leprosy):
initial findings. Quintessence Int [Internet]. 2006 Sep;37(8):613-9. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/16922020

Pashley DH. How can sensitive dentine become hypersensitive and can it be
reversed? J Dent [Internet]. 2013 Jul;41:S49-55. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S030057121370006 X

da Silva AMBR, Valencise Magri L, da Silva MAMR, Sousa Neto MD de. Are
the bite force and electromyographic activity altered in muscle TMD patients
with abfraction lesions? CRANIO® [Internet]. 2019 May 4;37(3):168—74.
Available from:
https://www.tandfonline.com/doi/full/10.1080/08869634.2017.1407116
Igarashi Y, Yoshida S, Kanazawa E. The prevalence and morphological types of

non-carious cervical lesions (NCCL) in a contemporary sample of people.

70



Odontology. 2017;105(4):443-52.

100. Srisilapanan P, Jindarat M, Roseman J. The Prevalence and Severity of Tooth
Wear in Type 2 Diabetic Patients. Int J Dent [Internet]. 2018 Dec 11;2018:1-5.
Available from: https://www.hindawi.com/journals/ijd/2018/3608158/

71



Table 1. Search strategy and terms.

Search terms used for PubMed-MEDLINE and Cochrane Library. The search strategy
was customized appropriately according to the database being searched considering
differences in controlled vocabulary and syntax rules.

The following strategy was used:

((Non carious cervical lesion*) OR (Non carious cervical lesions) OR (non carious
cervical lesion AND etiological factors) OR (non carious cervical lesion AND risk
factors) OR (Abfraction AND dental) NOT (neck) NOT (caries))

The asterisk (*) was used as a truncation symbol.
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Table 2. Description of the included studies.

Total of studies
Geographical location
Africa
Asia
Europe
North America
South America
Type of participants
General population
Dental population (referred subjects)
Specific population
Age groups
> 16 years old
> 30 years old only
Restricted age groups
Assessment of NCCL
Visual and tactile examination
Smith and Knight index
Modified Smith and Knight index
Casts evaluation
Associations with
Dentin hypersensitivity
Gingival recession
Both
Risk factors associated with NCCLs
Age
Oral hygiene/Toothbrushing
Intrinsic acids
Extrinsic acid
Parafunctional habits
Occlusal aspects
Risk of bias
High
Substantial
Moderate
Low

73

%
100%

5%
21%
28%
18%
28%

28%
57%
15%

72%
18%
10%

74%
21%
2.5%
2.5%

21%
15%
5%

48%
38%
5%
23%
21%
41%

31%
15%
31%
23%



Table 3. Associations of NCCL with risk factors reported by included studies.

Study (ID)

Toothbrushing

Acids

Occlusal aspects

Frequency of
toothbrushing

Vigorousness/
power of
toothbrushing

Hardness
of
toothbrush

Extrinsic

Intrinsic

Occlusal
trauma/heavy Occlusion Premature Wear
occlusal contacts/

uidance . facets
forces/occlusal & interferences
wear

Parafunctional
habits

TMD

Olaru et al.,
2019 ()

Olaru et al.,
2019 (1)

Haralur et
al., 2019
(I1D)

Kolak et al.,
2018 (IV)

Alvarez-
arenal et al.,
2018 (V)

Teixeira et
al., 2018
(VD

+

da Silva et
al., 2017
(VID)
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Marinescu
et al., 2017
(VIID)

Yoshizaki et
al. 2017 (IX)

Yang et al.
2016 (X)

Sawlani et
al., 2015
(XD

Bomfim et
al. 2015
(X1I)

Lai et al.
2015 (XIII)

Que et al.
2013 (XIV)

Afolabi et
al., 2013

(XV)

Pikdoken,
2011 (XVI)

Jiang et al.,
2011 XVID)
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Palomino-
Gomez,
2011
(XVII)

Reyes et al.,
2009 XIX)

Wood et al.,
2009 (XX)

Tsiggos et
al. 2008
(XXI)

Smith et al.
2008 (XXII)

Oginni,
2003
(XXIII)

Miller, 2003
(XXIV)

Piotrowski,

2001 (XXV)

Bader, 1996
XXVI)

Antonelli,
2013
XXVI)
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Aw, 2002
(XXVIII)

+

Bernhardt
et al., 2006
XXIX)

Brandini et
al., 2011
(XXX)

Brandini et
al., 2012
(XXXTI)

Hirata et al.,
2010
(XXXII)

Ommerborn
et al., 2007
(XXXTIT)

Pegoraro et
al., 2005
XXXIV)

Takehara et
al., 2008
XXXYV)

Telles et al.,
2006
(XXXVI)

Telles et al.,
2000
(XXXVID)
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Radentz et
al., 1976 + - -
(XXXVIID)

Sagnes and
gjermo,
1976
(XXXIX)

TMD, temporomandibular disorders
+, statistically significant positive correlation; -, no statistically significant correlation.
Blank cells are variables that were not statistically evaluated in the study.
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Table 4. GRADE evidence profile.

Cross-sectional
Randomized

Study design clinical trial
Case-control
Cohort

Risk of bias Low to high

Consistency Rather inconsistent

Precision Rather precise

) Rather

Directness generalizable

Publication bias Possible

Body of evidence Low to moderate

Magnitude of the finding

Moderate




Figure 1: Search and selection results
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Table S1. The details of the included studies.

Subjects

characteristics o .
Authors, year (ID) Age (mean * SD, range), .. . . Associations with
Study design :)r:;ptl)lfll;eﬁ(:il gender distribution Clinical parameters used for NCCL diagnosis GR and/or DH

country)

102 subjects 20-80 years old

79) Olaru et al., 2019 (I) Dental y Visual and tactile examination: the depth of the lesions measured
d: 47 (46%) P n/a
Cross-sectional study population : o e with a periodontal probe
. Q:55(56%)
Romania
21 subjects
20-72 years old
(80) Olarq et al., 2019 (IT) Dental . 3:10 (47.7%) Smith-Knight tooth wear index n/a
Cross-sectional study population
. Q: 11 (52.3%)

Romania

100 subjects

Dental
grz) I-_Iarat:u:‘laelt 2:1'(’1 2019 (1) population >19 years old Smith-Knight tooth wear index n/a

OSS-SeCHonal SEY Saudi Arabia

394 subjects 27-75 years old
(9) Kolak et al., 2018 (IV) Dental 301 69y( 43%) Visual and tactile examination with a dental mirror and a straight /a
Cross-sectional study population : o e dental probe

Servia Q:225(57%)
(53) Alvarez-Arenal et al., éi?l:zﬁ] ects 18-29 years old
2018 (V) opulation 3': 106 (37.8%) Smith-Knight tooth wear index n/a
Cross-sectional study Is)pgin Q: 174 (62.2%)

- 185 subjects 61.9% of all lesions

(81) Telxe.l ra etal., 2018 (V1) 5180 teeth 419 Visual and tactile examination with a dental mirror and a straight also presented
Cross-sectional study 19-71 years old .

Dental 30 (0.68:1) dental probe hypersensitivity

population




Brazil

25.7% of all lesions
also presented
gingival recession

(98) da Silva et al., 2017

45 subjects

(VID) Dental 18-60 years old Visual examination n/a
. population
Cross-sectional study Brazil
. _ o
(82) Marinescu et al., 2017 50 subjects 18. 56 years old 61% of the study
Dental 318 (36%) . o group had also
(VIID) . ) Visual examination :
. population Q: 32 (64%) dentin
Cross-sectional study . o
Romania hypersensitivity
50% of teeth that
118 subiects felt sensitivity with
(1) Yoshizaki et al. 2017 (IX) Dental ) >18 years old air had also NCCL;
Cross-sectional study opulation 350 (42%) Visual and tactile analysis 74% of teeth that
I];rgzil Q: 68 (58%) felt sensitivity with
probe had also
NCCL
1320 subjects
20-69 years old
(2) Yang et al. 2016 (X) General 21 660 (50%) Smith-Knight tooth wear index n/a
Cross-sectional study population :
. . ()
China Q: 660 (50%)
29 subjects
(35) Sawlani et al., 2015 (XI) | General . .
Cohort study population >19 years old Visual examination n/a
USA
100 subjects Tobacco influences
. 44.15+0.30 . L L . . S .
Specific Visual examination: Location in the cervical third of the tooth, no | gingival recession,
(3) Bomfim et al. 2015 (XII) . 20-68 years old . . . . o
Cross-sectional stud population 2 55 (55% caries, wedge-shaped lesion with sharp edges, or C-shaped lesion thus contributing to
Y Brazil 9: 45 E 4 S‘Vo g with rounded edges NCCL (abrasivity
: 0 theory)
(4) Lai et al. 2015 (XIII) 1759 subjects 35-44 years old
Cross-sectional study General 65-74 years old . . .
population 3 851 (48%) Smith-Knight tooth wear index n/a
China Q:908 (52%)




