Applications of Factorial Analysis in the Study of Risk Factors
and their Chemical Influence for Erosive Dental Wear
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Dental wear is an irreversible loss of dental hard tissues under the action of physical and chemical factors
that may come from the external or internal environment of the body. Dental wear is the consequence of
three mechanisms: biocorrosion, friction and stress. The purpose of the study was to determine the impact
of risk factors on the severity of erosive dental wear in children using factorial analysis. In this context, we
used data from a statistical survey conducted between 2017-2018 on 456 rural and urban children aged 6 to
11 years, where dental wear was analyzed according to a series of diet-related factors, oral hygiene and
behavioral patterns (bruxism). The major impact was caused by energy drinks, yoghurt and carbonated
beverages. Through the associations resulting from the factorial analysis, the mechanisms involved in the
erosive dental wear were also highlighted, and the main was biocorrosion, followed by friction and stress.
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Dental wear is an irreversible loss of tooth hard tissues
under the action of physical and chemical factors
originated from the external or internal environment of the
body [1]. Erosive dental wear is the consequence of three
mechanisms: biocorrosion, friction and stress [2-4].
Nowadays, it is widely accepted that several mechanisms
are involved in the production of each clinical form of dental
wear [4-7]. Erosive dental wear has been receiving special
attention as a result of an increase in its prevalence both in
children and young adults as well as in adults due to a
change in lifestyle [8]. Thus, a series of epidemiological
studies showed prevalence between 30% [9, 10] and 97.6%
[11].

In children and youngsters, the most common form of
dental wear is dental erosion, especially on deciduous teeth
[12]. A series of studies analyzed dental erosion on
deciduous and permanent teeth [13, 14]. Dental erosion
begins with a demineralization of enamel surfaces that
progress to an extensive loss of hard tissue when the
contact with acids continues [15, 16]. Several studies have
been conducted over time to highlight the effects of various
substances contained in food, beverages or medicines in
dental erosion [17-21], most of them on permanent teeth.

The deciduous teeth enamel is less mineralized, with a
higher carbonate content and organic matrix than
permanent teeth enamel [22]. These differences may
justify a higher predisposition to dental wear for deciduous
teeth than for permanent teeth. If excessive occlusal forces,
such as bruxism, are associated with this structural
predisposition, then the susceptibility of deciduous teeth
to dental wear is very high. A number of studies have
highlighted the fact that children who have experienced
deciduous teeth erosions have been at increased risk for
permanent teeth erosions [23, 24].

The risk factors involved in erosive dental wear are
numerous, being grouped into two categories: endogenous
(with origins inside the body, such as gastric acid reflux or
bruxism) and exogenous (with origins outside the body,
such as acids in food or dental brushing) [7]. Correlations

between risk factors and dental erosion have been studied
through several methods, such as linear regression analysis
[25, 26], and multivariate logistic regression analysis model
[27-29].

In this study, we decided to use the method of factorial
analysis to investigate the relationships between potential
risk variables and erosive dental wear. The purpose of the
study was to determine the impact of risk factors on the
severity of dental erosion in children using factorial analysis.

Experimental part

For this study, the method of factorial analysis was used,
starting with the data of a statistical survey carried out
between 2017 and 2018 on 456 children from rural and
urban areas aged between 6 and 11 years [30], where
erosive dental wear was analyzed according to a number
of factors related to diet, oral hygiene and a series of
behavioral habits (e.g. bruxism). The study was approved
by the Ethics Committee of the University of Medicine and
Pharmacy Craiova.

The statistical data and database created in the Microsoft
Excel program obtained from the clinical-statistical study
were re-analyzed. First, the recorded variables were grouped
to observe whether they are present at the same time with
similar intensity, thus constituting factors that act in the
direction of the evolution of dental wear. For this purpose,
factorial analysis was used, a statistical method used to
describe the variability between the directly observed
parameters recorded in the data collection stage, among
which there are multiple correlations, through a potentially
smaller number of directly unobserved variables.
Independent variables discovered by factorial analysis are
called factors. Factorial analysis was performed with the
XLSAT software package (Addinsoft SaRL, Paris, France).
After grouping the variables, the correlations between the
investigated variables and the dental wear score, calculated
as the sum of the BEWE grades accorded to each tooth
affected by dental wear were established.
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Depending on the intensity of the correlation of variables
within each factor, the action of that factor was defined in
terms of dental wear as being more or less aggressive. In
order to evaluate the relationship between recorded
variables and wear scores, the Pearson correlation
coefficients (r) were calculated. For the present study, the
variables with the P value calculated for the Pearson
correlation coefficient below the significance of 0.05 were
highlighted.

