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Background: Hypodontia might negatively affect dental function and esthetics, what might affect patients' self-esteem, communication behavior, professional performance and thus quality of life. The aim of this study was to estimate the influence of number of congenital missing teeth on dentofacial features.

Methods: Lateral cephalograms of 60 individuals with hypodontia (study group) and 40 individuals without hypodontia (control group) were analyzed. Patients in the study group were divided into two subgroups according to the number of missing teeth (group A with hypodontia 1 to 4 teeth and group B with hypodontia 5 or more teeth). Cephalometric data were compared among the study and control groups and statistically analyzed.

Results: The results in the present study revealed a significantly shorter and more retrognathic maxilla, more prognathic chin position, more retruded incisors in both jaws, large interincisal angle, straighter facial convexity as well as more retruded upper and lower lips in the group B compared with the control group. In the group A only chin position was significantly more prognathic compared with the control group.

Conclusions: According to the results of present study impact of hypodontia on the craniofacial morphology and consequently on facial esthetics was found statistically significantly greater in patients with 5 or more congenitally missing teeth.
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Introduction

Congenitally missing teeth (CMT) or dental agenesis or hypodontia is one of the most common dental developmental anomalies, characterized by the absence of one or more deciduous or permanent teeth (1–3). CMT is defined when no mineralization of the tooth crown could be recognized on the radiograms and when the dental treatment records and anamnestic data expressed no extraction or loss because of trauma or caries (4). When a primary tooth is congenitally absent, its permanent counterpart might also be missing (3, 5). The prevalence of hypodontia in the permanent dentition, excluding the third molars, ranges between 0.15 and 16.2% and is depending on gender, race, and continent (1, 3, 4, 6, 7). The congenital absence of teeth occurs more frequently in girls at a ratio of 3:2. The mandibular second premolar and the maxillary lateral incisor are the most commonly missing teeth (2–4, 6). It has been reported that the occurrence of hypodontia in Caucasians has increased during the 20th century (7). Genetics plays a crucial role in congenital dental aplasia, as confirmed by studies on monozygotic twins (3, 8, 9). Its etiology seems to be multifactorial and can include environmental factors, infection, and drugs, as well as genes associated with about 120 syndromes (3). Hypodontia may be present as an isolated condition (10) or may be associated with other dental anomalies (1, 3, 11) and craniofacial syndromes such as cleft lip and/or palate, ectodermal dysplasia, and Down syndrome (3, 10, 12, 13). The isolated condition is more common than syndromic and can be sporadic or familiar (3).

Oral health plays an important role in public health, and hypodontia might negatively affect a patient's dental function and esthetic. Subjects with missing teeth are more likely to suffer from malocclusion, insufficient alveolar bone growth, masticatory problems, reduced chewing ability, inarticulate pronunciation (speech), periodontal damage, and esthetic problems with changes in skeletal relationships and an unfavorable appearance, which might negatively affect patients' self-esteem, communication behavior, professional performance, and thus the quality of life and might need multidisciplinary treatment (3, 14).

Based on severity, hypodontia can be classified into mild (two or fewer missing teeth), moderate (three to five missing teeth), and severe (six or more missing teeth) forms, with no clear agreement on that (2, 3, 15, 16).

The effect of hypodontia on craniofacial morphology has been widely studied. Hypodontia might accompany reduced intercanine and intermolar widths (2, 17). The results pertaining to skeletal changes remain controversial. Some authors did not find a significant correlation between malocclusions and hypodontia prevalence while according to the others studies significant impact could be found (2, 3). Acharya et al. (18) found in their study clinical significance associated only with patients with severe hypodontia (six or more missing teeth). Johal et al. (16) also found significant reductions in the 3D soft tissue morphology in patients with severe hypodontia (six or more missing teeth). It was found that only 0.14% of individuals with hypodontia show an absence of more than six permanent teeth (6, 16).

The purpose of the present study was to estimate the possible impact of even less than six congenitally missing permanent teeth on craniofacial skeletal as well as soft tissue relationships in our population.



Materials and methods

Ethical approval for the study was obtained from the Institutional Review Board of the University Clinical Centre Maribor (no. 19/11). The study was conducted in accordance with the Declaration of Helsinki at the Orthodontic Department of Community Healthcare Centre. Informed consent approval was obtained from each subject.

