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Abstract
Objective To evaluate if the presence of unilateral cleft lip and palate (UCLP) causes delay in dental age and tooth development.
Materials and methods Panoramic radiographs of 189 non-syndromic UCLP patients, aged from 6 to 20 years, were collected.
Two measures of tooth development were examined: dental maturity scale for the seven left mandibular teeth (dental age—DA)
and the degree of each tooth development (developmental score—DS). All the teeth except third molars were staged according to
the Demirjian’s method. The data of the cleft group were compared with a control group matched for age and gender, based on
the findings observed in other 189 panoramic radiographs.
Results At all ages, DA was lower in the UCLP group, but not always significantly; the highest difference was − 1.411 for
females at 13 years old and − 0.776 for males at 12 years old. DS of all teeth was significantly lower in the UCLP group, at all
ages under 17 in females, and at all ages under 18 in males. In UCLP group, tooth development was more delayed in the maxilla
compared with the mandible. No evidence of a slower development at the cleft side compared with the non-cleft side was
highlighted.
Conclusions Significant lower dental development was observed in UCLP patients compared with control ones by using DS and
DA indexes.
Clinical relevance These findings can help the clinicians in establishing a proper orthodontic and surgical diagnosis and treatment
planning in UCLP patients and for forensic age estimation’s purposes.
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Introduction

Craniofacial anomalies such as cleft lip and palate are among
the most prevalent of all congenital disorders. Orofacial clefts
have a worldwide frequency of 1 in 700 newborns, with a
reported prevalence of 1.47/1000 in the Netherlands and
Belgium [1]. Cleft patients encounter dental, hearing, speech,

psychological, and esthetic problems. Moreover, a higher
prevalence of severe tooth anomalies is observed. In particu-
lar, abnormal tooth formation, enamel hypoplasia, and tooth
agenesis often occur in these patients. The same etiological
factors inducing the formation of the cleft can also have an
effect on tooth development [1–4].

In orthodontic treatment planning, dental development is of
major clinical importance to accurately estimate the timing of
the orthodontic intervention(s). Moreover, in cleft patients,
surgical timing for alveolar bone grafting is based on dental
development, not on chronological age [5–8]. An accurate
evaluation of tooth development enables not only a better
surgical planning, with the aim of limiting the amount of re-
quired surgeries but also the age estimations based on dental
development for forensic purpose.

The staging technique described by Demirjian et al. allows
to register and classify dental development of each singular
tooth [9]. When multiple teeth are developing, the degree of
dental development can be established by calculating a
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developmental score (DS). This procedure was described by
Thevissen et al., registering and quantifying the degree of
dental development of all four third molars [10]. This ap-
proach can be also adapted to specific group of developing
teeth of interest.

An additional method to evaluate the dental maturity scale
for the seven left mandibular teeth in a single individual is to
estimate its related dental age (DA). Various methods to esti-
mate dental age were established [9, 11–13]. The DA index
can be compared between different patients (or groups of pa-
tients) to evaluate the cause-effect relationship between a spe-
cific characteristic (e.g., the presence of absence of cleft pal-
ate) and the dental development.

Previous research concerning tooth development in cleft
patients suggested a delayed dental development [14–17].
However, no clear conclusions can be drawn since the meth-
odology of these studies shows a lot of variation. Many inves-
tigations gathered different cleft types in their study sample,
while the etiological factors of the different cleft severities
might have varying influences on the cleft region and conse-
quently, could affect dental maturity at different levels. To
reduce these potentially disturbing factors and to allow fair
comparisons in future research, the current study was limited
to patients with complete unilateral cleft lip and palate
(UCLP) [17]. Patients with other types of clefts (incomplete
lip clefts, unilateral cleft lip and alveolus, bilateral or palatal
clefts) and patients with clefts in the context of a syndrome or
with relevant medical problems were excluded.

The aim of this study was to analyze the dental develop-
ment and dental age in a group of non-syndromic children
with complete UCLP and compare them with a control group
with age- and gender-matched children without this condition.

Materials and methods

This study was registered and approved by the Medical Ethics
Committee of the University Hospitals Leuven, with the reg-
istration number S56474.

Patient selection

Paper archives of the Dental department of the University
Hospitals as well as the electronic files were retrospectively
screened for all patients who had at least one consultation with
the orofacial cleft care team between 1974 and 2018. In our
hospital, the patient’s report at intake contains complete infor-
mation regarding the type of cleft. Furthermore, every patient
included in the orofacial cleft care program was seen at least
once by the department of human genetics. The report of this
consultation was examined and screened for the presence of
possible syndromes. Based on these reports, non-syndromic,
Caucasian patients with complete UCLP were selected.

Selected UCLP patients were included in the study when at
least one panoramic radiograph of good image quality was
available. If UCLP patients had multiple radiographs avail-
able, the selected one was from the age category of which, at
that moment, the lowest number of subjects had been includ-
ed. The retrospective screening on UCLP patients was per-
formed by two observers independently. Disagreements dur-
ing the patient selection were resolved by discussion and con-
sensus. When disagreements remained, patients were
excluded.

Data were compared with a non-cleft control group of the
same Caucasian population (189 patients), matched for iden-
tical chronological age (date panoramic radiographminus date
of birth) and gender. Appendix Fig. 5 contains a case selection
flowchart.

We retrospectively selected patients complying with our
selection criteria for both the UCLP and control groups by
analyzing the medical files of treated patients until we gather
a sample big enough to obtain representative radiographic
results, following the indications of previous studies
(Appendix Table 5).

Data collection methods and statistical analysis

Parameters extracted from the patient’s records were gender,
date of birth, number and date of panoramic radiographs tak-
en, cleft side, agenesis of teeth, and any aberrance such as
hypoplasia.

Two measures of tooth development were examined: the
dental maturity scale for the seven left mandibular teeth (den-
tal age—DA) and a degree of tooth development (develop-
mental score—DS). Therefore, all teeth except third molars
were staged according to the eight-stage technique of
Demirjian et al. [9]. Both the UCLP group and the control
group were staged by the same observer once, after training
with an experienced operator. A tooth was not scored if it was
not visualized accurately due to, e.g., overlap of other
structures.

Dental age

The stages of the seven left mandibular permanent teeth (ex-
cept the third molar) were used to calculate dental age accord-
ing to the age estimation method of Demirjian et al. [9]. A
linear regression model with dental age as dependent variable
and group and age as predictors was used to assess differences
in dental age between UCLP and control patients. The trend of
the DA over chronological age takes a rather curved or non-
linear shape. To be able to flexibly model this specific curve,
restricted cubic splines (with 5 knots) were used in the regres-
sion model [18–20]. Additionally, an interaction between age
and group was included in the model allowing the difference
between groups to depend on age. Also, in the interaction,
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cubic splines were used to model age, allowing the curves for
both groups to take different shapes. The analysis was per-
formed separately for males and females.

In the UCLP group, 18 observations were missing for den-
tal age, whereas there were no missing observations in the
control group. This was due to agenesis (16 of the 18 values
were lower second premolars) or lack or accurate visualiza-
tion. To account for this imbalance, we used a linear regres-
sionmodel to predict the dental age for these patients based on
the Demirjian scores for the teeth on the opposite side of the
mandible, the chronological age, and group. The regression
model resulted in an R-squared of 0.98 indicating a very good
predictive quality. Hence, the analysis included all patients in
both groups.

Degree of dental development

The analysis was performed in two phases. First, we quanti-
fied on subject level the degree of development, using infor-
mation from all teeth (except third molars). Second, we ana-
lyzed the difference between UCLP and control patient with
respect to the degree of development.