Results and discussions

The prevalence of dental erosion was 32.46%, with 148
children identified as having erosive dental wear. Most
children with dental wear had a wear score in the range of
5-14, showing a moderate severity of erosive wear injuries

(fig. 1).

Seore 1-4;
A.73%

Fig.1. Dental wear score in the study lot with risk grades adapted
by Bartlett 2008

In order to observe the magnitude of the dental wear
phenomena, it was conducted a descriptive analysis of
the variables measuring this fact (table 1). Wear ranged
from 2 to 34 had an average of 7 affected teeth.

In this study, 40 variables (risk indicators), possibly
involved in dental erosion, were analyzed. Because their
individual impact was not statistically significant for the
evolution of dental wear, the variables were grouped using
factorial analysis, the frequency of ingestion of certain
beverages / food, oral hygiene or frequency of bruxism
episodes / debut of bruxism. These variables described
eating habits, parafunctions and oral hygiene habits
considered as independent risk factors that appeared to
be associated with several study participants in this study.
By factorial analysis, the above-described statistical
method, 9 factors (variable patterns) were obtained,
grouping the individual studied variables, defined as F1 to
F9 (tables 2-10).

The number of factors was chosen to be equal to the
number of values (eigenvalue) greater than 1 (Kaiser Rule).
This rule is often used in factorial analysis as well as in

Table 1
DESCRIPTIVE ANALYSIS OF EROSIVE DENTAL WEAR IN THE
STUDY GROUP |

Dental wear No. of teeth with Medium
Statistic sCoTe dental wear wear
No. of
obzarvations 148 148 148
Mean 533 7.18 1.36
Standard
deviztion 545 332 0.32
Mininnmm 2 2 1.00
1t Cuariile & 5 1.00
Medizn 9 7 1.33
3rd Chartile 12 El 1.57
Maumum 34 20 233

694

Table 2
o VARIABLES GROUPED IN FACTOR 1 (F1)
Name of variables (FC — frequancy of consumption) F1
Tea Harbal drinks - FC 0.7176
Lemonade - FC 0.7176
Tea / Harbal drink= 0.7171
Lemonade 0.7171
Matural fruit juice | pasted fruits - FC 0.7013
Vitamin C tzblets 0.7008
MWatural fruit jwice | pastad fruts 0.7008
Carbonated beverages - FC 06338
Yoghurt 0.6317
Fruit puice from commerca - FC 0.6113
Grapes 06113
Carbonated beveragas 0.5650
Fruit juice from commercs 0.5453
Soup 05349
Moment of dental brushine 05079
Table 3
VARIABLES GROUPED IN FACTOR 2 (F2)
Name of variables (FC — frequancy of consumption) F2
Grapefnut 0.9071
Lemon 09071
Frmt voghurt 09071
Olives 09048
havommaise 0.9043
Salads (.B383
Eatchup 0.8744
Table 4
VARIABLES GROUPED IN FACTOR 3 (F3)
Name of variables (FC — frequancy of consumption) F3
Drinkes from baby bottles -0.5370
Stop drmkang from baby bottle during mzhttime 08742
Drmkcing from baby bottles - FC -0.8741
Drmbang from baby bettle durmg nizhttime -0.8571
Iron tzhlets -0.8137
[atar -0.7518
Stop drinking from baby bottle -0.7322
Teaz in baby bottle -0L6E2G
Infant faedine -0.5173
Table 5
VARIABLES GROUPED IN FACTOR 4 (F4)
Name of variables (FC — frequancy of consumpiion) F4
Frmt juice from commerce - FC -0.35921
Grapes -0.5821
Carbonated beverages —FC -0.58835
Yoghurt -05E7%
Ioment of dantal brushing -0.5283
Frmt juice from commerce -0.3107
Carbonated beverages -0.5053
Table 6
VARIABLES GROUPED IN FACTOR 5 (F5)
Name of variables (FC — frequancy of consumption) F&
Dairy products —FC -0.8538
Apples -0.3338
Picklaz -0.8538
Dary products -0.7715
Energy drmks — FC -0.6526
Enerev drmkes -85l
Table 7
VARIABLES GROUPED IN FACTOR 6 (F6)
Name of variables (FC — frequancy of consumption) F6
Frmt syrup 06369
Frmt syrup — FC 0.5851
Table 8
VARIABLES GROUPED IN FACTOR 7 (F7)
Name of variables (FC — frequency of consumption) F7
Bruxism 0.7776
Dabut of bnrosm (vaars) 0.7183
Carbonated water — FC 05480
Carbonated water 03383
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Table 9
VARIABLES GROUPED IN FACTOR 8 (F8)

