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Abstract: Malocclusions and temporomandibular disorders (TMDs) are oral health problems that are
spread worldwide. To date, few studies focused on their prevalence and associated risk factors are
available. This study aims to define the prevalence and distribution of odontostomatological traits
and evaluate specific risk factors in isolated villages in north-eastern Italy, taking advantage of their
environmental homogeneity. Nine hundred and forty-four participants aged six to eighty-nine years
were enrolled. Thirty-one odontostomatological phenotypes, classified into five domains (airways,
bad habits, extraoral and intraoral parameters, TMDs, and teeth), were evaluated. A descriptive
statistical analysis was performed; mixed logistic models were used to test the relationships among
the traits. According to the study’s findings, Angle’s class I was prevalent (65.3%) followed by class
II malocclusion (24.3%); class III and reversed overjet were the least frequent malocclusions (10.4%
and 1.8%, respectively). Temporomandibular joint (TMJ) click/noise was prevalent among TMDs
(34.7%). The statistically significant (p-value < 0.05) risk factors were ankyloglossia for phonetic
issues (OR 1.90) and bruxism for TMJ click/noise (OR 1.70) and pain (OR 2.20). Overall, this work
provides a picture of the prevalence of malocclusions and TMDs in a large Italian sample and reveals
risk factors to take into account in the development of preventive strategies and treatments.

Keywords: epidemiologic studies; malocclusion; oral health; temporomandibular joint disorders

1. Introduction

Malocclusions and temporomandibular disorders (TMDs) are estimated to be among
the most prevalent oral health problems worldwide, after dental caries and periodontal
disease [1,2]. Angle [3] introduced his classification of malocclusions in 1899 and in the
1980s the World Health Organization included malocclusions under the heading “hand-
icapping dentofacial anomalies” [4]. A malocclusion is defined as “any deviation from
the normal occlusion beyond the range of what is accepted as normal” [3,5]; influenced
by several factors, malocclusions can be considered a manifestation of individual genetic
and biological variability [6]. TMD is an umbrella term that identifies, according to the
American Academy of Orofacial Pain, a group of dysfunctional and/or painful orofacial
conditions involving temporomandibular joints (TMJs), masticatory muscles, and/or their
associated structures [7]. TMDs are reported to be the most frequent cause of non-dental
pain in the orofacial region [2,8].

Malocclusions and TMDs are multifactorial conditions [1,2,6,8,9] with a highly vari-
able global prevalence reflecting differences among geographical areas, social and ethnic
groups, and a possible lack of homogeneity in the data collection procedures of epidemi-
ological studies [2,9,10]. The several adverse implications of malocclusions and TMDs,
both at oral and systemic levels and on the affected subjects’ socio-psychological domain
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and quality of life, emphasize the importance of prevention, early diagnosis, and prompt
treatment [10–12]. In this context, epidemiological studies are of great relevance in esti-
mating the size of a problem, providing useful tools to identify the etiological factors, and
setting the most correct therapy. In particular, isolated populations are an ideal sample
to study multifactorial traits and diseases. In fact, isolated populations are described as
geographically isolated subpopulations derived from a small number of individuals by a
founding event. Isolates show higher phenotypic and genetic homogeneity in comparison
with the general population [13]. When studying multifactorial traits and diseases, focusing
on isolated populations represents an excellent resource to achieve homogeneity of the
sample [14]. In fact, the prevalence of multifactorial traits and diseases can be variable
between populations, and establishing whether this variation is due to genetics or envi-
ronmental factors (specific for each population) can be challenging. Therefore, in order
to accurately study the etiological factors involved, it is fundamental to collect minimally
perturbed phenotypic data. In light of this, isolated populations, characterized by envi-
ronmental homogeneity, can facilitate the identification of diseases’ etiological factors by
reducing the variance caused by the environmental background. Several gene–environment
interaction studies have been performed on isolated populations, such as the Amish [15],
Icelanders [16], Northern Finns [17], and, in Italy, on Sardinians [18], Tuscans, populations
of the Apulia region, Borbera Valley [19], and on communities showing evidence of isola-
tion due to geographical, historical, linguistic, and cultural factors of a mountain area of
the Friuli-Venezia Giulia (FVG) region in the Northeast of Italy [19]. Being enriched by a
complex demographic history and topographic variability, Italians are thus one of the most
studied European populations [19–21]. Regarding the study of oral health conditions in
isolated populations, the literature reports some studies on dental caries and periodontal
disease in Italian isolated communities [22–24], but a thorough search of the relevant litera-
ture highlighted that few studies on the prevalence and distribution of orthodontic traits
and of other odontostomatological traits, such as breathing pattern, TMDs, and dentition,
are available. Taking into account the current literature picture, the present study aims to
deepen the knowledge of the epidemiology of odontostomatological traits in isolated popu-
lations of north-eastern Italy within the context of the wider project named “Friuli-Venezia
Giulia (FVG) Genetic Park” [19]. In detail, the present study aims to (1) verify the preva-
lence and distribution of defined odontostomatological phenotypes in the whole sample
and by sex and age groups and (2) analyze the relationship between the selected variables,
such as the effect of bruxism on TMJ click/noise and pain. The following null hypotheses
were tested: (1) the prevalence of the studied odontostomatological phenotypes would
not differ according to the participants’ sex and age and (2) in the population, none of the
chosen independent variables exert an effect on the dependent variable. Overall, the goal of
the study is to provide a detailed epidemiological characterization of odontostomatological
traits in north-eastern Italy’s isolated populations.