A linear mixed model was used for the first phase, with
the Demirjian stage as the outcome variable, a fixed effect
for tooth and a random subject effect. For each subject, the
empirical Bayes estimate of the random effect was obtain-
ed, which summarizes the developmental stages of all teeth
in a single developmental score (DS), thereby also handling
the presence of missing values. The DS is a normal distrib-
uted variable (z-score) with mean and standard deviation
respectively equal to zero and one. A DS equal to zero
corresponds to a subject with an average developmental
level in the current study. A similar approach was used in
Thevissen (2010) and Lebbe (2017) [10, 21, 22].

In the second phase, a linear regression model with the
DS as dependent variable and age and group as predictors
were used to evaluate differences in degree of development
between UCLP and control patients. An interaction be-
tween age and group was included in the model allowing
the difference between groups to depend on age. Inclusion
of a quadratic term for age permitted deviations from line-
arity. The analysis was performed separately for males and
females.

The studied tooth groups were: all teeth, maxillary teeth,
mandibular teeth, teeth at the cleft side, and teeth at the non-
cleft side (except third molars), which enabled to investi-
gate the degree of dental development overall, in the max-
illa, in the mandible, at the cleft side, and the non-cleft side,
respectively.

All statistical analyses were performed using SAS soft-
ware, version 9.4 of the SAS System for Windows. P values
< 0.05 were considered statistically significant.

Results

The descriptive data of the study sample are summarized in
Table 1. Both the UCLP group and the control group
consisted of 189 patients, aged from 6 to 20 years. The groups
comprised 129 boys and 60 girls, with a mean chronological
age of 12.7 years ± 4.32 (ranging from 5.6 to 20.7 years). The
cleft was left sided in 65.61% of UCLP patients. Tooth agen-
esis occurred in 58.73% of UCLP patients compared with
only 3.7% of control patients. Hypoplasia was seen in
24.87% of UCLP patients and in 0.53% of control patients.

Dental age

The difference in dental age between UCLP and control pa-
tients depends on chronological age of males and females
(significant interaction). Figure 1 presents the evolution of
dental age over the chronological age in both groups. At al-
most all ages, the dental age was lower in the UCLP group.
However, not at all ages the difference was statistically

Table 1 Descriptive data of the study sample

Variable Statistic Control (N = 189) UCLP (N = 189)

Gender

F n (%) 60 (31.75%) 60 (31.75%)

M n (%) 129 (68.25%) 129 (68.25%)

Chronological age Mean 12.7 12.7

Std 4.32 4.32

Median 12.2 12.2

IQR (8.9; 16.6) (8.9; 16.6)

Range (5.6; 20.7) (5.6; 20.7)

Cleft side

Right n (%) 65 (34.39%)

Left n (%) 124 (65.61%)

Agenesis (≥ 1 tooth missing)

No n (%) 182 (96.30%) 78 (41.27%)

Yes n (%) 7 (3.70%) 111 (58.73%)

Number of missing teeth

0 n (%) 182 (96.30%) 78 (41.27%)

1 n (%) 5 (2.65%) 72 (38.10%)

2 n (%) 2 (1.06%) 21 (11.11%)

3 n (%) 0 (0.00%) 7 (3.70%)

4 n (%) 0 (0.00%) 5 (2.65%)

5 n (%) 0 (0.00%) 4 (2.12%)

6 n (%) 0 (0.00%) 1 (0.53%)

9 n (%) 0 (0.00%) 1 (0.53%)

Hypoplasia

No n (%) 189 (99.47%) 142 (75.13%)

Yes n (%) 1 (0.53%) 47 (24.87%)
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significant. Table 2 presents the mean difference in dental age
between the control group and the UCLP group, per age cat-
egory of 1 year, separate for females and males. The highest
difference in dental age was − 1.411 for females at 13 years
old and − 0.776 for males at 12 years old.

Dental development

All teeth, except third molars

The difference in degree of dental development between
UCLP and control patients depends on age: the DS was

significantly lower in the UCLP group compared with the
control group at all ages under 17 in females, and at all ages
under 18 in males (Fig. 2 and Table 3).

Mandible vs maxilla

Results based on upper and lower jaw separately are similar to
the global results. The DS is higher in the control group com-
pared with the UCLP group, and the difference diminishes
over age. However, the differences seem to be larger in the
upper jaw (Fig. 3 and Table 4).

Table 2 Mean difference in dental age (DA) between control and UCLP patients at the different ages, with P value for difference between groups
(seven left mandibular teeth)

Age Mean difference DA Control – UCLP (95% CI) P value

Females Males Females Males

6 − 0.969 (− 1.942;0.004) − 0.280 (− 0.790;0.229) 0.0510 0.2797

7 − 0.581 (− 1.149;− 0.013) − 0.287 (− 0.597;0.024) 0.0449* 0.0703

8 − 0.259 (− 0.641;0.122) − 0.307 (− 0.595;− 0.019) 0.1806 0.0369*

9 − 0.163 (− 0.603;0.277) − 0.374 (− 0.720;− 0.029) 0.4639 0.0339*

10 − 0.413 (− 0.819;− 0.007) − 0.511 (− 0.828;− 0.195) 0.0465* 0.0017+

11 − 0.861 (− 1.213;− 0.508) − 0.670 (− 0.972;− 0.367) < 0.0001+ < 0.0001+

12 − 1.265 (− 1.669;− 0.860) − 0.776 (− 1.133;− 0.418) < 0.0001+ < 0.0001+

13 − 1.411 (− 1.824;− 0.998) − 0.767 (− 1.117;− 0.416) < 0.0001+ < 0.0001+

14 − 1.302 (− 1.686;− 0.917) − 0.656 (− 0.953;− 0.359) < 0.0001+ < 0.0001+

15 − 1.035 (− 1.459;− 0.611) − 0.493 (− 0.803;− 0.183) < 0.0001+ 0.0020+

16 − 0.710 (− 1.179;− 0.241) − 0.325 (− 0.689;0.040) 0.0033+ 0.0803

17 − 0.407 (− 0.828;0.013) − 0.191 (− 0.546;0.164) 0.0571 0.2912

18 − 0.135 (− 0.529;0.259) − 0.089 (− 0.388;0.211) 0.4989 0.5608

19 0.120 (− 0.474;0.713) − 0.007 (− 0.316;0.303) 0.6906 0.9663

20 0.366 (− 0.578;1.310) 0.067 (− 0.378;0.512) 0.4437 0.7672

*P value < 0.05
+P value < 0.01

Results based on post hoc tests comparing least-square means between the groups at pre-specified ages

Females Males

Fig. 1 Dental age by chronological age in UCLP and control patients (seven left mandibular teeth)
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Cleft side vs non-cleft side

The difference in DS between affected and non-affected side
does not depend on age (no significant interaction). There is
no evidence of a slower development at the cleft side in either
males or females. The mean difference in DS between cleft
and non-cleft side was − 0.030 for females and − 0.041 for
males. The negative difference presents a lower DS for the
cleft side (Fig. 4).