In this retrospective case-control study, two groups of subjects were included: the study group with a variable number of missing teeth (tooth agenesis) and the control group with all teeth other than the third molars present.

The study group included 60 Caucasian subjects (28 boys and 32 girls) with a mean age of 14.7 years (standard deviation [SD] ± 1.6 years). The study group subjects were further divided into two subgroups according to the number of missing teeth: In group A, there were subjects with hypodontia of one to four teeth, and in group B, subjects with hypodontia of five or more teeth.

After determining the study group, the age- and sex-matched control group was randomly selected. The control group consisted of 40 Caucasian subjects (18 boys and 22 girls) with a mean age of 15.2 years (standard deviation [SD] ± 2.9 years) with complete permanent dentition (excluding third molars), a Class I molar relationship, lack of crossbite, enough space in both arches (Little's irregularity index was in the range of 1–3 mm in which each contact was <1 mm), positive overbite, and overjet <4 mm, without noticeable asymmetry and with consistent facial proportions.

A congenitally missing tooth was identified as the one when no mineralization of the tooth crown could be recognized on the radiograms and when the dental treatment records and anamnestic data confirmed that it had not been extracted or lost because of trauma or caries. Subjects who were younger than 12 years were not included in the study due to the timeline of tooth development (3). Subjects with syndromes, developmental anomalies (alveolar cleft and/or palate), mandibular fracture, or deformity were also excluded from the study because of the possibility of severe irregularities in craniofacial development. Pre-orthodontic treatment panoramic radiogram and lateral cephalogram availability with no previous orthodontic treatment were mandatory inclusion criteria for all the subjects in both groups.

All lateral cephalograms (LC) were obtained with the same equipment (Planmeca Promax, Finland) by an experienced dental radiology engineer using a standardized technique. Subjects were properly shielded, standing, with the ear rods in the external auditory meatus, the teeth in the maximal intercuspation (centric occlusion), relaxed lips, and Frankfort's horizontal plane running parallel to the floor. The distance from the midsagittal plane of the subject's head and to the source of rays on the one side and the film on the other side was the same for each subject.

Morphological craniofacial features were assessed from the digital LC with Planmeca Romexis cephalometric software program by a single operator (AF).

The assessment for each patient was carried out twice at different times to prevent errors and was corrected after the mean parameters were calculated.

Twenty-two skeletal and 11 soft tissue landmarks were recorded for each cephalogram, and 25 skeletal and 14 soft tissue measurements were obtained for the study. Definitions of the used landmarks and angular and linear measurements are described in Tables 1–3 (19, 20). The linear and angular measurements were taken to the nearest of 0.1 mm and 0.5 degrees, respectively.


TABLE 1 Definition of the skeletal and soft tissue cephalometric landmarks.
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TABLE 2 The angular and linear skeletal measurements and their description.
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TABLE 3 The angular and linear soft tissue measurements and their descriptions.
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Statistical analysis

The data were analyzed using the Statistical Package for Social Sciences, version 10.0 (SPSS Inc., Chicago, Illinois, USA). One examiner performed all measurements.

Fifteen randomly selected cephalograms from both groups were re-digitizing 2 weeks after initial digitization to evaluate intra-operator error. A paired t-test was used to perform error analysis. The difference was not statistically significant.

An independent t-test was used to compare cephalometric measurements between groups. The level of significance tested was p < 0.05.




Results

Intra-operator error analysis showed no statistically significant difference observed in the cephalometric analyses between groups (p > 0.05). The correlation values were free of systematic measurement error (correlation coefficients were over 0.790).

There was no statistically significant difference between the patients in the study and control groups in age (p = 0.872) (Table 4).


TABLE 4 Distribution of subjects by groups.

[image: Table 4]

In the study groups, there were a total of 186 congenitally missing teeth [mean 1.78, SD 0.86; range 1–4 (for group A) and mean 5.75, SD 1.55; range 5–11 (for group B)].