2. Materials and Methods
2.1. Study Population and Ethics Approval

Nine hundred forty-nine individuals from isolated villages located in the north-east
of Italy (Erto–Casso, Clauzetto, Illegio, Sauris, and Val di Resia) voluntarily participated,
between March 2008 and November 2008, in the dental examination organized within the
“FVG Genetic Park” project, as part of a wider research program aimed at the identification
of factors associated with common diseases and traits [21,23]. Inhabitants of these villages
were invited to participate by public advertisements through local authorities, television,
newspapers, local physicians’ involvement, and mailing. Meetings were organized to
present the project. No inclusion/exclusion criteria were applied during the recruitment
phase, whereas, in this study, we applied the following exclusion criteria: (1) missing data
for age, sex, and village of origin (n = 1) and (2) age under six years (n = 4). The five villages
considered met the criteria defining “genetic isolates” as separate geographical locations
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with high rates of endogamy, language barriers, few surnames, few founders, low rates of
emigration and immigration, and for which genetic homogeneity was already shown [19].

All participants signed a written informed consent form to participate in the study
before their enrollment; parents or legal guardians signed the informed consent form for
underage participants. The ethical committee of the Institute for Maternal and Child Health—
IRCCS “Burlo Garofolo” approved the study under the univocal code Prot. CE/V-78,
06/08/2007. All study procedures were performed under the ethical principles expressed by
the Helsinki Declaration.

2.2. Data Collection

Demographic data (age, sex, and village of origin) and a detailed familial and indi-
vidual medical history with more than 200 questions were collected for all the enrolled
participants. Participants underwent specialist evaluations, e.g., cardiovascular, neurologi-
cal, in-depth sensorial, and stomatological evaluations. Hundreds of functional parameters,
including clinical biochemistry and metabolomics data, were also collected. All parameters
were systematically registered by professionals according to a standardized format.

With reference to the stomatological evaluation, an accurate extraoral and intraoral
odontostomatological examination was performed by a team of calibrated dentists, and 31
phenotypes, reported in Figure 1 and divided into 5 main domains, were collected for each
participant. The dichotomic algorithm No/Yes was followed to evaluate parameters of domain
1 (airways), 2 (bad habits), 4 (TMDs), and for specific parameters of domain 3 (a extraoral
and b intraoral orthodontic parameters: mandibular deviation, competent lips, cross/scissor
bite, open/deep bite, overjet, narrow palate, ankyloglossia, and phonetic issues). Regarding
bad habits, thumb/pacifier sucking was evaluated by asking the participants if they used
to suck their thumb/pacifier beyond the age of 18 months [25]. Atypical swallowing was
clinically determined when participants contracted their perioral muscles when swallowing
saliva both on command and unconsciously. Moreover, when moving the lips apart by
grabbing them with a thumb and the index fingers, an anterior and/or posterior lingual
interposition between the dental arches was observed during the swallowing [26]. The
diagnosis of bruxism was clinically formulated, according to its main features: teeth wear
and hypertrophy/pain of masticatory muscles, especially masseters, on palpation [27]. The
presence of signs of wear on permanent teeth occlusal/incisal surfaces was the condictio
sine qua non for the diagnosis of bruxism while the other possible clinical manifestations of
bruxism such as masticatory muscles’ hypertrophy and pain on their palpation were evaluated
only in participants presenting teeth wear. Bruxism was not evaluated in edentulous and in
individuals with more than six missing teeth (no more than two for hemiarch). The TMJ was
physically evaluated by inspection, palpation, and auscultation in the mandibular rest position
and during mandibular movements [8]; TMJ pain was assessed by asking the participants if
they complained of pain during mandibular movements. To evaluate mandibular deviation,
participants’ face was observed in the frontal plane, and the chin position (pogonion) was
assessed in relation to the vertical midline (nasion-filtrum) in the habitual occlusal position [28].
Concerning the other parameters of domain 3, facial divergence was classified as normal,
anterior, or posterior, while skeletal and dental classes were classified as I, II, and III. Skeletal
classes were clinically evaluated; therefore, they are referred to as “skeletal classes facial
profiles”. Malocclusion diagnosis was formulated according to Angle’s criteria [3]. Angle’s
classes were tested in the habitual occlusal position considering the relationship between
upper and lower first permanent molars and canines; whenever one or more of these teeth
were missing or had a fixed prosthetic, Angle’s classes were not assessable. Ankyloglossia was
clinically determined by evaluating the lingual frenulum according to the Bristol Tongue-tie
Assessment Tool (BTAT) [29].
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Figure 1. Odontostomatological phenotypes. The upper part of the figure provides a detailed map
of the five isolated villages (Erto–Casso, Clauzetto, Illegio, Sauris, and Val di Resia) where the
participants in the study were recruited. The lower part of the figure reports the details of the five
main domains that comprise the 31 phenotypes analyzed in the study (airways, bad habits, extraoral
and intraoral orthodontic parameters, temporomandibular disorder, and teeth).

Regarding the parameters of domain 5 (teeth), dentition was classified as primary,
mixed, complete permanent (excluding wisdom teeth), partial permanent (one or more miss-
ing teeth), and edentulous. Wisdom teeth were classified as absent, present (sound, filled,
or decayed), impacted, and semi-impacted. An additional X-ray examination (panoramic
radiography) was performed for each participant to detect agenetic, impacted teeth and
misleading carious lesions.

2.3. Statistical Analysis

All statistical analyses were performed using the R software version 4.1.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) and the level of significance was set to
p-value < 0.05.

A descriptive statistical analysis including frequency and percentages was performed
on categorical variables (No/Yes). Fisher’s exact test was used to evaluate the association
of odontostomatological measurements between sex and age classes (five groups: 6–12;
13–17; 18–40; 41–60; and 60+ years).