Discussion

Staging method and radiographic evaluation

Assessing dental mineralization on radiographs is an accurate
way to determine tooth development and dental age. Many au-
thors have reported various techniques for staging tooth devel-
opment. These techniques divide thewhole dental maturity track

Table 3 Mean difference in development score (DS) between control and UCLP patients at the different ages, with p value for difference between
groups (all teeth)

Age Mean difference DS Control – UCLP (95% CI) P value

Females Males Females Males

6 − 0.449 (− 0.721;− 0.178) − 0.235 (− 0.390;− 0.080) 0.0014+ 0.0032+

7 − 0.434 (− 0.633;− 0.235) − 0.263 (− 0.380;− 0.146) < 0.0001+ < 0.0001+

8 − 0.415 (− 0.561;− 0.269) − 0.284 (− 0.375;− 0.192) < 0.0001+ < 0.0001+

9 − 0.393 (− 0.509;− 0.276) − 0.297 (− 0.378;− 0.216) < 0.0001+ < 0.0001+

10 − 0.367 (− 0.477;− 0.257) − 0.302 (− 0.384;− 0.220) < 0.0001+ < 0.0001+

11 − 0.338 (− 0.455;− 0.221) − 0.299 (− 0.387;− 0.211) < 0.0001+ < 0.0001+

12 − 0.306 (− 0.431;− 0.181) − 0.289 (− 0.382;− 0.195) < 0.0001+ < 0.0001+

13 − 0.270 (− 0.399;− 0.141) − 0.270 (− 0.367;− 0.174) < 0.0001+ < 0.0001+

14 − 0.231 (− 0.359;− 0.104) − 0.244 (− 0.340;− 0.149) 0.0005+ < 0.0001+

15 − 0.189 (−0.311;− 0.067) − 0.211 (− 0.303;− 0.119) 0.0027+ < 0.0001+

16 − 0.144 (− 0.263;− 0.025) − 0.169 (− 0.257;− 0.081) 0.0183* 0.0002+

17 − 0.095 (− 0.223;0.033) − 0.120 (− 0.207;− 0.033) 0.1444 0.0073+

18 − 0.043 (− 0.201;0.115) − 0.063 (− 0.159;0.034) 0.5919 0.2007

19 0.012 (− 0.199;0.223) 0.002 (− 0.117;0.121) 0.9074 0.9753

20 0.071 (− 0.212;0.354) 0.074 (− 0.081;0.229) 0.6197 0.3451

*P value < 0.05
+P value < 0.01

Results based on post hoc tests comparing least-square means between the groups at pre-specified ages

Females Males

Fig. 2 Developmental score by age in UCLP and control patients (all teeth)
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into consecutive developmental stages. The length and number
of stages vary depending on a particular technique.

The eight-stage technique developed byDemirjian et al. [9] is
one of the most widely used developmental staging methods in
children. This technique classifies the distinct dental develop-
mental stages based on objective observations and the threshold
between the different stages is well described, hence avoiding
the need to involve tooth measurements of, e.g., root length.

Anatomic factors, such as superimposition of hard and soft
tissues on the teeth in the upper jaw, can cause challenging
radiographic analysis [23, 24]. However, the effect of the cleft,
which is situated in the maxilla, cannot be fully reflected when
only scoring the mandibular teeth. Therefore, maxillary teeth
were scored as well in the present study. Nevertheless, all
subjects were staged by the same observer on panoramic ra-
diographs using the same technique, meaning that the possible
shortcoming of scoring teeth in the maxilla was equal for each
of the included patients.

When using panoramic radiographs, problems of distor-
tion, enlargement, positioning problems, and overlap often
occur. Even though these problems may cause a level of

unreliability for linear and angular measurements, they may
be acceptable for ratio calculations [25, 26]. The Demirjian
method uses developmental stages based on tooth shape and
the ratio of crown height to root length, rather than on the
absolute length, so that elongated or shorted projections of
developing teeth will not affect the accuracy of evaluation
[27]. Although the Demirijan method does present some lim-
itations, such as overestimation of chronological age in certain
age groups [28], it was decided to use it in the present study to
enable comparison with most available studies investigating
similar conditions.

Nowadays, CBCT’s are often taken in CLP patients since it
has been proven that 3D imaging improves diagnosis, treat-
ment planning, and treatment outcomes in these subjects.
Teeth can be observed in all angles without image superim-
position, which makes analysis more accurate. De Mulder
et al. 2018 introduced an optimized imaging protocol for
CLP patients based on European guidelines to achieve the
concepts of optimization and justification, which can be
employed as an international reference for CLP care pro-
grams. Uncontrolled radiological exposures (either 2D or

Mandible

Females Males

Maxilla

Females Males

Fig. 3 Developmental score by age in UCLP and control patients (mandible and maxilla)
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3D) by various disciplines lead to high cumulative doses, a
matter that was taken into account in this protocol [29]. To our
knowledge, only one study used CBCT to evaluate tooth

development in CLP patients [30]. In our study, insufficient
CBCT’s were available since the protocol suggested by De
Mulder et al. was implemented in our hospital only since

Females Males

Fig. 4 Developmental score by age in affected and non-affected side

Table 4 Mean difference in
development score (DS) between
control and UCLP patients at the
different ages, with P value for
difference between groups
(mandible and maxilla separately)

Age Mean difference DS Control – UCLP (95% CI) P value

Females Males Females Males

Mandible
6 − 0.440 (− 0.688;− 0.192) − 0.175 (− 0.321;− 0.028) 0.0006+ 0.0199*
7 − 0.405 (− 0.586;− 0.223) − 0.194 (− 0.305;− 0.084) < 0.0001+ 0.0006+

8 − 0.370 (− 0.503;− 0.237) − 0.209 (− 0.295;− 0.122) < 0.0001+ < 0.0001+

9 − 0.336 (− 0.442;− 0.230) − 0.218 (− 0.294;− 0.141) < 0.0001+ < 0.0001+

10 − 0.302 (− 0.403;− 0.201) − 0.222 (− 0.299;− 0.144) < 0.0001+ < 0.0001+

11 − 0.269 (− 0.375;− 0.162) − 0.220 (− 0.303;− 0.137) < 0.0001+ < 0.0001+

12 − 0.235 (− 0.349;− 0.122) − 0.213 (− 0.302;− 0.125) < 0.0001+ < 0.0001+

13 − 0.203 (− 0.321;− 0.085) − 0.201 (− 0.293;− 0.110) 0.0009+ < 0.0001+

14 − 0.171 (− 0.287;− 0.055) − 0.184 (− 0.275;− 0.094) 0.0043+ < 0.0001+

15 − 0.139 (− 0.251;− 0.028) − 0.162 (− 0.249;− 0.075) 0.0149* 0.0003+

16 − 0.108 (− 0.216;0.001) − 0.134 (− 0.217;− 0.051) 0.0516 0.0017+

17 − 0.077 (− 0.194;0.040) − 0.101 (− 0.183;− 0.018) 0.1945 0.0168*
18 − 0.047 (− 0.191;0.098) − 0.063 (− 0.154;0.029) 0.5239 0.1781
19 − 0.017 (− 0.209;0.176) − 0.019 (− 0.132;0.094) 0.8640 0.7398
20 0.013 (− 0.245;0.271) 0.030 (− 0.117;0.176) 0.9219 0.6889

