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ABSTRACT

Objective: To describe the prevalence of the developmental abnormalities involved in Dental
Anomaly Patterns (DAP) and investigate their co-occurrence in an age cohort of children with late
mixed dentition.

Material and Methods: Retrospective, register-based study focused on 1315 panoramic radiographs
of children aged 8.5-10.5years. The features examined were absent teeth, peg-shaped maxillary
lateral incisor, delayed dental age, infraocclusion of primary molars, transposition and distal
angulation of unerupted mandibular second premolar.

Results: Feature involved in DAP was detected in 29.8% of the children, most common being
infraocclusion of primary molars (17.5%), followed by absent teeth (8.4%), delayed dental age
(7.6%), distal angulation of unerupted mandibular second premolar (7.3%), peg-shaped maxillary
lateral incisor (2.4%) and transposition (0.5%). Two DAP features occurred together in 4.7% of
children, while three occurred in 0.7%. Infraocclusion (p=.040) and absent teeth (p=.001) occurred
more commonly in girls. Phenotypic variations in maxillary lateral incisor more often occurred
together (p=.004). Absent teeth, peg-shaped maxillary lateral incisor and delayed dental age more
often occurred together (p<.01) as did transposition and absent teeth (p=.016).

Conclusion: Almost third of the children had dental developmental abnormalities involved in DAP.
Absent teeth, peg-shaped lateral incisors and delayed dental age more often occurred together.
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Introduction [1,12,22], as well as peg-shaped lateral incisors and distal
angulation of unerupted mandibular second premolars [12].

Infraocclusion of the primary molars has been shown to
be related to other dental abnormalities such as peg-shaped
maxillary lateral incisor, displaced maxillary canines [5,13],
absent teeth, distal angulation of unerupted mandibular sec-
ond premolar [13] and delayed dental age [5]. Transposition

is a rare condition in which two developing permanent teeth,

The development of the human dentition is a multistage,
complex process allowing for numerous abnormalities, and
many developmental abnormalities in the dentition have
been reported to occur together more often than can be
explained by chance alone [1,2]. It has been suggested ear-
lier that certain dental developmental abnormalities run in
families [3,4], and that these may express a pleiotropic effect

[5]. It was Peck who first described the concept of Dental
Anomaly Patterns (DAP) [2,6-13], and our focus here is on
reporting the dental developmental abnormalities recorded
among DAP.

The absence of a permanent tooth is a common congen-
ital condition in the human dentition, and it usually involves
1-2 permanent teeth, most often mandibular second premo-
lar [14-16]. Absent or peg-shaped maxillary lateral incisor
have been shown to occur more often together in families,
due to the same genetic background [3,4], and closely related
to palatally displaced maxillary canines [7,17,18]. Children
with absent teeth more often have delayed dental develop-
ment [19-21] and infraocclusion of the primary molars

most commonly canines, change position in the dental arch
[23]. The transposition of a canine and a first premolar in the
maxilla or a canine and lateral incisor in the mandible has
been shown to occur more often in combination with absent
teeth and peg-shaped maxillary lateral incisor [6,8,24]. An
unerupted mandibular second premolar has been shown to
be more distally tilted if there was agenesis of its antimere
[10,20]. Distal angulation of mandibular second premolar has
been related to a palatally displaced maxillary canine [25,26].

A panoramic radiograph is a basic examination for diag-
nosing features of the late mixed dentition that are involved
in DAP (Table 1). One purpose of this study was to describe
the prevalence of developmental abnormalities involved in
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Table 1. Features related to Dental Anomaly Patterns (DAP) by Peck [2].
Clinical feature

Absent teeth

Microform teeth (e.g. peg-shaped lateral incisor)

Tooth-size reduction (generalized or localized)

Delay in tooth formation and eruption (generalized or localized)
Infraocclusion (most often of primary teeth)

Palatal displacement of a canine

Maxillary canine and first premolar transposition (Mx.C.P1)
Mandibular lateral incisor and canine transposition (Mn.I2.C)
Distal angulation of an unerupted mandibular second premolar

DAP in Finnish children and to note gender differences
among the features studied, and second purpose was to
investigate co-occurrences of DAP features in these children.
Our hypothesis was that features of DAP are found together
more often than can be explained by chance alone when
seen in a late mixed dentition panoramic radiograph.

Materials and methods
Study material

This cross-sectional, register-based research is based on 1454
panoramic radiographs (PTGs) of the developing permanent
dentition obtained from an age cohort of third-year primary
school children of Finnish ancestry in a municipality in
Eastern Finland born between 1980 and 1996. The PTGs had
been taken by the Health Centre’s radiological department in
response to referrals during annual oral check-ups to exam-
ine the development of the permanent dentition. The
research was conducted retrospectively from data gathered
from clinical dental records. The PTGs were copied digitally
by RL and TK. Background information on the subjects was
collected, including name, gender, date of birth and the date
of the PTG. According to Finnish legislation, permission for
collecting information was given by the keeper of that regis-
ter. The personal information was coded for the analyses to
prevent identification.

Variables

The variables used here follow DAP features introduced by
Peck [2] (Table 1).

Absent teeth

Absent teeth were visually assessed from PTGs by ER and in
cases of rare absences (maxillary canine, mandibular incisor
and second molar) confirmed by JR. A permanent tooth was
congenitally absent if the subject of its follicle was not visible
in the PTG. Third molar absences were excluded.

