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Abstract This study aims to identify distinctive dentofacial
characteristics of hypodontia patients. For this purpose, 189
young hypodontia patients (cases) were divided into
subgroups, based on criteria from literature. Normalised
differences between cases and controls were calculated for
various parameters of dentofacial form. Subsequently,
cluster analysis was applied to disclose subsets of hypo-
dontia patients with distinctive dentofacial features. The
ANB angle, interincisal angle and lower anterior face
height were consistently significantly different amongst
the subsets. Four clusters of patients with an increasing
number of missing teeth and distinctive dentofacial charac-
teristics could be identified. Patients in cluster 1 display a
high-angle facial pattern. Patients in clusters 2 and 3 exhibit
markable dentoalveolar characteristics (a relatively small
and a large interincisal angle, respectively). Patients in
cluster 4 exhibited notable sagittal-skeletal discriminative
features predominantly because of a retrognathic maxilla.
The smallest nasolabial angle and lower anterior face height
were seen in this cluster. It is concluded that the anterior—
posterior relationship between the jaws, the interincisal
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angle and the lower anterior face height are discriminative
parameters of dentofacial form in hypodontia patients.
Patients with hypodontia can be clustered in four groups,
each with distinctive vertical-skeletal, dentoalveolar and
sagittal-skeletal characteristics. This categorisation of
patients with hypodontia into meaningful groups may be
useful for treatment planning, interdisciplinary communi-
cation and as a means of identifying groups of patients that
qualify for reimbursement of costs. Other dental factors
should be appreciated as well during restorative clinical
decision making in patients with hypodontia.

Keywords Hypodontia - Congenitally missing teeth -
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Introduction

Hypodontia, the congenital absence of one or more
permanent teeth, is the most common developmental
anomaly in man. It has a prevalence of 5.5% in Europeans,
with a preference for women compared to men (1.37:1)
[25]. The presentation of severe hypodontia is quite
heterogeneous and identical patterns of tooth agenesis are
rare when the whole dentition is considered [8]. Tooth size
discrepancy and variations in tooth shape are also common
findings in severe hypodontia [30]. They constitute addi-
tional factors that may complicate orthodontic and restor-
ative decision making. In addition, dentofacial aspects must
be taken into account as well.

One could assume a relation between numerical aberra-
tions of permanent teeth and craniofacial development and
morphology on several theoretical grounds [2]. There is
increasing understanding with respect to the molecular
mechanisms during cell and tissues interactions. Some
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homeobox genes, amongst which the MSX1 gene, bear
relevance to the process of both tooth and craniofacial
morphogenesis [33, 34]. Recently, a new gene has been
identified that, when mutated, causes severe hypodontia,
short stature and increased bone density (LTBP3) [22]. It
can be hypothesised that dysfunction of such genes may
hamper the development of teeth as well as craniofacial
structures. In addition, gene mutations can predispose for
specific patterns of agenesis and more or less characteristic
patterns of absent teeth have been described in patients with
severe hypodontia [1, 17]. For example, mutation of the
PAX9 gene has been associated with agenesis of posterior
teeth [31]. Furthermore, a reduced lower anterior face
height could be the result of decreased posterior occlusal
support. Finally, completion of crown formation and root
development has been considered to be of importance for
development of the alveolar process [20]. Hence, tooth
agenesis could result in regions with reduced alveolar ridge
dimensions.

Several authors investigated whether or not subgroups of
hypodontia patients differ on cephalometric measures of
dentofacial form or differ from non-hypodontia patients [1,
2,6,7,12,13, 19, 21, 23, 28, 29, 32, 36, 38]. Grouping of
patients was performed on the basis of:

— The location of the missing teeth, e.g. posterior,
anterior or anterior/posterior missing teeth [2, 12, 38].
Groups of anterior missing teeth consisted of missing
incisors [2] or missing incisors and cuspids [12].
Subdivision in uni- or bilateral anterior as well as uni-
or bilateral posterior missing teeth were made [38].