Maxilla
6 − 0.462 (− 0.790;− 0.134) − 0.295 (− 0.479;− 0.112) 0.0062+ 0.0017+

7 − 0.466 (− 0.706;− 0.226) − 0.332 (− 0.470;− 0.194) 0.0002+ < 0.0001+

8 − 0.462 (− 0.638;− 0.286) − 0.359 (− 0.467;− 0.250) < 0.0001+ < 0.0001+

9 − 0.451 (− 0.592;− 0.311) − 0.375 (− 0.471;− 0.279) < 0.0001+ < 0.0001+

10 − 0.434 (− 0.567;− 0.300) − 0.381 (− 0.478;− 0.284) < 0.0001+ < 0.0001+

11 − 0.408 (− 0.549;− 0.267) − 0.376 (− 0.480;− 0.272) < 0.0001+ < 0.0001+

12 − 0.376 (− 0.527;− 0.225) − 0.362 (− 0.472;− 0.251) < 0.0001+ < 0.0001+

13 − 0.337 (− 0.492;− 0.181) − 0.337 (− 0.451;− 0.223) < 0.0001+ < 0.0001+

14 − 0.290 (− 0.444;− 0.136) − 0.302 (− 0.415;− 0.189) 0.0003+ < 0.0001+

15 − 0.236 (− 0.384;− 0.089) − 0.256 (− 0.365;− 0.148) 0.0019+ < 0.0001+

16 − 0.175 (− 0.319;− 0.031) − 0.201 (− 0.304;− 0.097) 0.0173* 0.0002+

17 − 0.107 (− 0.262;0.048) − 0.135 (− 0.238;− 0.031) 0.1732 0.0108*
18 − 0.032 (− 0.223;0.160) − 0.058 (− 0.173;0.056) 0.7436 0.3149
19 0.051 (− 0.204;0.306) 0.028 (− 0.113;0.169) 0.6930 0.6945
20 0.141 (− 0.201;0.482) 0.125 (− 0.058;0.308) 0.4167 0.1805

*P value < 0.05
+P value < 0.01

Results based on post hoc tests comparing least-square means between the groups at pre-specified ages
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2016. In future research, it is recommended to evaluate dental
development on CBCT.

Overview of the related literature (Appendix Table 5)

A systematic literature search, including all studies related to
this topic published until the end of 2018, revealed 36 studies
with a large heterogeneity in study groups and staging
methods. A delay in tooth development or dental age was
observed in almost all these studies (32/36). However, estab-
lishing appropriate comparisons was difficult since the meth-
odology of these studies showed a big variation. Many studies
on this topic combined patients with different cleft types in
one study group. In our study, we only included patients with
complete unilateral cleft lip and palate, since it has been re-
ported that isolated cleft palate and other types of clefts are
etiologically different. This may influence tooth development
in different ways [31].

In consistency with our findings, most research on this
topic found that UCLP is more common in boys and that the
left side is significantly more affected than the right side. Both
the male-female ratio and left side-right side ratio in patients
with UCLP were approximately 2:1 [14, 32–37].

We found a delay in tooth development both in the upper
and lower jaw, not only at the level of the cleft. This is in
accordance with previous studies [38–41].

Dental agenesis

Developmental tooth abnormalities, such as hypoplasia and
agenesis of teeth, are frequently seen in cleft patients. In this
study, 58.73% of UCLP patients had agenesis of at least one
tooth and hypoplasia was seen in 24.87% of the cleft patients.

Diagnosis of tooth agenesis was based on interpretation of
a panoramic radiograph, together with examination of clinical
records. It has been reported that all permanent teeth except
third molars have started their mineralization on average at the
age of 6. In this study, all patients were at least 6 years old
[42]. The panoramic radiographs were selected from a patient
group followed longitudinally by the orofacial cleft care pro-
gram. This aspect tended to guarantee that the diagnosis of
tooth agenesis was made even more reliable. Nevertheless,
very late development of the mandibular second premolar
has been described in some patients. To prevent a false-
positive diagnosis of this tooth, the method suggested by
Sharma et al. was used [43]. This method proposes that the
mandibular second premolar is highly unlikely to develop if
the adjacent first molar is beyond stage “root one half” and the
first premolar is beyond stage “crown complete.” This was
checked in patients with agenesis.

Lebbe et al. 2017 showed a delayed tooth development in
non-cleft patients with dental agenesis, so the presence of
tooth agenesis is an important factor to take into account when

evaluating tooth development [22]. In our study, more signif-
icant differences between UCLP and control patients were
found when evaluating the degree of dental development
(DS) compared with estimation of dental age.

In fact, DS enables us to include also patients with dental
agenesis thanks to the method’s characteristics.

On the other hand, by using DA estimation, when missing
teeth were present, a linear regression model was used to pre-
dict dental age based on the Demirjian scores of the teeth on
the opposite side of the mandible, the age, and group. This
could support the finding of Lebbe et al. 2017, namely that
dental development is more delayed in patients with agenesis
of teeth. In addition, for the estimation of dental age, only the
left lower permanent teeth were scored, while the upper lateral
incisor in UCLP patients was the most agenetic. Dental agen-
esis in UCLP patients was more frequently seen in the upper
jaw; this could explain why dental maturity in UCLP patients
was more delayed in the maxilla compared with the mandible.

Seo et al. 2013 recently found that the same genes whose
mutations cause tooth agenesis, such as PAX9 and MSX1,
frequently also contain SNPs as genetic risk factors for non-
syndromic orofacial clefts [44, 45]. Moreover, it has been
reported that these genetic factors could also induce a delay
in tooth development [46, 47]. This genetic association may
possibly play a role in the etiology of the delay in dental
development in cleft patients and this might also explain
why the delay is not only found at the level of the cleft. It
could be interesting to further investigate this potential rela-
tionship in future research.

Clinical implications

Considering the determinant role of dental development in
establishing the proper treatment timing in orthodontics, our
results can help the clinicians in better planning the orthodon-
tic therapy, the secondary bone graft augmentation, and un-
derstanding the reduces growth rate in UCLP patients. Some
studies have already highlighted a relationship between dental
maturation stages and skeletal maturity [27, 48–50].

Moreover, the results of this study could be important for
forensic age estimation leading to different legal conse-
quences. UCLP patients could falsely be a minor when apply-
ing the existing reference tables for persons without this
condition.

Conclusions

Dental age and tooth development in UCLP patients were
delayed compared with subjects without this condition.
Within UCLP patients, a slightly more delayed dental matu-
ration in the upper jaw was observed compared with the lower
jaw. There is no evidence of a slower dental development at
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the cleft side compared with the non-cleft side. These findings
are relevant for forensic age estimation outcomes and for or-
thodontic and surgical treatment planning in UCLP patients.
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CLEFT GROUP CONTROL GROUP

Electronic files of patients who had at least one 

consultation with the orofacial cleft care team 

between 1974 and 2018 were selected

Patients with syndromes were excluded based the 

reports from the Department of Human Genetics. 

The remaining patients were included based on the 

following inclusion criteria

- non-syndromic patients 

- with complete UCLP 

- with at least one panoramic radiograph of 

good image quality 

- if multiple radiographs were available, the 

selected one was from the age category of 

which, at that moment, the lowest number of 

subjects had been included. 

