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Abstract
Objectives  The study objective was to evaluate the tooth agenesis in German orthodontic patients with non-syndromic cleft 
lip and/or palate and Robin sequence compared to a control group without craniofacial disorder.
Materials/methods  A total of 108 panoramic radiographs were examined using the binary system of Tooth Agenesis Code 
(TAC) (excluding the third molar). Patients were divided into the craniofacial disorder group 1 (n = 43) and the healthy 
control group 2 (n = 65). Parameters such as skeletal class malformation, sex, localization of the cleft, craniofacial disorder, 
and interobserver reliability were assessed.
Results  Permanent tooth agenesis was observed in 44% of group 1 and 14% in group 2 with a statistically significant higher 
prevalence (p = 0.00162 (χ2)). Fourteen different TAC patterns were observed in group 1, ten of these occurring only once 
in separate patients. The distribution of the TAC codes in group 2 showed nine different possibilities of TAC code patterns; 
seven TACs were unique. In group 1, the most frequently absent teeth were the maxillary lateral incisor of the left side (30%); 
in group 2, the second premolar of the lower jaw on the right side (9%). Male patients with craniofacial disorder showed a 
higher percentage of tooth agenesis than female.
Conclusion  The data presented here shows a statistically significant higher prevalence of tooth agenesis in German patients 
with non-syndromic craniofacial disorder.
Clinical relevance  Radiographic evaluation enables the diagnosis of tooth agenesis. Recognizing early on the higher preva-
lence of tooth agenesis in patients exhibiting a craniofacial disorder is an important issue when developing long-term and 
comprehensive interdisciplinary treatment.

Keywords  Agenesis · Bilateral cleft lip and palate · Robin sequence · Tooth agenesis code · Unilateral cleft lip and palate

Abbreviations
BCLP	� Bilateral cleft lip and palate
CL/P	� Cleft lip and/or palate
CLP	� Cleft lip and palate
CP	� Cleft palate
RS	� Robin sequence
TAC​	� Tooth agenesis code
UCLP	� Unilateral cleft lip and palate

Introduction

The prevalence of cleft lip and/or palate (CL/P) is esti-
mated at about 1 in 600 newborns; it is therefore one of 
the most frequently occurring craniofacial malformations 
[1]. The incidence of cleft formation varies according to 
the geographic location, socioeconomic status, and ethnic-
ity [2, 3], while multifactorial causes, e.g., endogenous and 
exogenous factors, are also considered as playing a crucial 
role in CL/P development [2]. Furthermore, there is evi-
dence of a connection between the presence of CL/P and 
mutations in specific genes [4–8]. An association with some 
syndromes or sequences, such as Robin sequence (RS), is 
known. RS is associated with a cleft palate (CP) in 80–90% 
of the cases [9, 10]. This malformation occurs with the triad 
of mandibular retrognathia, glossoptosis, and obstructions of 
the upper airway [11]. The prevalence is 11.3:100,000 live 
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births [12]. Cleft formation is associated with functional dis-
orders including feeding problems and failure to thrive in the 
first weeks after birth. Other problems include restrictions 
in oral hygiene, deformations of the dental arch, oronasal 
fistulas, distinctive skeletal discrepancies between the jaws, 
and velopharyngeal insufficiencies. All of these lead in turn 
to hearing and speech problems.

