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Abstract
Purpose: The aim of this retrospective case-control study was to evaluate the in�uence of dental brushing
factors, diet, the consumption of acidic drinks and Community Periodontal Index of Treatment Needs
(CPITN) on the development of non-carious cervical lesions (NCCLs).

Methods: The sample consisted of undergraduate dentistry students from different Spanish faculties (age
range 18 to 29 years). NCCLs and the CPITN were diagnosed and recorded using a periodontal probe. A
questionnaire was used to record different brushing factors, the consumption of extrinsic acids and the
presence of intrinsic acids. The data obtained were analysed using unconditional uni- and multivariate
logistic regression (signi�cance lecel p<0.05).

Results: Brushing force was a risk factor (OR=1.71). The presence of NCCLs is signi�cantly more frequent
in subjects who brush their teeth vigorously Frequent consumption of salads with vinegar or lemon
increases the risk of NCCLs (OR=4.5). As the CPITN score increases, the risk of NCCLs also increases
signi�cantly (OR=1.93) for value 1 and OR=6.49 for CPITN of 3. The consumption of extrinsic acids
associated with salads seasoned with vinegar or lemon, the brushing force and the CPITN were the risk
factors. The model obtained has a 67.14% predictive capacity for NCCLs, a speci�city of 76.43%, and a
sensitivity of 57.86%.

Conclusions: the results of this study show that brushing force, and acidic diet and CPITN signi�cantly
increase the risk of NCCLs. Other variables are needed to increase model prediction.

Introduction
A non-carious cervical lesion (NCCL) is de�ned as a tooth structure loss of non-bacterial etiology in the
cervical region at the enamel-cement junction. In dental clinic practice, these lesions are found to occur
frequently; however, previous reviews and studies report a wide prevalence range of between 5 and 85% [1–
8]. Bias in the selection and sample size and in the lesion diagnosis, age and prolonged exposure to some
risk factor may explain this variability.

NCCLs are currently considered a complex process of multifactorial etiology. Several factors with different
pathogenic mechanisms can in�uence the presence and development of these lesions. Wear in the enamel-
cement junction related to phenomena of abfraction, dental abrasion or erosion, alone or in combination,
are the mechanisms mainly accepted [4, 8–14]. Dental erosion is described as the loss of tooth enamel and
dentine as a result of a process of chemical degradation due to the consumption of acidic foods and solf-
drinks or due to gastroesophageal re�ux or self-induced vomiting. The regurgitated intrinsic acids may
dissolve the hydroxyapatite crystals of the enamel because they have a pH well below the average saliva
value of pH 6.7. Abrasion is the wear of the dental structure due to a mechanical process related to the
brushing of teeth and abfraction is the process of tooth wear due to excessive occlusal force that increases
the stress on the amelocementary union causing microfractures of the enamel hydroxyapatite crystals [9].
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However, the relationship between the cited factors and the origin and evolution of NCCLs is under
discussion and requires further information.

Systematic reviews, different clinical and in vitro studies support the association between occlusal
alterations or occlusal stress with the progression of NCCLs [6, 15–18], while other studies reject the
in�uence of traumatic occlusal forces on the pathogenesis and development of NCCLs [4, 8, 19–21].
Likewise, the studies carried out to evaluate the in�uence of tooth brushing factors (frequency, brushing
technique and strength, bristle hardness and use of toothpaste) show contradictory results. NCCLs have
been identi�ed in populations that do not brush their teeth [22, 23] and no signi�cant association with oral
hygiene factors has been found [24]. In subjects who brush their teeth, several clinical studies have
reported a signi�cant relationship of NCCLs with different brushing factors, alone or in combination with
other risk factors [1, 3, 5, 8, 20, 25–27], while other studies do not �nd such a clear relationship [16, 28–30].
A recent meta-analysis even reports that the results that lend weight to the association between tooth
brushing and NCCLs are not conclusive [25]. Gastroesophageal re�ux or eating disorders [1, 31–33], as well
as dietary factors related to the consumption of salads seasoned with vinegar/citrus or cola/citrus �avored
soft-drinks that lower pH in the oral cavity below salivary pH, have been implicated in dental wear and in
the pathogenesis and progression of NCCLs [1, 2, 26, 33, 34]. Conversely, other clinical studies do not
con�rm the in�uence of diet on the progression of NCCLs [16, 30]. On the other hand, irrespective of the
effect of a single risk factor in the development of NCCLs, clinical studies have been carried out that have
shown different combinations of risk factors as predictors or related to the development of NCCLs [3, 5, 7,
8, 16, 20, 26, 30, 33].