1023 subjects

46.1

86.6% of the

| patients with DH
(5) Que et al. 2013 (XIV) Goe nlflr:tlion 280 ?90%’6”5 ol Visual and tactile analysis also had NCCL
Cross-sectional study IC)hIi)na 9: 1' y 63.8% of the
(ré ti0) sensitive teeth also
had NCCL
34 subjects Ill)enetfslensitivit
(38) Afolabi et al., 2013 (XV) | 356 tecth P y
. 51.2+1.1 . . . . . was the
Cross-sectional study Dental Visual and tactile examination with periodontal probe .
opulation 22-75 years old predommant '
Eap patient complaint
£08 and was age related
30 subjects 59.3 + 8.89 yrs Zehri/icciszll)tg:at;
(28) Plkquen, 2011 (XVD Dental . 45-80 years old Smith-Knight tooth wear index tended to elevate as
Cross-sectional study population 38121 (70%) L .
Istambul 0: 9 (30%) gmgwal recession
) increased
. 35-44 years old
(6) Jiang et al., 2011 (XVII) zGlefgrsa‘ibje"ts 65-74 years old
Cross-sectional study . 31080 (50%) Modified Tooth wear index based on Smith and Knight n/a
population : o
. Q: 1080 (50%)
China
(27) Palomino-Gomez, 2011 | >0 Subjects
Dental 40 +3-5 yrs . o .
(XVII) . Visual examination with probe n/a
. population 20-45 years old
Cross-sectional study P
eru
46 subjects 45
(11) Reyes et al., 2009 (XIX) | Dental 23-82 years old Visual examination: abfraction-type lesions appearing as sharp, /a
Cross-sectional study population 38114 (30%) wedge-shaped loss of dental structure
USA Q:32 (70%)
39 subjects
Dental
(36) WO.Od et a.l.,. 2009. (XX) population 18-75 years old Visual examination n/a
Randomized clinical trial .
United
Kingdom
(7) Tsiggos et al. 2008 (XXI) 102 subjects 441257 Visual examination: Clinical signs assessed on accurate diagnostic
Cross-sectional stud Dental 30-55 years old casts wa
Y population 3 54 (53%)




Greece

Q1 48 (47%)

156 subjects

40.6

o
(8) Smith et al. 2008 (XXII) D:nltl?; tion 16-73 years old Visual examination: NCCL scored according to the dentine ;ii :giiéﬁgi}s
Cross-sectional study popu 3:51(33%) exposure and presence or abscence of symptoms .
Trinidad and : compressed air
Tobago Q: 105 (67%)
106 subjects
- 1012 teeth
(30) Oglm.“’ 2003 (XXTIT) Dental 47.09+13.52 Smith-Knight tooth wear index n/a
Cross-sectional study . 20-80 years old
population
Nigeria
61 subjects 0 .
300 teeth with | 48.8 3V7erg) ‘iﬁg‘e llff‘f’vr;sl
(31) Miller, 2003 (XXIV) NCCL 22-81 years old Visual examination h erjsensit%vitg of ’
Cross-sectional study Dental 3826 (42.6%) YPETSt Y
. _ the lesions can be a
population Q:35(57.4%) o
France complicating factor
32 subjects Control teeth had
(25) Piotrowski, 2001 (XXV) | 103 testh 60.4 . o significantly less
Cross-sectional study Spemﬁq 38-80 years old Visual examination with periodontal probe glnglvgl recession
population 332 (100%) than did affected
USA teeth
264 subjects
gfgeiZiffgllzgg;XXVI) E:;ﬁ?;tion > 18 years old Visual and tactile examination n/a
USA
20 subjects 51.6
(26)Antonelli, 2013 (XXVII) | Dental 35-66 years old . . .
Cross-sectional study population 381 45% Visual and tactile examination n/a
USA Q:55%
57 subjects
171 teeth 21-80 years old Sensitivity was
gfgsilliggzl(ﬁVIll) General 3826 (46%) Visual and tactile examination most minimal or
Y population Q: 31 (54%) nonexistent

USA




(14) Bernhardt et al., 2006

2707 subjects

40.6+11.1
20-59 years old

Visual and tactile examination: wedge-shaped had to be clearly
discernable with a probe, even apically — carious, erosive or

25% of all teeth
and 77% of tecth

(CXXIX) tional stud Genelr;tli N d:1 hollowed areas of hard substance loss were not counted as wedge :E;&izfizggsﬁins
ross-sectional study %Oglr;ano Q: 1.1 shaped defects — the defects were recorded without gradation of on the buceal
ermany (ratio) lesion depth or width
aspect
(15) Brandini et al., 2011 58 subjects %gg{i 1.8 1d
(XXX) General @'-1 5 yzeg(f/s © Visual and tactile examination: losses of dental hard tissue near the /a
Cross-sectional study population : ( N 0) CEJ without the development of caries were considered NCCL
Brazil Q: 43 (74%)

(84) Brandini et al., 2012

111 subjects

24.97+4.71

A significant
association was

XXXI General 19-38 years old Visual and tactile examination: losses of dental hard tissue near the | found between the
(C ) tional stud population 3 81 (73.6%) CEJ without the development of caries were considered NCCL presence of NCCL
ross-sectional study Brazil Q: 30 (26.4%) and gingival
recession
(85) Hirata et al., 2010 ;86 silflibj ects 30-58 vears old Visual and tactile examination: Cervical lesions that did not have
(XXXII) pectiic i Y o softened dentin and that showed a spheroid or wedge-shaped loss n/a
s population Q:386 (100%) )
Cross-sectional study Japan of dentin and/or enamel

(18) Ommerborn et al., 2007
(XXXIIT)
Cross-sectional study

91 subjects
Dental
population
Germany

28.37+4.89
20-39 years old
333 (36%)
Q: 58 (64%)

Visual examination: lesions localized in the cervical third of a
tooth, free of caries, wedge-shaped, with sharp edges

55.6% of all the
subjects with one
NCCL or more also
stated having one
tooth or more with

hypersensitivity
(19) Pegoraro et al., 2005 70 subjects 25-45 years old Visual and tactile examination: tip of the probe perpendicular to
(XXXIV) Dental 335 (50%) he surf £ the prob ined b ; larity 1 o
Cross-sectional study population Q: 35 (50%) the surface —1 the probe was retained by some 1rregularity 1t was a
. ' considered a NCCL

Brazil
(23) Takehara et al., 2008 ;5 Zci‘f‘ge"ts 36.2+12.3
XXXV) (I)) ulation 20-50+ years old Smith-Knight tooth wear index n/a
Cross-sectional study bop Q:159 (100%)

Japan
(24) Telles et al., 2006 40 subjects 16-22 years old Visual and tactile examination: if an irregularity was felt, it was
XXXV General 3822 (55%) considered an NCCL even if it was localized at the cementoenamel | n/a

Cross-sectional study

population

Q: 18 (45%)

junction




Brazil

(87) Telles et al., 2000
XXXVII)
Cross-sectional study

48 subjects
General
population
Brazil

16-24 years old
320 (41.7%)
Q:28(58.3%)

Visual and tactile examination: if an irregularity was felt, it was
considered an NCCL even if it was localized at the cementoenamel
junction

n/a

(20) Radentz et al., 1976
(XXXVIII)
Cross-sectional study

80 subjects
Specific
population
USA

24.0

17-45 years old
3 66 (82%)

Q: 14 (18%)

Visual and tactile examination: any area with any explained tooth
loss regardless of suspected causes

Cervical abrasion is
related to gingival
recession

(22) Sagnes and Gjermo,
1976 (XXXIX)
Cross-sectional study

261 subjects
Specific
population
Norway

18-50+ years old
3:61%
Q:39%

Visual and tactile examination: V-shaped grooves in the gingival
area of the vestibular and lingual surfaces of the teeth were
described as small or large according to a depth of less or more
than 1 mm

The areas most
frequently affected
by gingival lesions
also seemed to
exhibit the highest
prevalence of hard
tissue lesion;
hypersensitivity on
probing was
recorded in 23% of
the abrasional
lesions

Abbreviations:

NCCL — noncarious cervical lesions; N/A — not applicable; GR —gingival recession; DH — dentin hypersensitivity.