Table 5 shows the distribution of missing teeth in both arches by the study group A and group B. The maxillary lateral incisor (39.5 %) was the most commonly absent tooth (affected with hypodontia) in group A while in group B the most commonly absent teeth were mandibular second premolar (30.4 %), followed by the maxillary lateral incisor (27.8 %) and maxillary second premolar (22.6 %).


TABLE 5 Distribution of type of missing teeth in upper and lower arches in groups with hypodontia.
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The data for all the cephalometric measurements of hard tissues and soft tissues with statistical analysis are presented in Tables 6, 7, respectively.


TABLE 6 Comparison of the skeletal cephalometric means and standard deviation (SD) between the control and study groups.
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TABLE 7 Comparison of the soft tissue cephalometric means and standard deviation (SD) between the control and study groups.
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Skeletal variables

There was one statistically significant difference noted in the measurements between study group A (one to four missing teeth) and the control group [SNPg variable (p= 0.003)] and eight out of 25 measurements for study group B (five or more missing teeth) in comparison with the control group: sagittal skeletal reduction with reduced SNA (p < 0.001), FH/NA (p < 0.001) and ANB angles (p = 0.023), shorter maxilla (p= 0.046), larger SNPg angle (p < 0.001), retrusion of upper (p < 0.001) and lower incisors (p = 0.024), and with increased interincisal angle (p < 0.001).



Soft tissue variables

In the results of the present study, there were no statistically significant differences noted in soft tissue measurements between the patients in study group A and the control group.

On the other hand, the patients in study group B, (five or more missing teeth) statistically significantly straighter facial convexity (p = 0.034), retrusion of the upper (p < 0.001) and lower lips (p = 0.004), and smaller thickness of the lower lip (p = 0.020) were noted in comparison with the patients in the control group.




Discussion

Hypodontia is a common developmental dental anomaly that might affect the growth pattern of the maxilla and mandible and consequently craniofacial morphology (2, 3).

In the present study, the most commonly missing tooth in group A was the maxillary lateral incisor, which is in agreement with the study by Endo et al. (21) who reported that anterior tooth agenesis was predominant in subjects with one or two missing teeth. The most commonly missing teeth in group B was the mandibular second premolar, followed by the maxillary lateral incisor and the maxillary second premolar, which is consistent with the results of previous studies (1, 4, 6, 7).

Ben-Bassat and Brin (22), Endo et al. (23), Nodal et al. (24), and Gungor and Turkkahraman (25) found that as the number of missing teeth increases, the influence of hypodontia on craniofacial morphology increases as well. Acharya et al. (18) found in their study clinically significant changes only in patients with six or more missing teeth. These findings were not in correlation with those of some other studies in which hypodontia was found to have little or no effect on craniofacial morphology (26, 27).

As in our population, there are not many subjects with six or more missing teeth (severe hypodontia), the primary intention of our study was to analyze whether even five or fewer missing teeth could have a significant impact on cephalometric parameters in our population. Indeed, the results of the present study revealed some statistically significant differences in skeletal and soft tissue measurements between the study and control groups in our population.

Cranial base measurements were similar in both (study and control) groups, while Endo et al. (23) and Woodworth et al. (28) evaluated a significantly shorter cranial base. The results of the present study revealed a significantly shorter maxilla (p = 0.046) in group B (hypodontia of five or more teeth) which correlates with those of some other studies (22, 23, 28, 29). During the eruption of the teeth, the alveolar processes of the maxilla and mandible grow rapidly, while teeth act as a functional matrix (30). Some authors reported that a shorter maxilla might be related to an anterior reduced development of the alveolar process because of the absence of the anterior teeth (25, 31–33) or by an insufficient apposition to the tuberosity area in posterior tooth agenesis (23). Besides the shorter maxilla, we observed also statistically significantly more retrognathic maxilla (SNA; p < 0.001 and FH/NA; p < 0.001) in group B (hypodontia of 5 or more teeth), which is similar to the studies that reported the smaller SNA angle (18, 22, 23) in subjects with severe hypodontia. Chan et al. (34) reported significantly reduced SNA and NAFH values in the severe hypodontia subgroup compared with the mild (hypodontia of one or two teeth) and moderate hypodontia subgroups (hypodontia of three to five teeth). Miševska et al. (29) reported a significantly reduced maxillary length in all three hypodontia groups [mild (1–2), moderate (3-6), severe (>7 congenitally missing permanent teeth)] compared with the controls. On the other hand, Roald et al. (26), Yuksel and Ucem (27), and Chung et al. (35) reported that hypodontia had little or no effect on growth patterns and consequently on SNA angles.