Matched for identical 

chronological age (date 

panoramic radiograph minus 

date of birth) 

gender

189 patients between 6 and 20 years old

129 boys, 60 girls

189 patients between 6 and 20 years old

129 boys, 60 girls

TOTAL SAMPLE

378 patients between 6 and 20 years old

258 boys, 120 girls

Fig. 5. Case selection flowchart

Appendix 1

2627Clin Oral Invest (2021) 25:2619–2631



A
p
p
en

d
ix

2

Ta
bl
e
5

O
ve
rv
ie
w
of

th
e
ex
is
tin

g
lit
er
at
ur
e

Fi
rs
ta
ut
ho
r,
ye
ar

S
tu
dy

sa
m
pl
e

C
le
ft
ty
pe

C
on
tr
ol

gr
ou
p

D
at
a
us
ed

M
et
ho
d
fo
r
de
te
rm

in
at
io
n

de
nt
al
de
ve
lo
pm

en
t

V
ar
ia
tio

n
in

to
ot
h
de
ve
lo
pm

en
t

A
lm

ot
ai
ry
,2
01
7

10
8

69
M
/3
9F

U
C
L
P

N
on
-C
L
P
(a
ge

m
at
ch
ed
)

O
PG

D
em

ir
jia
n’
s
an
d
W
ill
em

s’
m
et
ho
ds

D
el
ay

co
m
pa
re
d
w
ith

co
nt
ro
lg

ro
up

T
an
,2
01
7

60
36
M
/2
4F

33
M
/2
2F

U
C
L
P

N
on
-C
L
P
(a
ge
,g
en
de
r,
an
d
ra
ce

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n,
as
ym

m
et
ri
c
to
ot
h

de
ve
lo
pm

en
t

5–
9
ye
ar
s:
m
ea
n
de
la
y
=
0.
55

ye
ar
s

9–
13

ye
ar
s:
no

si
g
de
la
y

si
g
as
ym

m
et
ri
ca
lt
oo
th

de
ve
lo
pm

en
ti
n
bo
th

gr
ou
ps

Z
ha
ng
,2
01
6

40
30
M
/1
0F

31
U
C
L
P,

9
U
L
C
A

N
on
-c
le
ft
si
de

C
B
C
T

C
ro
w
n
he
ig
ht
,r
oo
tl
en
gt
h,

an
d
fu
ll
le
ng
th

A
sy
m
m
et
ri
ca
lt
oo
th

de
ve
lo
pm

en
ti
n
U
J
an
d

L
J

T
op
ol
sk
i,
20
14

10
7

68
M
/3
9F

73
(B
)C
L
P,

27
U
C
L
(A

),
2
C
P
,5

U
C
L
(P
)

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

N
o
si
g
de
la
y

B
in
da
ye
l,
20
14

51
34
M
/1
7F

47
U
C
L
P,

4
B
C
L
P

N
o

O
PG

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
7
ye
ar
s

T
an
,2
01
2

60
36
M
/2
4F

U
C
L
P

N
on
-C
L
P
(a
ge
,g
en
de
r,
an
d
ra
ce

m
at
ch
ed
)

O
PG

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
55

ye
ar
s

H
el
iö
va
ar
a,
20
09

73
34
M
/3
9F

SM
C
P

C
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
PG

D
em

ir
jia
n

S
M
C
P:

no
de
la
y;
C
P:
m
ea
n
de
la
y
of

0.
2
ye
ar
s

H
az
za
’a
,2
00
9

80
20
M
/2
0F

40
U
C
L
P,

40
B
C
L
P

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

U
C
L
P
:m

ea
n
de
la
y
of

0.
34

ye
ar
s;
B
C
L
P:

m
ea
n
de
la
y
of

0.
61

ye
ar
s

G
on
za
le
z-
C
ar
re
ra
,

20
09

53
59
%
M
/4
0%

F
37

U
C
L
P,

16
B
C
L
P

N
on
-C
L
P

O
PG

N
ol
la

si
g
de
la
y
fo
r
to
ot
h
pa
ir
s
in

U
C
L
P
(r
ig
ht

si
de
)

gr
ou
p

L
ai
,2
00
8

23
1

12
3M

/1
08
F

15
6
U
C
L
P,

39
B
C
L
P,

8
U
C
L
A
,2
8
C
P

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
4
ye
ar
s,
si
g
de
la
y
in

U
J
an
d

L
J

B
or
od
ki
n,
20
08

49
N
M

U
C
L
P
an
d
B
C
L
P

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
PG

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
52

ye
ar
s

H
uy
sk
en
s,
20
06

70
45
M
/2
5F

U
C
L
P

N
on
-C
L
P
(a
ge

an
d
ra
ce

m
at
ch
ed
)

O
PG

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
64

ye
ar
s

Pi
ot
o,
20
05

95
46
M
/4
9F

32
U
C
L
P,

28
U
C
L
A
,

35
C
L

N
on
-c
le
ft
si
de

O
P
G

N
ol
la

D
el
ay

I2
cl
ef
ts
id
e
=
0.
5–
1.
6
ye
ar
s

C
ar
ra
ra
,2
00
4

47
7

31
1M

/1
66
F

U
C
L
P

N
on
-c
le
ft
si
de

C
lin

ic
al
an
d
R
X

K
ar
be
r’
s
m
et
ho
d,
m
od
if
ie
d

by
H
ay
es

an
d
M
an
ta
l

(e
ru
pt
io
n)

si
g
de
la
y
co
m
pa
re
d
w
ith

no
n-
cl
ef
ts
id
e

R
ib
ei
ro
,2
00
2

98
63
M
/3
5F

U
C
L
P

N
on
-c
le
ft
si
de

O
PG

N
ol
la
an
d
So

lis
D
el
ay

of
1
st
ad
iu
m

(N
ol
la
)
or

2
st
ad
ia
(S
ol
is
)

co
m
pa
re
d
w
ith

no
n-
cl
ef
ts
id
e

H
ei
db
üc
he
l,
20
02

74
54
M
/2
0F

B
C
L
P

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

si
g
de
la
y
at
5
ye
ar
s;
no

de
la
y
at
9.
5
an
d

14
ye
ar
s

M
its
ea
,2
00
1

34
22
M
/1
2F

C
L
(P
)

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
P
G

N
ol
la

si
g
de
la
y
P
M

in
cl
ef
tg

ro
up

E
er
en
s,
20
01

54
34
M
/2
0F

38
U
C
L
P,

10
C
P,

2
U
C
L
A

O
P
G

D
em

ir
jia
n
an
d
G
ol
ds
te
in

N
o
si
g
de
la
y

2628 Clin Oral Invest (2021) 25:2619–2631



T
ab

le
5

(c
on
tin

ue
d)

Fi
rs
ta
ut
ho
r,
ye
ar

S
tu
dy

sa
m
pl
e

C
le
ft
ty
pe

C
on
tr
ol

gr
ou
p

D
at
a
us
ed

M
et
ho
d
fo
r
de
te
rm

in
at
io
n

de
nt
al
de
ve
lo
pm

en
t

V
ar
ia
tio

n
in

to
ot
h
de
ve
lo
pm

en
t

N
on
-C
L
P
si
bl
in
gs

an
d
no
n-
C
L
P

co
nt
ro
l(
ag
e
an
d
ge
nd
er

m
at
ch
ed
)

So
lis
,1
99
8

79
47
M
/3
2F

U
C
L
P
an
d
U
C
L
A

N
on
-C
L
P
(r
ac
e
m
at
ch
ed
)

O
PG

G
le
is
er

an
d
H
un
t

si
g
de
la
y:

co
m
pa
re
d
w
ith

no
n-
cl
ef
ts
id
e:

1.
02

ye
ar
;c
om

pa
re
d
w
ith

co
nt
ro
lg

ro
up
:

1.
59

ye
ar

Ph
am

,1
99
7

53
30
M
/2
3F

39
C
L
P,

3
U
C
L
A
,7

in
co
m
pl
.U

C
L
A
,4

m
ix
ed

N
on
-C
L
P
(a
ge
,g
en
de
r,
an
d
ra
ce

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
6
ye
ar
s

Pe
te
rk
a,
19
96

34
2

34
2M

/0
F

16
3
U
C
L
P,

82
B
C
L
P,

97
C
P

N
on
-C
L
P
(a
ge
,g
en
de
r,
an
d
ra
ce

m
at
ch
ed
)