Table S2. Risk factors assessed in the included studies (other than demographics).

. Para- Statistical
Study General . Ora.l . Acid diet G.astrlc functional Occlusal test/Significant | General conclusions
characteristics hygiene/Brushing diseases . aspects L2,
habits associations
I Age Frequency of - - Nocturnal - No statistics Age, gender, bruxism, use
Gender toothbrushing, bruxism of hard toothbrushes
time allocated to associated with improper
dental brushing, brushing techniques were
type of relevant for the
toothbrush, type occurrence of NCCL
of toothpaste,
brushing
technique
II Age Frequency of Fruits, fruit Gastro- Nail biting - No statistics Higher wear degree on
Gender toothbrushing, juices, esophageal Nighttime male gender; 71% of
Type of brushing carbonated reflux bruxism participants on acid diet
occupation technique, use of | drinks, Objects between
Swimming toothpicks consumption dental arches
activities of seeds
Drug use
III Age Brushing Consumption | - - Occlusion Binary logistic The use of a hard
Gender frequency, of citric time, right regression/Yes toothbrush and horizontal
brushing drinks disocclusion brushing technique were
duration, time, left more frequent, the mean
brushing disocclusion occlusion time was
technique, tooth time, longer, and left and lateral
brush protrusive disocclusion time were
disocclusion significantly associated
time with NCCL
Occlusal
contacts were
confirmed
with shim
stock
v Age Brushing Consumption | - Nail biting - Univariate Age, frequent
Gender frequency, type of citrus Bruxism logistic consumption of citrus
of toothbrush, fruits and Chewing gun regression/Yes fruit and lower salivary




Place of brushing fruit drinks, pH value were associated
residence technique carbonated with an increased
Occupation and energy occurrence of NCCLs,
Drug use drinks while chewing gums habit
was associated with a
Saliva decreased occurrence of
analysis NCCLs
\% Age Way of brushing | Consumption | Vomiting or | Bruxism Protrusive Uni and The risk factors that
Gender (vigorous) of soft gastro- Attrition interferences, | multivariate explain the presence of
drinks, acidic | esophageal right and left logistic NCCLs in the predictive
or citrus reflux laterality regression/Yes model are: self-reported
fruits, salads interferences bruxism, attrition, the
seasoned on working consumption of salads
with vinegar and non- seasoned with vinegar,
or working sides vigorous brushing and
lemon/day, periodontal index.
extrinsic Protrusive interferences
acids and interference on the
non-working side are only
significant in the
univariate analysis
VI Age Brushing with Consumption | Any type of | Any type of Patients’ Multivariate Age, gender and occlusal
Gender excessive force of acid food | gastric parafunctional premature logistic trauma were relevant
and drinks disease habit contacts were | regression/Yes factors for NCCL
identified in
centric
relation, in all
movements
VII Age - - - Bite force - ANOVA One Temporomandibular
Temporomandib Way/No disorder patients with and
ular disorders without afraction lesions
(myofascial exhibited similar results
pain) in the analysis of bite

force and
electromyographic
without differences




VIII Age Brushing method | Eating - Bruxism - No statistics The factors associated
Gender behavior with NCCL were gender
(male), method of
toothbrushing, presence
of erosive food and
bruxism
IX Age - Consumption | - - Premature Multilevel The factors associated
Tooth type of wine and contacts were | Poisson with NCCL were age,
Arch type alcoholic identified in regression presence of premature
beverages maximum analyses/Yes contacts in maximum
intercuspidatio intercuspidation and on
Consumption n and on the the non-working side, and
of acidic fruit non-working frequent consumption of
juices side wine and alcoholic
beverages
X Age Power of Frequency of | - Occlusive wear | - Bivariate The factors associated
toothbrushing eating fresh correlation with NCCL were age,
fruits analysis/Yes heavy power of
toothbrushing, eating
fresh fruits at least one
time per day, and the
interaction effect of both
power of toothbrushing
and higher frequencies of
eating fresh fruits
XI Medical Frequency of Diet Gastric Presence of Occlusal Mixed model Heavy occlusal forces
condition toothbrushing, reflux, dry wear facets forces analysis/Yes play a significant role in
type of mouth, (grind Group the progression of NCCLs
toothbrush, force hyposalivati | teeth/nails bite) | function
on toothbrushing, on
brushing
technique
XII Age - Exposureto | - - - Unconditional The factors associated
Smoking habit acid mists logistic with NCCL were age,
regression/Yes exposure to acid mists
and smoking habit
X1 Age Frequency of Frequency of | Recurrence | Hard objects - Bivariate The factors associated
brushing, use of | consumption | of gastric biting, bruxism, analysis with NCCL were age,




toothpicks, of acid fruits, | acid chewing on one (ANCOVA)/Ye | suburban areas lifestyle,
method of carbohydrate | conditions side s frequent use of
brushing, use of | beverages, toothpicks, hard objects
dental floss vinegar biting and vinegar
beverages beverages once a week
X1v Age Frequency of Frequency of | Gastroesoph | Bruxism - Binary logistic The factors associated
Gender toothbrushing, consuming ageal reflux regression/Yes | with NCCL were
method of tooth- | fresh fruits disease toothbrushing
brushing, and juices, horizontally, frequency of
duration of a frequency of toothbrushing, use of
toothbrush used, | having toothbrush for longer time
intensity of carbonated
toothbrushing, beverage
stiffness of
toothbrush,
toothbrushing
after eating
XV Age Toothbrushing Dietary - - - Chi-square The factors associated
Extensiveness, technique habits test/'Yes with NCCL were dietary
severity and habits and age;
distribution of extensiveness of the
NCCL lesions and age; gender
and extensiveness;
toothbrushing technique
and extensiveness and
distribution of the lesions
XVI Age Plaque - Present or Bruxism or any | Occlusal wear | 2-level mixed The rate of gingival
Gingival accumulation past history | other model recession leading to
recession of parafunciontal analysis/Yes denudation of root surface
Tooth mobility Pocket depth gastroesopha | habit seems to be a
geal reflux predisposing factor for
disease, NCCL; possible
heartburn, combined effects of
frequent abrasion, erosion and
vomiting, abfraction

xerostomia




XVII Age Frequency of Consumption | - Bruxism, - Multiple logistic | Age, location, frequency
Location toothbrushing of soft drinks unilateral regression/Yes of toothbrushing, bruxism
Family income and fruit mastication and family income were
Ethnic juices all factors related to
Education NCCL
XVIII Age - - - Inclusion Evaluation of | Chi-square Age is moderately
criteria: no lateral canine test/Yes correlated to abfraction;
bruxism guidance and no statistical differences
group function were found regarding the
number of abfraction
teeth and type of
excursive movements
XIX Age - - - - Premature Wilcoxon Associations between
Clinical contacts in signed rank PCCR and NCCL were
attachment loss centric test/No not demonstrated
relation
(PCCR)
XX Age - - - - Presence of Paired-samples | Occlusal adjustment does
Attachment loss lateral t-test/No not appear to halt the
Gingival excursive progression of NCCL
bleeding movements
Mobility of teeth
XXI Age - - - Self-reported - Chi-square A significant association
bruxism test/Yes between the self-reported
status of bruxism and the
occurrence of NCCL was
found
XXII Age Frequency of Vegetarian Heartburn, Bruxism, Group Odds ratio/Yes | The factors associated
Gender toothbrushing, food, gastric reflux | clicking TPM function with NCCL were: dietary
Habit of type of presence of and joint, broken factors (vegetarians,
swimming toothbrush citrus fruits, | headaches fillings, faceting presence of citrus fruits,

soft drinks,
alcohl,
chewing gum
and

soft drinks, alcohrel,
yogurt, chewing gum and
effervescent vitamin C),
medical conditions
(heartburn, gastric reflux




