% UNIVERSITY OF HELSINKI

https://helda.helsinki.fi

Dental Age, Agenesis, and Morphology in Patients With
Operated Single-Suture Craniosynostoses

Leinonen, Sami

2021-03

Leinonen, S, Rice, D, Leikola, J & Helidvaara , A 2021 , ' Dental Age, Agenesis, and
Morphology in Patients With Operated Single-Suture Craniosynostoses ', Cleft Palate -
Craniofacial Journal , vol. 58 , no. 3, pp. 290-298 . https://doi.org/10.1177/1055665620950145

http://hdl.handle.net/10138/339712
https://doi.org/10.1177/1055665620950145

acceptedVersion

Downloaded from Helda, University of Helsinki institutional repository.
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



W) Check for updates

American Cleft Palate-
. Craniofacial Association
Original Article

The Cleft Palate-Craniofacial Journal
1-9

Dental Age, Agenesis, and Morphology © 2020, American Clef Ple-

Craniofacial Association

: : : Article reuse guidelines:

I n Patle nts WIth o pe rated sagepub.com/journals-permissions
DOI: 10.1177/1055665620950145

Single-Suture Craniosynostoses jourals ssgspub.comhomelcpe
®SAGE

Sami Leinonen, DDS'®, David Rice, BDS, PhD?,
Junnu Leikola, MD, PhD, DDS', and Arja Heliovaara, DDS, PhD'

Abstract

Objective: The aim of this study was to evaluate the dental age, agenesis, and morphology of children with surgically operated
single-suture craniosynostoses from orthopantomographs.

Design: A single-centered cross-sectional observational archival study.

Patients: A sample of 196 Finnish patients with single-suture craniosynostosis without additional birth defects or syndromes
(excluding Muenke syndrome) was included in this study.

Main Outcome Measures: Dental age was assessed using the method developed by Demirjian et al. and modified by Nystrém et al.
for the Finnish population. Methods described by Tulensalo et al. and Oehlers et al. were used to study taurodontism and dens
invaginatus, respectively.

Results: The study sample of 149 patients was divided into 3 groups: patients with sagittal synostosis (n = 103), coronal synostosis
(n = 25), and metopic synostosis (n = 21). Orthopantomographs taken on average at ages 8.20 to 8.33 were used. The dental ages
in different groups were on average 0.37, 0.60, and 0.66 years ahead of normative values, for sagittal, coronal, and metopic groups,
respectively. Tooth agenesis, taurodontism, and invaginated teeth were found in all groups with invaginations having a high
prevalence. Peg-shaped upper lateral incisors and one geminated lower lateral incisor were also found.

Conclusions: These descriptive data may help improve dental care in patients with single-suture craniosynostosis.
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Introduction growth at other patent sutures, which may result in abnormal
skull shape (Twigg and Wilkie, 2015; Kajdic et al., 2018).
Craniosynostosis may lead to intracranial hypertension espe-
cially in syndromic cases, as well as sensory, respiratory, and
neurodevelopmental difficulties (Knight et al., 2014; Malie-
paard et al., 2014; Christian et al., 2015; Twigg and Wilkie,
2015; Kajdic et al., 2018).

Craniosynostosis, the premature fusion of 1 or more of the
cranial sutures, is a relatively common birth defect, with
reported prevalence of 3.1 to 7.2 per 10 000 live births (French
et al., 1990; Boulet et al., 2008; Cornelissen et al., 2016).
Craniosynostosis can be either nonsyndromic or syndromic,
of which the former is by far more common (Lajeunie et al.,
1995; Di Rocco et al., 2009; Ko, 2016). Premature closure of
the sagittal suture covers 40% to 55% of patients with isolated
nonsyndrgmlc Cramo‘synOStOSIS' Other single-suture Cramos}.}_ ! Department of Plastic Surgery, Cleft Palate and Craniofacial Center, Helsinki
nostoses include fusion of the coronal (20%-25%), metopic University Hospital, Helsinki, Finland
(5%-15%), and lambdoid (<5%) sutures (Ko, 2016). It has been 2 Department of Oral and Maxillofacial Diseases, University of Helsinki and
proposed that the prevalence of isolated sagittal and metopic ~ Helsinki University Hospital, Helsinki, Finland
synostoses may be increasing, with its cause being unknown .
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The etiology of craniosynostosis is multifactorial with both
environmental and genetic factors. Intrauterine fetal head con-
straint, teratogenic agents, medications such as the antiepileptic
drug valproate, maternal smoking and alcohol use, single-gene
mutations, chromosomal abnormalities, and polygenic back-
ground predispose to craniosynostosis (Johnson and Wilkie,
2011; Bessenyei et al., 2015; Twigg and Wilkie, 2015).