One of the most common dental anomalies is tooth agen-
esis, also known as congenital tooth absence or hypodontia 
[13–16]. The permanent dentition is more affected than the 
primary dentition [17]. Tooth agenesis is caused on a mul-
tifactorial level through a number of complex interactions 
among genetic, environmental, and epigenetic factors during 
the process of dental development [18]. The occurrence of 
agenesis differs by sex and geographic location [19]. The 
prevalence among females is higher than in males. Europe-
ans (5.5%) and Australians showed a higher prevalence than 
North American populations. The most affected tooth is the 
second premolar in the mandible (1–5%) followed by the 
maxillary lateral incisor (0.5–3%), the maxillary second pre-
molar (1–2.5%), and the median mandibular incisor (0.5%). 
A unilateral occurrence of dental agenesis is more common 
than a bilateral occurrence [19]. It can appear as a part of a 
syndrome, such as Van der Woude Syndrome, or in isolated 
form. However, the frequencies of tooth agenesis increase in 
combination with the occurrence of a craniofacial disorder 
[20, 21]. This is due to the close embryological relationship 
of the occurrence of CL/P and the development of tooth 
germs in terms of the anatomic position and timing [22]. 
Causing this combined embryological relationship, there are 
different genes and gene loci described [23]. CL/P patients 
have a higher prevalence (31.4 to 50%) of tooth agenesis 
compared to patients without a craniofacial malformation 
[24–31]. The number of missing teeth is associated with the 
extent of the cleft [32, 33]. Variations of tooth shape and 
structure of both dentitions adjacent to the cleft have been 
observed [25]. Furthermore, these teeth often show erup-
tion disorders and changes in position. Not only the teeth 
of the cleft region but also teeth in the posterior region are 
often not anatomically correct positioned in patients with 
cleft lip and palate. This mainly affects the second premolar 
[34]. Due to this, the environmental impact of the surgi-
cal closure of the hard palate to be responsible for the loss 
of these tooth germs is discussed [35]. A milder form of 
hypodontia involving the asymmetric formation or even 
the absence of the contralateral teeth is called microform 
of a CL/P by some authors [36]. Patients with craniofacial 
disorders need an interdisciplinary rehabilitation therapy 
that includes neonatologists, cranio-maxillofacial surgeons, 
otorhinolaryngologists, speech therapists, orthodontists, 
dentists, and psychologists. The duration and intensity of 
this therapy depend on the severity of the craniofacial mal-
formation. To set the right time to start the intervention, 

local data of tooth agenesis and development of the denti-
tion is important, especially for dentists, orthodontists, and 
cranio-maxillofacial surgeons. Furthermore, enhancing this 
knowledge about a German population with craniofacial dis-
order can help to guide health-care professionals in raising 
awareness of such factors, can help to identify early tooth 
agenesis, and may give early opportunities to guide and plan 
the therapy.

The tooth agenesis code (TAC) was designed by van 
Wink and Tan [37, 38]. It is a common methodology that can 
provide exact information about the missing teeth, including 
information about the phenotype of the tooth. It is described 
in the literature as frequently used for patients with crani-
ofacial disorders [27, 39–42]. Currently, there is limited data 
available on this topic in the German population.

The aim of this study was to evaluate tooth agenesis 
using the TAC in German orthodontic patients with non-
syndromic craniofacial disorders compared to a healthy 
control group of patients at the Department of Orthodontics 
at Tübingen University Hospital, Germany. In addition, our 
study examined the association of agenesis with the cleft 
side, skeletal class malformation, sex, craniofacial disorder, 
and interobserver reliability.

Materials and methods

Study design

This cross-sectional study designed to be both retrospec-
tive and monocentric was carried out at the Department of 
Orthodontics at University Hospital Tübingen, Germany. 
Prior to the start, the study protocol according to the World 
Medical Association Declaration of Helsinki was approved 
by the institutional ethics committee of the University hos-
pital Tübingen, Germany (file number: 498/2019BO2).

Patients

In total, 116 panoramic radiographs of the Department of 
Orthodontics at the University Hospital Tübingen, Germany, 
were analyzed for this study. The data were obtained from 
the records of patients at the evaluation in the Department of 
Orthodontics at the University Hospital Tübingen, Germany. 
The sample size was calculated with a two-sided two-sample 
t-test method by a statistician during the study planning. 
The composition of the sample size for the group of patients 
with craniofacial disorder is oriented to the current patient 
cases of the Department of Orthodontics at the University 
Hospital Tübingen, Germany. The timeline of participants’ 
recruitment was from April to October 2019. It consisted of 
Caucasian male and female patients.
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The following inclusion criteria were used for 
recruitment:

–	 Current orthodontic treatment in our department.
–	 Age between 5 and 18  years. Patients younger than 

5 years were excluded, because the tooth development 
does not allow identifying tooth agenesis in a radiograph 
at this age [43, 44]. And especially patients with a CL/P 
show a statistically significant delay of mineralization of 
the second premolars [45, 46]. Also, patients older than 
18 years were excluded, due to the fact that the tooth 
development and facial growth of patients older than 
18 years should be completed [47].

–	 Non-syndromic craniofacial malformations such as CL/P 
and RS. The diagnosis was confirmed by the neonatal 
picture or pre-operative record.

–	 Patients with a panoramic radiograph and a lateral cepha-
lograms according to the ALARA (as low as reasonably 
achievable) principles with an indication justifying radia-
tion exposure within the course of orthodontic treatment.