effervescent and headaches), occlusal
vitamin C factors (bruxism, clicking
TPM joint, broken
fillings, group function,
faceting), toothbrushing
twice a day, use of hard or
medium toothbrush and
habit of swimming
XXIIT - Mode of oral Consumption - Occlusal wear, | Fisher Exact Most cervical lesions are
hygiene, of acid food severity of test/No not the result of
toothbrushing tooth wear abfraction alone but rather
technique, the result of an interplay
frequency of of multiple factors
toothbrushing, including abrasion and
type of erosion. However, wedge-
toothbrush, shaped lesions seems to
handedness of be primarily due to
patient occlusal forces
XX1V Age Presence of - Bruxism, tongue | Wear facets, No statistics The presence of wear
Edges and apical | plaque or thrusting canine facets and group function
limits of NCCL | calculus, gingival disclusion, are highly associated with
abrasion or group abfractions; there is no
periodontitis function, evidence of toothbrushing
balancing as an etiological factor for
interference, abfraction formation
edge bite,
open bite,
cross bite,
prognathism,
rotation
XXV Age Presence of Diet Bruxism Wear facets, Chi-square Most of the NCCLs had
plaque, evaluation evidence of test/No the clinical appearance
toothbrushing prematurity and features commonly
technique, in’ centric associated with facial
handedness of the occlusion, toothbrush abrasion or
patient, other oral interference in chemical erosion. It does
hygiene’s habits balancing, seem clear that most
working or cervical lesions are not

protrusive




excursive
movements on
all affected
and control
teeth

the result of abfraction
alone

XXVI Age Oral hygiene Frequency of | Endogenous | Bruxism, Lateral Bivariate Multiple causal
Gender behavior: acid food acid: history | chewing habit, excursive logistic mechanisms may operate
Saliva frequency of of ulcera, clenching, movements regression in the initiation and
Use of toothbrushing, hiatal hernia, | maxillary/mandi analyses/Yes progression of individual
medications brushing vomiting, bular torus lesions
technique, use of heartburn,
mouthwash, stomachache
dental floss,
handedness of the
patient
XXVII Age - - - - Occlusal Chi-square The number of NCCL
contacts in test/Yes observed in teeth
maximum contacting during group
intercuspal function is significantly
position and higher than canines in
during canine guided occlusion
working,
balancing and
protrusive
excursions
XXVII | Age - - - - Angle’s Logistic Most NCCL were present
Gender classification, | regression in older patients with
Tooth mobility guidance in analysis/Not group function excursive
excursion, clear guidance, with a
wear facets preponderance of wear
facets and little or no
mobility
XXIX Age Frequency of Intake of frui | - Bruxism Occlusal wear; | Multivariable Abfractions are associated
Gender toothbrushing juices tooth contacts | analysis/Yes with gingival recession,

Presence of
restorations

in centric
relation and

occlusal wear, inlay
restorations, altered tooth




Recession of the excursive position and tooth
gingiva movements brushing frequency
XXX Age Frequency of - - - - Chi-square test; | Toothbrush firmness
Gender toothbrushing, Fisher exact (medium and hard) was
toothbrush test; t-test/Yes the only variable that was
firmness, type of statistically significantly
toothpaste, force associated with the
applied during presence of NCCLs
toothbrushing
XXXI Age - - - - Tooth wear; Chi-square test; | A significant association
Gender evaluation of | Fisher exact was found between the
Presence of type guide to | test; t-test/Yes presence of NCCL and
gingival lateral age, gingival recession,
recession movement and occlusal trauma, presence
Dental/restoratio presence of and location of tooth wear
n fracture occlusal and group function as
Fracture line interference lateral guidance
XXXII Age Frequency of - - Bruxism Malocclusion; | Logistic Bilateral mediotrusive-
toothbrushing temporomandi | regression side contact and
bular analysis/ laterotrusive-side contact
disorders; in incisor-canine-
evaluation of premolar areas were
lateral significantly associated
movements with the presence of
NCCLs
XXX | Age - - - Bruxism Occlusal Chi-square; Bruxism subjects
Gender restorations; Mann-Whitney | demonstrated
Education type of lateral | U test/Yes significantly more
Tooth sensitivity guidance NCCLs and tooth
sensitivity than the
control group; type of
occlusion guidance
scheme seems to be of
minor importance
XXXIV | Age 0 Acidic Any Tooth Wear facets; Chi-square; There is a significant
Gender beverages regurgitation | clenching, occlusal Mann-Whitney; | correlation between the
Medical history problem grinding, tongue | contacts in t-test/Yes prevalence of NCCLs and
biting, lip biting, | maximal




Medication gum chewing, intercuspal the presence of occlusal
intake cheek biting, position and wear facets
Stress biting objects or | during lateral
experience nail biting; chew | and protrusive
unilaterally movements;
orthodontic
treatment
XXXV Age Frequency of Bruxism Occlusal Uni and Multivariate logistic
Handedness toothbrushing, force, occlusal | multivariate analysis revealed that age,

hardness of contact area, logistic toothbrushing pressure

bristles, occlusal analysis/Yes and occlusal contact area

toothbrushing pressure in are associated with NCCL

technique and maximal

toothbrushing intercuspal

pressure; use of position

dentifrice and

type of tooth-

cleaning device

other than a

toothbrush

XXXVI | Age - - Wear facets Chi-square There is a statistically
test/'Yes significant correlation

between the presence of
NCCL and wear facets

XXXVII | Age - Clenching or Orthodontic Chi-square There is a significant
Stress grinding teeth, treatment; test/Yes correlation between the
experience biting cheeks, wear facets prevalence of NCCLs and

tongue or nails the presence of wear
(frequency); facets; age is a significant
chew factor

unilaterally

XXXVII | Age Plaque; gingival - - Chi-square test; | Age, gingival recession,

I Gender bleeding; student t- plaque, gingival bleeding
Race quantity of test/'Yes and quantity of dentifrice
Handedness dentifrice used, used are associated with
Gingival bristle stiffness of cervical abrasions
recession toothbrush,

toothbrushing




technique,

toothbrushing

frequency,

sequence of

toothbrushing

XXXIX | Age Presence of No statistics The subjects with a good

Gender plaque, oral hygiene status, as
Gingival toothbrushing well as those who brushed
retraction technique and more than twice daily,

frequency showed a high frequency

of hard and soft tissue
lesions




Table S3. Excluded studies after full reading.

Exclusion criteria

Study

Assessment in extracted teeth

Igarashi et al., 2017 (99)

Age of the subjects was not provided

Khan and Shahabi, 1999 (45)
Sadaf and Ahmad, 2014 (46)

Age of the subjects did not match
inclusion criteria

Kumar et al., 2015 (58)
Zuza et al., 2019 (60)

Informative article

Kontaxopoulou and Alam, 2015 (51)

No assessment of NCCL

Srisilapanan et al., 2018 (100)

No risk factors on NCCL

Afolabi et al., 2012 (37)

Number of excluded papers in total

08

Table S4. Included studies from reference list.

Included studies from reference list of the
first 26 selected papers

Antonelli, 2013 (26)
Aw, 2002 (32)
Bernhardt, 2006 (14)
Brandini, 2011 (15)
Brandini, 2012 (84)
Hirata, 2010 (85)
Ommerborn, 2007 (18)
Pegoraro, 2005 (19)
Takehara, 2008 (23)
10. Telles, 2006 (24)

11. Telles, 2000 (87)

12. Radentz, 1976 (20)
13. Sangnes, 1976 (22)

CoON>UORWN =

Table SS. Studies included in the sub analysis.