The genetics and molecular patterns involved in cranial
suture development are complex (Rice et al., 2003). Isolated
forms of craniosynostosis are usually sporadic with polygenic
and epigenetic factors and with low sibling recurrence risk
(Johnson and Wilkie, 2011; Timberlake and Persing, 2018).
The genetic causes of craniosynostosis have been identified
from syndromic cases, which include the mutations in
FGFR-1 (Pfeiffer syndrome), FGFR-2 (Apert syndrome),
FGFR-3 (Muenke syndrome), TWISTI (Saethre-Chotzen syn-
drome), ENFBI (craniofrontonasal syndrome), R4AB-23 (Car-
penter syndrome), and many others (Johnson and Wilkie, 2011;
Twigg and Wilkie, 2015; Wilkie et al., 2017; Timberlake and
Persing, 2018).

Dental development is regulated by complex epithelial—
mesenchymal interactions. Neural crest-derived mesenchyme
goes through multiple stages of development to reach unique
morphological features of the complete tooth. Genetic regula-
tion strongly determines the process of dental development and
thus the many dental anomalies result from gene mutations
(Jernvall and Thesleff, 2012; Thesleff, 2014). Over 100 genes
involved in dental development have been studied (Jernvall and
Thesleff, 2012; Thesleff, 2014). Dental anomalies are fairly
common with reported prevalence ranging from 20.9% to
56.9% in patients in different study populations (Goncalves-
Filho et al., 2014; Lagana et al., 2017; Baron et al., 2018; Bilge
et al., 2018). Dental anomalies include a multitude of changes
from morphological alterations such as taurodontism and inva-
ginations studied in this article to missing or supernumerary
teeth and positional aberrations (Goncalves-Filho et al., 2014;
Lagana et al., 2017; Baron et al., 2018; Bilge et al., 2018).
Taurodontism is defined as a developmental anomaly where
the pulp chamber of the tooth is elongated with apical displace-
ment of the furcation in molars (Tulensalo et al., 1989;
Jafarzadeh et al., 2008). Invaginations of teeth are a defined
as a developmental anomaly caused by an invagination of the
enamel organ into the dental papilla that leads to an enamel
infolding into dentine in the mature tooth (Oehlers, 1957;
Gallagher et al., 2016).

Similar gene networks regulate skull and tooth morphogen-
esis (Yuan and Chai, 2019). Occlusal characteristics are been
studied in patients with isolated craniosynostosis, proposing
interesting results in alterations in craniofacial growth patterns
(Pelo et al., 2011; Heliovaara et al., 2015; Lebuis et al., 2015).
Retrognathic mandibles in patients with scaphocephaly and
dentoskeletal asymmetry occurring in tandem with coronal
synostosis have been reported (Pelo et al., 2011; Heliovaara
et al., 2015; Lebuis et al., 2015). Considering dental develop-
ment, there has been reports of altered dental maturation and
morphology in syndromic cases of craniosynostosis (Reitsma

et al., 2014a; Reitsma et al., 2014b; Woods et al., 2015). The
dental characteristics in nonsyndromic cases of craniosynosto-
sis, on the other hand, have received less attention. The aim of
this study was to look into the dental development and mor-
phology in patients with single-suture craniosynostosis.