— The jaw in which the teeth are missing, e.g. in the
mandible, in the maxilla or both in the mandible and in
the maxilla [32]

— The number of missing teeth, e.g. mild (two to five
missing teeth), moderate (six to nine missing teeth) or
severe (ten or more missing teeth) [2, 12, 23] or five to
12 compared to 13 to 21 missing teeth [21]

— Severe hypodontia associated or not associated with a
syndrome, e.g. severe hypodontia (six or more teeth
missing) compared to severe hypodontia associated
with hypohidrotic ectodermal dysplasia [6]

—  The number of missing tooth types (incisors, canines,
premolars and molars) [7]

— On the distinction between hypodontia and oligodon-
tia by observation of typically and atypically missing
teeth [19]

It is hard to compare these, mostly explorative studies
with each other in detail. Different anatomical landmarks,
reference planes, angles and distances were used. Patient
populations from various racial background and inclusion
of cases with different degrees of hypodontia add to the
problem. Control groups were occasionally rather small,
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cases and controls were not always age and gender matched
or reference values for adolescents were presumed valid for
older patients as well because reference values for adults
were not available [2, 12, 38]. An additional problem with
previous studies is that preconceived assumptions regarding
factors that the authors thought to be of influence on
dentofacial form were used to define subgroups of patients.
In such an explorative approach, determinants of dentofa-
cial form may be overlooked and the importance of co-
existing determining factors may never be fully appreciated.
In a more objective approach, preconceived assumptions
for grouping of patients should not form the basis for
analysis but grouping should result from statistical analysis.
So the question is: Can groups of patients who share
skeletal features be identified by statistical analysis of the
data? Cluster analysis is a useful statistical tool to partition
data into subsets (called clusters) of subjects who share
common traits, i.e. dentofacial characteristics, so that
subjects from the same cluster are more similar to each
other than subjects from different clusters.

For treatment planning, interdisciplinary communication
and as a means of identifying groups of patients that qualify
for reimbursement of costs, a useful characterisation of
patients with hypodontia is desirable. It should reflect both
patterns of absent teeth and skeletal features. The present
investigation focuses on the latter one. The purpose of the
study is to compare cephalometric measures amongst
hypodontia patients with the aim to identify and character-
ise groups of hypodontia patients that represent distinctive
dentofacial features by means of cluster analysis.

Materials and methods
Subjects

Lateral cephalograms of 189 patients (76 boys, 113 girls),
who were classified as having ‘hypodontia’, ‘oligodontia’
or ‘tooth agenesis’, were selected from the databases of the
Department of Orthodontics and Oral Biology of the
Radboud University Nijmegen Medical Center, Nijmegen,
the Center for Special Dental Care of the University
Medical Center Utrecht, various orthodontic practices and
other centres for special dental care in The Netherlands.
The mean age at which the cephalograms were taken was
12.1 years (range 7.0-16.9; standard deviation (SD) 2.1)
with on average 5.1 missing teeth (range 1-22; SD 4.8).
The following inclusion criteria were applied:

— No previous orthodontic treatment

— Maximum 16 years of age

— Caucasian origin

— Hypodontia is not part of a diagnosed syndrome
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— Good quality lateral cephalogram present
—  Missing tooth type could be confirmed

The pre-treatment orthodontic records were examined.
The number of missing teeth and the tooth type were
verified from panoramic radiographs or intra-oral photo-
graphs. Hypoplastic and/or radiographically apparent, but
not (yet) erupted permanent teeth, were considered as being
‘present’. The Fédération Dentaire Internationale tooth
numbering system was used [24].

Methods

Lateral cephalometric radiographs were obtained in centric
occlusion with the patient positioned in a cephalostat and
oriented to the Frankfurt horizontal plane. Analogue radiographs
were scanned on a 16-bit scanner (Epson Expression 10000xl,
Seiko Epson, Nagano, Japan). All cephalograms were digitised
by one observer using a commercially available computer
programme for digital cephalometric analysis (Viewbox",
dHAL orthodontic software, Athens, Greece). To assess the
intra-observer measurement error, cephalograms of 20 ran-
domly selected patients were digitised twice by the same
observer with a time interval of 1 week.

Figure 1 and Table 1 show 18 anatomical landmarks that
were identified. Hard and soft tissue reference lines were
constructed. Because the radiographs originated from
different clinical practices and X-ray devices were replaced
over time, reliable magnification factors were not available
for all radiographs. Therefore, linear measurements were
used for the calculation of ratios only. Consequently, 12
cephalometric angles and ratios were calculated, involving
sagittal-skeletal, vertical-skeletal, dentoalveolar and soft
tissue measurements for dentofacial form (Fig. 2).