The variability in sample selection, data collection strategy and the heterogeneity of most of these clinical
studies with designs of low level of scienti�c evidence have produced results that have not been able to
conclusively relate cause (risk factors) and effect (NCCLs). Therefore, the contribution of the considered
risk factors to the origin and development of NCCLs has not been su�ciently proven for dentists to be able
to act to prevent their occurrence. More clinical studies with a better scienti�c evidence are needed to clarify
it. With this aim in mind, a retrospective case-control study was carried out with the following hypothesis:
“the consumption of acidic foods and drinks represents a more important risk factor than the brushing of
teeth in the development of NCCLs”. Furthermore, the objective of this study is to achieve the following: 1.
Estimate the frequency and odds ratio (OR) of the independent variables under study. 2. Find the best
predictive model to diagnose NCCLs.

Materials And Methods
SAMPLE. The subjects of the sample were third-, fourth- and �fth-year students of dentistry from 6
randomly selected Spanish university faculties. In Spain, no prevalence data of non-carious cervical lesions
are available. For this reason, an odds ratio of 2 and a proportion of cases of 50% were assumed. With
these assumptions, a sample size of 274 individuals (137 cases and 137 controls) was obtained without
the Yates correction, for a con�dence level of 95% and a power (1-β) of 80%. Each School of Dentistry
selected an average of 50 subjects (25 cases and 25 controls), the �nal sample size being 280 subjects
(140 cases and 140 controls).
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The descriptive data relating to age and sex are compiled in Table 1. The inclusion criteria for the cases
were to have at least one NCCL of any shape and with a level of cervical wear corresponding to level 2 or
more (defect less than 1 mm deep) of the classi�cation of the Tooth Wear Index [35]. The exclusion criteria
were malocclusion treatment, prosthetic restorations and restorations or caries in the cervical region of the
teeth. With the same exclusion criteria, controls of similar sex and age were selected. However, no matching
strategy was followed in the selection of controls, which may be a bias to transfer the results to the
population of different demographies and ages.

In each school of dentistry, the protocol was explained to all participants, who were invited to participate
and to sign and informed consent. An initial clinical examination was carried out on students who decided
to participate by a single trained dentist (associate professor at each School of Dentistry) in order to select
those that met the requirements to be included in the case group and also to select the controls. Once
selected, all participants signed an informed consent. Subsequently, both the cases and the controls were
asked to answer the questionnaires and a �nal clinical examination was performed to con�rm the NCCls
and to register the variable of interest Community Periodontal Index of Treatment Needs (CPITN), as
described below.

Prior to the selection of participants, a scienti�c committee accepted all the study procedures. This study
was also carried out in accordance with the ethical principles of the Declaration of Helsinki of the World
Medical Association, revised version, Brazil 2013.

QUESTIONNAIRES. Each selected participant was interviewed by a dentist examiner and asked to respond
to a structured and questionnaire with no open-ended answers. The questionnaire is based on and is
similar to those used in previous epidemiological and clinical studies that evaluate the risk factors of the
NCCLs. The questions about NCCL risk factors were read to the subjects and their answers recorded. The
questionnaire included questions about oral hygiene habits, eating and drinking habits, and
gastroesophageal re�ux. Based on the questionnaire, 12 independent variables were collected: age, sex,
frequency (≤ 2, > 2 a day) and force of tooth brushing (smooth/medium, hard), toothbrush bristle hardness,
method of toothbrushing (mainly vertical/variable, mainly horizontal), consumption of fresh acidic fruits
and juices (≤ 2, > 2 a day), drinking soft or carbonated beverages (1, > 1 a day), eating salads with vinegar
or lemon (≤ 2, > 2 a day), and gastroesophageal re�ux or frequent vomiting (yes, no). Furthemore, each
item included the answer: Doesn’t know/No answer (Dk/Na).