Logistic mixed effect models (lme4 package in R) were performed to evaluate asso-
ciations among the selected variables. In detail, the relationships between the following
pairs of variables (response and independent) were evaluated: phonetic issue and anky-
loglossia, TMJ click/noise and bruxism, TMJ pain and bruxism, mandibular deviation and
bruxism, and opening limitation and bruxism. All the variables were coded as the presence
(value 1) or absence of the disease/issue (value 0). Age (continuous variable), sex, previous
orthodontic treatment (yes, n = 140; no, n = 710), and village of origin were included as
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covariates in the models and, precisely, the first three were classified as fixed effects and
the fourth was classified as a random effect.

We performed post hoc power calculations for the logistic models using the WebPower
package of the R software (Table S1).

3. Results
3.1. Demographic Data

The study sample (Table 1) comprised 944 participants (59.1% females) with a mean age
of 45.7 ± 20.3 years. One hundred and twenty-one participants (12.8%) were underage (7.6%
aged 6–12 years and 5.2% 13–17 years) while eight hundred and twenty-three (87.2%) were
adults (26.2% aged 18–40 years, 33.4% 41–60 years, and 27.6% 60+ years). With regard to the
village of origin, Resia was the village with the highest number of participants (n = 324) while
Erto–Casso and Sauris were those with the lowest (n = 141 and n = 135, respectively).

Table 1. Demographic characteristics of the participants. The total number of participants, the
number of males and females, and the number of participants from each of the five isolated villages
are reported. Data are presented as numbers and percentages (in brackets), both for the total sample
(n = 944), and divided into five age groups. M: males; F: females; Yrs: years.

Total 6–12 yrs 13–17 yrs 18–40 yrs 41–60 yrs 60+ yrs

944 72 49 247 315 261

Gender

M 386 (40.9) 28 (38.9) 20 (40.8) 91 (36.8) 129 (41) 118 (45.2)

F 558 (59.1) 44 (61.1) 29(59.2) 156 (63.2) 186 (59) 143 (54.8)

Village of origin

Erto–Casso 141 (14.9) 15 (20.8) 13 (26.5) 33 (13.4) 46 (14.6) 34 (13.0)

Clauzetto 169 (17.9) 10 (13.9) 2 (4.1) 34 (13.8) 65 (20.6) 58 (22.2)

Illegio 175 (18.5) 14 (19.4) 12 (24.5) 51 (20.6) 55 (17.5) 43 (16.5)

Resia 324 (34.3) 24 (33.3) 17 (34.7) 92 (37.2) 107 (34.0) 84 (32.2)

Sauris 135 (14.4) 9 (12.5) 5 (10.2) 37 (15.0) 42 (13.3) 42 (16.1)

3.2. Odontostomatological Phenotypes

Regarding odontostomatological phenotypes, the participants’ data on airways (domain 1),
bad habits (domain 2), extraoral and intraoral orthodontic parameters (domain 3), and TMDs
(domain 4) are reported in Table 2.

Table 2. Characteristics of the participants’ odontostomatological measures of domains 1 (airways),
2 (bad habits), 3 (extraoral and intraoral orthodontic parameters), and 4 (Temporomandibular disor-
ders). The values indicate the presence of the parameters in numbers and percentage (in brackets) for
all samples (All), females (F), males (M), and for age groups. Yrs: years. The p-value columns refer to
the difference in sex and age classes obtained by Fisher’s exact test.

All
Sex Age Classes

Domain Parameter F M p-Value 6–12
yrs

13–17
yrs

18–40
yrs

41–60
yrs

60+
yrs p-Value

1. Airways

Tonsillectomy (n a 895) 371
(41.5)

222
(41.8)

149
(40.9)

26
(37.7)

12
(27.9)

65
(28.1)

161
(53.3)

107
(42.8) ***

Adenoidectomy (n 893) 265
(29.7)

153
(28.9)

112
(30.8)

25
(36.2)

13
(30.2)

60
(26.0)

103
(34.3)

64
(25.6)

Nasal breathing (n 829) 173
(20.9)

100
(20.4)

73
(21.5)

16
(28.6)

9
(22.5)

46
(21.3)

59
(20.9)

43
(18.3)

Oral breathing (n 834) 34
(4.1)

22
(4.4)

12
(3.5)

1
(1.7)

0
(0.0)

5
(2.3)

15
(5.3)

13
(5.5)
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Table 2. Cont.

All
Sex Age Classes

Domain Parameter F M p-Value 6–12
yrs

13–17
yrs

18–40
yrs

41–60
yrs

60+
yrs p-Value

2. Bad habits

Pacifier sucking (n 829) 90
(10.9)

61
(12.3)

29
(8.7)

16
(24.6)

10
(24.4)

38
(17.4)

20
(7.1)

6
(2.7) ***

Thumb sucking (n 865) 75
(8.7)

42
(8.1)

33
(9.5)

9
(13.4)

7
(16.7)

22
(9.7)

23
(7.7)

14
(6.1)

Atypical swallowing
(n 657)

125
(19.0)

74
(19.0)

51
(19.0)

17
(31.5)

7
(18.9)

32
(15.4)

40
(16.8)

29
(24.2) *

Bruxism (n 772) 161
(20.9)

98
(21.3)

63
(20.2)

9
(14.1)

5
(11.9)

43
(18.8)

67
(23.4)

37
(24.5)

Contracted chin (n 814) 112
(13.8)

71
(14.7)

41
(12.3)

12
(20.3)

6
(16.2)

27
(12.3)

46
(16.6)

21
(9.5)

3a. Extraoral
orthodontic
parameters

Competent lips (n 792) 725
(91.5)

434
(92.1)

291
(90.7)

56
(83.6)

43
(95.6)

229
(94.2)

268
(93.4)