Material and Methods

Ethical Approval

The protocol of this retrospective study was approved by the
Hospital District of Helsinki and Uusimaa (HUS/221/2017
§47) and adhered to the principles outlined in the Declaration
of Helsinki. Consent was acquired from the patients’ parents
for the use of clinical photographs and radiographs presented in
this article.

Overview

A sample of 196 Finnish patients born in between 1997 and
2010 with surgically operated single-suture craniosynostoses
including patients with Muenke syndrome (with coronal synos-
tosis) was included in this study.

Dental age, number of missing teeth excluding the third
molars, number of taurodontic first molars, invaginations, and
other possible changes in dental morphology were investigated.
Dependent Student ¢ test was used to calculate confidence
intervals and P values for dental age comparing chronological
age to dental age in each of the 3 groups. The Holm-Bonferroni
method was used to adjust the P values to take into account
potential problems arising from multiple comparisons. Cohen k
scores were used to calculate intrarater level of agreement for
dental age and taurodontism by reassessing 20 randomly
selected patients a month after the primary assessment (patients
chosen with online randomization software). Statistical analy-
ses were carried out in RStudio.

The orthopantomographs (OPGs) used in this study were
taken between the years 1999 and 2019 on average at ages
8.20, 8.24, and 8.33 years, respectively, for patients in the
sagittal, coronal, and metopic groups. The orthopantomographs
were taken with different equipment in different time periods,
including Oriola PM 2002 CC (operating 1992-2010, magni-
fication value of 1.3), GE Orthopantomograph OP 100 (oper-
ating 2001-2013, magnification value of 1.28), and
Instrumentarium Orthopantomograph OP200 D (present, mag-
nification value of 1.3).

Dental Age Assessment

Dental age was assessed from OPGs taken at 8 years of age.
The developmental stages of 7 left mandibular permanent teeth
were assessed as described by Demirjian et al. (1973)
(Figure 1A and B). If a left mandibular permanent tooth was
missing, a contralateral tooth was used. The teeth were scored
depending on their developmental status on an 8-stage scale
from A to H. For each developmental stage, a biologically
weighted score for Finnish males and females were used. In
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Figure |I. A Developmental stages of molars and uniradicular teeth redrawn from Demirjian et al. (1973). The stages are clearly defined
in phases of crown and root development from initial calcification of the cusp tips (A) to the closure of the apex (H) (Demirjian et al., 1973). B,
A section of an orthopantomograph showing the 7 lower left mandibular teeth with their corresponding developmental stages superimposed on

them.

cases of missing permanent teeth bilaterally (n = 5, all missing
the left and right second premolar), we used an equation
described by Nystrom et al. (2000) for scoring missing teeth.
The sum of the 7 scores was then converted into dental age
using Finnish reference values. Confidence intervals and P
values comparing dental and chronological ages was calculated
with dependent Student ¢ test, and Cohen « scores for each left
mandibular tooth was used to calculate intrarater level of
agreement.

Taurodontism

The presence of taurodontic first permanent molars was
assessed from the OPGs as described by Tulensalo et al.
(1989), a modification of the method described by Shifman
and Chanannel (1978) that takes into account OPG magnifica-
tion up to 1.32-fold compared to periapical and bitewing radio-
graphs. Measurement 3 (in millimeters) as proposed by
Tulensalo et al. (1989) was used for first molars with incom-
plete root formation and open root apexes, where the distance
from the cementoenamel junction of the tooth to the pulp
chamber floor estimates the degree of taurodontism (Figure 2).

Hypotaurodontism was defined as a range of 3.5 to 5.0 mm,
mesotaurodontism 5.5 to 7.0 mm, and hypertaurodontism
7.5 mm or over (Tulensalo et al., 1989).

In this study, the OPGs of patients were taken during dif-
ferent time periods with different equipment. While the OPGs
taken with older equipment (n = 64) included magnification,
the newer OPGs taken with the present equipment (n = 85) had
magnification eliminated from the radiographs in the image
viewing software. To correct this error in magnification
between the groups, we multiplied the values of measurement
3 in the newer OPGs by the manufacturer’s listed magnification
value of 1.3.