CLINICAL EXAMINATION. The selected subjects from each School of Dentistry were examined in a dental
chair. A case was diagnosed when an NCCL was detected visually or by means of a periodontal probe in
the cervical region of any anterior or posterior tooth. The tip of the periodontal probe was placed
perpendicularly in the cervical region and was moved gently across the buccal and lingual/palatal tooth
surfaces in order to detect la the presence or absence of NCCLs. To evaluate the CPTIN the probe was
carried out with a calibrated periodontal probe, on all 4 faces (mesial, distal, buccal and lingual/palatine) of
the teeth 1.6, 1.1, 2.6, 3.6, 3.1 and 4.6. The examiner noted the value of each tooth according to the scale (0
healthy, 1 bleeding on probing, 2 dental calculus, 3 pocket ≤ 5 mm, 4 pocket ≥ 6 mm). Only the highest
value found in the six teeth probed was recorded in data collection.
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The CPITN was evaluated and the de�nitive case and control selection made in a �nal clinical examination.
The inter-examiner variability for the NCCL or non-NCCL item was evaluated using Cohen's kappa
coe�cient in 14 subjects of the School of Dentistry of Madrid, with an average result of 0.82 with respect
to the gold standard. The intra-observer variability (0.89) was calculated by repeating the same
examination on the same subjects 3 weeks later

STATISTICAL ANALYSIS. The data obtained were analysed descriptively and using unconditional univariate
and multivariate logistic regression analysis. The odds ratio (OR) and 95% con�dence interval (CI) were
calculated. Also evaluated was the predictive capacity of the model and the area under the Receiver
Operating Characteristic (ROC) curve This multivariate analysis shows the effect of each of the
independent variables, adjusting the effect of the rest of variables included in the model. In other words,
each independent variable is adjusted by the effect of the rest of the independent variables. The data were
analysed by means of a Stata v.13 (Stata Corp LLC. College Station, Texas. USA) statistical application
package.

Results
A. UNIVARIATE LOGISTIC REGRESSION. Table 1 shows the descriptive data of the cases and controls as
well as the OP values and p-values of the CPITN and the frequency and characteristics of tooth brushing
variables. Of all the variables related to tooth-brushing, only the subjects that have reported vigorous
brushing show signi�cantly more NCCLs (p = 0.035, 1.7 times more) than those who do not. Likewise, an
increase in CPITN signi�cantly increases the risk of NCCLs. Table 2 shows the data relating to extrinsic
acid consumption and the presence of intrinsic acids. The consumption of soft drinks as well as the
ingestion of acidic or citrus fruits does not reveal a statistical association with the presence or absence of
NCCLs. By contrast, the data show a statistically signi�cant association of the NCCLs with frequent
consumption of salads with vinegar or lemon and the consumption of extrinsic acids (this last variable
includes at least one positive response from subjects to soft drink consumption, consumption of acidic
fruits or well-seasoned salads).

B. MULTIVARIATE LOGISTIC REGRESSION. Table 3 shows the results of the multivariate logistic regression
analysis with variables that are risk factors or have an in�uence on the onset of NCCLs. A CPITN greater
than 1, vigorous brushing of teeth and eating two or more seasoned salads a day are the risk factors of the
predictive model of probability for the presence of NCCLs. Figure 1 shows the ROC curve. The area under
the curve indicates the predictive power of the model. The 0.725 value of the ROC curve of this study is in
an intermediate position between the values 0.5 and 1. A value of 1 corresponds to the model having the
greatest discriminative power, 100% speci�city and sensibility; a value of 0.5 indicates the lack of predictive
power. In addition, the model correctly classi�es 67.14% of the cases. Figure 2 shows the behavior of
tendencies of sensitivity and speci�city for to the chosen cut-off point.