129
(86.0) **

Mandibular deviation
(n 852)

131
(15.4)

77
(15.3)

54
(15.5)

4
(6.2)

8
(20.5)

33
(14.4)

58
(20.1)

28
(12.1) *

Facial divergence
(n 874)

Normal 436
(49.9)

250
(48.4)

186
(52.1)

33
(50.8)

23
(48.9)

117
(49.8)

154
(51.5)

109
(47.8)

Anterior 175
(20.0)

100
(19.3)

75
(21.0)

12
(18.4)

17
(36.2)

45
(19.1)

61
(20.4)

40
(17.5)

Posterior 263
(30.1)

167
(32.3)

96
(26.9)

20
(30.8)

7
(14.9)

73
(31.1)

84
(28.1)

79
(34.7)

Skeletal classes facial profiles
(n 574) ***

I 350
(61.0)

214
(61.3)

136
(60.4)

22
(51.2)

18
(56.2)

96
(60.4)

131
(62.1)

83
(64.4)

II 115
(20.0)

72
(20.6)

43
(19.1)

18
(41.8)

8
(25.0)

37
(23.3)

37
(17.5)

15
(11.6)

III 109
(19.0)

63
(18.1)

46
(20.5)

3
(7.0)

6
(18.8)

26
(16.3)

43
(20.4)

31
(24.0)

3b. Intraoral
orthodontic
parameters

Overjet +
(n 663)

246
(37.1)

163
(40.9)

83
(31.4)

27
(46.6)

13
(31.7)

78
(35.0)

100
(40.8)

28
(29.2)

Reversed overjet (n 663) 12
(1.8)

6
(1.5)

6
(2.3)

0
(0.0)

0
(0.0)

4
(1.8)

6
(2.5)

2
(2.1)

Posterior cross bite
(n 694)

165
(23.8)

96
(23.2)

69
(24.6)

11
(18.3)

10
(25.6)

62
(27.9)

69
(25.8)

13
(12.3) *

Scissor bite
(n 699)

22
(3.3)

12
(3.0)

10
(3.7)

4
(6.7)

2
(5.3)

8
(3.7)

5
(2.0)

3
(2.9)

Open bite
(n 677)

51
(7.5)

32
(7.9)

19
(7.0)

4
(6.5)

3
(7.5)

21
(9.5)

19
(7.4)

4
(4.2)

Deep bite
(n 681)

167
(24.5)

99
(24.3)

68
(24.9)

21
(33.3)

9
(23.1)

56
(24.9)

67
(26.2)

14
(14.3) *

Molar class (n 288) *

I 188
(65.3)

118
(65.9)

70
(64.2)

25
(53.2)

30
(75.0)

96
(70.6)

28
(54.9)

9
(64.3)

II 70
(24.3)

47
(26.3)

23
(21.1)

20
(42.5)

6
(15.0)

24
(17.6)

16
(31.4)

4
(28.6)

III 30
(10.4)

14
(7.8)

16
(14.7)

2
(4.3)

4
(10.0)

16
(11.8)

7
(13.7)

1
(7.1)

Canine class (n 450) **

I 282
(62.7)

156
(60.2)

126
(66.0)

7
(41.2)

22
(64.7)

124
(69.3)

93
(55.7)

36
(67.9)

II 122
(27.1)

78
(30.1)

44
(23.0)

10
(58.8)

9
(26.5)

36
(20.1)

58
(34.7)

9
(17.0)

III 46
(10.2)

25
(9.7)

21
(11.0)

0
(0.0)

3
(8.8)

19
(10.6)

16
(9.6)

8
(15.1)

Gummy smile (n 759) 115
(15.2)

82
(18.0)

33
(10.9) ** 9

(13.4)
7

(16.3)
44

(19.3)
42

(15.1)
13

(9.1)

Narrow palate (n 875) 198
(22.6)

121
(23.4)

77
(21.6)

33
(48.5)

13
(30.2)

55
(23.8)

75
(25.3)

22
(9.3) ***

Ankyloglossia (n 877) 148
(16.9)

88
(16.9)

60
(16.9)

12
(18.5)

7
(16.3)

35
(15.2)

49
(16.3)

45
(19.0)

Phonetic issues (n 753) 190
(25.2)

104
(23.3)

86
(28.0)

16
(26.7)

16
(39.0)

38
(17.0)

62
(22.6)

58
(37.4) **
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Table 2. Cont.

All
Sex Age Classes

Domain Parameter F M p-Value 6–12
yrs

13–17
yrs

18–40
yrs

41–60
yrs

60+
yrs p-Value

4. TMDs b

Click/noise
(n 859)

298
(34.7)

206
(40.2)

92
(26.5) *** 7

(11.1)
10

(23.3)
77

(33.9)
114

(39.3)
90

(38.1) ***

Pain (n 842) 67
(8.0)

55
(11.0)

12
(3.5) *** 0

(0.0)
3

(7.0)
14

(6.3)
29

(10.2)
21

(9.0) *

Mandibular deviation
(n 847)

208
(24.6)

136
(27.0)

72
(20.9)

7
(11.1)

7
(17.1)

57
(25.6)

85
(29.6)

52
(22.3) *

Opening limitation
(n 829)

27
(3.3)

17
(3.5)

10
(2.9)

1
(1.6)

1
(2.4)

8
(3.6)

7
(2.5)

10
(4.4) *

a Number of individuals for which data are available. b TMDs = temporomandibular disorders. * p-value <0.05;
** p-value <0.01; *** p-value <0.001; in blank space: p-value not significant.