Age- and sex-matched reference values were obtained
from a non-treated orthodontic population of skeletally
normally developed children as described by Riolo et al.
[27], with the exception of the reference value for the
nasolabial angle [3]. Normalised differences per subject per
parameter were calculated (the difference between the
measured and the reference value, divided by the standard
deviation of the reference value). The resulting value
indicates how many standard deviations an observation is
above or below its reference value.

Identification of subgroups and statistical analysis

Dental factors thought to be of influence on cephalometric
variables were obtained from previous studies. Subgroups
were constructed on the basis of:

—  The number of missing teeth (1-5, 6-9, >9)
—  The number of missing tooth types (incisors, canines,
premolars and molars)

Fig. 1 Anatomical landmarks on the profile cephalometric radio-
graphs. The description of the landmarks is given in Table 1

— The location of the missing teeth (posterior, anterior,
both regions). Anterior teeth were defined as central
and lateral incisors, as well as canines

— The jaw in which the teeth were missing (mandible,
maxilla, both jaws)

—  Left/right symmetry with respect to agenesis of teeth
(symmetric, for example agenesis of the 12 and 22,
asymmetric, for example agenesis of the 12 and 25)

—  Symmetry or asymmetry in the upper and opposing
lower quadrants, both left and right (symmetric, for
example agenesis of the 25 and 35, asymmetric, for
example agenesis of the 12 and 45)

Differences in cephalometric normalised values between
the groups were tested univariately by means of one-way
analysis of variance where appropriate. A significance level
of 0.005 was set to compensate for multiple testing. Post
hoc tests (Student-Newman—Keuls procedure) were per-
formed to identify homogeneous subsets. These are
presented as contrasts.

Cephalometric measures that proved consistently sta-
tistically significant in the univariate analyses were
introduced in the SPSS TwoStep cluster method to
disclose subpopulations of patients with distinctive den-
tofacial features. Subsequently, like in the univariate
analysis, the cephalometric measures were compared
amongst the identified clusters (Table 3). A standard
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Table 1 Anatomical landmarks

Hard tissues (as seen in norma lateralis)
Sella: centre of the sella turcica (1) [27]
Nasion: most anterior limit of the frontonasal suture (2) [4]

Posterior nasal spine: most posterior point in the sagittal
plane on the bony hard palate (3) [27]

Anterior nasal spine: tip of the anterior nasal spine (4) [14]
A-point: deepest point on the contour of the premaxilla (5) [11]

Incision superius: incisal tip of the most anterior maxillary
central incisor (6) [27]

Upper incisor apex: root apex of the most prominent upper
incisor (7) [3]

Upper molar mesial cusp tip: anterior cusp tip of the
maxillary first molar (8)

Lower molar mesial cusp tip: anterior cusp tip of the
mandibular first molar (9)

Incision inferior: incisal tip of the most anterior medial
mandibular central incisor (10) [27]

Lower incisor apex: root apex of the most prominent
lower incisor (11) [3]

B-point: deepest point on the contour of the mandible (12)[11]

Pogonion: most anterior point on the symphysis of the
mandible (13) [14]

Menton: most inferior point on the symphysis of the mandible (14)
Gonion: midpoint of the angle of the mandible (15)
Soft tissues (as seen in norma lateralis)

Subnasale: point located at the junction between the lower
border of the nose and the beginning of the upper lip at
the mid-sagittal plane (16) [3]

Subpronasale: point where the columella tangent through
subnasale touches the columella (17)

Labrale superius: most prominent point on the vermilion
border of the lower lip in the mid-sagittal plane (18) [3]

statistical programme was used (SPSS version 11.5, SPSS
Inc, Chicago, IL, USA). Systematic measurement errors
were estimated by means of paired Student ¢ tests and the
random error of the method was quantified by means of
Dahlberg’s formula Se2=3d2/2n, where d is the differ-
ence between duplicate measurements and #» is the number
of double measurements [9, 15].

Results

Error of the method

The random error of the method varied between 0.3° and 0.9°
for angles and 0.3% for the ratio ANS-Me/N-Me (ANSMEN).