	   The exclusion criteria were defined as follows:
–	 Additional associated complex congenital malformations 

(syndromes) or mental retardation, due to the fact that 
some syndromes are associated with tooth agenesis [48, 
49].

–	 Patients younger than 5 years and older than 18 years.
–	 Radiographs of insufficient quality for diagnostic pur-

poses (e.g., overexposure).

The patients were divided into two groups:

a)	 Group one — patients with craniofacial disorders, i.e., 
CL/P and RS

b)	 Group two — patients without craniofacial disorder; 
healthy control group.

The inclusion criteria for group 1 represented the pres-
ence of a non-syndromic craniofacial malformation, e.g., at 
least a cleft of the soft palate. Therefore, this group is com-
posed of patients with CL/P and RS. All types of clefts were 

included in this study, including patients with a Simonart’s 
band with and without a hard tissue bridge. Group 1 was 
compared with a healthy control group (group two) contain-
ing patients without craniofacial disorder.

Instruments for dental assessment

The panoramic radiographs were scored for tooth agenesis 
using the TAC by an experienced examiner at the Depart-
ment of Orthodontics. The TAC is a binary system with 
“zero” coding the presence of the tooth. The values of a 
missing tooth are shown in Table 1 [37, 38]. The values in 
line B are associated with the missing teeth in the respective 
quadrant. A certain quadrant without tooth agenesis would 
have the TAC value of 000. According to the TAC system, a 
quadrant with all missing teeth excluding the wisdom teeth 
has the value of 127. The TAC code of the whole dentition 
has twelve numbers, three numbers for each quadrant. For 
example, a TAC code of 016 018 000 000: 016 corresponds 
to the first quadrant with a missing second premolar, 018 to 
the second quadrant with an agenesis of the lateral incisor 
and the second premolar, 000 to the third quadrant, and 000 
to the fourth quadrant with no missing teeth. The presence 
of wisdom teeth was not included in this study. This is due 
to the fact of the inaccuracy of identifying tooth agenesis 
at the chosen minimum age of 5 years, because the natural 
development of these tooth germs begins at the age of 5 till 
9 years and to the comparability to other studies [50].

Reliability measurement

To assess the interobserver reliability, the panoramic radio-
graphs were evaluated by two experienced examiners (ML, 
CW) applying the TAC. For this purpose, one of these exam-
iners (ML) assessed the total (n = 116) of panoramic radio-
graphs and examined a part of radiographs (n = 37) twice. 
The second examiner (CW) evaluated the 37 radiographs 
independently of the first examiner, spatially and temporally 
separated.

Table 1   Schematic representation of the binary arithmetic system of tooth agenesis code (TAC) assigning unique values to determine dental 
agenesis

Right upper jaw (q1) Left upper jaw (q2)

A 18* 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28*

B 128 64 32 16 8 4 2 1 1 2 4 8 16 32 64 128

A 48* 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38*

Right lower jaw (q4) Left lower jaw (q3)

A: schematic representation of tooth numbering according to the Fédération Dentaire Internationale (FDI) system [48]. B: binary arithmetic sys-
tem of TAC (first quadrant (q1), second quadrant (q2), third quadrant (q3), fourth quadrant (q4))
* Presence of wisdom teeth was not included in this study
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Statistical data analyses

The patient data were collected out of the department’s 
electronic database with clinical records and saved pseu-
donymized in an Excel® sheet (Microsoft Inc., Redmond, 
Washington, USA). Statistical evaluation, descriptive sta-
tistics, and analysis were performed using JMP (Version 
15.2.0, SAS Institute Inc., Cary, USA). Test–retest reliability 
was determined with the Cohen’s kappa. Pearson’s χ2 sta-
tistics were applied to examine the association of agenesis 
with craniofacial disorder and against the control group. In 
addition, other variables, such as craniofacial disorder, cleft 
side, the distribution of skeletal class, and patient sex, were 
statistically analyzed. The significance level was set up at 
5% (α = 0.05).

Skeletal class malformation

The sagittal relationship of maxilla and mandible, called 
skeletal class, was determined via lateral cephalograms 
using the ANB angle according to individualized cephalo-
metric of Hasund analysis. This is not a statistical evalu-
ation. It is a necessary and routine part of an orthodontic 
diagnosis based on the guidelines of the current scientific 
literature to ensure a high quality of care. The skeletal class 
data were collected of the department’s electronic database 
with routine clinical records.

