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abstract

Aim To describe the current oral health status of 
primary school children in Southern Italy, to investigate 
if there is an association between malocclusions 
and temporomandibular disorders (TMDs), and to 
investigate if there is an association between dental 
caries and periodontal disease.
Methods Study design: Transversal epidemiological 
study. We examined 1086 children, considering 
them of the same socioeconomic status (medium). 
The Decayed, Missing, Filled (DMF) index and the 

Community Periodontal Index (CPI) were used to assess 
decay and periodontal status. Moreover, orthodontic 
and gnathologic evaluations were performed. 
Results Children had a mean age of 10.3±0.72 yrs, 
41.6% had active dental caries in permanent teeth and 
54.8% experienced periodontal problems. The 54.3% 
of patients had Angle Class I, 40.1% Class II and 5.5% 
Class III. The 13.8% of children had a deviated opening 
pattern of the mandible, and 2.2% of them had TMJ 
pain. DMF indices greater than 0 were associated 
with positive CPI. Males were more susceptible to 
periodontal disease, compared to females. TMJ pain 
was found associated with a decreased overbite. 
Statistics: Descriptive statistics for continuous data, and 
frequencies and percentages for categorical and ordinal 
data were calculated. Univariate linear and logistic 
regression model, with β calculations, was used to assess 
associations between dental caries status and CPI, and 
between malocclusions and gnathologic aspects.
Conclusions This study found a noticeable prevalence 
of oral diseases among children of Southern Italy and 
an association between malocclusions and TMDs, 
periodontal disease and dental decay. Thus, a higher 
number of preventive interventions are recommended 
in the area.

Is there an association 
between various 
aspects of oral health in 
Southern Italy children? 
An epidemiological 
study assessing 
dental decays, 
periodontal status, 
malocclusions and 
temporomandibular 
joint function

Introduction

All over the world, dental decay is the most widespread 
noncommunicable disease, as defined by the World 
Health Organization (WHO). In paediatric age, it is five 
times more frequent than fever and 14 times more 
frequent than chronic bronchitis, and its incidence 
among children and adolescents aged 5 to 17 years is 
more than 50% [Evans and Kleinman, 2000]. Thanks 
to the use of fluoridated toothpaste [Ferro et al., 2014], 
practitioners reported a declining prevalence of dental 
decay, in particular in the developed countries [Campus 
et al., 2007]. Nevertheless, the incidence of dental caries 
among young patients remains high [Cianetti et al., 2017; 
Ferrazzano et al., 2006; Ferrazzano et al., 2016a]. In Italy, 
20% of 4-year-old patients have dental decay, and this 
prevalence rises to 44% in the 12-year-old population 
[Campus et al., 2007]. With these premises, early 
detection of caries in developing age is very important 
to avoid invasive therapeutic treatments. Consequently to 
dental decay, predisposition to malocclusions of different 
degree of severity can occur, if there is an early tooth loss. 
In a study conducted on adults [Krooks et al., 2016], the 
most common malocclusion trait was lateral crossbite 
(17.9%), followed by overbite grater or equal than 6 mm 
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(11.7%) and overjet grater or equal than 6 mm (9.7%). 
Considering the overall prevalence, 39.5% of the patients 
had a malocclusion. Many dento-skeletal pathologies, 
even the most severe ones, can be treated with an early 
treatment, which, sometimes, can lead to a definitive 
solution [Migale et al., 2009]. That is why interceptive 
treatments can be carried out only with early detection, 
involving lower costs and efforts for the patients. 

Along with caries, young patients are also affected 
by periodontal problems. Periodontal diseases are a 
group of pathologies that cause the inflammation of 
the periodontal tissues. One study reported a gingivitis 
prevalence in children and adolescents of 34.7%, and a 
prevalence of periodontitis less than 10% [Botero et al., 
2015]. The association between poor oral hygiene, dental 
decay and periodontal disease is known from decades 
[Trubman, 1963].

Malocclusions have been related to temporomandibular 
disorders (TMDs) in the past and their association 
has been thoroughly discussed in the literature. 
Although statistical causality has not been proven, 
a weak relationship was found with bruxism, loss of 
posterior support and unilateral posterior crossbite 
[Türp and Schindler, 2012]. In a more recent study, no 
statistically significant correlations were found between 
static and dynamic malocclusion and pain-related 
temporomandibular disorders [Manfredini et al., 2015]. 
TMDs are a group of disorders that involve pain from the 
temporomandibular joint (TMJ) and/or the masticatory 
muscles; sounds coming from the joint and alteration 
of mandibular movements. TMDs prevalence in children 
and adolescents varied from 16 to 68%. In particular, 
considering signs and symptoms, the percentages of 
prevalence are wide, 3-53% for joint tenderness, 0.5-
81% for muscle pain, 8-48% for joint sounds, 3-20% for 
mandibular deviation [Sena et al., 2013].