Paired ¢ tests demonstrated no statistically significant intra-
observer differences in any of the measurements.
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Cephalometric analysis

The mean normalised differences (and their standard
deviations) for cephalometric angles and ratios are pre-
sented for the various patient subgroups in Table 2. Differ-
ences in subpopulations with respect to symmetry between
left and right side, as well as upper and lower jaw, proved
hardly discriminative and are not presented here.

The anterior—posterior relationship between the jaws
(ANB), the interincisal angle (INTERINC), the inclination
of the mandibular incisor (ILIML) and anterior lower face
height ratio (ANSMEN) were frequently discriminative
amongst the various subgroups in the univariate analysis,
regardless of the way the subgroups were defined (Table 2).
When a statistically significant difference was present,
patients who lacked both anterior and posterior teeth,
patients with missing teeth in both jaws and patients with
an increasing number of missing teeth and missing tooth
types presented with the largest differences from their
respective subgroups and from their reference values,
suggesting that all differences between subgroups are based
on similar grouping of these few patients.

Cluster analysis

Because the interincisal angle and the inclination of the
lower incisor are strongly related, it was decided to include
only angle ANB, the interincisal angle (INTERINC) and
the lower anterior face height (ANSMEN) into the TwoStep
cluster analysis. This resulted in four clusters of patients
with distinctive dentofacial features, all with a substantial
number of patients per cluster (Table 3). Table 4 shows the
hypodontia features of the subject in these clusters.

Cluster 1— high-angle facial pattern

Cluster 1 was made up of 45 individuals, with an
average of 2.6 missing teeth. Their vertical skeletal
dimensions were markedly different from the reference
values, as well as from the patients of the other three
clusters. The group displayed characteristics as seen in
high-angle patients.

Cluster 2— proclined lower incisors

Cluster 2 contained 61 individuals, with an average of
4.3 missing teeth. Of all four clusters, this subset most
closely mimicked the cephalometric characteristics of the
reference group, although there were minor differences with
respect to their dentoalveolar features. A more retrusive
mandible and a relatively small interincisal angle based
upon increasing proclination of the lower incisors were
observed.
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Fig. 2 Definitions of the hard
and soft tissue lines and ratios
used in the cephalometric anal-
ysis [11, 16, 18, 26]

SNA

SNA angle: measures the
antero-posterior position of the
maxilla in relation to the anterior
cranial base.

NSLML

Mandibular plane angle:
measures the inclination of the
mandible relative to the cranial
base.

ILSNL

Maxillary incisors angle to palatal
plane: measures the relative
forward to backward inclination of
the upper incisors relative to the
palatal plane.

N

NSLBOP

relative to the cranial plane.

SNB angle: measures the antero-
posterior position of the mandible
in relation to the anterior cranial
base.

ANB

ANB angle: measures the relative
position of the jaws to each other
(difference between SNA and SNB).

i

NLML

Palatal to mandibular plane
angle: measures the inclination of
the maxilla relative to the
mandibular plane.

INTERINC

Interincisal angle: measures the
inclination of the maxillary
incisors and the mandibular
incisors relative to each other.

NASOLAB
Cant of the occlusal plane: measures the Nasolabial angle: measures the upper
inclination of the bisected occlusal plane lip protrusion relative to the inferior
border of the nose. It is formed by two
lines, namely a columella tangent and

an upper lip tangent.

NSLNL
Palatal plane angle: measures the

inclination of the maxilla relative to the
cranial base.

%

ILIML

Mandibular incisor plane angle:
measures the forward or backward
inclination of the lower incisors
relative to the mandibular plane.

ANSMEN

Anterior face height ratio:
depicts the ratio between the
distance from the Anterior Nasal
Spine to Menton and Nasion to
Menton.
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Cluster 3— retroclined upper and lower incisors

Fifty individuals were grouped in cluster 3 with an
average of 6.4 absent teeth. Cluster 3 skeletally resembles
cluster 2, but from a dental-alveolar perspective, there is a
major difference: Their respective normalised values for the
interincisal angle differed approximately 2 standard devia-
tions. Subjects in cluster 3 exhibit the largest interincisal
angle of all four clusters. A retrusive mandible and
retroclined upper and lower incisors were seen.