In the present study, no significant effect of hypodontia on the mandible length was found. A significantly larger SNPg angle was found in both hypodontia groups compared with the control group. Similar findings of the more prognathic mandible were published by Endo et al. (21, 23), Nodal et al. (23), Yuksel and Ucem (27), and Woodworth et al. (28), while Krezi et al. (31), Ben-Bassat and Brin (32), and Jurek et al. (36) on the contrary, reported retrognathic mandible.

The ANB was found to be significantly smaller in group B (p = 0.023), which is similar to the reports by Celikogu et al. (2), Acharya et al. (18), Miševka et al. (29), Chan et al. (34), and Chung et al. (35) who reported a greater tendency to a Class III skeletal relationship in severe hypodontia.

None of the vertical skeletal measurements in our study showed any statistically significant difference between the study and control groups. Subjects with hypodontia had no statistically significantly smaller SN/PP, SN/ML, and interbasal angles than the control group, and the effect of hypodontia increased only in subjects with five or more missing teeth, which is different from the results by Nodal et al. (24), Gungor and Tukkahraman (25), Ogaard and Krogstad (33), and Chan et al. (34) who showed significantly smaller mandibular plane inclination.

Comparison of dental relationships in our study revealed a statistically significant retrusion of the incisors in both jaws in study group B (hypodontia of five or more teeth) compared with the control group. Retrusion of the incisors might be a consequence of retroclination of the anterior teeth into the increased space caused by CMT. These results are similar to those of some other studies (21–23, 25, 29, 33, 37), while Yüksel and Ücem (27) reported a tendency toward protrusion of incisors in both jaws.

The human face undoubtedly plays a key contribution to an individual's perceived physical attractiveness, with people constantly being judged on their facial appearance (16, 33). In the results of our study, the interincisal angle was found statistically significantly greater (p < 0.001) in study group B than in the control group. This was accompanied by reduced lip protrusion. A significant retrusion of the incisors and an increased interincisal angle were observed with increasing severity of hypodontia by other authors, too (21, 23, 25, 29, 33). People who have well-positioned incisors might be considered more attractive than others who have dental malocclusion and/or missing teeth, which might be considered also as a psychological impact (11, 38).

The results obtained in the present study of face height showed no statistically significant differences between the study and control groups. On the other hand, in some previous studies (16, 25, 28, 29, 31, 33, 39), reports that subjects with hypodontia had a significantly shorter face compared with the control group can be found.

The findings of our study with no statistically significant differences in soft tissue measurements in the study group A (hypodontia of one to four teeth) in comparison with the control group are similar to the study by Roald et al. (26). However, in study group B, (hypodontia of five or more teeth) statistically significantly straighter facial profile, as well as more retrusive upper and lower lips, were found in comparison with the control group, which is in agreement with some other studies (29, 32, 33, 39).

Our study has some limitations, too. There were a relatively low number of subjects included in the study subgroup B (hypodontia of five or more teeth) due to the low number of our population. The limited sample size of this study in one location restricts validity to the larger population, but there was a statistically significant difference observed in eight out of 25 (32%) studied parameters, which is similar to the reports of other studies (31, 35). These craniofacial characteristics of subjects with hypodontia should be taken into consideration when treatment is planned, as reported by Endo et al. (21, 23), too.

Some authors (21, 23, 31) also studied the effects of the distribution of CMT on craniofacial morphology. The absence of one or two permanent teeth was the most common occurrence in our patients, which is consistent with some studies (2–4, 6). Although we have not found statistically significant differences in the distribution of CMT between groups, when studying the impact of hypodontia on craniofacial morphology apart from the number of CMT, it is necessary to take into account the distribution of CMT, too.

Another possible limitation of the study could be related to the subjects' age and the fact that both jaws might still grow during adolescence ages which should be taken into consideration regarding the average age of studied subjects in our as well as in other studies with the similar average age of subjects (26, 28, 34).