Invaginations

Invaginations were assessed not only on OPGs (8 years) but
also on cone-beam computed tomography (CBCT), computed
tomography (CT), OPGs taken at different ages, and clinical
dental photographs if available. All CTs were obtained using a
64-slice scanner (LightSpeed VCT). The following parameters
were used: helical full, 0.5-second rotation time, increment of
39.37 mm/rotation (pitch 0.984:1), and 100 kV at 40 mA and
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Figure 2. The measurements used to determine the degree of
taurodontism (Tulensalo et al., 1989). Measurement | is the height of
the pulp chamber, measurement 2 is the distance from the roof of the
pulp chamber to the root apex, and measurement 3 the distance
between the lines drawn through the cementoenamel junctions to the
floor of the pulp chamber. Measurement 3 was used in this study in
molars with incomplete root development.

120 kV at 50 mA of tube current for those aged less and over
1.5, respectively, with images reconstructed at a thickness of
0.625 mm at 0.312-mm intervals (Leikola et al., 2014). Inva-
ginations of teeth were classified according to the Oehlers clas-
sification system (Oehlers, 1957). In the Oehlers classification
system, 3 types of coronal invaginations exist depending on the
severity of the invagination, from type 1 to type 3. A type 1
invagination is confined within the crown, a type 2 invagina-
tion invades within the root with possible pulpal communica-
tion, and a type 3 invagination penetrates through the root
apically or laterally, creating a so-called “second foramen”
with usually no communication with the pulp (Oechlers,
1957). In some rare occasions, the invagination can affect a
tooth’s root (radicular invagination). Only a couple of cases of
radicular invagination have been described in the literature
(Oehlers, 1958; Bhatt Dholakia, 1975; Neves et al., 2013).

Results

Sample Characteristics

After excluding patients with additional malformations
(5 patients with cleft lip and/or palate) and patients without
or with poor-quality OPGs taken at age 8 (n = 42), the study
sample was reduced to 149 patients. Of the 149 patients,
103 (out of which 21 were females) patients had a sagittal
suture synostosis, 25 (17 females) had coronal synostosis, and
21 (3 females) had metopic synostosis. In the coronal synos-
tosis group, 7 patients were diagnosed with Muenke syndrome
(FGFR3-Pro250A4rg).

P-value=0.000006 P-value=0.008 P-walue=0.008
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Figure 3. A boxplot in which dental ages in all the 3 groups are shown
in comparison with chronological ages. Values on the y-axis are in
years, with the colored area of the boxplot showing the range of ages
from the upper to the lower quartile and the black line in the middle
showing the median for the ages. The whiskers of the boxplot present
the minimum and maximum values for the ages, expect for when there
are outliers (shown as dots, values more than |.5 times the inter-
quartile width above or below the colored area).

Dental Age

Compared to chronological age, dental age was found to be
advanced in all of the 3 groups. Dental age was ahead of chron-
ological age on average 0.37 years in the sagittal synostosis
group (95% CI, 0.23-0.52), 0.60 years in the coronal synostosis
group (95% CI, 0.21-0.98), and 0.66 years in the metopic
synostosis group (95% CI, 0.21-1.11), with Holm-Bonferroni
corrected P values of .000006, .008, and 0.008, respectively
(Figure 3). In the coronal synostosis group, patients with (n =
7) and without (n = 18) Muenke syndrome showed no statis-
tically significant difference when compared to each other (P
value .90).

In interpreting the k scores, following guidelines provided
by Cicchetti et al. (1994) were used: Less than 0.4 was consid-
ered poor, 0.40 to 0.59 fair, 0.60 to 0.74 good, and 0.75 to 1
excellent level of agreement. A mean calculated Cohen « score
of 0.89 for dental age indicates excellent intrarater agreement.