Cluster 4— retrusive maxillary position

Cluster 4 contains 33 persons with the largest number of
missing teeth (7.4 teeth on average). Patients in this group
had discriminative sagittal-skeletal characteristics when
compared both to reference values and to patients from
the other three clusters. There was a relative retruded
position of the maxilla compared to the mandible. This
retrusive pattern was seen in combination with a small
mandibular incisor plane angle, anterior face height ratio
and nasolabial angle.

Discussion

Previous studies on craniofacial development and morphol-
ogy in patients with (severe) hypodontia have produced
quite conflicting results. Differences between (subgroups
of) patients with hypodontia and controls that have been

reported are a smaller more retrognathic maxilla [1, 12, 29,
32, 36, 37] and smaller mandibular length [19], whilst
others specifically state that the mandible has a normal
length [32]. Earlier studies showed a decreased gonial
angle, both mandibular prognatism [12, 19, 21]. Mandib-
ular retrognathism and a more acute chin angle have also
been reported. A more counter clockwise rotated occlusal
plane [6, 12] was reported as well as reduced upper and
lower face height [2, 6, 19, 37]. The latter one was
attributed to anterior rotation of the mandible and not the
result of skeletal change [23]. Finally, increased frequency
in skeletal deep- [10] and normal-bite cases [10, 38],
obtuse/blunt nasolabial angle [5], incisor retroinclination [1,
2, 12, 19, 23] causing a larger interincisal angle [12, 19],
and in contrast, maxillary protrusion in another study [38]
were also mentioned. Confusingly, both anterior and
posterior chin positions were observed [1, 19, 23] and both
bimaxillary protrusion and bimaxillary retrognathia are seen
[1, 38]. Others found only few and small differences in
craniofacial features between cases and controls [7, 28, 29].
Some of the variation amongst all these findings is
probably caused by different inclusion criteria and patient
samples as well as different measurement techniques
between the various studies.

In the present study, the more or less arbitrary subgroup-
ing as proposed by others was applied to a single large
dataset of hypodontia patients. Detailed cephalometric
values of non-orthodontic normals for age groups until
16 years are not available for the Dutch population.

Table 3 One-way analysis of variance and determination of contrasts between the four clusters resulting from the two-step cluster analysis

TwoStep cluster analysis  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Result of one-way ANOVA and SNK compar-
(a, n=45) (b, n=61) (c, n=50) (d, n=33) ison of groups
Mean SD Mean SD Mean SD Mean SD p value Contrasts
SNA 051 137 -0.19 129 -045 094 -132 1.01 0.000 a>b=c>d
SNB 009 126 -031 120 -021 098 046 1.23
ANB 0.72  1.40 0.15 084 -0.37 096 -2.68 0.92 0.000 a>b>c>d
NSLML 0.54 1.35 025 1.35 0.17 1.05 -0.06 0.96
NLML 1.19 1.00 026 1.22 042 098 -0.26 0.87 0.000 a>c=b>d
NSLNL -1.26 147 -0.14 097 -0.59 1.18 027 144 0.000 d=b>b=c>a"
ILSNL -037 127 0.02 1.13 -1.67 1.21 049 1.16 0.000 d=b>b=a>c"
INTERINC -0.65 0.87 -0.63 0.92 1.38  0.71 046 1.28 0.000 c>d>b=a
ILIML 043  1.04 074 1.18 -0.78 1.07 -1.05 1.30 0.000 b=a>c=d
NSLBOP -0.15 149 -0.07 135 020 142 -036 149
NASOLAB 0.00 138 -0.07 1.18 -0.11 1.11 -0.52 1.14
ANSMEN 0.66 035 -030 033 -0.01 034 -0.55 054 0.000 a>c>b>d

Mean normalised differences with their standard deviations are given. All units are in degrees, with exception of the anterior face height ratio

(ANSMEN). In each of the contrasts, the clusters are ranked from the highest to the lowest value

4 Cluster b does not differ significantly from clusters d and ¢, but d and ¢ are in different subsets

°Cluster b does not differ significantly from clusters d and a, but d and a are in different subsets
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Number of missing teeth

Table 4 Percentage of patients in whom a certain tooth is missing and the mean number of missing teeth per cluster