Conclusion

In the results of the present study, we found that subjects affected by hypodontia indicate differences in craniofacial skeletal and soft tissue characteristics. Statistically significant differences were found in the group with five or more CMT.

The findings of the present study might suggest consideration of the changed craniofacial skeletal and soft tissue characteristics in subjects with hypodontia in a multidisciplinary approach, treatment planning, and care of possible functional and esthetic problems in such patients.
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Lower second molar
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Overbite 3194150

Overjet 3054 181

Study group
A(lto4 B (5 or more
missing teeth) missing teeth)

79.20 % 4.61 7617 £2.36
79.55 £ 5.69 7683 %5.14

1312257 0.66%3.63
83.05+5.71 85174327
$7.20£5.36 84854297
86.88 £ 6.46 8652356
122.89 %629 120.67 7.9
747 £3.25 7834223
30.67 £6.22 3150 £575
22,68 £5.16 2083 £9.11
111194875 94.67 923
89.67 % 6.02 85.67 %505
135.09£7.85 15067 £4.22
69.07 £3.54 69.0542.76
51.9243.03 4984253
73.62 %569 72.50 % 3.45
11154 £884 110854523
73334628 7440 £2.51
11285733 116754573
67194495 68.50 %625
51.02:43.92 50.33 £3.07
6225473 61.60 %394
—1.85£3.59 —0.67%3.05
3054128 3834188
2784 1.66 2174147

Control group
vs. group A

0871
0.168
0055
0.003
0388
0783
0425
0085
0303
0513
0.464
0503
0353

0911
0895
0.183
0.060
0796
0857
0479
0.062
0649
0435
0610
0.508

Control group
vs. group B

<0.001
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Measurements Definition

Angular measurements

TEC Total facial convex, angle, angle from G' to Pn’ and to Pg'
FC Facial convex angle, angle from G to $n’ and to Pg’
NLangle Nasolabial angle, angle betsween columella, $n’ and Sls (A)
Linear measurements

TEL Total facial length, distance between G’ and Me'

FH Facial height, distance between N’ and Me'

LFH Lower facial height, distance between Sn and Me

ULL Upper lip length, distance between Sn’ and St

LLL Lower lip length, distance between St and Me'

UL thickness Upper lip thickness, distance between Ls and labial surface

LL thickness

Ls/E

of upper incisor

Lower lip thickness, distance between Li and labial surface of
lower incisor

Upper lip convexity, distance of Ls to E line (Pn’~Pg))

Lower lip convexity, distance of Li to E line (Pn’~Pg))

Distance between pogonion and soft tissue pogonion

Distance between menton and soft tissue menton
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Abbreviation Description

Skeletal landmarks
G Glabella

Sella

Nasion

A A point - subspinale
B B point - supramentale
Ans Anterior nasal spine
Pns Posterior nasal spine
Ar Articulare

Me Menton

Gn Gnathion

Pg Pogonion

Co Condylion

Go Gonion

1Go ‘Tangent gonion

Is Incision superius

Ii Incision inferius

As Apex superius

Al Apex inferius

Pr Prosthion

1 Infradentale

Po Porion

or Orbitale

G Soft tissue glabella
N Soft tissue nasion
P Pronasale

cm' Columella

s’ Subnasale

IS Labrale superior

L Labrale inferior

st Stomion

Py Soft tissue pogonion
M Soft tissue menton
Sls, &' Superior labial sulcus,

soft tissue A

Definition

The most prominent point of the anterior contour of the frontal bone at the level of the superior orbital ridges in the
midsagittal plane
‘The geometric center of the sela turcica, the center of the pituitary fossa of the sphenoid bone

“The intersection of the internasal and frontonasal sutures, in the midsagittal planes

‘The deepest midline point on the contour of the maxillary alveolar process, between the anterior nasal spine and the prosthion
‘The deepest point in the concavity along the anterior border of the symphysis, between the infradentale and pogonion

“The tip of the anterior nasal spine at the inferior margin of the piriform aperture, in the midsagittal plane

The tip of the posterior nasal spine, the most posterior point on the contour of the bony hard palate in the midsagittal plane