Beside biological issues, psychological, social and 
physical well-being can be affected by oral diseases 
[Broder, 2007; Li  et al., 2015]. This results in a greater 
attention on the quality of life improvement as an 
important, or even a primary outcome of dental care, 
leading to the development of an increasing number of 
instruments that are aimed to measure dental outcomes, 
in terms of the impact of improvements in oral health on 
quality of life [Slade and Spencer, 1994; Bucci et al., 2017].

Therefore, the aim of this study is to describe the current 
oral health status of primary school children in the province 
of Catanzaro (Southern Italy), in order to facilitate further 
preventive activities. In addition, associations between 
malocclusions and TMDs, and between dental caries and 
periodontal disease have been investigated. 

Materials and methods

Data source
Data from clinical examinations performed between 

2010 and 2013 were used for this study. Clinical files were 
collected and analysed by independent clinicians. The dental 
examination was conducted under artificial light with a 
non-magnifying mirror and a dental explorer. Assessments 
for dental caries and restorations were made at the tooth 
surface level. Periodontal and orthodontic evaluation were 
assessed by inspection and probing. Gnathologic evaluation 
was performed by inspection and palpation.

The study protocol was approved by the Local Ethics 
Committee of the University “Magna Graecia” of 
Catanzaro (Italy). 

Study population
The sample was collected from 31 primary schools, all 

located in the province of Catanzaro, Southern Italy. One 
thousand eighty-six children (578 males and 508 females) 
aged between  9-13 years old, enrolled in third, fourth and 
fifth grade were examined. Participants were required to 
undergo an oral health examination to be included in the 
analytical sample. All the children were considered of the 
same socioeconomic status (medium).

Variables
Children were asked if they had periodical examinations 

from dentists. Dental caries status was assessed for the 
primary and permanent dentitions using Klein’s dental 
caries index, which sums the number of decayed (d/D), 
missing (m/M), and filled (f/F) teeth (t/T). The Community 
Periodontal Index (CPI) [Cutress et al., 1987] was used 
to assess periodontal condition. Angle dental class, 
overjet, overbite, crossbite were recorded for orthodontic 
evaluation. Mandibular opening path, click presence 
recorded by the clinician and pain of the TMJ were 
considered for gnathologic assessment. Furthermore, 
presence of dental agenesis, teeth in ankylosis and 
supernumerary teeth was recorded.

Data analysis
Descriptive statistics mean and standard deviation (SD) 

for continuous data, and frequencies and percentages for 
categorical and ordinal data were calculated. 

Univariate linear and logistic regression model, with 
β calculations, was used to assess associations between 
dental caries status and CPI, and between malocclusions 
and gnathologic diseases. All statistical tests were 2-sided. 
P-values less than 0.05 were considered significant. A 
standard statistical software package (SPSS version 22.0, 
SPSS IBM, New York, NY) was used for statistical analysis.

Results

Patients’ characteristics and prevalence of the variables 
previously stated are summarised in Table 1. Among 
the 1086 children (mean age 10.3±0.72 yrs), 84.6% 
had periodic check-ups from their dentists. Considering 
plaque-related pathologies, 41.6% had active dental 
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caries in permanent teeth (mean DMFT=1.25±1.75, 
DMFS=1.31±1.94), 40.3% in deciduous teeth (mean 
dmft=1.1±1.74, dmfs=1.38±2.65), and 54.8% 
experienced periodontal problems, revealed from the CPI.

Analysing data from orthodontic examinations, a 
typical pattern of malocclusions was noticed: 54.3% of 
the patients had Angle Class I, 40.1% Class II and 5.5% 
Class III; 50.3% had an overjet smaller than 0 mm or 
greater than 3 mm hence not physiological. An overbite 
lower than 0 mm or greater than 3 mm was reported 

in the 57.6%, while only the 13.2% of children had a 
crossbite, and only 2.8% showed an agenesis. 

In the TMJ evaluations was reported that the 13.8% 
of children had a deviated opening pattern, and some of 
them experienced TMJ clicking and pain, 5.7 and 2.2%, 
respectively.