Percentage of patients with missing teeth per tooth type

@ Springer

Range

46 47 Mean SD

4 43 44 45

32 33 34 35 36 37 41

22 23 24 25 26 27 31

21

17

12

11

Tooth

1-15
1-22
1-18

1-20

2.6
4.7

2.6
43

27
33

0
2
0
0

Cluster 1

16
20
27

5
8
18

52
56
58

10
12
21

5
4
9

10
16
15

61 15 21
18

15

16

11

2
14 24
30

8
18

10 20 20

0 33
0

10
22
36

2

20 25

11

Cluster 2

4.6

6.4
7.4

20

16 62 8
21

0
0

14
12

50 28 36 44
33

52

54
52

52 22 28

45

Cluster 3

5.7

27 27

52 21

33

45

27

18

24 27

Cluster 4

Therefore, cephalometric measures of subjects from a
population of Caucasian, skeletally normal developed
children, as described by Riolo et al. served as reference
values [27]. Age- and sex-matched normalised differences
between hypodontia patients and controls were calculated.
The use of normalised differences has the advantage that it
allows comparison of observations from different normal
distributions, despite the fact that there might be differences
in skeletal pattern between different populations.

It was observed that patients who lack both anterior
and posterior teeth, patients with teeth missing in both
jaws and patients with an increasing number of missing
teeth and missing tooth types present with the largest
cephalometric differences from the other subgroups.
With respect to dentofacial form, these subgroups of
hypodontia patients can be considered as ‘more severe’.
The anterior—posterior relationship between the mandible
and the maxilla, the interincisal angle and lower face
height are the most discriminative in the univariate
analysis (Table 2). In general, a smaller ANB angle, a
larger interincisal angle and decreasing vertical lower face
height are associated with increasing severity of hypo-
dontia. Hence, the population is skeletally different from
the reference population but dental compensation is seen
as well. The smaller ANB angle seems predominantly
determined by a more retrusive maxilla than the
reference values and not so much by the position of
the mandible in univariate analysis. It appears that the
relatively large interincisal angle in groups with ‘severe
hypodontia’ has to be contributed not only to a
retroclination of the lower incisors but also to that of
the upper incisor, regardless of the subgrouping that is
used. This is consistent with many other studies as
described above. There is a decrease in lower anterior
face height and mandibular plane angle with an increase
in severity of hypodontia. However, this was not
apparent in the subgrouping that used the number of
missing tooth types as criterion. Others could also not
confirm the clinical perception that the lower face
height decreases with increased severity of hypodontia
as reflected by the number of missing tooth types [7].

The hypodontia patients were subsequently clustered on
the basis of the observed discriminative cephalometric
measures. This is quite a different and possibly more
clinically relevant and objective approach than that adopted
by others, who subdivided patients on the basis of
preconceived assumptions regarding the influence of dental
factors on dentofacial form. The applied statistical cluster-
ing procedure is descriptive and can only be used to
identify subgroups of patients with different patterns of
dentofacial characteristics. However, the recognition of
these subgroups opens an alee into further research into
relations between different (groups of) dentofacial param-
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eters and to the identification of common variables that
affect them. So, the clustering can give novel insights into
the development of certain dentofacial features in hypo-
dontia patients. Four groups or clusters of hypodontia
patients with distinctively different dentoskeletal features
could be distinguished.

Cluster 1—high-angle facial pattern—appears differ-
ent from the other three clusters and their controls with
respect to vertical-skeletal characteristics and has the
smallest number of missing teeth (2.6 on average). A
relatively small angle between the cranial base and the
palatal plane and, to a lesser degree, an enlarged
mandibular plane angle were observed. The combination
of these two features accounts for the mildly increased
vertical lower face height and the relatively large palatal
to mandibular plane angle. A small palatal to mandib-
ular plane angle was seen by others in a group of
hypodontia patients with a large number of missing
teeth [7]. The tooth types that are missing in this group are
amongst the ones most commonly missing in case of tooth
agenesis. From a restorative point of view, this cluster
appears the least complex of all clusters.

Although patients from cluster 2—proclined lower
incisors—missed an average of 4.3 teeth, their skeletal
features did not seem very different from their controls
without absent teeth, but there were minor differences with
respect to their dental-alveolar features. A relatively small
interincisal angle is observed. The latter one is caused by an
increased proclination of the lower incisors relative to the
mandibular plane. The inclination of the upper incisors was
not discriminative.