Regarding airways, 41.5% of the participants reported to have undergone tonsillectomy
and 29.7% reported to have undergone adenoidectomy; the percentage of participants that
underwent these surgeries was higher in the age group 41–60 years (53.3%) than in the
other groups (p-value < 0.001). No sex differences were detected for both surgeries among
the groups. Nasal breathing was more frequent than oral breathing (20.9% vs. 4.1%), while
the remaining 75% of participants presented mixed breathing.

Concerning bad habits, pacifier sucking beyond the age of 18 months was more
frequent than thumb sucking (10.9% vs. 8.7%). Differences were observed in terms of
prolonged pacifier sucking frequency between the participants aged 6–12 and 60+ years
(24.6% vs. 2.7%) (p-value < 0.001). Atypical swallowing was more frequent in the age
group 6–12 years (31.5%) while the lowest prevalence was registered in the age group
18–40 years (15.4%) (p-value < 0.05). The overall prevalence of bruxism was 20.9% and that
of a contracted chin was 13.8%.

Taking into account extraoral orthodontic traits, most participants had competent lips
(91.5%) and only a small percentage showed mandibular deviation (15.4%); significant
differences were found for these two parameters between participants aged 6–12 and
13–17 years (p-value < 0.05). Concerning facial divergence, about 50% of the participants
had a normal facial divergence, while 20.0% and 30.1% had an anterior and posterior
divergence, respectively. The analysis of the skeletal classes’ facial profiles revealed that
class I was the most frequent (61.0%), whereas the prevalence of class II and III was similar
(20.0% and 19.0%, respectively). The analysis of the frequency of the skeletal classes’ facial
profiles among the age groups highlighted how the 41–60 and 60+ years groups showed
the highest percentages of skeletal class I facial profile (62.1% and 64.4%, respectively), the
6–12 years group showed the highest prevalence of class II (41.8%), while class III was more
prevalent in the 60+ years group (24.0%). Differences were observed for the skeletal class I
facial profile between participants aged 6–12 years and older than 60 years (p-value < 0.001);
no sex differences were found for the skeletal classes’ facial profiles among the age groups.

Within intraoral orthodontic traits, the most frequent characteristic among all age groups
was overjet + (37.1%) while the less frequent characteristic was reversed overjet (1.8%). Maloc-
clusions were evaluated both on the frontal plane, highlighting how the deep bite was more
frequent than the open bite (24.5% vs. 7.5%, respectively), and on the sagittal plane, where
the posterior crossbite was more frequent than the scissor bite (23.8% vs. 3.3%, respectively).
Concerning molar and canine classes, class I was the most frequent (65.3% and 62.7%, respec-
tively) followed by class II (24.3% and 27.1%, respectively) and class III (10.4% and 10.2%,
respectively). Age group differences were found for molar (p-value < 0.05) and canine classes
(p-value < 0.01). Molar class I was prevalent in the age group 13–17 years (75.0%), and molar
classes II and III were more frequent in the age groups 6–12 years (42.5%) and 41–60 years
(13.7%), respectively. Canine class I was more frequent in the age group 18–40 years (69.3%);
classes II and III were more frequent in the age groups 6–12 years (58.8%) and 60+ years
(15.1%), respectively. The overall prevalence of gummy smiles was 15.2% and this trait was
significantly associated with sex, with females being more affected than males (18.0% vs.
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10.9%, respectively) (p-value < 0.01). A total of 22.6% of the participants had a narrow palate
and 16.9% had a short lingual frenulum; the overall prevalence of phonetic issues was 25.2%.
Differences among age groups were found for both narrow palates and phonetic issues that
were more frequent among underage participants in the age groups 6–12 years (48.5%) and
13–17% (39.0%) (p-value < 0.001), respectively.

Lastly, with regard to TMDs, 34.7% of the participants had a TMJ click/noise with a
greater number of affected females than males (206 vs. 92, respectively) (p-value < 0.001).
Differences among the age groups were detected with a higher prevalence of TMJ click/noise
in the age group 41–60 years (39.3%), and the lowest prevalence was in the age group 6–12
years (11.1%) (p-value < 0.001). Sixty-seven participants (8.0%) complained of TMJ pain and
three of them were underage; sex was significantly associated with TMJ pain with females
being more affected than males (11.0% vs. 3.5%, respectively) (p-value < 0.001). A total
of 24.6% of participants showed a mandibular deviation and differences among the age
groups were found (p-value < 0.05). The overall prevalence of mouth-opening limitation
was 3.3%.

Participants’ data on dentition, dental agenesis, and wisdom teeth are reported in Table 3.

Table 3. Characteristics of the participants’ odontostomatological measures of domain 5 (teeth). The
values indicate the presence of the parameters in numbers and percentage (in brackets) for all samples
(All), females (F), males (M)m and for age groups. Yrs: years. The p-value columns refer to the
difference in sex and age classes obtained by Fisher’s exact test.

All
Sex Age Classes

Domain Parameter F M p-Value 6–12
yrs

13–17
yrs

18–40
yrs

41–60
yrs

60+
yrs p-Value

Dentition
(n a 904) ***

5. Teeth

Primary 2
(0.2)

1
(0.2)

1
(0.3)

2
(2.9)

0
(0.0)

0
(0.0)

0
(0.0)

0
(0.0)

Mixed 66
(7.3)

39
(7.3)

27
(7.3)

62
(91.2)

4
(9.1)

0
(0.0)

0
(0.0)

0
(0.0)

Complete
permanent

202
(22.3)

133
(24.8)

69
(18.8)

4
(5.9)

31
(70.5)

133
(55.0)

31
(10.3)

3
(1.2)

Partial
permanent

542
(60.0)

306
(57.1)

236
(64.1)

0
(0.0)

9
(20.5)

109
(45.0)

263
(87.4)

161
(64.7)