Dental Agenesis

A total of 19 teeth were found missing in the 3 groups. The
prevalence for hypodontia (6 or less missing teeth) was 9% in
the sagittal synostosis group, 8% in the coronal synostosis
group, and 10% in the metopic synostosis group. In the sagittal
synostosis group, 11 lower second premolars were found miss-
ing, with also 1 upper lateral incisor and 1 upper second pre-
molar missing. Of the lower second premolars, 8§ were missing
in 4 patients bilaterally. In the coronal synostosis group, one
patient lacked 2 lower lateral incisors and another patient
lacked 1 upper lateral incisor. In the metopic synostosis group,
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Table I. Number of Missing Teeth With Numbers and Percentages of Patients Missing Teeth From Each Group.

Sagittal group, n = 103
Missing tooth

Coronal group, n = 25 Metopic group, n = 21

Number of  Number of patients ~ Number of = Number of patients  Number of  Number of patients
teeth (prevalence %) teeth (prevalence %) teeth (prevalence %)

Upper lateral incisor | 1 (1) I 1 (4)

Lower lateral incisor 2 1 (4)

Upper second prelomar | I (1)

Lower second premolar Il 7(7)

Upper second molar | I (5)

Lower second molar 2 1 (5)

Figure 4. A, An Oechlers class | invagination in an upper lateral incisor outlined with dots. B, The arrow points toward an Oehlers class 2
invagination in an upper lateral incisor. C, A geminated lower lateral incisor in a patient with metopic synostosis in a periapical radiograph.
D, Clinical photograph of the geminated lower lateral incisor. E, A left mandibular first premolar with an atypical root bifurcation.

1 upper and 2 lower second molars were missing, the lower
molars being missing in the same patients. The missing teeth
are presented in Table 1. Only 1 supernumerary tooth was
found in the sagittal synostosis group in the anterior maxilla.

Morphological Anomalies

Taurodontism. The assessment of 1 or more molars was not
possible in 11 patients who had problems in their OPGs. Three
patients had orthodontic appliances fixed to upper or lower
molars (2 quad helixes and 1 lingual arch), 7 patients had poor
quality OPGs, and 1 patient had poorly developed upper first
molars with no pulpal floor present (root development only just
beginning). The prevalence for taurodontism was 35% in the
sagittal synostosis group, 12% in the coronal synostosis group,
and 24% in the metopic synostosis group. All the molars con-
sidered taurodontic were classified as hypotaurodontic. Of the
taurodontic molars, 57% were upper molars and 43% lower
molars. Of the total of 44 patients with hypotaurodontism, 23
patients had only 1 taurodontic first molar, 12 patients had 2
taurodontic molars, 4 patients had 3 taurodontic molars, and 10
patients had all 4 molars hypotaurodontic. Mean Cohen « score
was 0.82, indicating significant intrarater correlation.

Invaginations. Invaginated teeth were found in 24 (23%) patients
in the sagittal synostosis group, in 7 (28%) in the coronal
synostosis group, and in 8 (33%) in the metopic synostosis

group. Across all the groups, a total of 68 invaginated upper
lateral incisors were found, of which 60 were found bilaterally.
Nineteen invaginated upper central incisors (18 bilaterally)
were also found. Of the invaginated upper incisors, almost all
were classified as Oehlers type 1 invaginations (Figure 4A).
Only 3 upper lateral incisors classified as Oehlers type 2 inva-
ginations were found (Figure 4B).

Other morphological anomalies. Other morphological anomalies
found in this study included 2 peg-shaped upper lateral incisors
(1 in sagittal and coronal groups each) and a geminated lateral
incisor in the metopic synostosis group (Figure 4C and D). We
also found 2 mandibular first premolars with atypical root
bifurcations in one patient in the sagittal synostosis group
(Figure 4E; Llamas and Jimenez-Planas, 1993). Summary of
morphological anomalies found in this study is presented in
Table 2.

Discussion

Dental Age

In this study, patients in all the 3 groups with different single-
suture craniosynostoses had advanced dental development
when compared to chronological age. We are not aware of any
association of bone age with nonsyndromic craniosynostosis.
Patients with Saethre-Chotzen, Crouzon, and Apert syndromes
have been reported to have variable delay in dental maturation
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Table 2. Different Dental Anomalies Found in This Study.