Cluster 3—retroclined upper and lower incisors—very
much resembled cluster 2 from a skeletal perspective, but in
contrast, a large interincisal angle was seen as has been
reported frequently in association with hypodontia [2, 12,
19, 23]. This is mainly caused by a retroclination of the
upper incisors and, to a lesser degree, to that of the lower
incisors. Patients in this group missed on average two more
teeth than patients from cluster 2 (6.4 on average). These
additional missing teeth were usually located in the maxilla,
most commonly the second bicuspids (Table 4).

Patients in cluster 4—retrusive maxillary position—are
the most challenging from a restorative point of view
because generally, a large number of teeth is missing (7.4
on average). Amongst these were teeth whose absence is
rather uncommon, such as mandibular and maxillary first
and second molars (Table 4) [25]. The most striking
dentofacial features of patients in this cluster were their
sagittal—skeletal characteristics. Compared to the controls,
there was a marked retrusive position of the maxilla
compared to the mandible. This is mainly because of a
retrognathic maxilla. To a lesser degree, the mandible
appeared to be prognathic. In addition, the smallest

nasolabial angle and lower face height and largest retro-
clination of the lower incisors were frequently seen in
patients that were clustered in this group. This population
of patients needs complex interdisciplinary treatment,
which may involve orthodontic treatment and orthognathic
surgery and placement of dental implants as part of a
comprehensive treatment plan. From both a skeletal and
a dental point of view, patients in this cluster suffer from a
severe dentoskeletal disorder.

The resulting clusters differ from each other with respect
to the a priori variables. However, inspection of the
“Contrasts” column of Table 3 learns that not all clusters
have different values for those variables and that almost all
other variables differ between two for more of the resulting
clusters. Moreover, the resulting clusters do not overlap
with any of the groupings applied in Table 2. This shows
that the clustering based on variables that were selected
because they show differences between groups based on
hypodontia features can identify clusters of patients with
different patterns of dentofacial characteristics.

Although the mean number of absent teeth differs
amongst the four clusters that were identified in this
study, patients with both a large and a small number of
missing teeth were represented in all clusters. Hence, the
number of missing teeth by itself cannot fully explain the
variation is skeletal patterns amongst hypodontia patients.
The preferred dentofacial orthopaedic treatment to cope
with patients from the various clusters is subject for
debate, but this falls outside the scope of this article.
Future studies should further elucidate whether or not
specific patterns and locations of missing teeth (and not
so much absolute numbers) can be associated with the
distinguished clusters.

For treatment planning, interdisciplinary communication
and as a means of identifying groups of patients that qualify for
reimbursement of costs, a characterisation of patients with
hypodontia into meaningful groups is desirable. It should
reflect both number and patterns of absent teeth as well as
skeletal features. For the former one, the full mouth Tooth
Agenesis Code could be a useful measure [8, 35]. It constitutes
a unique number that identifies the specific pattern of absent
teeth for each individual patient (both number of missing
teeth and missing tooth types). For the latter one, the
classification in clusters as described in this article may be
practical. The usefulness of combining these dental and
skeletal methods of characterisation needs to be investigated
further, which would require a very large sample size.

Conclusions

The hypodontia population in this study differs from a
general orthodontic population on both dental and skeletal
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aspects. In hypodontia patients, the anterior—posterior
relationship between the jaws, the interincisal angle and
the lower anterior face height are discriminative parameters
of dentofacial form. On the basis of these three cephalo-
metric variables patients with hypodontia can be clustered
in four groups, each with distinctive vertical-skeletal,
dentoalveolar and sagittal-skeletal characteristics. Cluster
1 is made up of patients with a high-angle facial pattern and
patients from cluster 2 exhibit proclined lower incisors.
Patients in cluster 3 skeletally resemble those in cluster 2,
but are markable because of their retroclined upper and
lower incisors. Patients that are grouped in cluster 4 miss
the largest number of teeth and stand out because of their
retrusive maxillary position. This categorisation of patients
with hypodontia into meaningful groups may be useful for
treatment planning, interdisciplinary communication and as
a means of identifying groups of patients that qualify for
reimbursement of costs. Other dental factors such as the
distribution of the missing teeth as well as the size and
shape of the teeth that are present are important factors to
consider during restorative clinical decision making in
patients with hypodontia as well.
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