Table 2 shows the results of the univariate regression 
models, comparing caries indices with CPI, gender and 
periodic examinations variables. In particular, DMFT 
greater than 0 was associated with positive CPI (p=0.042, 

Variable N / mean N / mean % / SD N / mean % / SD N / mean % / SD N %
Participants 1086 1086 100% 578 53.2% 508 46.7%

Age 10.3 yrs 10.3 yrs ±0.72 10.4 yrs ±0.70 10.2 yrs ±0.74

School
(III / IV / V grade)

54 / 132 / 
896

54 / 132 / 
896

5.3 / 12.2 
/ 82.5%

24 / 70 / 
484

4.2 / 12.1 / 
83.7%

34 / 62 / 
412

6.7 / 12.2 
/ 81.2%

Periodic examinations
(Y/N)

684 / 224 684 / 224 84.6 / 
15.4%

368 / 70 84 / 16% 316 / 54 85.4 / 
14.6%

278 25.6%

DT 428 428 41.6% 238 42.8% 190 38.2% 32 2.9%

dt 368 368 40.3% 192 39% 174 41.4% 174 16%

MT 8 8 0.7% 6 1.1% 2 0.4% 32 2.9%

mt 16 16 1.7% 8 1.6% 8 1.9% 174 16%

FT 112 112 10.6% 54 9.7% 58 11.6% 32 2.9%

ft 44 44 4.8% 20 4.1% 24 5.7% 174 16%

CPI 578 578 54.8% 322 57.9% 256 51.4% 32 2.9%

DMFT 1.25 1.25 ±1.75 1.32 ±1.81 1.18 ±1.67 32 2.9%

DMFS 1.31 1.31 ±1.94 1.41 ±2.1 1.2 ±1.74 32 2.9%

dmft 1.1 1.1 ±1.74 1.13 ±1.82 1.07 ±1.65 174 16%

dmfs 1.38 1.38 ±2.65 1.51 ±3.06 1.23 ±2.01 174 16%

Angle Class (I/II/III) 590 / 436 
/ 60

590 / 436 
/ 60

54.3 / 
40.1 / 
5.5%

306 / 
248 / 24

52.9 / 42.9 
/ 4.2%

284 / 188 
/ 36

55.9 / 37 / 
7.1%

Overjet <0mm 14 14 1.3% 10 1.7% 4 0.8%

0mm 56 56 5.2% 20 3.5% 36 7.1%

0<OVJ<3 mm 540 540 49.7% 270 46.7% 270 53.1%

3<OVJ<6 mm 316 316 29.1% 186 32.2% 130 25.6%

>6mm 160 160 14.7% 92 15.9% 68 13.4%

Overbite <0 mm 34 34 6.3% 12 2.1% 22 4.3%

0mm 68 68 3.1% 26 4.5% 42 8.3%

0<OVB<3 mm 460 460 42.4% 228 39.4% 232 45.7%

3<OVB<6 mm 380 380 35% 216 37.4% 164 32.3%

>6 mm 144 144 13.3% 96 16.6% 48 9.4%

Crossbite Absent 942 942 86.7% 502 86.9% 440 86.6%

Monolateral 108 108 9.9% 56 9.7% 52 10.2%

Bilateral 36 36 3.3% 20 3.5% 16 3.1%

Agenesis (Present/
Absent)

30 / 968 30 / 968 2.8 / 
89.1%

18 / 512 3.1 / 
88.6%

12 / 456 2.4 / 
89.8%

88 8.1%

Opening 
pattern

Linear 936 936 86.2% 498 86.2% 438 86.2%

Deviated 150 150 13.8% 80 13.8% 70 13.8%

TMJ clicking
(Present/Absent)

62 / 1024 62 / 1024 5.7 / 
94.3%

36 / 542 6.2 / 
93.8%

26 / 482 5.1 / 
94.9%

TMJ pain
(Present/Absent)

24 / 1062 24 / 1062 2.2 / 
97.8%

16 / 562 2.8 / 
97.2%

8 / 500 1.6 / 
98.4%

TABLE 1 Descriptive statistics: continuous data are reported as mean and standard deviation (SD), categorical and ordinal data as 
frequencies and percentages.
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behaviour and their tooth morphology [Ahmed, 2013]. 
Consequently, preventive interventions such as periodical 
examinations, fissure sealing and use of fluoride should be 
constantly performed, highlighting the importance of oral 
hygiene maintenance procedures, in order to decrease the 
incidence of plaque-related diseases [Giannattasio et al., 
2015]. In literature the association between dental decay 
and periodontal disease has been thoroughly discussed, 
giving conflicting results: some studies [Albandar et al., 
1995; Meyer-Bäumer et al., 2013] are in accordance with 
our findings, while others [Kinane et al., 1991] found 
no correlation. This difference is likely to be caused by 
the average age of samples, being significantly higher 
in studies that showed no association. However, to 
investigate a statistically significant causal relationship 
between these two pathologies, more longitudinal 
studies should be conducted.