Sub analysis Groups Studies included
Only 30+ subjects(25) Lai, 2015
Pikdoken, 2011
Jiang, 2011

Tsiggos, 2008
Piotrowski, 2001
Antonelli, 2013
Hirata, 2010

Age

> 16 years old

Olaru et al., 2019
Olaru et al., 2019
Haralur et al., 2019
Kolak, 2018

Teixeira et al., 2018
da Silva et al., 2017
Marinescu et al., 2017
Yoshizaki, 2017
Yang, 2016

Sawlani et al., 2015




Bomfim, 2015

Que, 2013

Afolabi, 2013
Palamino-Gomez, 2011
Reyes, 2009

Wood, 2008

Smith, 2008

Oginni, 2003

Miller, 2003

Bader, 1996

Aw, 2002

Bernardt, 2006
Brandini, 2012
Ommerborn et al., 2007
Pegoraro et al., 2005
Takehara et al., 2008
Radentz et al., 1976
Sangnes & Gjermo, 1976

Population

General population

Alvarez-Arenal, 2018
Yang, 2016
Sawlani, 2015
Lai, 2015

Que, 2013
Jiang, 2011
Bernardt, 2006
Brandini, 2011
Brandini, 2012
Telles, 2006
Telles, 2000

Dental population (referred to a
dental practice)

Olaru, 2019
Olaru, 2019
Haralur, 2019
Kolak, 2018
Teixeira, 2018
da Silva, 2017
Marinescu, 2017
Yoshizaki, 2017
Afolabi, 2013
Pikdoken, 2011
Palamino-Gomez, 2011
Reyes, 2009
Wood, 2008
Tsiggos, 2008
Smith, 2008
Oginni, 2003
Miller, 2003
Bader, 1996
Antonelli, 2013
Aw, 2002
Ommerborn, 2007
Pegoraro, 2005

Specific population

Bomfim, 2015
Piotrowski, 2001

Hirata, 2010

Takehara, 2008
Radentz, 1976

Sangnes e Gjermo, 1976

Europe

Olaru, 2019
Olaru, 2019
Kolak, 2018




Geographical location

Alvarez-Arenal, 2018
Marinescu, 2017

Wood, 2009

Tsiggos, 2008

Miller, 2003

Bernhardt, 2006
Ommerborn, 2007
Sangnes e Gjermo, 1976

Asia

Haralur, 2019
Yang, 2016

Lai, 2015

Que, 2013
Pikdoken, 2011
Jiang, 2011
Hirata, 2010
Takehara, 2008

South America

Teixeira, 2018
da Silva, 2017
Yoshizaki, 2017
Bomfim, 2015
Palamino-Gomez, 2011
Smith, 2008
Brandini, 2011
Brandini, 2012
Pegoraro, 2005
Telles, 2006
Telles, 2000

North America

Sawlani, 2015
Reyes, 2009
Piotrowski, 2001
Bader, 1996
Antonelli, 2013
Aw, 2002
Radentz, 1976

Africa

Afolabi, 2013
Oginni, 2003

Diagnosis

Visual and/or tactile examination

Olaru, 2019
Kolak, 2018
Teixeira, 3018
da Silva, 2017
Marinescu, 2017
Yoshizaki, 2017
Sawlani, 2015
Bomfim, 2015
Que, 2013
Afolabi, 2013
Palamino-Gomez, 2011
Reyes, 2009
Wood, 2009
Smith, 2008
Miller, 2003
Piotrowski, 2001
Bader, 1996
Antonelli, 2013
Aw, 2002
Bernardt, 2006
Brandini, 2011
Brandini, 2012
Hirata, 2010




Ommerborn, 2007
Pegoraro, 2005

Telles, 2006

Telles, 2000

Radentz, 1976

Sangnes & Gjermo, 1976

Smith and Knight index

Olaru, 2019

Haralur, 2019
Alvarez-Arenal, 2018
Yang, 2016

Lai, 2015

Pikdoken, 2011
Oginni, 2003
Takehara, 2008

Modified index based on Smith

and Knight

Jiang, 1011

Casts evaluation

Tsiggos, 2008

Association with dentin
hypersensitivity and/or
gingival recession

Dentin hypersensitivity

Marinescu, 2017
Yoshizaki, 2017
Que, 2013
Afolabi, 2013
Smith, 2008
Miller, 2003
Ommerborn, 2007

Gingival recession

Bomfim, 2015
Pikdoken 2011
Piotrowski, 2001
Bernhardt, 2006
Brandini, 2012
Radentz, 1976

Dentin hypersensitivity and
gingival recession

Teixeira, 2018
Sagnes e Gjermo, 1976

Risk factors significantly
associated with NCCL

General characteristics

Age

Kolak, 2018
Teixeira, 2018
Yoshizaki, 2017
Yang, 2016
Bomfim, 2015
Lai, 2015

Que, 2013
Afolabi, 2013
Jiang, 2011
Palamino-Gomez, 2011
Wood, 2009
Smith, 2008
Aw, 2002
Brandini, 2011
Brandini, 2012
Takehara, 2008
Telles, 2006
Telles, 2000
Radentz, 1976

Gender

Teixeira 2018
Marinescu, 2017
Afolabi, 2013




Smoking habit Bomfim, 2015

Suburban area lifestyle Lai, 2015

Family income Jiang, 2011

Swimming habit Smith, 2008

Oral hygiene/Toothbrushing

Frequency of toothbrushing Que, 2013
Jiang, 2011
Smith, 2008
Bader, 1996

Bernhardt, 2006
Sangnes e Gjermo, 1976

Vigorous brushing/power of
toothbrushing

Alvarez-Arenal, 2018
Yoshizaki, 2017
Yang, 2016
Takehara, 2008

Tootothbrushing Marinescu, 2017
method/technique Que, 2013
Hardeness of toothbrush Smith, 2008
Bader, 1996
Brandini, 2011
Use of toothpicks Lai, 2015
Quantity of dentifrice Radentz, 1976

Periodontal index

Alvarez-Arenal, 2018
Radentz, 1976

Extrinsic acids

Frequent consumption of citrus
fruit

Kolak, 2018
Yang, 2016

Consumption of salads seasoned
with vinegar/vinegar beverages

Alvarez-Arenal, 2018
Lai, 2015

Acid diet in general

Marinescu, 2017
Afolabi, 2013
Smith, 2008

Consumption of wine and
alcoholic beverages

Yoshizaki, 2017

Exposure to acid mists Bomfim, 2015
Intrinsic acids

Salivary pH level Kolak, 2018
Heartburn, gastric disease Smith, 2008

Parafunctional habits




Bruxism

Alvarez-Arenal, 2018
Marinescu, 2017
Jiang, 2011

Tsiggos, 2008
Smith, 2008

Oginni, 2003

Chewing gun

Kolak, 2018

Hard objects biting

Lai, 2015

Occlusal aspects

Occlusal trauma/heavy occlusal
forces/occlusal wear

Teixeira 2018
Sawlani, 2015
Bernhardt, 2006
Brandini, 2012

Left disocclusion time
Lateral disocclusion time

Haralur, 2019

Interference on maximal
intercuspal position

Yoshizaki, 2017

Protrusive interference

Hirata, 2010

Interference in non-working side

Alvarez-Arenal, 2018
Yoshizaki, 2017

Group function

Antonelli, 2013
Aw, 2002
Brandini, 2011
Brandini, 2012
Takehara, 2008
Smith, 2008

Clicking temporomandibular joint

Smith, 2008

Presence of wear facets

Smith, 2008
Aw, 2002
Pegoraro, 2005
Telles, 2006
Telles, 2000

Altered tooth position

Bernhardt, 2006




Table S6. Quality assessment of the selected cross-sectional studies.

STUDY (selection ID)

/]

v

"4

vi

vil

Vil

IX

X

X

X

Xiv

XV

Xxvi

Xvil | xvill

XIX

XX1

xxi

XXl | XXIV | XXV

Cc

for

Analytical Cross-Sectional S

tudies (JBI Critical

Appraisal Tool)

Were the criteria for inclusion in
the sample clearly defined?

+

+

+

+

+

+

+

+

+

+

+

+

Were the study subjects and the
setting described in detail?

+

+

+

+

+

Was the exposure measured in a
valid way?

Was the exposure measured in a
reliable way?

Were objective, standard criteria
used for measurement of the
condition?

Were confounding factors
identified?

Were strategies to deal with
confounding factors stated?

Were the outcomes measured in
a valid way?

Were the outcomes measured in
a reliable way?

Was appropriate statistical
analysis used?

RISK OF BIAS

STUDY (selection ID)

XXvil

Xxvin

XXIX

XXX

XXX1

XXX

Xxxin

XXXIV

XXXV

XXXVI

XXxvil

XXXVIII | XXXIX

Che

cklist fo

r Analytical Cross-Sectional Studies (JB

| Critical Appraisal Tool)

sample clearly defined?

Were the criteria for inclusion in the

+

+

+

+

+

+

+

+

+

Were the study subjects and the
setting described in detail?

+

+

+

Was the exposure measured in a
valid way?

Was the exposure measured in a
reliable way?