Discussion
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This study, which was carried out to evaluate the in�uence of hygiene, brushing technique and acid
consumption factors on the initiation and progression of NCCLs, shows that brushing teeth twice or more
times a day does not signi�cantly in�uence the appearance of lesions of this type. Although brushing the
teeth is a basic rule of dental hygiene to prevent tooth decay and periodontal disease, the greater or lesser
frequency with which it is performed does not appear to be a preventive factor for NCCLs. Studies that
make a reference to this variable show mixed results, with clinical studies and meta-analyses that report a
signi�cant association between a frequency of brushing of two or more times a day and NCCLs [7, 25, 36]
and others which do not support this relationship [2, 5, 8, 16, 27, 28]. Nevertheless, the frequency of
brushing can become an important factor associated with the vertical or horizontal brushing technique [1,
5, 36]. In addition, the parts played by this last factor and the hardness of bristles are also controversial.
Similar to the data in this study, previous studies have not reported a signi�cant relationship of these
factors in the origin and progression of NCCLs [16, 24, 29, 37]. However, recent cross-sectional studies with
and without logistic regression analysis [26–28] and in vitro studies [38] underline the in�uence of bristle
hardness on the onset progression of NCCLs. Also, unlike the �ndings of this study, the brushing technique,
especially horizontal [1, 2, 5, 25, 26] is another factor associated with NCCLs. Irrespective of the frequency,
brushing technique and bristle hardness, tooth brushing force is shown in this study as an NCCL risk factor,
with NCCLs being 1.7 times more frequent in those subjects who brush their teeth vigorously compared to
those who do not. Although with differences in the evaluation of tooth-brushing force, this result concurs
with previous studies that have indicated a signi�cant association between brushing force and the
presence of NCCLs [1, 3, 8, 20, 27]. However, a 5-year prospective clinical study carried out in 2016 [16] does
not �nd this association, evaluating the brushing force with the aid of videos that record the participants
brushing their teeth for a minute. Nor was brushing with excessive force a risk factor in the 185 patients
and 5,180 teeth examined in the study by Teixeira et al, 2018 [30].

Although the idea of a model formulated with variables related to tooth brushing (toothbrushing frequency,
toothbrushing technique, bristle hardness, duration of tooth-brushing, toothbrusing force and toothpaste)
may be attractive for explaining the etiology, progression or aggravation of NCCLs, available scienti�c
evidence does not support this. With differences in the research design, sample selection and size and in
the methodology of evaluation and recording of the variables, the results of the various studies for each
and every brushing factor differ and are therefore not conclusive. Brushing factors may be necessary but
not su�cient for the development of NCCLs. Variables, other than brushing ones, are needed to explain the
occurrence of NCCLs in populations that do not brush their teeth or have poor dental hygiene [22–24] or the
appearance of NCCLs on the lingual surfaces of the teeth where the brush hardly reaches.

The current study �nds that the Community Periodontal Index of Treatment Needs (CPITN) behaves as an
important risk factor in the onset of NCCLs, with odds ratio values increasing progressively as the CPITN
rises. This data is similar to the results provided by a cross-sectional study that reported a signi�cant
association of NCCLs with oral hygiene [30] and also with another study performed with people between 20
and 29 years of age that reported loss of attachment in most teeth with NCCLs. [5]. Likewise, a signi�cant
increase in the number of cervical wear lesions in relation to calculus index and the frequency of
periodontal pockets has been reported [24], as the simultaneous presence of cervical wear with calculus,
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plaque or periodontitis [39]. Notwithstanding, the CPITN data of the present study, considered in isolation,
must be viewed with caution. Under normal conditions, considering the result of the in�ammatory activity
of the periodontal microbiota in the different stages of the CPITN, it is unlikely that a signi�cant change
occurs in the pH or acid-base environment in the crevicular �uid at the level of the amelocementary union
and that dental wear is initiated. At the same time, it is well known that the gingival sulcus has a slightly
alkaline pH that oscillates towards greater alkalinity with an increase in the periodontal conditions [40] or
even towards slight acidity in chronic periodontitis [41], though not approaching the value of 5.5,
considered to be the critical pH level for enamel demineralization to occur. Therefore, the concurrence of
some other factor is required. Therefore, a previous study in older patients (59.3 years average) found no
signi�cant association between bacterial plaque accumulation and pocket depth [11]. According to data
from the present logistic regression model, CPITN may be considered as a predisposing or additional factor
that, together with vigorous brushing and acidic food/beverage consumption, could favor the progression
of NCCLs. The action of brushing factors in concert with dental erosion in the development of NCCLs is
suggested or reported in different clinical and laboratory studies [1, 3, 11, 14, 30, 42]. Exposure an acidic
diet might weaken the enamel/dentin, making it more susceptible to wear through the action of brushing.