Edentulous 92
(10.2)

57
(10.6)

35
(9.5)

0
(0.0)

0
(0.0)

0
(0.0)

7
(2.3)

85
(34.1)

Dental agenesis
(n 629)

All teeth 39
(6.2)

28
(7.4)

11
(4.4)

6
(10.2)

6
(17.1)

20
(9.9)

7
(3.0)

0
(0.0) ***

Upper lateral
incisors

16
(2.5)

11
(2.9)

5
(2.0)

3
(5.1)

2
(5.7)

9
(4.4)

2
(0.9)

0
(0.0) *

Second
premolars

15
(2.4)

11
(3.2)

4
(1.2)

3
(5.1)

2
(5.7)

9
(4.4)

1
(0.4)

0
(0.0) **

Wisdom teeth

Upper right
(n 801) ** ***

Sound 55
(6.9)

21
(4.3)

34
(10.7)

0
(0.0)

0
(0.0)

24
(13.0)

22
(8.5)

9
(3.7)

Decayed 18
(2.2)

7
(1.4)

11
(3.5)

0
(0.0)

0
(0.0)

15
(8.2)

3
(1.2)

0
(0.0)

Filled 41
(5.1)

26
(5.4)

15
(4.7)

0
(0.0)

0
(0.0)

13
(7.1)

22
(8.5)

6
(2.5)

Missing 596
(74.4)

373
(77.1)

223
(70.3)

65
(91.5)

12
(27.3)

96
(52.2)

201
(77.6)

222
(91.4)

Impacted 88
(11.0)

55
(11.4)

33
(10.4)

6
(8.5)

31
(70.5)

35
(19.0)

10
(3.9)

6
(2.5)

Semi-impacted 3
(0.4)

2
(0.4)

1
(0.3)

0
(0.0)

1
(2.3)

1
(0.5)

1
(0.4)

0
(0.0)
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Table 3. Cont.

All
Sex Age Classes

Domain Parameter F M p-Value 6–12
yrs

13–17
yrs

18–40
yrs

41–60
yrs

60+
yrs p-Value

Upper left
(n 802) ***

Sound 54
(6.7)

23
(4.8)

31
(9.7)

0
(0.0)

0
(0.0)

32
(16.8)

15
(5.8)

7
(3.0)

Decayed 11
(1.4)

7
(1.4)

4
(1.3)

0
(0.0)

0
(0.0)

5
(2.6)

4
(1.5)

2
(0.8)

Filled 19
(2.4)

9
(1.9)

10
(3.1)

0
(0.0)

0
(0.0)

7
(3.7)

8
(3.1)

4
(1.7)

Missing 633
(78.9)

396
(82.0)

237
(74.3)

65
(91.5)

13
(29.5)

118
(61.8)

219
(84.6)

218
(92)

Impacted 82
(10.2)

46
(9.5)

36
(11.3)

6
(8.5)

30
(68.2)

28
(14.7)

12
(4.6)

6
(2.5)

Semi-impacted 3
(0.4)

2
(0.4)

1
(0.3)

0
(0.0)

1
(2.3)

1
(0.5)

1
(0.4)

0
(0.0)

Lower right
(n 803) * ***

Sound 67
(8.3)

28
(5.7)

39
(12.4)

0
(0.0)

0
(0.0)

32
(15.7)

24
(9.6)

11
(4.7)

Decayed 11
(1.4)

7
(1.4)

4
(1.3)

0
(0.0)

0
(0.0)

7
(3.4)

3
(1.2)

1
(0.4)

Filled 46
(5.7)

26
(5.3)

20
(6.3)

0
(0.0)

0
(0.0)

10
(4.9)

30
(12.0)

6
(2.6)

Missing 584
(72.7)

372
(76.2)

212
(67.3)

65
(91.5)

11
(25.0)

111
(54.4)

185
(73.7)

212
(91.0)

Impacted 85
(10.6)

51
(10.5)

34
(10.8)

6
(8.5)

31
(70.5)

36
(17.6)

9
(3.6)

3
(1.3)

Semi-impacted 10
(1.2)

4
(0.8)

6
(1.9)

0
(0.0)

2
(4.5)

8
(3.9)

0
(0.0)

0
(0.0)

Lower left
(n 815) ** ***

Sound 61
(7.5)

27
(5.5)

34
(10.5)

0
(0.0)

0
(0.0)

25
(12.4)

28
(10.6)

8
(3.4)

Decayed 16
(2.0)

6
(1.2)

10
(3.1)

0
(0.0)

0
(0.0)

8
(4.0)

7
(2.7)

1
(0.4)

Filled 51
(6.3)

39
(7.9)

12
(3.7)

0
(0.0)

0
(0.0)

19
(9.4)

26
(9.8)

6
(2.6)

Missing 589
(72.3)

364
(74.1)

225
(69.4)

65
(91.5)

12
(27.3)

100
(49.5)

197
(74.6)

215
(91.9)

Impacted 84
(10.3)

48
(9.8)

36
(11.1)

6
(8.5)

30
(68.2)

39
(19.3)

5
(1.9)

4
(1.7)

Semi-impacted 14
(1.7)

7
(1.4)

7
(2.2)

0
(0.0)

2
(4.5)

11
(5.4)

1
(0.4)

0
(0.0)

a Number of individuals for which data are available. * p-value <0.05; ** p-value <0.01; *** p-value <0.001;
in blank space: p-value not significant.