Na.m;e of variables (FC — frequaney of consumphion) F§
Carbonated water — FC 03759
Carbonated water 05754

Table 10
VARIABLES GROUPED IN FACTOR 9 (F9)
Name of variables (FC — frequancy of consumption) F2
Fruit syrup 06144
Fruit svrup — FC 05355
Principal Component Analysis (PCA). There are several
explanations for using this rule, the simplest being that
because a value itself includes variability explained by a
factor, it makes no sense to add a factor that explains less
than the variance contained in a single variable. The
cumulation of the top 9 factors with an influence greater
than 1% of variability explains a total of over 76% of the
data variation (table 11).

Table 11
THE IMPORTANCE OF THE FACTORS IN EXPLAINING THE
VARIATION OF THE STUDIED VARIABLES

Fl
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Because F6 and F9 factors correlate with the same
variables and the variables correlated with the F1, F4, F7
and F8 factors, partially overlap, F4, F8 and F9 factors were
removed from the final predictive model of erosive dental
wear. Since F1 factor was related to variables referring to
consumption of highly acidic food, those associated with
F2 factor referred to moderately acidic food and those
associated with F3 and F7 factors referred to eating habits
of mechanical nature, F5 factor to the consumption of
strong acidic food and F6 factor referred to the use of low
acidic syrups [21, 31].

Finally, the impact of the grouped variables into the
identified factors on the severity of erosive dental wear
was analyzed. After the analysis of the correlations
between dental wear scores, calculated as the sum of the
BEWE wear scores of all the affected teeth and the
recorded variables, resulted that the variables associated
with F5 and F1 factors were those with the highest
correlation coefficients (table 12). F2 factor associated
variables showed neglectible correlation coefficients,
probably due to their rare consumption among children
(table 12).

The relation between the initial variables and the factors
considered important (F1, F2, F5) is represented in the
figures below (fig. 2a, fig. 2b). These graphs showed how
the variables were grouped according to the theoretical
identified factors. For example, consumption of lemonade,
natural fruit juice, herbal drinks or tea was strongly
associated with F1 factor and virtually not associated with
F2 factor; consumption of carbonated beverages,
commercial fruit juices, yoghurt and soup were moderately
(directly proportional) associated with F1 factor and
reversely proportional to F2 factor, while consumption of
ketchup, salads, fruits, olives, mayonnaise was directly
proportional to F2 factor and was weaker, directly
proportional to F1 factor (fig. 2a). Children who consumed
ketchup, salads, olives or mayonnaise have been found to
consume fewer soups, fruit juice from commerce,
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Table 12
THE STATISTICALLY SIGNIFICANT CORRELATION COEF-FICIENTS
CALCULATED BETWEEN THE VARIABLES WHOSE INFLUENCE WAS
ANALYZED AND THE VARIABLES MEASURING THE EROSIVE DENTAL
WEAR (NUMBER OF AFFECTED DENTAL UNITS, WEAR SCORE,
RISK CATEGORIES, PRESENCE OF DENTAL WEAR)

Variables No.of | Dental | Dentsl Dentsl
*FC - fregueacy  of units wear WeRr Wear
consumyption SCOTE SCOTE -

classes

Energy drinks - FC {F5)
03414 03046 0.3477 0.4203

Energy drinks [F3)

03273 03028 0.3433 0.3808
Toghurt {FIj

02768 02694 0.2604 02707
Carbonated  heverages - FU
{F1) 02757 01683 0.2682 0.2603

Changing toothbmzh

Dairy product: -FC {F3)

02531 0.1443 0.2454 0.2258

02171 02140 0.2275 0.2632

Apples (F3)
T (5

02171 01140 0.2175 0.2652

02171 01140 0.2175 0.2652

Diaxry product: TFE)
Soap {FI)

Carbonated beverages (FI)

01126 01108 0.2331 0.2555

021244 02080 0.2100 0.2303

02186 02047 0.2144 0.211

Fruit juce fFom commerce —
FC (FL) 02034 01940 0.1911 0.1933
Grapes (FI)

02034 01340 01911 0.1953
Freguency of dental bnazhing 01842 o172 01742 01778
Fruit syrap - FC (5]

Moment of dental broshing
{F1) 01648 01578 0.1520 0.1242
Tea' Herbal drinks — FC (F1)