Results

Characteristics of patients

Out of 116 patients, 108 met the inclusion criteria for this 
study. The eight patients who were excluded were younger 
than 5 years. These patients were only used for the reliability 
measurement of the two examiners (ML and CW).

The characteristics and distribution of the patients 
included in this study are shown in Table 2. The records 
of 108 patients (48.15% male and 51.85% female) were 
examined. The 108 patients were divided into the crani-
ofacial disorder group 1 (n = 43) and the healthy control 
group 2 (n = 65). The age distribution ranged from 5 years 
and 4 months to 17 years and 1 month; the average age of 
the patients at the time of the x-ray diagnosis was 9 years 
and 9 months ± 2 years and 6 months regarding both groups 
together. The average age was 8.88 years for group 1 and 
10.80 years for group 2. Group 1 consisted of 60.46% male 
patients and 39.53% female. Group 2 had 40.00% male 
patients and 60.00% female. Regarding the skeletal class, 
group 1 showed configuration III in 69.77% of the cases 
as the most frequent and group 2 class II in 44.62% of the 
cases. The craniofacial disorder distribution of group 1 

showed that the most frequent malformation was the uni-
lateral cleft on the left side with 24 patients followed by the 
bilateral cleft formation with eight patients. Three patients 
with Robin sequence and five patients with cleft palate par-
ticipated in this study.

Reliability measurements

The interrater reliability measurement with the Cohen’s 
kappa showed a value of 0.52. The degree of agreement 
between the two observers was thus moderate, and the match 
corresponds to the expected random match. The assessment 
results should be as independent as possible from the respec-
tive assessor and ideally even identical. However, this cannot 
be assumed in reality due to systematic and random devia-
tions errors of each observer.

General analysis of tooth agenesis code in groups 1 
and 2

Table 3 shows a complete and detailed overview of the 
prevalence of the TAC values according to tooth type of 
groups 1 and 2. In group 1, tooth agenesis was found in 19 
cases (44.19%) of all 43 patients. The teeth of the upper 
jaw were the most frequently absent teeth, particularly 
the lateral incisors (22 = 30.23%) of the second quadrant, 

Table 2   Characteristics and distribution of patients in groups 1 and 2

SD standard deviation, CLP cleft lip and palate, CP cleft palate, RS 
Robin sequence, m male, f female

n = 108 Group 1 (n = 43) Group 2 (n = 65)
n % n %

Age
Mean 8.88 10.80
SD 1.92 2.71
Sex

  Male 26 60.46 26 40.00
  Female 17 39.53 39 60.00

Skeletal class
  Class I 3 6.98 14 21.54
  Class II 10 23.26 29 44.62
  Class III 30 69.77 22 33.85

Craniofacial disorder
  RS 3 6.98 - -
  CLP 35 81.40 - -
  CP 5 11.63

Cleft location
  Unilateral 27 - -
  Left 24 - -
  Right 3 - -
  Bilateral 8 - -
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followed by the lateral incisor (12 = 13.95%) and the second 
premolar (15 = 13.95%) located in the first quadrant. The 
second premolar of the second quadrant showed an agenesis 
in five cases (11.63%), followed by the second premolar of 
the fourth quadrant with a percentage of 9.30%. Regard-
ing group 2, an agenesis was found in 9 cases (13.85%). 
The most frequently absent teeth in group 2 were the lat-
eral incisors of the first quadrant (12 = 4.62%), the median 
incisor and the second premolar of the fourth quadrant (41, 
45 = 4.62%), and the second premolar of the third quadrant 
(35 = 4.62%). In the upper jaw, the second premolar of the 
first quadrant and lateral incisor of the second quadrant 
showed the same percentage values (15, 22 = 3.08%). In the 
upper jaw, the first premolar of the first quadrant and the 
median incisor and the first premolar of the second quad-
rant showed the same percentage values (14, 21, 24, 31, 
37 = 1.54%). Regarding the lower jaw, the median incisor 
and the second molar of the third quadrant had the same 
prevalence of tooth absence (31, 37 = 1.54%).

Table 4 shows the distribution of the TAC of groups 
1 and 2. In group 1, there were 14 different possibilities 
of TAC codes. A total of ten codes were unique, meaning 
that this code was only observed in one patient within the 
entire group 1. The distribution of the TAC codes in group 
2 showed nine different possibilities of TAC code patterns. 
Seven TACs were unique in this group.