Erosive theory without bacterial interaction as a mechanism of dental wear or initiation and progression of
NCCLs is highly appealing for clinicians. Thus, both a recent systematic review with meta-analysis [43] and
several previous studies support the association with an acidic diet and beverage consumption [1–3, 10,
26, 28, 29], gastroesophageal re�ux or eating disorders [1, 30–33], and even with certain professions or
work in an acid environment [34, 44]. In contrast, other previous cross-sectional [45, 46] and prospective
studies [16] have found no signi�cant relationship between the acidic diet and the progression of NCCLs.
This study supports the importance of the consumption of extrinsic acids, and, in particular, the frequent
ingestion of salads seasoned as a risk factor for the development of NCCLs. In the univariate logistic
regression analysis, NCCLs were signi�cantly more frequent (4.57 times) in those subjects who consumed
two or more salads a day (1.75 times in the multivariate analysis) and 2.14 times more frequent with the
consumption of extrinsic acids of any nature. These data agree with the main conclusion of a very recent
meta-analysis that reports twice the risk of dental erosion (OR = 2.40) in subjects with a vegetarian diet
compared to non-vegetarians [43].

Nevertheless, the relationship between an acidic diet and NCCLs, without other risk factors being involved,
is a matter for debate. In this regard, the data in this study show that aggressiveness in brushing and the
CPITN are the risk factors, which, combined with the consumption of salads seasoned with vinegar or
lemon, constitute a model that classi�es correctly 67.14% of cases, with 57.86% sensitivity, 76.43%
speci�city and an area under the ROC curve of 0.723. In general, it is not an excessively convincing model,
this in turn showing the need to incorporate other risk factors that increase its predictive capacity. It does
not agree, therefore, with the results of previous clinical studies based on less scienti�c evidence (cross-
sectional designs) that indicate as predictors of NCCLs only the interaction of frequently eating fresh fruit
and power toothbrusing [3] or the consumption of different extrinsic acids in combination with an age of
over 35 years old [28] or in combination with bruxism and gastroesophageal re�ux [1]. Instead, the data
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more closely matches the model of the old Bader´s case-control study [47] that, in addition to diet (fruit
juices) and hard brushing as risk factors, includes occlusal alterations and bruxism.

The previous exposure of the amelocementary union to an intrinsic or extrinsic acid environment that
demineralizes and weakens the enamel through degradation of the hydroxyapatite favors an increase in
tooth wear due to the friction of brushing with and without toothpaste. The lower mineral content, with
more voluminous pores, reported in the cervical enamel near the amelocementary junction makes this area
more susceptible to demineralization. This favors the formation of steps of different length and depth [48].
This, according to Rees [49], additionally facilitates the entry of erosive agents through the pores, thus
weakening the enamel even further. Additionally, proteolytic enzymes (proteases) of the gingival crevicular
�uid produced by bacterial plaque microorganisms may also contribute to biocorrosion-induced wear [9].
The present study supports the combination of these risk factors (tooth brushing and acidic diet) in the
onset and development of NCCLs, though data analysis of the model indicates that the action of more and
different factors may be necessary to increase their predictive capacity. At all events, in accordance with
the results of many other previous studies [1, 3, 4, 8–14, 28, 30, 47] this case-control study supports the
multifactorial etiology of NCCLs. However, taking into account the obtained results, it seems sensible to
remind dentists to recommend to patients the need for control of tooth brushing force and frequent eating
of salads (vegetarian diet).

On the other hand, some limitations should be mentioned. In Spain, there are no community studies that
report the prevalence of NCCLs to calculate sample size. In agreement with Thompson [50], the size chosen
for the assumed OR is a conservative estimate of the sample size to combine clinical and epidemiological
usefulness with the cost of the study. The sample comes from a very homogeneous population, dentistry
students of the last three academic years. Although the cases and controls are comparable to each other in
age and gender, a matching strategy between them was not followed. All this is a limitation for the
projection of results to a different population. The average age of the participants can also be a limitation,
since the majority of clinical and cross-sectioned studies have reported a signi�cant association of NCCLs
with a certain age range and increased percentage of NCCLs as age increases [1–3, 5–8, 10, 13, 30, 37]. To
estimate the CPITN value, only six teeth were evaluated from the two dental arches and only the value of
the one with the worst periodontal condition was recorded. Therefore, the presence or absence of NCCLs in
the examined tooth is not taken into account, neither is the periodontal condition of the teeth with NCCls. At
the same time, the OR obtained for the highest CPITN score should be interpreted with caution or not taken
into consideration due to the relatively small number of cases and controls but large differences in these
numbers. With the exception of the CPITN, the values of the rest of the variables come from the answers of
the participating subjects to the questions read to them. These are indirect measures and the data obtained
from the questionnaires are sometimes not reliable enough. There is no visual or other veri�cation of the
variables related to the brushing factors. Nor are the exact types of beverage included since there are some
differences in pH and acidity. Likewise, there is no veri�cation of the value of the salivary or gingival sulcus
pH. Nor was the saliva analysed to assess the effect of its composition and of its buffering capacity. A
direct association of the consumption of acidic foods/beverages with oral acidic environment is assumed.
The morphology of the NCCLs was not taken into consideration; if it had been, it could have pointed
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towards ana erosive or abrasive etiology, although not in a decisive way [48, 51]. All the aforementioned
can be a limitation.