D
en
ta
lp

la
st
er

ca
st
s

T
oo
th

er
up
tio

n
si
g
de
la
y/
ac
ce
le
ra
tio

n
er
up
tio

n

P
ra
hl
-A

nd
er
se
n

an
d
S
ou
re
n,

19
94

10
6

66
M
/4
0F

U
C
L
P

N
o

O
PG

D
em

ir
jia
n

M
ea
n
de
la
y
of

0.
7
ye
ar
s

Pe
te
rk
a,
19
93

30
30
M
/0
F

U
C
L
P

N
on
-c
le
ft
si
de

D
en
ta
lp

la
st
er

ca
st
s

T
oo
th

er
up
tio

n
si
g
de
la
y
I2
,C

,P
M
1,
P
M
2

B
ro
uw

er
s,
19
91

88
64
M
/2
4F

U
C
L
P

N
on
-C
L
P
(a
ge

m
at
ch
ed
)

O
PG

T
oo
th

le
ng
th

m
ea
su
re
m
en
t

N
o
si
g
de
la
y
co
m
pa
re
d
w
ith

no
n-
cl
ef
ts
id
e,

si
g
de
la
y
co
m
pa
re
d
w
ith

co
nt
ro
lg

ro
up

H
ar
ri
s,
19
90

54
N
M

35
U
C
L
P,

19
B
C
L
P

N
on
-C
L
P
(a
ge

an
d
ge
nd
er

m
at
ch
ed
)

O
PG

M
oo
rr
ee
s,
Fa
nn
in
g,
an
d

H
un
t;
H
ar
ri
s
an
d
M
cK

ee
M
ea
n
de
la
y
of

0.
9
ye
ar
s

Pö
yr
y,
19
89

13
1

89
M
/4
2F

87
U
C
L
P,

30
B
C
L
P,

14
C
L

N
o

O
cc
lu
sa
lR

X
an
d

O
P
G

H
aa
vi
kk
o/
N
ys
tr
öm

,
D
em

ir
jia
n

si
g
de
la
y

N
ys
tr
öm

,1
98
8

47
31
M
/1
6F

C
L
(P
),
C
P

T
w
in
s
an
d
no
n-
C
L
P

O
PG

D
em

ir
jia
n
an
d
G
ol
ds
te
in

M
ea
n
de
la
y
of

0.
3
ye
ar
s
in

C
L
P
gr
ou
p

L
oe
vy
,1
98
8

10
9

66
M
/4
3F

48
U
C
L
P,

34
B
C
L
P,

27
C
P

N
on
-C
L
P
(a
ge

m
at
ch
ed
)

O
P
G

D
em

ir
jia
n

si
g
ac
ce
le
ra
tio

n
co
m
pa
re
d
w
ith

co
nt
ro
lg

ro
up

Fu
ch
sl
oc
he
r,
19
88

18
7

N
M

12
5
U
C
L
P,

62
B
C
L
P

N
on
-C
L
P

D
en
ta
lp

la
st
er

ca
st
s

T
oo
th

er
up
tio

n
G
en
er
al
de
la
y

R
an
ta
,1
98
4

25
1

88
M
/1
63
F

C
P

N
o

O
PG

H
aa
vi
kk
o

M
ea
n
de
la
y
of

0.
7
ye
ar
s
(s
ig

gr
ea
te
r
de
la
y

w
he
n
hy
po
do
nt
ia
)

R
an
ta
,1
98
3

95
37
M
/5
8F

C
P

N
on
-C
L
P,

C
L
P
w
ith

ou
t

hy
po
do
nt
ia

O
PG

H
aa
vi
kk
o

si
g
de
la
y
in

hy
po
do
nt
ia
gr
ou
p

R
an
ta
,1
98
2

47
5

25
0M

/2
25
F

U
C
L
(A

),
U
C
L
P,

B
C
L
P
,a
nd

C
P

N
on
-C
L
P

O
PG

H
aa
vi
kk
o

si
g
de
la
y
of

0.
3–
0.
7
ye
ar
s

H
ar
in
g,
19
76

18
14
M
/4
F

10
B
C
L
P,

8
U
C
L
P

N
on
-C
L
P

D
en
ta
lp

la
st
er

ca
st
s,

ce
ph
al
om

et
ri
c

x-
ra
ys

Pr
ev
io
us

st
ud
ie
s:
F
el
s

R
es
ea
rc
h
In
st
itu

te
an
d

N
ol
la

N
o
si
g
de
la
y
in

er
up
tio

n
an
d
to
ot
h

de
ve
lo
pm

en
t

R
an
ta
,1
97
1

37
25
M
/1
2F

U
C
L
P

N
on
-c
le
ft
si
de

O
P
G
,d
en
ta
lp

la
st
er

ca
st
s,
cl
in
ic
al
da
ta

M
oo
rr
ee
s,
to
ot
h
er
up
tio

n
D
el
ay

Fi
sh
m
an
,1
97
0

68
N
M

33
U
C
L
P,

13
B
C
L
P,

14
U
C
L
(A

),
7
C
P

N
o

D
en
ta
lp

la
st
er

ca
st
s,

R
X

H
ur
m
e’
s
to
ot
h
em

er
ge
nc
e

ch
ar
t

D
el
ay
ed

to
ot
h
er
up
tio

n
in

al
lg

ro
up
s

B
ai
lit
,1
96
7

39
22
M
/1
7F

C
P

N
on
-C
L
P

O
P
G

M
oo
rr
ee
s

M
ea
n
de
la
y
of

0.
74

ye
ar
s

si
g,
si
gn
if
ic
an
t;
U
C
LP

,u
ni
la
te
ra
lc
le
ft
lip

an
d
pa
la
te
;U

C
LA

,u
ni
la
te
ra
lc
le
ft
lip

an
d
al
ve
ol
ar
;B

C
LP

,b
ila
te
ra
lc
le
ft
lip

an
d
pa
la
te
;C

P
,c
le
ft
pa
la
te
;C

L,
cl
ef
tl
ip
;N

M
,n
ot

m
en
tio

ne
d;

I1
,c
en
tr
al
in
ci
so
r;
I2
,

la
te
ra
li
nc
is
or
;C

,c
an
in
e;
P
M
,p
re
m
ol
ar
;M

1,
fi
rs
tm

ol
ar
;M

2,
se
co
nd

m
ol
ar
;U

J,
up
pe
r
ja
w
;L

J,
lo
w
er

ja
w

2629Clin Oral Invest (2021) 25:2619–2631



References

1. Dewinter G, Quirynen M, Heidbuchel K et al (2003) Dental abnor-
malities, bone graft quality, and periodontal conditions in patients
with unilateral cleft lip and palate at different phases of orthodontic
treatment. Cleft Palate Craniofac J 40:343–350. https://doi.org/10.
1597/1545-1569(2003)040<0343:DABGQA>2.0.CO;2

2. Bhatia SK, Drage N, Cronin AJ, Hunter ML (2008) Case report:
segmental odontomaxillary dysplasia–a rare disorder. Eur Arch
Paediatr Dent 9:245–248

3. Eerens K, Vlietinck R, Heidbüchel K et al (2001) Hypodontia and
tooth formation in groups of children with cleft, siblings without
cleft, and nonrelated controls. Cleft Palate Craniofac J 38:374–378.
https://doi.org/10.1597/1545-1569_2001_038_0374_hatfig_2.0.
co_2

4. Niswander JD, Adams MS (1967) Oral clefts in the American
Indian. Public Health Rep (Washington, DC : 1896) 82:807–812