Relationship of agenesis between patient sex, 
skeletal class, and craniofacial disorder

Table 5 shows the results of the descriptive analysis regard-
ing the prevalence of tooth agenesis in relation to sex, skele-
tal class, type of craniofacial malformation, and type of cleft 
of groups 1 and 2. The prevalence of agenesis was 44.19% 
in group 1 and 13.85% in group 2, respectively. This con-
tribution was statistically significant (p = 0.0162; χ2). The 
prevalence of agenesis of the different craniofacial disorders 

in RS patients obtained an average of 0.00%, in patients with 
a left-sided CLP 30.23% and right-sided 2.33%, bilateral 
6.98%, and CP 4.65%. According to the patient’s sex in 
group 1, higher percentages of tooth agenesis were found 
in male patients, with males at 25.58% and females at 
18.60%, but this was not statistically significant. In group 
2, no difference was found in both groups analyzing the sex. 
Regarding the localization of the agenesis in group 1, the 
distribution showed that 20.03% were isolated in the upper 
jaw and 9.30% in the lower and in the upper jaw. No tooth 
agenesis was found isolated in the lower jaw. These results 
were statistically significant (p < 0.0001 (χ2)). Group 2 had 
a distribution of 1.54% in the upper jaw, 3.08% in the lower, 
and 7.69% mixed in the lower and upper jaw together. These 
results were also statistically significant (p < 0.0001 (χ2)). 
The descriptive analysis of the skeletal class malformation 
showed no statistical significance in both groups. Skeletal 
class III had the highest percentage of tooth agenesis in 
group 1 with 34.88%. In group 2, skeletal class II showed 
the highest value of tooth agenesis with 7.69%. Regarding 
patients with unilateral CLP, the prevalence of agenesis was 
higher in the cleft side compared to non-cleft side in the 
maxilla. However, this was not statistically significant.

Discussion

The aim of this study was to evaluate tooth agenesis using 
the tooth agenesis code (TAC) method in German orthodon-
tic patients with non-syndromic CL/P and RS compared to 
a healthy control group in the patients of the Department 
of Orthodontics of the Tübingen University Hospital in 
Germany. This is a novel approach regarding the cohort 
group of patients with CL/P and RS. There was a statis-
tical significance in the homogeneity distribution between 
the tooth agenesis in both groups. The craniofacial disorder 
group showed a higher prevalence in tooth agenesis than 

Table 3   Prevalence of absence per tooth (percentage) in 108 patients of groups 1 and 2

Right upper jaw (q1) Left upper jaw (q2)

TAC % group 1* 0.0 0.0 13.95 0.0 0.0 13.95 2.33 2.33 30.23 0.0 2.33 11.63 0.0 0.0

TAC % group 2* 0.0 0.0 3.08 1.54 0.0 4.62 0.0 1.54 3.08 0.0 1.54 0.0 0.0 0.0

A 17 16 15 14 13 12 11 21 22 23 24 25 26 27

A 47 46 45 44 43 42 41 31 32 33 34 35 36 37

TAC % group 1* 0.0 0.0 9.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.65 0.0 0.0

TAC % group 2* 0.0 0.0 4.62 0.0 0.0 0.0 4.62 1.54 0.0 0.0 0.0 4.62 0.0 1.54

Right lower jaw (q4) Left lower jaw (q3)

A: schematic representation of tooth numbering according to the Fédération Dentaire Internationale (FDI) system [48]
TAC % percentage TAC values according to tooth type
* Presence of wisdom teeth was not included
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the control group. Dental agenesis has been described as 
a frequently occurring anomaly among patients with CL/P 
and RS [33, 40, 51–55]. In the current literature, there is 
an association between the cleft side and the side of the 
hypodontia. Bartzela et al. showed in a study that the preva-
lence of orofacial cleft and cleft side is more frequent on 
the left side. This is due to the fact that the localization of 
a cleft is more frequently present on the left side [40]. This 
finding was confirmed by the present study, although it was 
not statistically significant. Regarding the TAC distribution 
of absent teeth in the upper and lower jaw, the upper jaw 
reached a statistically significant higher prevalence in the 
craniofacial disorder group compared to the healthy control 
group, especially considering the lateral incisors (30.23%) 
in the second quadrant and the second premolar (13.95%) in 
the first quadrant. The results of the present study can only 
be compared to a few studies using the TAC binary code 
system without examining the wisdom teeth. Findings in 
the literature agree with those in the current study, indicat-
ing that the most frequent absent tooth was the maxillary 
lateral incisor and the mandibular second premolar [27, 40]. 
Patients with RS had an agenesis of 0%. This result does not 

support recent findings in the literature. This might be due to 
the small sample size of RS patients in our study. The tooth 
agenesis of RS patients in a recent meta-analysis showed 
values between 42 and 47.8% and is more prevalent in RS 
than in CP patients overall [53, 55–57].