Sagittal synostosis, n = 103  Coronal synostosis, n = 25 Metopic synostosis, n = 21 Total, N = 149
Number of Number of Number of Number of

Number patients Number patients Number patients Number patients
Dental anomaly of teeth  (prevalence %) of teeth  (prevalence %) of teeth  (prevalence %) of teeth  (prevalence %)
Supernumerary tooth | (1) | 1 (0.7)
Hypodontia 13 9(9) 3 2 (8) 3 2 (10) 19 13 (9)
Taurodontism 82 36 (35) 6 3(12) I 5 (24) 99 44 (30)
Dens invaginatus 54 24 (23) 17 7 (28) 16 8 (33) 87 39 (26)
Gemination 1 (5) | 1 (1)
Peg-shaped upper | (1) I I (4) 2 2(1)

lateral incisors

and bone age when compared to chronological age (Anderson  Taurodontism

et al., 1996; Reitsma et al., 2014b; Woods et al., 2015). It is
well established that the Demirjian method overestimates den-
tal age (Melo and Ata-Ali, 2017; Sobieska et al., 2018). Later
adjustments to the Demirjian method have been made by
Willems et al. (2001) to provide higher accuracy. The Finnish
reference values for scoring dental age by Nystrom et al. were
calculated from OPGs taken between years 1964 and 1995, and
without no modern control group, there could be changes pres-
ent in dental development in Finnish children nowadays com-
pared to these “historic” data (Nystrom et al., 2000).
Furthermore, the differences between chronological age and
dental age can result from a multitude of variables such as
precision of the method, population characteristics, and statis-
tical approach (Woods et al., 2015). In this study, only 1 oper-
ator rated the developmental stages of the teeth, which may
lead to wrongly estimating dental age. The results should be
thus viewed with caution.

Dental Agenesis

Hypodontia is one of the most common dentofacial deformities
in humans (Al-Ani et al., 2017). Hypodontia (excluding the
third molars) is present in 5% to 10% of the population (Arte
et al., 2001; Goncalves-Filho et al., 2014; Lagana et al., 2017;
Baron et al., 2018; Bilge et al., 2018), with the premolars and
upper lateral incisors being the most commonly missing teeth
(Arte et al., 2001). It is most often nonsyndromic, but it can be
related to syndromes and anomalies such as cleft lip and palate
(De Coster et al., 2009; Chhabra et al., 2014). It is interesting to
note that dental agenesis seems to support Butler’s Field The-
ory, where the distal teeth within each morphogenic class are
the most variable (Kieser, 1968). In this study, we found similar
frequencies for hypodontia as reported in the general popula-
tion. Peg-shaped upper lateral incisors, which were also found
in this study (n = 2), have been related to hypodontia (Arte
et al., 2001).

Only 1 supernumerary tooth was found in this study. In the
study’s OPGs taken around age 8, where some teeth have just
begun their formation, the presence of tooth agenesis and
supernumeraries may be difficult to ascertain.

Taurodontism is caused by the failure of the invagination pro-
cess of the Hertwig epithelial sheath, where it does so at an
abnormal horizontal level (Tulensalo et al., 1989; Jafarzadeh
et al., 2008). Taurodontism has been linked to various syn-
dromes and anomalies, including Down syndrome, Klinefelter
syndrome, and amelogenesis imperfecta (Tulensalo et al.,
1989). Taurodontism is a relatively common developmental
anomaly in the dentition, with prevalences varying from less
than 1% to 40% found in the literature (Tulensalo et al., 1989;
Goncalves-Filho et al., 2014; Lagana et al., 2017; Baron et al.,
2018; Bilge et al., 2018). The prevalences for taurodontism in
patients with isolated craniosynostosis found in this study are in
line with other studies on different study populations. The sec-
ond permanent molars were excluded from this study due to
their stage of development. In this study, only hypotaurodontic
molars were found. When comparing hypotaurodontic molars
to nontaurodontic molars as classified by Tulensalo et al.
(1989), the line between affected and nonaffected teeth can
be somewhat obscure (Tulensalo et al., 1989). Furthermore,
even though measurement 3 as presented by Tulensalo et al.
(1989) has been well validated for use in assessing taurodont-
ism, it is prone to error resulting from variability in tooth size
and angulation. Different systems do exist for assessing taur-
odontism, but they are often designed for mature teeth with
closed apices (in this study, the majority of the teeth had open
apices).