5. Freitas JAS, Garib DG, Trindade-Suedam IK et al (2012)
Rehabilitative treatment of cleft lip and palate: experience of the
Hospital for Rehabilitation of Craniofacial Anomalies - USP
(HRAC-USP) - Part 3: Oral and Maxillofacial Surgery. J Appl
Oral Sci 20:673–679. https:/ /doi .org/10.1590/S1678-
77572012000600014

6. Ozawa T, Omura S, Fukuyama E et al (2007) Factors influencing
secondary alveolar bone grafting in cleft lip and palate patients:
prospective analysis using CT image analyzer. Cleft Palate
Craniofac J 44:286–291. https://doi.org/10.1597/06-054

7. Topolski F, de Souza RB, Franco A et al (2014) Dental develop-
ment of children and adolescents with cleft lip and palate. Braz J
Oral Sci 13:319–324

8. Toscano D, Baciliero U, Gracco A, Siciliani G (2012) Long-term
stability of alveolar bone grafts in cleft palate patients. Am J Orthod
Dentofac Orthop 142:289–299. https://doi.org/10.1016/j.ajodo.
2012.04.015

9. Demirjian A, Goldstein H, Tanner JM (1973) A new system of
dental age assessment. Hum Biol 45:211–227

10. Thevissen PW, Fieuws S, Willems G (2010) Human third molars
development: comparison of 9 country specific populations.
Forensic Sci Int 201:102–105. https://doi.org/10.1016/j.forsciint.
2010.04.054

11. AlQahtani SJ, Hector MP, Liversidge HM (2010) Brief communi-
cation: the London atlas of human tooth development and eruption.
Am J Phys Anthropol 142:481–490. https://doi.org/10.1002/ajpa.
21258

12. Cameriere R, Ferrante L, Cingolani M (2006) Age estimation in
children by measurement of open apices in teeth. Int J Legal Med
120:49–52. https://doi.org/10.1007/s00414-005-0047-9

13. Willems G, van Olmen A, Spiessens B, Carels C (2001) Dental age
estimation in Belgian children: Demirjian’s technique revisited. J
Forensic Sci 46:893–895

14. Almotairy N, PegelowM (2017) Dental age comparison in patients
born with unilateral cleft lip and palate to a control sample using
Demirjian and Willems methods. Eur J Orthod. https://doi.org/10.
1093/ejo/cjx031

15. Bindayel NA, AlSultan MA, ElHayek SO (2014) Timing of dental
development in Saudi cleft lip and palate patients. Saudi Med J 35:
304–308

16. Hazza’a AM, Rawashdeh MA, Al-Jamal G, Al-Nimri KS (2009)
Dental development in children with cleft lip and palate: a compar-
ison between unilateral and bilateral clefts. Eur J Paediatr Dent 10:
90–94

17. Tan ELY, Kuek MC, Wong HC, Yow M (2017) Longitudinal
dental maturation of children with complete unilateral cleft lip
and palate: a case-control cohort study. Orthod Craniofacial Res.
https://doi.org/10.1111/ocr.12196

18. Stone C, Koo C (1985) Additive splines in statistics. Proc Stat
Comp Sect Am Statist Assoc 45–48

19. Gauthier J, Wu QV, Gooley TA (2020) Cubic splines to model
relationships between continuous variables and outcomes: a guide
for clinicians. Bone Marrow Transplant 55:675–680

20. Harrell J (2015) Regression modeling strategies. Springer
Netherlands

21. Thevissen PW, Fieuws S, Willems G (2010) Human dental age
estimation using third molar developmental stages: does a
Bayesian approach outperform regression models to discriminate
between juveniles and adults? Int J Legal Med 124:35–42. https://
doi.org/10.1007/s00414-009-0329-8

22. Lebbe A, Cadenas de Llano-Perula M, Thevissen P et al (2017)
Dental development in patients with agenesis. Int J Legal Med
131:537–546. https://doi.org/10.1007/s00414-016-1450-0

23. Birchler FA, Kiliaridis S, Combescure C, Vazquez L (2016) Dental
age assessment on panoramic radiographs in a Swiss population: a
validation study of two prediction models. Dento Maxillo Facial
Radiol 45:20150137. https://doi.org/10.1259/dmfr.20150137

24. Dhanjal KS, BhardwajMK, Liversidge HM (2006) Reproducibility
of radiographic stage assessment of third molars. Forensic Sci Int
159(Suppl):S74–S77. https://doi.org/10.1016/j.forsciint.2006.02.
020

25. Flores-Mir C, Rosenblatt MR,Major PW et al (2014) Measurement
accuracy and reliability of tooth length on conventional and CBCT
reconstructed panoramic radiographs. Dent Press J Orthodont 19:
45–53. https://doi.org/10.1590/2176-9451.19.5.045-053.oar

26. Stramotas S, Geenty JP, Petocz P, Darendeliler MA (2002)
Accuracy of linear and angular measurements on panoramic radio-
graphs taken at various positions in vitro. Eur J Orthod 24:43–52.
https://doi.org/10.1093/ejo/24.1.43

27. Krailassiri S, Anuwongnukroh N, Dechkunakorn S (2002)
Relationships between dental calcification stages and skeletal ma-
turity indicators in Thai individuals. Angle orthod 72:155–166.
https://doi.org/10.1043/0003-3219(2002)072<0155:RBDCSA>2.
0.CO;2

28. Esan TA, Yengopal V, Schepartz LA (2017) The Demirjian versus
the Willems method for dental age estimation in different popula-
tions: a meta-analysis of published studies. PLoS One 12:
e0186682. https://doi.org/10.1371/journal.pone.0186682

29. de Mulder D, Cadenas de Llano-Pérula M, Willems G et al (2018)
An optimized imaging protocol for orofacial cleft patients. Clin Exp
Dent Res 4:152–157. https://doi.org/10.1002/cre2.123

30. Zhang X, Zhang Y, Yang L et al (2016) Asymmetric dental devel-
opment investigated by cone-beam computed tomography in pa-
tients with unilateral cleft lip and alveolus. Cleft Palate Craniofac
J 53:413–420. https://doi.org/10.1597/15-077

31. Fogh-Andersen P (1947) Inheritance of harelip and cleft palate:
contribution to the elucidation of the etiology of the congenital
clefts of the face. J Am Med Assoc 133:276. https://doi.org/10.
1001/jama.1947.02880040062031

32. de Carvalho Carrara CF, de Oliveira Lima JE, Carrara CE,
Gonzalez Vono B (2004) Chronology and sequence of eruption
of the permanent teeth in patients with complete unilateral cleft
lip and palate. Cleft Palate Craniofac J 41:642–645. https://doi.
org/10.1597/02-085.1

33. Huyskens RWF, Katsaros C, van’t HofMA, Kuijpers-Jagtman AM
(2006) Dental age in childrenwith a complete unilateral cleft lip and
palate. Cleft Palate Craniofac J 43:612–615. https://doi.org/10.
1597/05-096

34. Ranta R (1971) Eruption of the premolars and canines and factors
affecting it in unilateral cleft lip and palate cases. An
orthopantomographic study. Suom Hammaslaak Toim 67:350–355

35. Shapira Y, Lubit E, Kuftinec MM, Borell G (1999) The distribution
of clefts of the primary and secondary palates by sex, type, and