0.1824 01723 0.17217 0.1645

01643 0.1503 0.1774 0.1804

Lemonade - FO{TT)
01643 0.1503 0.1774 0.1804

Fruit juice from commerce

Y i
01474 01374 0.1414 0.130%
Matural fruit juice | Pasted
fruits - FC {F1)
01413 0.1287 01311 0.1567
Brugim (F7)

0.1388 01220 0.1255 0.1518

Oranges (doesn’t appear m the
variables associations)
01233 01212 01311 0.1451

Carbonated water - FC (F7)
01433 01143 0.1183 0.1443

Fruit juice {dossn't appear in

the variables associations) 0.0ee7 01037 0.1188 00984
Bottles (doesn't appear m the

variahles 23spciations) 00911 0.0B22 0.0740 0.0768
Fruit syrap (F&)

00842 0.0B47 0.0818 00751

Hot chocolzte - P [doean't
appear m  the  varables
assnciations) 0.0670 00821 0.0663 0.0521
Tea/ Plant drinks (FI)

= 0.0734 0.0985 0.0931

Lemonade (FI)
738 00734 00983 0.0951

Stop drinking from baby
bottles (F3)
00931 0.0715 0.0968 0.1447

carbonated drinks, etc. - the variables found in the fourth
quadrille of the graph presented in Figure no. 2a. Among
the variables associated with F1 and F5 factors, there was
a higher dissociation than between F1 and F2 factors, the
variables strongly correlated with F1 factor having a directly
proportional weak correlation with F5 factor and the
variables strongly correlated (reversely proportional) with
F5 factor (consumption of energy drinks, apples, pickles,
dairy products) having directly weak correlations with F1
factor (fig. 2b). Because variables associated with F1 and
F5 factors were strongly correlated with dental wear and
were less related between themselves, F1 and F5 factors
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Factor loadings (axes F1 and F2: 28.85 %)
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Fig. 2a The relationship between F1 and F2 factors

were independent and were the main causes of dental
wear investigated in this study.

This study used factorial analysis, a method with origins
in psychometrics, and with applications in behavioral
sciences, social sciences, marketing, product
management and other domains dealing with data sets
where large number of observed variables may reflect a
small number of hidden latent variables [32]. Factorial
analysis was used to study the patterns of relationships
between several variables directly observed to highlight

696 http://www.revistadechimie.ro

Factor loadings (axes F1 and F3: 23.98 %)
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Fig.2b The relationship between F1 and F5 factors

aspects of the relationships between them, a common
substrate, even if these new independent variables were
not directly measured. Thus, the answers obtained from
the factorial analysis are obviously more theoretical /
hypothetical compared to situations when independent
variables are directly observed [33].

The study highlighted the fact that there was a number
of risk factors involved in the etiology of dental wear
(erosion) and also that some associations between these
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factors had a greater potential in etiology of erosive dental
wear. Risk factors assessed as variables act through the
three mechanisms of dental wear: acidic food, acidic
drinks and frequency of their consumption - biocorrosion;
dental brushing and oral hygiene - friction and bruxism -
stress.

In terms of biocorrosion, the study highlighted the
highest erosive potential for energy drinks by frequency of
consumption and quantity (F5), yoghurt and carbonated
drinks by frequency of consumption and quantity (F1). A
number of other factors have been highlighted as having
increased erosive potential: apples, pickles, commercial
fruit juices through consumption frequency. A moderate
influence in etiology of dental erosion had fruit syrup, herbal
teas, lemonades, citrus, all especially through the frequency
of consumption. Other studies have shown a positive
association between diet and dental wear [26, 30, 34, 35].
According to Lussi [34], knowledge of the erosive potential
of different types of beverages and food is necessary for
the general dentist to determine the patient’s risk of
developing dental wear. The various erosive potentials of
approximately 50 types of food and beverages could be
found in a reference article on erosive dental wear [35].
Dietand lifestyle are an important component of exogenous
factors involved in dental wear. Many studies on child
populations have shown a direct correlation between the
consumption of carbonated beverages, fruit juices and
dental wear in children [25, 36, 37], excessive consumption
of acidic beverages and food being the most important
extrinsic factor contributing to dental wear [38]. The recent
dramatic increase in the consumption of acidic fruit juices,
fruit drinks and carbonated beverages is now considered
the most important cause of erosive dental wear observed
in children and adolescents [39]. In conclusion, one of the
potential common causes of erosive dental wear is the
intake of carbonated beverages [40], the frequency of their
consumption (F1 factor) being associated with dental
erosion [41, 42]. Similarly, administration of vitamin C
supplements (F1 factor) was associated with erosive
dental wear similar to other published studies [43].
Consumption of soft drinks and energy drinks by school
children was related to age and gender [44, 45]. Significant
positive associations between the consumption of energy
drinks suggested that there was a subgroup of school
children with a cumulative high intake of these potentially
erosive beverages, a subgroup characterized by a low level
of education. Beverages, food and medications commonly
consumed by children from the study group could have
caused dental wear, mainly associated with acidic pH,
testable levels of acids and calcium concentration in the
solution [46].