A total of 22.3% of the participants had a complete permanent dentition (excluding
wisdom teeth) while 60.0% had a partial permanent dentition with one or more missing
teeth. Ninety-two individuals (10.2%) were edentulous and all of them were aged 41+ years.
A higher prevalence of edentulous was found in the age group 60+ years (n = 85). The
dentition type was statistically associated with age groups (p-value < 0.001) but not with
sex. Concerning dental agenesis, 39 participants presented at least 1 agenetic tooth. The
number of agenetic teeth is reported below by frequency order. The most frequently
agenetic teeth were permanent upper lateral incisors (n = 27: 14 upper right and 13 upper
left lateral incisors), followed by lower wisdom teeth (n = 18: ten lower left and eight
lower right), upper wisdom teeth (n = 15: seven upper right and eight upper left), lower
second premolars (n = 15: eight lower left and seven lower right second premolars),
permanent lower central incisors (n = 7: four lower right and three lower left central
incisors), and upper second premolars (n = 6: four upper right and two upper left second
premolars). The less frequent agenetic teeth were instead permanent upper central incisors
(n = 2), permanent lower lateral incisors (n = 2: one lower right and one lower left lateral
incisors), permanent upper canines (n = 2: one upper right and one upper left canines),
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and permanent lower canines (n = 1: lower left canine). The corresponding deciduous
tooth was still present in 8 out of the 39 participants presenting dental agenesis. Thirteen
participants presented agenesis of a single tooth, fifteen presented agenesis of two teeth,
and ten presented agenesis of more than two teeth (data not available for one subject).
With respect to wisdom teeth, more than 70% of the participants had at least one missing
wisdom tooth. Differences among the age groups were found for sound wisdom teeth that
were prevalent (about 10%), in the age group 18–40 years.

3.3. Relationship between the Variables

In order to investigate the relationship between the selected variables, logistic mixed
effect models were performed; the results of the analysis are reported in Table 4. Three
significant associations were found among the five tested models. Ankyloglossia was found to
be a statistically significant risk factor for phonetic issues (OR: 1.90, 95% CI: 1.21–2.98); indeed,
among the participants with ankyloglossia, 27.9% (47 out of 171) had phonetic issues while
13.1% (73 out of 557) had no phonetic problems. Bruxism was detected to represent a risk
factor for TMJ click/noise (OR: 1.33, 95% CI: 1.17–2.47) and pain (OR: 2.24, 95% CI: 1.22–4.11).
Bruxism was not related to mandibular deviation (OR: 0.93, 95% CI: 0.61–1.41) and opening
limitation (OR: 1.41, 95% CI: 0.47–3.80). In detail, 37 participants out of 184 (20.1%) with
bruxism had a mandibular deviation while 112 out of 547 (20.5%) did not. Among bruxists,
26.3% (5/19) had a mouth-opening limitation while 20.3% (142/698) did not.

Table 4. Results of the logistic mixed models. The data are the odds ratio (OR) and 95% confidence
interval (95% CI). Statistically significant betas are indicated in bold. All of the models were adjusted
for age, gender, and previous orthodontic treatment (OT) (as fixed effect) and village of origin (as
random effect).

Response Variable Risk Factor OR (95% CI) Gender—OR
(95% CI)

Age—OR
(95% CI)

OT—OR
(95% CI)

Phonetic Issues Ankyloglossia 1.90 (1.21–2.98) 1.31 (0.90–1.90) 1.01 (1.00–1.02) 0.88 (0.51–1.15)

Click/noise Bruxism 1.70 (1.17–2.47) 0.56 (0.40–0.78) 1.02 (1.01–1.03) 0.93 (0.60–1.45)

Pain Bruxism 2.20 (1.20–4.02) 0.26 (0.12–0.55) 1.02 (1.01–1.04) 1.19 (0.55–2.59)

Mandibular deviation Bruxism 0.93 (0.61–1.41) 0.62 (0.44–0.89) 1.01 (1.00–1.02) 0.91 (0.56–1.48)

Opening limitation Bruxism 1.33 (0.47–3.80) 0.90 (0.35–2.36) 1.00 (0.98–1.03) 1.74 (0.58–5.27)

4. Discussion

The present study aimed to verify the prevalence, sex, and age distribution of de-fined
odontostomatological traits as well as to test the relationship within selected odontostoma-
tological variables, providing a detailed epidemiological characterization of odontostoma-
tological traits in the isolated cohorts of the FVG region. Focusing on such large, isolated
populations allowed us to obtain sample homogeneity and control the potential confound-
ing etiological factors of the investigated traits.

Among all of the evaluated odontostomatological phenotypes, the most interesting
findings are discussed below. Regarding malocclusions and TMDs, the data reported here
are broadly in line with the literature [1,2]. Regarding dental malocclusions, in this study
sample, Angle’s class I was prevalent (65.3%) followed by class II malocclusion (24.3%),
while class III and reversed overjet were the least frequent malocclusions (10.4% and 1.8%),
as the literature describes among Caucasians. No significant differences between males and
females were found in this study, in accordance with the literature [30]. A 2018 systematic
review on the global distribution of malocclusion traits, reports mean prevalence values of
Angle’s classes I, II, and III and reversed overjet of 74.7%, 19.5%, 5.9%, and 4.5%, respec-
tively [1]. The prevalence of class III malocclusion was higher, however, in comparison with
the global prevalence calculated by Alhammadi and colleagues (10.3% vs. 5.9%) [1]; this
difference may be explained by considering the heterogeneity of the sample evaluated by
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the authors which includes populations from all over the world and may also highlight a
possible genetic cause in this study sample to be explored. The literature describes different
patterns of skeletal classes’ distribution according to ethnicities: African and Caucasian
populations show the highest prevalence of skeletal classes I and II, respectively, whereas
Asians show the highest prevalence of class III, suggesting a genetic contribution to the
malocclusions’ etiology [1]. To date, several genes (e.g., COL1A1, FGFR2, MATN1, and
MYO1H) and pathways (e.g., insulin receptor and FGFR2 signaling cascades) that are
involved in craniofacial development have been identified [31]. However, due to the multi-
factorial etiology of malocclusions, more studies aimed at deepening the knowledge of the
molecular and genetic mechanisms underlying their etiology are needed, with the final aim
of better understanding these traits and developing personalized treatment strategies. As
for the other malocclusion traits, this study’s findings are in line with the literature [1,30].
Increased overjet was more frequent than reversed overjet (37.1% vs. 1.8%, respectively);
deep bite prevalence was higher that open bite (24.5% vs. 7.5%, respectively), as well as
posterior cross bite in comparison with scissor bite (23.8% vs. 3.3%, respectively).