2630 Clin Oral Invest (2021) 25:2619–2631

https://doi.org/10.1597/1545-1569(2003)040<0343:DABGQA>2.0.CO;2
https://doi.org/10.1597/1545-1569(2003)040<0343:DABGQA>2.0.CO;2
https://doi.org/10.1597/1545-1569_2001_038_0374_hatfig_2.0.co_2
https://doi.org/10.1597/1545-1569_2001_038_0374_hatfig_2.0.co_2
https://doi.org/10.1590/S1678-77572012000600014
https://doi.org/10.1590/S1678-77572012000600014
https://doi.org/10.1597/06-054
https://doi.org/10.1016/j.ajodo.2012.04.015
https://doi.org/10.1016/j.ajodo.2012.04.015
https://doi.org/10.1016/j.forsciint.2010.04.054
https://doi.org/10.1016/j.forsciint.2010.04.054
https://doi.org/10.1002/ajpa.21258
https://doi.org/10.1002/ajpa.21258
https://doi.org/10.1007/s00414-005-0047-9
https://doi.org/10.1093/ejo/cjx031
https://doi.org/10.1093/ejo/cjx031
https://doi.org/10.1111/ocr.12196
https://doi.org/10.1007/s00414-009-0329-8
https://doi.org/10.1007/s00414-009-0329-8
https://doi.org/10.1007/s00414-016-1450-0
https://doi.org/10.1259/dmfr.20150137
https://doi.org/10.1016/j.forsciint.2006.02.020
https://doi.org/10.1016/j.forsciint.2006.02.020
https://doi.org/10.1590/2176-9451.19.5.045-053.oar
https://doi.org/10.1093/ejo/24.1.43
https://doi.org/10.1043/0003-3219(2002)072<0155:RBDCSA>2.0.CO;2
https://doi.org/10.1043/0003-3219(2002)072<0155:RBDCSA>2.0.CO;2
https://doi.org/10.1371/journal.pone.0186682
https://doi.org/10.1002/cre2.123
https://doi.org/10.1597/15-077
https://doi.org/10.1001/jama.1947.02880040062031
https://doi.org/10.1001/jama.1947.02880040062031
https://doi.org/10.1597/02-085.1
https://doi.org/10.1597/02-085.1
https://doi.org/10.1597/05-096
https://doi.org/10.1597/05-096


location. Angle Orthod 69:523–528. https://doi.org/10.1043/0003-
3219(1999)069<0523:TDOCOT>2.3.CO;2

36. Uppal S, Shah S, Mittal R et al (2016) Epidemiology and clinical
profile of cleft lip and palate patients, in a tertiary institute in
Punjab, India: a preliminary study. J Cleft Lip Palate Craniofac
Anomalie 3:32–35. https://doi.org/10.4103/2348-2125.176003

37. Ribeiro LL, das Neves LT, Costa B, Gomide MR (2002) Dental
development of permanent lateral incisor in complete unilateral
cleft lip and palate. Cleft Palate Craniofac J 39:193–196. https://
doi.org/10.1597/1545-1569_2002_039_0193_ddopli_2.0.co_2

38. Brouwers HJ, Kuijpers-Jagtman AM (1991) Development of per-
manent tooth length in patients with unilateral cleft lip and palate.
Am J Orthod Dentofac Orthop 99:543–549. https://doi.org/10.
1016/S0889-5406(05)81631-2

39. Fuchslocher G, Blanco R (1988) Analysis of permanent tooth erup-
tion in cleft palate and normal individuals. Odontol Chil 36:27–32

40. Harris EF, Hullings JG (1990) Delayed dental development in chil-
dren with isolated cleft lip and palate. Arch Oral Biol 35:469–473.
https://doi.org/10.1016/0003-9969(90)90210-2

41. Lai MC, King NM, Wong HM (2008) Dental development of
Chinese children with cleft lip and palate. Cleft Palate Craniofac J
45:289–296. https://doi.org/10.1597/07-019

42. Tunç EŞ, Bayrak S, Koyutürk AE (2011) Dental development in
children with mild-to-moderate hypodontia. Am J Orthod Dentofac
Orthop 139:334–338. https://doi.org/10.1016/j.ajodo.2009.04.024

43. Sharma G, Johal AS, Liversidge HM (2015) Predicting agenesis of
the mandibular second premolar from adjacent teeth. PLoS One 10:
e0144180. https://doi.org/10.1371/journal.pone.0144180

44. Phan M, Conte F, Khandelwal KD et al (2016) Tooth agenesis and
orofacial clefting: genetic brothers in arms? Hum Genet 135:1299–
1327. https://doi.org/10.1007/s00439-016-1733-z

45. Seo Y-J, Park JW, Kim YH, Baek S-H (2013) Associations be-
tween the risk of tooth agenesis and single-nucleotide polymor-
phisms of MSX1 and PAX9 genes in nonsyndromic cleft patients.
Angle orthod 83:1036–1042. https://doi.org/10.2319/020513-104.
1

46. Cobourne MT (2007) Familial human hypodontia–is it all in the
genes? Br Dent J 203:203–208. https://doi.org/10.1038/bdj.2007.
732

47. Ruiz-Mealin EV, Parekh S, Jones SP et al (2012) Radiographic
study of delayed tooth development in patients with dental agene-
sis. Am J Orthod Dentofac Orthop 141:307–314. https://doi.org/10.
1016/j.ajodo.2011.08.026

48. Başaran G, Ozer T, Hamamci N (2007) Cervical vertebral and
dental maturity in Turkish subjects. Am J Orthod Dentofac
Orthop 131:447.e13–447.e20. https://doi.org/10.1016/j.ajodo.
2006.08.016

49. Mustafa S, Raj AC, Anekar J et al (2017) Evaluation of dental and
skeletal maturity using digital panoramic radiographs and digital
cephalograms. Asian Biomed 9:335–342. https://doi.org/10.5372/
1905-7415.0903.402

50. Rai B (2008) The evaluation of two radiographic methods for age
determination of children in an Indian population. J Forensic
odonto-stomatol 26:30–33

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2631Clin Oral Invest (2021) 25:2619–2631

https://doi.org/10.1043/0003-3219(1999)069<0523:TDOCOT>2.3.CO;2
https://doi.org/10.1043/0003-3219(1999)069<0523:TDOCOT>2.3.CO;2
https://doi.org/10.4103/2348-2125.176003
https://doi.org/10.1597/1545-1569_2002_039_0193_ddopli_2.0.co_2
https://doi.org/10.1597/1545-1569_2002_039_0193_ddopli_2.0.co_2
https://doi.org/10.1016/S0889-5406(05)81631-2
https://doi.org/10.1016/S0889-5406(05)81631-2
https://doi.org/10.1016/0003-9969(90)90210-2
https://doi.org/10.1597/07-019
https://doi.org/10.1016/j.ajodo.2009.04.024
https://doi.org/10.1371/journal.pone.0144180
https://doi.org/10.1007/s00439-016-1733-z
https://doi.org/10.2319/020513-104.1
https://doi.org/10.2319/020513-104.1
https://doi.org/10.1038/bdj.2007.732
https://doi.org/10.1038/bdj.2007.732
https://doi.org/10.1016/j.ajodo.2011.08.026
https://doi.org/10.1016/j.ajodo.2011.08.026
https://doi.org/10.1016/j.ajodo.2006.08.016
https://doi.org/10.1016/j.ajodo.2006.08.016
https://doi.org/10.5372/1905-7415.0903.402
https://doi.org/10.5372/1905-7415.0903.402

	Dental development in patients with and without unilateral cleft lip and palate (UCLP): a case control study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Data collection methods and statistical analysis
	Dental age
	Degree of dental development


	Results
	Dental age
	Dental development
	All teeth, except third molars
	Mandible vs maxilla
	Cleft side vs non-cleft side


	Discussion
	Staging method and radiographic evaluation
	Overview of the related literature (Appendix Table�5)
	Dental agenesis
	Clinical implications

	Conclusions
	References