The role of friction in this study was represented by dental
brushing, referring to the time of use of the toothbrush, the
brushing frequency and the time when dental brushing was
performed (after the consumption of acidic food or not).
According to factorial analysis, the association between
the consumption of some food or acidic drinks and the
time of performing the dental brushing had a greater impact
on dental erosion but, separately analyzed, the
consumption of food and acidic beverages prevailed. In
the literature, there was much controversy about the role
of dental brushing in dental erosion [10]. Jing Zhang [47]
showed that if dental brushing was performed once a day
or less and lasted less than 2 minutes, there had been an
increased risk of erosive dental wear. Instead, a previous
study confirmed that participants who brushed their teeth
twice or more times a day had a higher frequency of dental
wear [48]. Dental wear was associated with brushing
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frequency and the use of various local cleansing agents.
Multiple regression analysis showed that age, brushing,
brushing after breakfast, gave a statistically significant
prediction of dental wear prediction (P <0.05).

Stress was represented in this study by bruxism.
According to factorial analysis, bruxism had a lower
percentage in erosive dental erosion compared to acidic
food and dental brushing. The incidence of bruxism in F7
factor showed the low regression of this variable and the
factthat it could not have produced dental erosion without
an association with other factors. Lobbezoo [49],
suggested that bruxism and eating habits were involved in
the etiology of dental wear in mixed dentition. It should be
highlightened that, according to this study, the presence of
dental wear as a pathognomonic symptom of bruxism in
mixed dentition is not sustained. However, the influence
of various inter-maxillary relationships in mixed dentition
and the analysis of jaw movements during craniofacial
growth should be considered in further studies for this topic
[50]. The results of a study [51] demonstrated that there
was a significant association between bruxism and the
occurrence of 4 clinical signs (anterior or posterior dental
wear, abrasion and occlusal erosion). It was suggested
that signs of dental wear could differentiate self-reported
bruxomania from bruxism [51]. Significant correlations
were also found between reports of bruxism, tooth wear
and muscle symptoms observed in the morning time,
suggesting that these variables could be observed
simultaneously [52].

Factorial analysis allowed the identification of
pathogenically risk factor associations with a greater
erosive potential in erosive dental wear that could be found
inthe behavioral habits of the children included in the study.
Thus, the association of variables within F1 or F5 factor
caused the greatest risk for erosive dental wear. These
two factors included the association of energy drinks with
apples, pickles, dairy products or carbonated beverages,
or the association of some strongly acidic pH variables
with other more acidic pH variables.

From what we know so far, no other research groups
used factorial analysis to study dental wear risk factors,
but this method has been used to determine the impact of
eating habits on obesity [53]. However, several studies
showed associations of dietary habits and erosive dental
wear and associations between dental wear mechanisms
(biocorrosion, stress and friction) [4, 54, 55, 56,57-66].
Assessment of dental wear in a multi-variable study,
including other etiological factors not evaluated in this study
(e.g. dental occlusion, oral hygiene techniques), could lead
to a more accurate determination of the etiology of dental
wear. This framework should be supported by prospective
longitudinal studies.

Conclusions

Factorial analysis allowed the variables studied (risk
factors) to be grouped into nine factorsbased on their types
of associations. The most important for erosive wear were
F5, F1, F7 and F6 factors, respecting this order. The variables
associated with F5 and F1 factors were those with the
highest correlation coefficients, being strongly correlated
with dental wear and less correlated with each other. In
conclusion, F1 and F5 factors were independent and
represented the main cause of dental wear investigated in
this study. The impact of these factors on erosive dental
wear was determined by their association with the dental
wear score.

The biggest impact was caused by energy drinks,
yoghurt and carbonated beverages. Through the
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associations resulting from factorial analysis, the
mechanisms involved in the erosive dental wear were also
highlighted, the first place was taken by biocorrosion,
followed by friction and stress.
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