In addition, the heterogeneity, limited comparability and limited quality of most studies make it necessary
to improve scienti�c evidence with high quality studies. These should include more effective and e�cient
designs that allow progress towards a more reliable knowledge of the risk factors involved in the onset and
progression of NCCLs, e.g. longitudinal studies that include the most important variables through
multivariate analysis.

Conclusions
On the basis of the results and bearing in mind the aforementioned limitations, the following conclusions
may be drawn:

1. The force of tooth brushing (OR = 1.94), the frequent consumption of salads seasoned with
vinegar/lemon (OR = 1.75) and the CPITN are the main risk factors. Control of brushing force, decreased
intake of acidic foods/beverages, and increased hygiene for a lower CPITN value are factors to consider in
preventing and reducing the risk of NCCLs.

2. It is not possible to categorically admit or reject the working hypothesis, since of all the variables relating
to brushing and consumption of acidic foods and beverages, only one of each group is a risk factor.

3. The predictive capacity, sensitivity and speci�city of the model found are in an intermediate position with
respect to the ideal one. Future research should assume the need to identify more variables that may exert
an in�uence to improve the prediction capacity of the model and their in�uence on the NCCLs.
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Variables Cases Controls OR p-
value

Males Females Total Males Females Total (95% CI)

N (%) 53

(18.9)

87

(31.1)

140

(50.0)

53

(18.9)

87

(31.1)

140

(50.0)

1

0.6-1.6)

0.98

Age groups
(years)

              0.43

18-20 7

(13.2)

16

(18.4)

23

(16.4)

11

(20.8)

9

(10.3)

20

(14.3)

Reference
category

 

21-23 27

(50.9)

49

(56.3)

76

(54.3)

31

(58.5)

56

(64.4)

87

(62.1)

0.8

(0.4-1.5)

0.42

24-26 9

(17.0)

16

(18.4)

25

(17.9)

8

(15.1)

19

(21.8)

27

(19.3)

0.8

(0.4-1.8)

0.60

27-29 10

(18.9)

6

(6.9)

16

(11.4)

3

(5.7)

3

(3.5)

6

(4.3)

2.3

(0.8-7.1)

0.14

Brushing               0.48

Once or twice a
day

14

(10.0)

19

(13.6)

33

(23.6)

9

(6.4)

14

(10.0)

23

(16.4)

Reference
category

 

More than twice
daily

39

(27.7)

68

(12.7)

107

(76.4)

44

(31.4)

73

(52.1)

117

(83.6)

0.7

(0.4-1.2)

 

Brush bristles               0.28

Smooth/medium 41

(29.3)

74

(52.9)

115

(82.1)

44

(31.4)

81

(57.9)

125

(88.6)

Reference
category

 

Hard 11

(7.9)

11

(7.9)

22

(15.7)

9

(6.4)

6

(4.3)

15

(10.4)

1.6

(0.8-3.2)

0.19

Doesn’t know/No
answer

1

(0.7)

2

(1.4)

3

(2.1)

0

(0.0)

0

(0.0)

0

(0.0)

--- ---

Brushing method               0.71

Vertical/variable 46

(32.9)

76

(54.3)

122

(87.1)

47

(31.6)

77

(57.0)

124

(88.6)

Reference
category

 

Horizontal 7 11 18 6 10 16 1.1  
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(5.0) (7.9) (12.9) (4.3) (7.1) (11.4) (0.6-2.3)

Brushing force               0.28

No 23

(16.4)

50

(35.7)

73

(52.1)

35

(25.0)

56

(40.0)

91

(65.0)

Reference
category

 

Yes 25

(17.9)

34

(24.3)

59

(42.1)

15

(10.7)

28

(20.0)

43

(30.7)

1.7

(1.0-2.8)

0.04

Doesn’t know/No
answer

5

(3.6)

3

(2.1)

8

(5.7)

3

(2.1)

3

(2.1)