Regarding TMDs, the prevalence of TMJ click/noise and pain, clinical manifestations
of disc displacement with reduction (DDwR), was higher in the adults than in the underage
participants (37.1% vs. 17.2%, respectively) and in females rather than in males, as reported
in a 2021 systematic review and meta-analysis [2]. According to Valesan and colleagues,
the overall mean prevalence of TMDs is approximately 31% for adults/the elderly and 11%
for children/adolescents, and DDwR is the most frequent TMD with a higher global mean
prevalence in adults than in children (25.9% vs. 7.4%, respectively) [2].

Concerning permanent dentition, the fact that most participants had a partial perma-
nent dentition (60.0%) with one or more missing teeth, excluding wisdom teeth, and only
22.3% had a complete permanent dentition, may reflect the possible reduced attention of the
participants to proper at-home oral hygiene as well as non-conservative dental treatments.
The majority of the participants that had a complete permanent dentition were females
(133 vs. 69). The prevalence of dental agenesis in the study sample was 6.2%; permanent
upper lateral incisors followed by second premolars were the most frequently missing teeth
as reported in the literature, which estimates a global prevalence of hypodontia ranging
from 1.6 to 6.9% depending on the studied population [32]. Agenesis of third molars is
considered a physiologic finding or an evolutionary adaptation of the dentition rather than
a developmental disturbance [33], unlike other teeth agenesis.

Logistic mixed models’ findings on the relationship between variables highlighted
that bruxism resulted as a risk factor for TMJ click/noise and pain as the literature suggests.
To date, however, the exact relationship among these disorders is currently controversial
due to the complexity of their etiology and diagnosis [27,34]. Ankyloglossia was found
to be a risk factor for phonetic issues, while, according to the literature, there is no clear
connection between a short lingual frenulum and speech problems, mainly due to a lack of
a uniform lingual frenulum grading system and standardized clinical studies evaluating
the effects of surgical treatment on speech articulation [35].

This study presents some limitations that need to be considered. Firstly, this is a
cross-sectional study; therefore, to develop a better model to deepen the knowledge of
specific phenotypes, such as malocclusions and TMDs, a prospective cohort study and
an interventional study would be needed. In addition, when discussing this study’s find-
ings, a detailed comparison with the literature data of the prevalence and distribution of
all the studied phenotypes was not possible, due to wide diversity in the samples’ com-
position as well as in the outcome measurements of already published epidemiological
studies. Particularly, in the literature, epidemiological studies on the distribution of odon-
tostomatological traits in both pediatric and adult populations are heterogeneous due to
differences in samples’ composition (different ethnicities, ages, and number of participants)
and outcome measurements [1,2,6,8–10]. For these reasons, standardized epidemiological
studies on odontostomatological traits are needed in order to obtain a reliable picture of
their prevalence and distribution among different ethnicities and ages. Knowing the type



J. Clin. Med. 2023, 12, 2746 12 of 14

and distribution of some orthodontic characteristics such as malocclusions and TMDs
stratified by age may be useful for educational purposes as well as in determining and
directing health policies regarding the treatment of odontostomatological needs and the
implementation of specialists’ skills. Nowadays, orthodontic treatment is receiving great
attention from both specialists and patients due to the psychological and social impact of
malocclusions. According to a 2020 systematic review and meta-analysis [30], more than
half of children and adolescents worldwide present a malocclusion. Since malocclusions
do not self-correct with age but instead tend to get worse, knowing their prevalence and
distribution in children may help in performing specific therapy plans to treat them early,
thus improving their quality of life and reducing the care burden in adults; early pediatric
dental visits and preventive interventions are therefore the key to preserving oral health.
The future prospects of this study include performing an over-ten-years-later follow-up and
deepening the knowledge on selected odontostomatological phenotypes (i.e., ankyloglossia,
dental agenesis, and skeletal classes) through a combined approach of family-based studies
and genetic analyses.

5. Conclusions

Overall, this work provides a picture of the distribution of malocclusions and TMDs
in a large sample of almost one thousand subjects. This study was not focused on a
specific target of individuals (i.e., children or patients from dental clinics), but rather
people of all ages were included, from children to adolescents, adults, and the elderly.
Moreover, including such a large general population allowed us to collect data about
individuals rarely described in the literature. Indeed, most published studies are about
children and adolescents or involve adult males who have served in the military [1]. Only
a few studies concern adult females and people older than 40 [1]. This approach allowed
the description of detailed distributions across age classes and sex, which is helpful for
further comparison studies in general populations or specific groups of individuals. The
findings described here reveal the associations between variables, such as ankyloglossia
and phonetic issues, bruxism and click/noise, bruxism, and pain. As already discussed,
the exact relationships among these disorders and the possible risk factors are currently
controversial. However, this study provides further confirmation of these relationships
in a large sample, highlighting the importance to take into account these risk factors in
preventive strategies and treatments.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12072746/s1. Table S1: Post-hoc power calculation for the
logistic models.
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