Fourteen different TAC patterns were assessed in 
the craniofacial disorder group 1. A total of ten patterns 
occurred only once. In a study of López-Giménez et al., a 
total of nineteen different tooth agenesis codes were found in 
patients with uni- and bilateral CL/P [27]. The comparison 
of the TAC patterns with other studies is difficult because of 
differences in the composition of the craniofacial anomalies 
in the study groups [51, 58].

Regarding the prevalence of hypodontia in the general 
population with percentages between 2.3 and 7.6%, the 
healthy control group of this study had a higher prevalence, 
with 13.85% [19]. Celikoglou et al. found the prevalence 
of tooth agenesis at 4.3% in Turkish orthodontic patients 
[59]. The high prevalence could be due to the fact that these 
patients are in orthodontic treatment, and one possible 
cause of this treatment could be agenesis [59, 60]. This fact 
was not considered in the inclusion criteria of this study. 

Table 4   Tooth agenesis code 
(TAC) of groups 1 and 2, 
frequency and missing teeth in 
the entire mouth

Frequency N Teeth missing

Total Maxilla Mandibular

Left Right Left Right

Group 1
  1 000 000 000 000 24
  2 000 002 000 000 5 22
  3 000 002 000 016 1 22 45
  4 000 002 016 016 1 22 35 45
  5 000 016 000 000 1 25
  6 000 018 000 000 1 22, 25
  7 002 000 000 000 1 12
  8 002 010 000 000 1 22, 24 12
  9 002 016 000 016 1 25 12 45
  10 002 018 000 000 2 22 12, 15
  11 003 003 000 000 1 21, 22 11, 12
  12 016 000 000 000 2 15
  13 016 016 016 016 1 25 15 35 45
  14 016 018 000 000 1 22, 25 15

Group 2
  1 000 000 000 000 56
  2 000 000 000 001 2 41
  3 000 000 064 000 1 37
  4 000 001 000 000 1 21 45
  5 000 002 000 016 1 22 45
  6 002 000 016 000 1 12 35
  7 010 010 000 000 1 22, 24 12, 14
  8 016 000 016 016 1 15 35 45
  9 018 000 017 001 1 12, 15 31, 35 41
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Nonetheless, the findings of the agenesis of the phenotype 
in this study of the healthy control group is consistent with 
the current literature [19].

The prevalence of tooth agenesis in skeletal class III 
malocclusion of the craniofacial disorder group showed the 
highest value with 34.88% followed by class II with 9.30%. 
The control group had the highest value in skeletal class II 
with a prevalence of 7.96%, but directly followed by class 
III malocclusion with 6.15%. Different conclusions were 
found in the literature regarding this topic. Celikoglu et al. 
demonstrated in a study that tooth agenesis was statistically 
significantly lower in orthodontic patients without craniofa-
cial disorder showing a skeletal class II malformation. Costa 
et al. showed that the most prevalent skeletal malocclusion 
in non-syndromic orthodontic patients was class I, followed 
by class II and then class III [61].

In this study, male patients in the group with a crani-
ofacial malformation showed a higher prevalence in tooth 
agenesis than female patients, though our findings here are 
not statistically significant. The percentage of the healthy 

control group is balanced in both sexes. The same result was 
shown in a study with Brazilian non-syndromic orthodontic 
patients [61]. But this is not similar to the recent population 
examined in a meta-analysis of 2004. Females showed a 1.37 
times higher prevalence in missing teeth than males [19].

The age range of the patients analyzed in this study can 
be regarded as representative of general experience in ortho-
dontic treatment, depending on the typical starting time 
for orthodontic therapy in children, usually in the second 
phase of exfoliation. The starting time of the orthodontic 
treatment for patients with craniofacial disorders is earlier, 
due to the need for more comprehensive treatment and for 
longer periods of therapy. Major skeletal discrepancies in 
these patients, as well as the younger age distribution of the 
craniofacial disorder group, require alternatives in orthodon-
tic treatment practices.