Were objective, standard criteria

used for measurement of the - - + - - - - - + - - - -
condition?

Were confounding factors

identified? ° * - * - - - - - * - - * *
Were strategies to deal with

confoundinggfactors stated? * * * ) ) * ] ] * ] ] ] ]
Were the outcomes measured in a + ) + ) + + + + + + + ) +
valid way?

Were the outcomes measured in a + + + ) + + ) ) ) ) ) ) )
reliable way?

Was appropriate statistical analysis + ) + + + )
used?

RISK OF BIAS M S L H S M S S M H H H H

Criteria were designated for each domain of methodology, internal validity, external validity and statistical methods. Each aspect of the score list was given a rating of ‘+ for an informative description of the item at
issue and a study design meeting the quality standard, ‘-* for an informative description without a study design that met the quality standard, and ‘?’ for insufficient information.

+=yes

-=no

? = not specified/unclear

H — high risk of bias = 0-40%*

S — substantial risk of bias = 40-60%
M - moderate risk of bias = 60-80%
L — low risk of bias = 80-100%



Table S7. Quality assessment of the selected cohort study.

STUDY (selection ID) X1
Checklist for Cohort Study (JBI Critical Appraisal Tool)

Were the two groups similar and recruited from the same population? +

Were the exposures measured similarly to assign people to both exposed and unexposed groups? +

Was the exposure measured in a valid and reliable way? -

Were confounding factors identified? +

Were strategies to deal with confounding factors stated? +

Were the groups/participants free of the outcome at the start of the study (or at the moment of

exposure)? j

Were the outcomes measured in a valid and reliable way? +

Was the follow up time reported and sufficient to be long enough for outcomes to occur? +

Was follow up complete, and if not, were the reasons to loss to follow up described and explored? -

Were strategies to address incomplete follow up utilized? -

Was appropriate statistical analysis used? +

RISK OF BIAS M

Criteria were designated for each domain of methodology, internal validity, external validity and statistical methods. Each aspect of the score list was given a rating of ‘+’ for an informative description of the item at
issue and a study design meeting the quality standard, ‘-* for an informative description without a study design that met the quality standard, and ‘?” for insufficient information.

+=yes

-=no0

? = not specified/unclear

H — high risk of bias = 0-40%%*

S — substantial risk of bias = 40-60%
M - moderate risk of bias = 60-80%
L — low risk of bias = 80-100%



Table S8. Quality assessment of the selected randomized clinical trial.

STUDY (selection ID) XX

Checklist for Randomized Clinical Trials (JBI Critical Appraisal Tool)
Was true randomization used for assignment of participants to treatment groups? -
Was allocation to treatment groups concealed?
Were treatment groups similar at the baseline?
Were participants blind to treatment assignment?
Were those delivering treatment blind to treatment assignment? -
Were outcomes assessors blind to treatment assignment? -
Were treatment groups treated identically other than the intervention of interest?
Was follow up complete and if not, were differences between groups in terms of their follow up
adequately described and analyzed?
Were participants analyzed in the groups to which they were randomized?
Were outcomes measured in the same way for treatment groups?
Were outcomes measured in a reliable way?
Was appropriate statistical analysis used?
Was the trial design appropriate, and any deviations from the standard RCT design (individual
randomization, parallel groups) accounted for in the conduct and analysis of the trial?

RISK OF BIAS M

+|+ |+

+

+

+|+ |+ [+

+

Criteria were designated for each domain of methodology, internal validity, external validity and statistical methods. Each aspect of the score list was given a rating of ‘+’ for an informative description of the item at
issue and a study design meeting the quality standard, ‘-* for an informative description without a study design that met the quality standard, and ‘?’ for insufficient information.

+=yes

-=no0

? = not specified/unclear

H — high risk of bias = 0-40%%*

S — substantial risk of bias = 40-60%
M - moderate risk of bias = 60-80%
L — low risk of bias = 80-100%



Table S9. Quality assessment of the selected case-control study.

STUDY (selection ID) XXvi
Checklist for Case-Control Studies (JBI Critical Appraisal Tool)

Were the groups comparable other than the presence of disease in cases or the absence of +
disease in controls?

Were cases and controls matched appropriately? +
Were the same criteria used for identification of cases and controls? +
Was exposure measured in a standard, valid and reliable way? -
Was exposure measured in the same way for cases and controls? +
Were confounding factors identified? -
Were strategies to deal with confounding factors stated? -
Were outcomes assessed in a standard, valid and reliable way for cases and controls? +
Was the exposure period of interest long enough to be meaningful? -
Was appropriate statistical analysis used? +
RISK OF BIAS M

Criteria were designated for each domain of methodology, internal validity, external validity and statistical methods. Each aspect of the score list was given a rating of ‘+’ for an informative description of the item at
issue and a study design meeting the quality standard, ‘-* for an informative description without a study design that met the quality standard, and ‘?” for insufficient information.

+=yes

-=no0

? = not specified/unclear

H — high risk of bias = 0-40%%*

S — substantial risk of bias = 40-60%
M - moderate risk of bias = 60-80%
L — low risk of bias = 80-100%



Table S10. Guidelines of PRISMA.

done at the study or outcome level), and how this information is to be used in any data synthesis.

Section/topic Checklist item on page

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 1
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 1,2

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, 2
comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 2
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 3
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 3
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 2
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 3
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes | 3
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 3
simplifications made.

Risk of bias in individual studies 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 3




Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 4

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency | -
(e.g., I?) for each meta-analysis.

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 4
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 4
indicating which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 4
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) 4,5
and provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 6

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each -
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. -

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Iltem 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to | 6,7
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 7,8
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 10

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 10

systematic review.




Table S11. MOOSE checklist.

Item No

Recommendation

Reported on Page No

Reporting of background should include

Problem definition 2
Hypothesis statement 2
Description of study outcome(s) 4

Type of exposure or intervention used

Online appendix

Type of study designs used

Online appendix

ol |lwW NI~

Study population

Online appendix

Reporting of search strategy should include

7 Qualifications of searchers (eg, librarians and investigators) 3

8 Search strategy, including time period included in the synthesis and key words 3

9 Effort to include all available studies, including contact with authors 3

10 Databases and registries searched 3

11 Search software used, name and version, including special features used (eg, )

explosion)

12 Use of hand searching (eg, reference lists of obtained articles) Figure 1
13 List of citations located and those excluded, including justification Online appendix
14 Method of addressing articles published in languages other than English -

15 Method of handling abstracts and unpublished studies -

16 Description of any contact with authors -

Reporting of methods should include

17

Description of relevance or appropriateness of studies assembled for assessing the

hypothesis to be tested

18

Rationale for the selection and coding of data (eg, sound clinical principles or
convenience)




Documentation of how data were classified and coded (eg, multiple raters, blinding

19 : L -
and interrater reliability)

20 Assessment of confounding (eg, comparability of cases and controls in studies where )
appropriate)

21 Assessment of study quality, including blinding of quality assessors, stratification or 34
regression on possible predictors of study results ’

22 Assessment of heterogeneity 3
Description of statistical methods (eg, complete description of fixed or random effects
models, justification of whether the chosen models account for predictors of study

23 . N 7 ) 4
results, dose-response models, or cumulative meta-analysis) in sufficient detail to be
replicated

24 Provision of appropriate tables and graphics 6

Reporting of results should include

25 Graphic summarizing individual study estimates and overall estimate 6

26 Table giving descriptive information for each study included Online appendix

27 Results of sensitivity testing (eg, subgroup analysis) Online appendix

28 Indication of statistical uncertainty of findings 5,6

Modified from Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008-12
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ABSTRACT

The aim of this study was to evaluate the influence of the stress distribution pattern on maxillary
premolars with noncarious cervical lesions (NCCLs) with different levels of bone attachment,
anteriorly and posteriorly to the NCCL restorative procedure. Three-dimensional models of
maxillary premolars were generated. Beyond the sound model were generated a model with
NCCL. To these models were generated three models with bone loss: normal bone level,
vertical bone loss and horizontal bone loss. Composite resin restoration of the model with
NCCL was simulated. To each model three different loads with 100 N were applied: vertical
load (VL), buccal load (BL) and palatine load (PL). The stress data were obtained in MPa and
the values were obtained on Maximum Principal Stress on one node on the meshed buccal
surface and on Minimum Principal Stress on one mesh node for analyses of the crestal bone.
Maximum principal stress results showed clearly that bone loss does not influence on the stress
concentration on cementum enamel junction. For minimum principal stress, the buccal load
cause higher compressive stress on bone vestibular surface. The bone stress is not dependent of
the presence or absence of NCCL and of the restoration procedure. The occlusal load is key
factor for the origin and development of bone loss and NCCL.