For what regards orthodontic and gnathologic status, 
our sample presented a significant prevalence of Class 
II malocclusions (40.1%), increased overjet (43.8%) 
and overbite (48.3%); while a low prevalence of TMDs 
was reported (2.2% had TMJ pain, 5.7% TMJ clicking). 
Researchers have deeply investigated the association 
between temporomandibular disorders and malocclusions 
in the last decades, but often with contradicting 
conclusions. Among children and adolescents, some 
studies [Sonnesen et al., 1998; Thilander et al., 2002] 
found a correlation, in particular with open bite; wheres 
three reviews by Iodice et al. [2013; 2016] and Farronato 
et al., [2016] concluded that it is not possible to link these 
two conditions, claiming a major role of other factors, 
such as trauma, parafunctional behaviour, psychosocial 
disorders [Marini et al.,2013; Cioffi et al., 2014], gender, 
genetics and centrally mediated mechanisms, are 
considered more important. 

This study describes the current condition of oral health 
in children of the Catanzaro area, highlighting the need 
for early detection and preventive actions in this sample 
population. The importance of sealants to prevent dental 
decay [Ahovuo-Saloranta et al., 2017; Ferrazzano et 
al., 2016b; Ferrazzano et al., 2017], early treatment of 
malocclusions [D’Anto et al., 2015; Bucci et al., 2016; 
Rongo et al., 2017] and motivation in maintaining a 
good oral hygiene [Ferrazzano et al., 2008; Stein et al., 
2018] has been already showed and suggests the need 
of specific interventions in this Italian geographical area. 
Finally, there is still a certain number of children not having 
periodical examinations from their dentists, thus not 
being counseled to meet the major preventive measures.

The limits of this study can be summarised in a lack of 

β=0.73), along with dmft (p<0.001, β=0.222) and dmfs 
(p<0.001, β=0.198). An interestingly greater susceptibility 
to periodontal disease was found in males, compared to 
females (OR=1.30, 95% CI= 1.19-1.66). On the other 
hand, lack of periodic examinations was not related to 
higher decay prevalence.

To evaluate associations between gnathologic and 
orthodontic variables, logistic regression models were 
used and the results are illustrated in Table 3. The analysis 
showed that deviated opening patterns were related 
to Angle Class (β= 0.148, p<0.001) and presence of 
crossbite (β=0.066, p=0.030). TMJ pain was interestingly 
found associated with a decreased overbite (β=-
0.089, p=0.004), while the correlation with the other 
orthodontic variables was not statistically significant.

Discussion

In this study, the oral health of 1086 children enrolled 
in 31 primary schools in the province of Catanzaro (Italy) 
was assessed. The aim was to evaluate the presence of 
main oral pathologies and investigate the association 
between malocclusions and TMDs, periodontal disease 
and decay indices. 

A high prevalence of caries and CPI indices was found 
in the sample (41.6-54.8%), along with an association 
between them, in particular with deciduous teeth 
(p<0.001). Greater presence of dental decay in primary 
dentition should be attributed to a lack of manual 
dexterity in children and a different chemical and micro-
structural composition, compared to permanent teeth 
[Hueb De Menezes Oliveira et al., 2010]. Early tooth 
loss may cause a loss of space in the arch and lead to a 
malocclusion [Al-Shahrani et al., 2015; López-Gómez et 
al., 2016] requiring orthodontic treatments and/or use of 
space maintainers [Law, 2013]. In addition, conservative 
treatments might be challenging, due to patient’s 

TABLE 2 Univariate regression analysis between index of decay 
and periodontal health, gender and periodic examination. 

TABLE 3 Univariate 
regression analysis 
between malocclusions and 
gnathologic assessment.

CPI Gender Periodic 
examinations

β p-value β p-value β p-value
DMFT 0.73 0.042 0.27 0.457 -0.60 0.090

DMFS 0.069 0.053 0.026 0.465 -0.065 0.067

dmft 0.222 <0.001 -0.046 0.232 0.010 0.790

dmfs 0.198 <0.001 -0.037 0.334 0.020 0.598

Angle Class Gender Crossbite Overbite
β p-value β p-value β p-value β p-value

TMJ pain 0.118 0.556 0.040 0.182 0.056 0.067 -0.089 0.004

TMJ clicking 0.028 0.354 0.024 0.432 0.033 0.282 -0.032 0.295

Opening pattern 0.148 <0.001 0.001 0.977 0.066 0.030 -0.005 0.004
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reporting the socioeconomic status of the children and 
their families and the absence of a subjective survey for 
temporomandibular disorders.

Conclusions

This study found a noticeable prevalence of oral 
diseases among children of Southern Italy, considering 
the DMF and CPI indices. Besides, the association 
between malocclusions and TMDs, periodontal disease 
and dental decay was investigated, reporting a correlation 
between a decreased overbite and TMJ pain. The CPI was 
related to DMFT, dmft and dmfs. Males showed a higher 
susceptibility to periodontal disease compared to females. 
Given these conclusions, a higher number of preventive 
interventions are recommended in the area.
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