A constructed point representing th

tersection of the inferior surface of the cranial base and the posterior outlines of the
condylar head

‘The lowest point of the contour of the mandibular symphysis,in the midsagittal plane

‘The most inferior point on the bony chin (mandibular symphysis) in the midsagittal plane

“The most anterior point on the contour of the bony chin, in the midsagittal plane

‘The most superior

nd posterior point on the head of the mandibular condyle

The most posterior inferior point on the outline of the angle of the mandible

‘The intersection between the mandibular plane (mp) and the ramus plane (rp)

‘The incisal point of the most prominent upper central incisor

‘The incisal point of the most prominent mandibular central incisor

‘The root apex of the most prominent upper incisor

‘The root apex of the most prominent lower incisor

‘The most inferior anterior point on the maxillary alveolar process, between the central incisors in the midsagittal plane

‘The most superior

nterior point of the ma

ndibular alveolar process, between the central incisors in the midsagittal plane

‘The most superior point of the outline of the external auditory meatus
‘The lowest point on the infrior orbital margin

Soft tissue landmarks

“The most prominent point of the soft tissue drape of the forehead, in the midsagittal plane

‘The deepest point of the concavity between the forehead and the soft

e contour of the nose in the midsagittal plane
‘The most prominent or anterior point of the nose tip, in the midsagittal plane

Nasal septum tangent point

‘The point in the midsagittal plane where the base of the columella of the nose meets the upper lip

“The most prominent point located on the vermilion border of the upper lip, in the midsagittal plane

‘The most prominent point located on the vermilion border of the lower lip, in the midsagittal plane

“The most anterior point of the contact betsveen the upper and lower lips in the midsagittal plane

‘The most prominent or anterior point on the soft tissue contour of the chin, in the midsagittal plane

‘The most inferior point of the soft tissue chin, in the midsagittal plane

“The deepest point in the concavity on the contour of the upper lip between subnasale and labrale superius, in the midsagittal

plane





OPS/images/fpubh-10-1013862-t002.jpg
Measurements

Angular measurements
SNA

SNB

ANB

SN/Pg

FH/NA
FH/NPg

Go angle
SN/PP

SN/MP
Interbasal angle
u/pP

LUMP

ULl

Linear measurements
SN

Ans-Pns
Go-Pg

Co-Pg

PFH

AFH

PFH/AFH
UAFH

LAFH

Wit appraisal

Overjet

Overbite

Definition

Prognathism of the maxillary alveolar bone, angle formed betseen the SN plane and point A
Prognathism of mandibular alveolar bone, angle formed between the SN plane and point B
Difference between SNA and SNB angles

Prognathism of the mandible, angle formed between SN plane and point Pg

Angle formed between the Frankfort plane (Po-Or) and point A

Facial angle, angle formed between the Frankfort plane (Po-Or) and point Pg

Angle between the posterior tangent line of the ramus and the mandibular plane

Inclination of the maxilla, angle betsween the SN plane and the palatal plane
Inclination of the mandible, angle between the SN plane and the mandibular plane

Interbasal relationship, angle between the palatal (Ans-Pns) and mandibular (line tangent to the lower mandibular border) planes
Maxillary incisor inclination, angle between the upper central incisor (Is-As) and the palatal plane

Mandibular incisor inclination, angle between the lower central incisor (Ii-Ai) and the mandible plane

interincisal angle, angle between Is-As and li-Ai

Anterior cranial base length, distance between S and N

Length of the maxilla along the nasal floor, distance between ANS
Length of the mandibular body distance between Go and Pg at MP
Length of mandible, distance between Co and Pg

Posterior face height (PEH), distance between $ and Go

Anterior face height (AFH), distance between N and Me

Ratio between posterior and anterior face heights

Upper anterior face height (UAFH), distance between N and Ans
Lower anterior face height (LAFH), distance between Ans and Me

Jaws anteroposterior relation to the cranal reference planes; projecting points A and B in two perpendicular lines, along the functional

occlusal plane to get points AO and BO. Distance between points AO and BO; the plane is Wit appraisal

Horizontal distance from the upper incisor tip to the labial surface of the lower incisor

Vertical distance from the lower incisor tip to the upper incisor tip
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