Keywords: noncarious cervical lesion, finite element analysis, gingival recession, bone

attachment level.



RESUMO

O objetivo deste estudo foi avaliar a influéncia do padrao de distribuicdo do estresse nos
pré-molares superiores com lesdes cervicais ndo cariosas (LCNCs), com diferentes niveis de
insercdo Ossea, anterior e posteriormente ao procedimento restaurador da LCNC. Para esta
analise, foram gerados modelos tridimensionais de pré-molares superiores. A partir do modelo
higido, foi gerado um modelo com LCNC. Para esses modelos foram gerados trés modelos com
perda Ossea: nivel 6sseo normal, perda dssea vertical e perda dssea horizontal. A restauracdo de
resina composta do modelo com LCNC foi simulada. Para cada modelo foram aplicadas trés
cargas diferentes com 100 N: carregamento axial (VL), carregamento vestibular (BL) e
carregamento palatino (PL). Os dados foram obtidos em MPa, os valores de tensdo foram
obtidos pelo critério de tensdo méxima principal em um né da superficie vestibular e o valor da
tensdo minima principal foi obtido em um né para anélises da crista 6ssea vestibular. Para os
resultados de tensdo maxima principal, a perda 6ssea ndo influenciou na distribui¢do de tensao
ao nivel da juncdo amelo-dentindria; para o critério de tensdo minima principal. O carregamento
vestibular promoveu maior tensdo compressiva na superficie 6ssea vestibular. A concentracao
de tensdo ao nivel dsseo independe da presenga ou auséncia de LCNC e do procedimento de
restauracdo. O tipo de contato oclusal ¢ fator chave para o desenvolvimento da perda Ossea e

origem e progressao da LCNC.

Palavras-chaves: lesdo cervical ndo cariosa, método de elementos finitos, recessdo gengival,

nivel de inser¢ao Ossea



INTRODUCTION

The worldwide prevalence of noncarious cervical lesions (NCCLs) among adults is
46.7% and higher in older populations than in younger ones (Teixeira et al. 2020). The NCCLs
are pathological conditions characterized by the loss of tooth structure at the cemento-enamel
junction (CEJ), unrelated to bacterial process (Borcic et al. 2004; Michael et al. 2009; Reyes et
al. 2009). This tooth structure loss is routinely found and increasingly common in dental clinical
practice (Borcic, Anic, Urek and Ferreri 2004; Michael, Townsend, Greenwood and Kaidonis
2009; Rees 2002; Reyes, Hildebolt, Langenwalter and Miley 2009), presenting a positive
correlation with the presence of gingival recession (GR) (Teixeira et al. 2018) and its actiology
is considered multifactorial. The three mechanisms involved in these lesions development are
stress (abfraction), friction (wear) and biocorrosion (chemical, biochemical and electrochemical
degradation) (Grippo et al. 2012). NCCLs also increase with age, which suggests a fatigue
component in their formation associated with occlusal interferences or any event that changes
the dental occlusion, such as restorative procedures, tooth occlusal surface wear, altered tooth
position and toothbrushing behavior (Bernhardt et al. 2006).

One of the major factors that contributes to NCCLs and GR progression is excessive
loading associated with occlusal forces (Dejak and Mlotkowski 2011; Rees 2000). Two types
of loading on premolars have been described (Soares et al. 2015; Soares et al. 2014): oblique
load (due to oblique or inclined contact with the lingual/buccal surface) and vertical load (along
the long axis of the tooth, applied via incisal edge). Dental biomechanical behavior, when
submitted to oblique loads, has an alteration in stress-strain distribution pattern (Ichim et al.
2007), resulting in fatigue and rupture of rigid structures such as enamel.

Oblique loads can also influence the loss of alveolar bone and it can be a pathologic or

age-related phenomenon. Although 0.017 mm/year of alveolar bone loss is considered quite



normal (Corn and Marks 1989), greater amounts of bone resorption can be found in a few adults
without any diagnosable pathologic condition. Several studies have investigated stress
distributions and displacement patterns in teeth with different amounts of alveolar bone loss
(Cobo et al. 1996; Cobo et al. 1993; Geramy 2000; Wood et al. 2008). However, no study
evaluated the relationship between bone loss and the development of noncarious cervical
lesions.

The multifactorial characteristics of NCCLs must be considered while developing a
multidisciplinary treatment for these lesions (Teixeira, Zeola, Machado, Gomes, Souza,
Mendes and Soares 2018). Although the literature is not clear about the treatment protocol (Kim
et al. 2009), it is notorious that the longevity of the rehabilitation consists on the restoration of
lost structures, occlusal analysis and education to patients about their habits. The restoration is
recommended as a protection against cervical dentin hypersensitivity, prevention of excessive
wear and improvement of aesthetic standards requirements (Soares et al. 2013), and especially
to minimize damage to the dental structure due the alterations in the stress strain distribution
(Poiate et al. 2009).

Methods that use simulated dental structures are useful to analyze the dental behavior
associated with structural loss, occlusal conditions and the effects of restorative materials,
taking into account their properties (Poiate, Vasconcellos, Poiate Junior and Dias 2009). The
finite element analysis (FEA) method provides the analysis of the biomechanical behavior of
teeth in specific clinical situations, to understand failures causes, treatment protocols and
pathological alterations (Borcic et al. 2005; Poiate, Vasconcellos, Poiate Junior and Dias 2009;
Rees 2002; Vasudeva and Bogra 2008).

Thus, the aim of this study was to evaluate the influence of stress distribution pattern in
a maxillary premolar with NCCLs and different levels of alveolar bone loss, submitted to three

different occlusal loadings as well as their restored status using three-dimensional (3D) finite



element analysis. The null hypothesis is that bone attachment, restorative procedure and

occlusal loads do not interfere on the biomechanical behavior of the tooth.

MATERIALS AND METHODS

Three-dimensional homogeneous linear elastic finite element analysis was performed
using anatomically based geometric representations for pulp, dentin, enamel, periodontal
ligament, and cortical and medullary bones (Soares, Santos-Filho, Soares, Faria, Naves,
Michael, Kaidonis, Ranjitkar and Townsend 2013). Nine computer-aided design (CAD) models
were generated (Rhinoceros 3D software, Rhinoceros, Miami, FL, USA) differing the cervical
region (sound tooth-SO, unrestored buccal wedge-shaped NCCL-UN and NCCL restored with

composite resin-CR) and the level of bone loss (normal-NO, vertical-VE and horizontal-HO.

The models were exported to the processing analysis software (ANSYS 12.0, Ansys
Workbench 12.0.1, Canonsburg, PA, USA) using the Standard for the Exchange of Product
Data (STEP) format. The following steps were performed in this software: preprocessing
(definition of mechanical properties, volumes, connection types, mesh for each structure, and
boundary conditions), processing (data calculation), and post-processing (analysis of results by
stress distribution criteria). Enamel and dentin were considered orthotropic and the other
structures isotropic (Table 1) (Carter and Hayes 1977; Miura et al. 2009; Rubin et al. 1983;

Shinya et al. 2008; Weinstein et al. 1980).

After testing the mesh conversion to define the appropriate mesh refinement level,
volumes corresponding to each structure were meshed with controlled and connected elements.
The meshing process involved division of the studied system into a set of small discrete
elements defined by nodes. Solid quadratic tetrahedral elements of 10 nodes were used. The
mesh conversion test was initiated using the software automatic meshing and was continued by

gradually decreasing the size of the elements. For each test stage, the results were generated by



equivalent stress criterion (von Mises) to verify the higher stress values of dentin. The mesh
was considered satisfactory when, even reducing the dimension of elements, the higher stress
levels were similar to the results observed with the previous mesh refinement. The number of
elements used varied depending on the different volumes, so that the final model accurately
represented the original geometry. Due to the adhesive properties of the composite resin and
adhesive system, the restoration was bonded to dental structures by considering a mesh

connection with dentin and enamel.