The TAC system for evaluating and characterizing tooth 
agenesis by using a unique code for each quadrant was a 
useful method and easy to use for panoramic radiographs. 
The two examiners in this study found the method easy to 
implement in everyday clinical routine for the examination 
of radiographs, and for use not only in patients with cranio-
facial disorders but also in those receiving general orthodon-
tic treatment in our clinic. The interobserver kappa showed 
a value of 0.52. The match corresponds to the expected 
random match, and the degree of agreement between the 
two observers of the radiographs was moderate. The kappa 
value does not indicate a high correlation between different 
examiners in this study. A source of bias could be the small 
sample size in this study. Furthermore, it could be due to the 
fact that radiography may not completely fulfill the criteria 
of good practice, so the examiner could interpret the radi-
ography different. The observer experience should not play 
a role, since both had a similar level of expertise at the time 
of the examination and the same amount of work experience. 
Nonetheless, the result confirmed the TAC system as a use-
ful method for scoring panoramic radiographs. Furthermore, 
it can be used in other dental areas where tooth agenesis is 
important for planning treatment [37, 38]. The advantage of 
this system is not only the assessment of the absent tooth, 
but the definition of the phenotype to the corresponding 
quadrant. This method makes it easy, especially in patients 
with CL/P or other disorders of the jaw to perform an exact 
assignment to the localization of the malformation and, thus, 
to establish an association. The knowledge about a higher 
prevalence of tooth agenesis in these challenging patients 
leads to an improved interdisciplinary treatment planning.

Limitations and outlook

One limitation of this study is the unequal sample size of 
the groups depending on the recruitment of the patient’s 
data. In a future study, a larger and equal sample size is 

Table 5   Percentage and relative frequency using Pearson’s χ2 test to 
assess an association between tooth agenesis and the other variables 
(skeletal class malformation, craniofacial malformation, cleft type, 
and sex)

Significance level = 0.05
CLP cleft lip and palate, CP cleft palate, RS Robin sequence

n = 108 Group 1 (n = 43) Group 2 (n = 65)

Tooth agenesis
p value = 0.0162 (χ2)

44.19% 13.85%

Sex
  Male 25.58% 7.69%
  Female 18.60% 7.69%
  p value 0.7590 (χ2) 0.4829 (χ2)

Skeletal class
  Class I 0.00% 1.54%
  Class II 9.30% 7.69%
  Class III 34.88% 6.15%
  p value 0.2396 (χ2) 0.6251 (χ2)

Craniofacial disorder
  RS 0.00%

Unilateral CLP
  Left 30.23%
  Right 2.33%
  Bilateral 6.98%
  CP 4.65%
  p value 0.4528 (χ2)

Upper/lower jaw
  Maxilla 20.93% 1.54%
  Mandible 0.00% 3.08%
  Maxilla and mandible 9.30% 7.69%
  p value  < 0.0001 (χ2)  < 0.0001 (χ2)
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needed especially for the RS group. This study would be 
interesting to be multicentric in Germany, like for example 
the study of Bartzela et al., who evaluated radiographs of 
three Cleft Palate Centers [40]. However, patient recruit-
ment will remain difficult as it depends on the prevalence of 
each craniofacial malformation. Furthermore, the TAC of 
the third molar could be included in future studies to deter-
mine a relationship between agenesis of the wisdom teeth, 
the remaining teeth in the dentition and, in addition, to the 
craniofacial disorder.

In a follow-up study, the angle of the inclination position 
and the location of the sector of the canine in the maxilla 
were evaluated in patients according to the same criteria as 
applied in the study presented here. This provided informa-
tion about the displacement tendency of the canines, allow-
ing orthodontic treatment to be adapted to the situation.

Conclusion

The data presented here showed a statistically significant 
higher prevalence of tooth agenesis in orthodontic patients 
with a non-syndromic craniofacial disorder than in patients 
without a craniofacial disorder. Eighteen different TAC code 
patterns were assessed in the group with craniofacial mal-
formation and a total of fourteen were unique. The lateral 
incisors of the upper jaw were the most frequently absent 
tooth in this group. Male patients with craniofacial disorder 
showed a higher percentage of tooth agenesis than female. 
No tooth agenesis was found isolated in the lower jaw of 
patients with craniofacial disorder. The higher prevalence 
of tooth agenesis in patients with a craniofacial disorder is 
an important issue to consider when developing long-lasting 
and comprehensive interdisciplinary therapies.
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