Nevertheless, taurodontism should be considered when
treating patients with craniosynostosis. Patients with craniosy-
nostosis have been reported to have higher risk for oral dis-
eases, including dental caries, which if untreated may require
root canal treatment (Mustafa et al., 2001; Vilan Xavier et al.,
2008). Root canal treatment can be difficult due to the tauro-
dontic teeth complex root canal system, apically displaced root
canal orifices, and possible canal obliteration (Jafarzadeh et al.,
2008).

Invaginations

The prevalence of dens invaginatus in patients with single-
suture craniosynostosis found in this study (26%) is higher than
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reported in the general population (ranging from 0.04% to
10%; Gunduz et al., 2013; Capar et al., 2015; Gallacher
etal., 2016; Zhu et al., 2017). Periapical radiographs and OPGs
are commonly used to diagnose invaginations, although they
cannot accurately demonstrate the complex anatomy of the
invagination or the root canal system adjacent to it (Zhu
et al., 2017). Ideally, invaginations can be diagnosed with 3-
dimensional images (Capar et al., 2015; Zhu et al., 2017). In
this study, OPGs were used to study invaginations with CT
images if available. The presence of invaginations in OPGs
have been reported to be much lower than in CBCT imaging
(Capar et al., 2015). This could also affect the results in this
study for in some OPGs, the anterior section is poorly imaged
with possible rotations in teeth preventing assessment.

With high prevalence of invaginations in patients with iso-
lated craniosynostosis found in this study, clinicians should
concentrate on prophylactic care of affected teeth (Gallacher
et al., 2016). Invaginated teeth are thought to be the more prone
to oral diseases such as dental caries and various pulpal pathol-
ogies if there is a communication from the invagination to the
pulp (Oehlers, 1957; Capar et al., 2015; Zhu et al., 2017).
Invaginations should be treated as soon as they are detected
with acid-etched flowable composites to prevent caries devel-
opment and subsequent pulpal pathologies (Gallagher et al.,
2016).

Other Morphological Anomalies

Gemination is rarely encountered with reported prevalence
varying from 0% to 0.28% in the general population (Shashir-
ekha and Jena, 2013; Baron et al., 2018). One geminated lower
lateral incisor was found in the metopic synostosis group.
Geminated teeth can potentially interfere with occlusion and
complicate other dental treatment because of their complex
morphology.

Clinical Importance

Patients with isolated craniosynostosis require multidisciplin-
ary care for treating the craniosynostosis itself and the other
health issues these patients may present with (Vargervik
et al.,, 2012). Dental and orthodontic care should be consid-
ered important in patients with isolated craniosynostosis, with
studies revealing possible increased need for care in the den-
tition and occlusion (Mustafa et al., 2001; Dalben et al.,
2006; Pelo et al., 2011; Heliovaara et al., 2015; Lebuis
et al., 2015). Studies have reported higher decayed, missing,
or filled teeth and plaque scores in patients with craniosy-
nostosis, putting more pressure on delivering enhanced dental
follow-up programs and aiding in achieving proper oral
hygiene (Mustafa et al., 2001; Dalben et al., 2006; Vargervik
et al., 2012). Dental maturity should be considered in ortho-
dontic treatment planning for proper timing of treatment
(Stojkovic et al., 2016).

Conclusion

In this study, we found a higher prevalence of dens invaginatus
in patients with isolated craniosynostosis, with dental maturity
also being advanced in these patients. Prophylactic care is
important for invaginated and taurodontic teeth.
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