After the mesh step, boundary conditions were determined. The models underwent three
types of loads (100N) applied on specific surfaces previously defined in CAD Software.
Vertical Load (VL) was distributed equally on both cusps, simulating homogeneous contact
distribution. Buccal Load (BL) and Palatine Load (PL) was applied at 45 degrees to the long
axis on buccal and palatine cusps respectively, simulating occlusal interferences (Rees 2002).
Models were constrained on the lateral and base of cortical and trabecular bone to avoid the

displacement (Zeola et al. 2015).

The stress distribution analyses were recorded using the Maximum and Minimum
Principal Stress criteria, measured in MPa. For the 3D images perspectives, the composite resin
was plotted in transparency for better understanding of the NCCLs walls. On the sagittal
analyses, the composite resin was plotted to identify the stress on the restorative material. For
analysis of the cervical region, stress values were obtained on Maximum Principal Stress on
one node of meshed on the buccal surface. Similarly, the stress value on Minimum Principal

Stress was obtained on one node of meshed for analysis to the buccal crestal bone.

RESULTS

The stress distribution between all the models under different loading conditions is

shown in Figures 1-4.



Maximum principal stress results showed clearly that bone loss does not influence on
the appearance of NCCLs. The stress distribution was quite the same on axial, buccal or palatine
load in sound teeth, teeth with NCCL and restored NCCL. The presence or absence of
restoration did not influence on the bone strain either. However, the bone loss modified the

stress field, causing it to be concentrated closer to the bone, displacing the point of fulcrum.

To the palatine load, was observed in the Fig. 5 higher values of tensile stress in the
cervical region for all models, than the models that received axial and vertical load. The results
observed in the Fig. 6 showed that the models with horizontal bone loss when submitted to the
vertical load had higher values of compression stress on the region of crestal bone than the
models with NCCL and sound teeth. Loading direction made significant difference on the stress
distribution pattern. The loading type has influence on the bone loss and on the progression of
NCCL. As can be noticed on the figures, the axial load provides more homogeneous stress
distribution between tooth and bone. The palatine load causes tensile stress on buccal surface,
which increases the chances of NCCL progression. On the other hand, the buccal load causes

compressive stress on vestibular surface, but it also causes compressive stress on crestal bone.

The bone stress distribution pattern is independent of presence or absence of NCCL.
The only thing that will change with the bone loss is the point of fulcrum, which will dislocate.
The stress distribution of the lesion remains the same. Thus, the major factor to modify the
stress field is still the occlusal contact. The presence of restoration also does not interfere on
the stress pattern related to the bone loss. It only improves the stress distribution in non-axial

loading.



DISCUSSION

According to the results, the null hypothesis of this study was rejected. The different
bone attachment, NCCL restorative procedure and occlusal load promoted changes on the
biomechanical behavior of maxillary premolars. The results showed that the loading type has
influence on the bone loss and on the progression of NCCL. However, the bone stress
distribution pattern is independent of presence or absence of NCCL. The restored 3D model
also did not interfere on the stress pattern related to the bone loss. In the analysis of pattern
stress on the models that received palatine load, the results showed lower values of Maximum
Principal Stress in restored than in non-restored models, with NCCL. Such thing occurs because
the point evaluated was in composite resin which has lower elasticity modulus than enamel,
contributing to the better dissipation of tensile stress in the cervical region.

These results are in agreement with other study (Reddy et al. 2012), which showed that
any type of stress (tensile, compressive, or shearing), when sufficient in magnitude, can inflict
damage on the tooth structure. Tooth structure when submitted to oblique loads suffers a
flexure, producing tensile or compressive strain causing a disruption of the bonds between
hydroxyapatite crystals, leading to the formation of cracks and eventual loss of enamel and
underlying dentin, although the loads applied on the buccal surface have lower values,
contributing to the reduction of the progression of the NCCLs (Grippo 1991; Lee and Eakle
1984). However, they obtained higher values of compressive stress on the vestibular of crestal
bone, consequently increasing the odds of bone resorption (Machado et al. 2018). These results
emphasize the importance of occlusal adjustment and restoration on NCCLs’ treatment and on

prevention of bone loss.

Another study (Madani and Ahmadian-Yazdi, 2005) investigating the relationship

between premature contacts in centric relation and other occlusal discrepancies in teeth with



and without NCCLs, found a statistically significant correlation between the prevalence of
NCCLs and premature occlusal contacts. On the other hand, another study (Reyes, Hildebolt,
Langenwalter and Miley, 2009) found the same distribution for NCCLs and premature contacts
in centric relation at first premolars; however, no correlation was found between NCCLs and
premature contacts. This difference may be explained by methodological applied in each study

and the criterion that the data were analyzed.

In a similar study (Vandana et al. 2016), the authors reported that with decreasing
periodontal support the location of the highest stress concentration tended to shift away from
CEJ, which is supposed to be susceptible to abfraction, toward the apical dentin region. It means
that abfractions are less likely to occur on a tooth with diminished periodontal support, and if
does occur, must be more apically located (Grippo 1992). It is also in line with the findings of
the present study, where the bone loss modified the stress field, but did not influence on the

appearance of NCCLs.

On the other hand, Reyes et al. (Reyes, Hildebolt, Langenwalter and Miley, 2009)
reported that is clear that abfraction lesions are associated with buccal attachment loss;
however, the order of appearance between the two cannot be determined. It is possible that an
abfraction lesion leads to buccal attachment loss, and it is also possible that buccal attachment
loss makes the tooth surface more susceptible to abrasion or abfraction. This fact points out the

etiology of NCCLs, which is largely discussed and has not yet been agreed on the literature.
CONCLUSION
Considering the methodological limitations of this study, it can be concluded that:

1. Oblique loading is the intensifying factor in the stress distribution pattern,

influencing bone loss and NCCL _



2. The pattern of stress distribution in the bone was not influenced by the presence of
NCCL.

3. The restoration did not influence the pattern of stress distribution in the bone.
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Table 1. Mechanical properties used to perform orthotropic and isotropic structures.

Structures Orthotropic Structures (Miura, Maeda, Nakai and zako 2009)
Elastic Modulus (MPa)
LONGITUDINAL TRANSVERSAL Z
Enamel 73720 63270 63270
Dentin 17070 5610 5610
Shear coefficient (MPa)
Enamel 20890 24070 20890
Dentin 1700 6000 1700
Poisson Ratio (v)
Enamel 0.23 0.45 0.23
Dentin 0.30 033 0.30
Structures Isotropic Structures
Elastic Modulus (MPa) Poisson Ratio (v)
(Rubin, Krishnalitlrll'tlhpy, Capilouto and 2 07 0 45
Yi 1983)

(I\IZL?:,I SgedoanNtS(Lll;lwgzaarII)] gor(;g) 68.9 0.45
o) 13700 0.30
e L 1370 0.30
Hybrid Composite

Resin 22000 0.27

(Shinya, Yokoyama, Lassila, Shinya

and Vallittu 2008)
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Figure 1. Minimum Principal Stress of the crestal bone.

141



VERTICAL LOAD BUCCAL LOAD PALATINE LOAD

Eilaa el
[ PYEPYIT

Figure 2. Sound teeth models with different types of loads and bone attachment.

Normal
Bone Level

= "RE OOk TRk

Figure 3. Models of teeth with NCCL with different types of loads and bone attachment.
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Figure 5. Stress values (MPa) obtained on one node of the mesh on the cervical region by
maximum principal stress.
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Figure 6. Compression stress values (MPa) evaluated in one node on the crestal bone by
minimum principal stress.
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3 CONCLUSAO

Dentro das limitagdes metodologicas impostas pelo delineamento deste estudo, que envolveu

duas revisdes sistematicas e um estudo laboratorial, pode-se concluir que:

e A prevaléncia mundial estimada de lesdes cervicais ndo cariosas ¢ de 46,7%, sendo
mais prevalente em populagdes mais velhas;

e Idade, vigor na escovagdo dentdria, presenca de contatos prematuros/interferéncias,
facetas de desgaste e hdbitos parafuncionais foram considerados os fatores de risco
mais significativos associados as LCNCs, apesar da heterogeneidade dos estudos
avaliados;

e O padriao de distribuicdo de tensdo no osso alveolar ndo ¢ influenciado pela presenca

de lesdes cervicais ndo cariosas, independentemente das cargas oclusais aplicadas.
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