6

(4.3)

1.66

(0.6-5.0)

0.37

CPITN value               0.00

0 13

(9.3)

25

(17.7)

38

(27.1)

28

(20.0)

49

(35.0)

77

(55.0)

Reference
category

 

1 12

(8.6)

29

(20.7)

41

(29.3)

15

(10.7)

28

(20.0)

43

(30.7)

1.9

(1.1-3.4)

0.03

2 7

(5.0)

10

(7.1)

17

(12.1)

6

(4.3)

3

(2.1)

9

(6.4)

3.8

(1.6-9.4

0.00

3 17

(12.14)

15

(10.71)

32

(22.86)

3

(2.14)

7

(5.00)

10

(7.15)

6.48

(2.88-
14.47)

0.00

4 4

(2.86)

8

(5.71)

12

(8.58)

1

(0.71)

0

(0.00)

1

(0.71)

24.31

(3.05-
193.98)

0.00
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Variables Cases Controls OR p-
value

Males Females Total Males Females Total (95% CI)

Soft drinks

consumed daily

              0.64

Any 25

(17.7)

36

(25.771)

61

(43.6)

22

(15.7)

43

(30.7)

65

(46.4)

Reference
category

 

Once 21

(15.0)

34

(24.3)

55

(39.3)

21

(15.0)

34

(24.3)

55

(39.3)

1.1

(0.6-1.8)

0.81

Twice or more 7

(5.0)

17

(12.1)

24

(17.1)

10

(7.1)

10

(7.1)

20

(14.3)

1.3

(0.6-2.5)

0.48

Acidic or citrus
fruits

Consumed daily

              0.38

Any 26

(18.6)

30

(21.4)

56

(40.0)

21

(15.0)

45

(32.1)

66

(47.1)

Reference
category

 

Once or twice a day 23

(16.4)

43

(30.7)

66

(47.1)

29

(20.7)

34

(24.3)

63

(45.0)

1.23

(0.8-2.0)

0.40

More than twice
daily

4

(2.9)

14

(10.0)

18

(12.9)

3

(2.1)

8

(5.7)

11

(7.9)

1.9

(0.8-4.4)

0.12

Salads with
vinegar or lemon
consumed daily

              0.02

Any 19

(13.6)

35

(25.0)

54

(38.6)

37

(26.4)

37

(26.4)

74

(52.9)

Reference
category

 

Once or twice a day 29
(20.7)

47

(33.6)

76

(54.3)

14

(10.0)

49

(35.0)

63

(45.0)

1.7

(1.0-2.7)

0.04

More than twice
daily

5

(3.6)

5

(3.6)

10

(7.1)

2

(1.4)

1

(0.7)

3

(2.2)

4.6

(1.2-17.4)

0.03

Gastro-esophageal
    re�ux or
vomiting/day

              0.80

No 52

(37.1)

80

(57.1)

132

(94.3)

49

(35.0)

82

(58.6)

131

(93.6)

Reference
category
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Yes 1

(0.7)

7

(5.0)

8

(5.7)

4

(2.7)

5

(3.6)

9

(6.4)

0.88

(0.3-2.4)

 

Extrinsic acids               0.02

No 6

(4.3)

11

(7.9)

17

(12.1)

12

(8.6)

20

(14.3)

32

(22.7)

Reference
category

 

Yes 47

(33.6)

76

(54.3)

123
(87.9)

41

(29.3)

67

(47.9)

108

(77.1)

2.1

(1.3-4.1)

 

Variables OR Standard error z p-value 95% CI-OR

CPITN value          

0         Reference category

1 1.6 0.6 2.0 0.04 1.0-3.4

2 4.3 2.0 3.1 0.00 1.7-10.7

3 6.0 2.5 4.3 0.00 2.6-13.7

4 28.6 30.7 3.1 0.00 3.5-234.2

Brushing force          

No         Reference category

Yes 1.9 0.5 2.4 0.02 1.1-3.3

Doesn’t know/No answer 1.7 1.0 0.9 0.35 0.5-5.6

Salads with vinegar or lemon

Consumed daily

1.8 0.3 2.1 0.03 1.0-3.0

 

Constant

0.3 0.1 4.6 0.00 0.2-0.5
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Figure 1

Graphic representation of Receiver Operating Characteristic curve.
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Figure 2

Graph showing the sensitivity and speci�city percentage for to the chosen cut-off point.