Microform teeth (peg-shaped makxillary lateral incisors)

Peg-shaped maxillary lateral incisors (peg-shaped MxI2) were
assessed from the PTGs by JR, and in undecided cases a con-
sensus opinion was sought by JR and RL. Peg-shaped lateral
incisors were detected visually, as the mesiodistal width of
the crown is smaller than mesiodistal width of the cervical
part of the tooth [27], the anatomical shape of the crown is

pointed in form and the root may be small [28]. The exclu-
sion criteria were unreadable area of the lateral incisor due
to rotated tooth or artifact in the PTG. Calibration was per-
formed by JR in the PTG material and discussing selected
borderline cases (n=14) with RL.

Delay in tooth formation and eruption (generalized)
Delays in tooth formation and eruption were ascribed to
delayed dental age. Dental age was analyzed from the PTGs
by EM and JI using the seven teeth dental maturity method
of Demirjian [29, 30] and assessed by reference to Finnish
maturity curves [31]. The exclusion criteria for this variable
were a missing tooth (no counterpart) or poor quality of
the PTG. To test the accuracy of the assessments, the two
examiners assessed the same set of 30 PTGs two times.
Dental age was grouped as normal (early/normal; DA >
—1year) and delayed (DA < —1year) relative to the chrono-
logical age.

Infraocclusion (of primary molars)

Infraocclusion of primary molars (infraocclusion) was assessed
from the PTGs by JR and calibrated with RL. The primary
molars were viewed visually by comparing them to the occlu-
sal plane and the marginal ridges of the adjacent teeth, and
the PTGs were categorized as showing no visible infraocclu-
sion or visible infraocclusion in at least one primary molar in
the maxilla or mandible. The exclusion criteria for this vari-
able were an absent primary molar and no infraocclusion in
the others, failure to determine the occlusal plane reliably,
significant loss of crown morphology in the primary molars,
an orthodontic appliance around the primary molar, or poor
quality of the PTG. Repeatability was estimated by measuring
146 PTGs twice.

Transposition

Transpositions of permanent teeth were visually assessed
from the PTGs by KK and confirmed by JR. Canine and first
premolar transpositions in the maxilla (Mx.C.P1) and canine
and lateral incisor transpositions in the mandible (Mn.I2.C)
were included. Two adjacent teeth were classified as transpo-
sitioned if their crowns had crossed each other in the PTG
and were erupting towards the wrong position despite the
presence of adequate space in the dental arch.

Distal angulation of unerupted mandibular second
premolars

Distal angulation of unerupted mandibular second premolars
(distal angulation of MnP2) was digitally determined from the
PTGs by KK and later JR. The mandibular second premolar
was classified by KK as distally displaced if the long axis of
the developing premolar intersected with the mesial border
of the neighboring mandibular first molar (modified from
Baccetti et al. [26]). The exclusion criteria confirmed by JR
were an emerged mandibular second premolar, mandibular
second premolar root development that had not yet started,
or absence of the mandibular first molar.



The inclusion criteria

«  chronological age 8.5-10.5 years at the time of the
PTG

« dentition in the mixed stage

+  no syndromes or clefts

Statistics

The prevalence of features involved in DAP was described in
terms of frequencies and percentages. Comparisons between
the genders were performed using Pearson’s Chi-square test
or Fisher’s exact test, and those between all the studied DAP
features with Pearson’s Chi-square test or Fisher’s exact test,
as also between DAP features and absent teeth in the sub-
groups. The normality of the chronological and dental ages
was assessed visually using histograms. Mean chronological
and dental ages were analyzed with the independent sam-
ples t-test. The statistical analyses were performed by JR and
PP using IBM SPSS Statistics (version 28.0). P-values < .05
were considered statistically significant. The repeatability of
the assessments of dental age and infraocclusion was
assessed using Cohen’s kappa or intra-class correlation (ICC).

Results
Reliability

Inter-rater reliability for dental age showed almost perfect
agreement (ICC =.871), while intra-rater reliability showed
substantial agreement (ICC =.789) and almost perfect agree-
ment (ICC = .945). The intra-rater reliability showed almost
perfect agreement for infraocclusion (k = .837).

Descriptive statistics

The material consisted of 1315 panoramic radiographs for
619 girls and 696 boys aged 8.5-10.5years, the mean age of
the children concerned at the time of the PTG being 9.4years
(SD 0.4), a figure which did not differ between the genders
(p = .052).

Prevalence of DAP features

The prevalence of the DAP features studied here are pre-
sented in Table 2. At least one feature involved in DAP was
detected in 29.8% (n=392) of the children. Absences of per-
manent teeth varied from 1 to 8, occurring in 8.4% of chil-
dren and more often in girls (p = .001). The most common
absent tooth was mandibular second premolar (Table 3),
occurring more often unilaterally (2.9% vs. 2.4%, p < .001).
Absence of maxillary second premolar occurred more often
bilaterally (1.4% vs. 1.0%, p < .001). At least one premolar
was absent in 6.5% of the children, this being more fre-
quently the case in girls (7.9%, p = .043). Maxillary lateral
incisor was absent in 1.1%, including nine girls and five boys
(p = .195). Absence of maxillary lateral incisor occurred more
often unilaterally (0.8% vs. 0.2%, p < .001).
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Table 2. Prevalence of DAP features in the cohort.

Total material Girls Boys
n (%) n (%) n (%) P value®

Infraocclusion

Yes 154 (17.5) 80 (20.4) 74 (15.1)

No 727 (82.5) 312 (79.6) 415 (84.9) .040°
Absent teeth

Yes 110 (84) 68 (11.00 42 (6.0)

No 1205 (91.6) 551 (89.0) 654 (94.0) .001°
Delayed dental age

Yes 89 (7.6 44 (8.0 45 (7.2)

No 1087 (89.4) 503 (92.0) 584 (92.8)  .565°
Distal angulation of

MnP2

Yes 81 (7.3) 43 (84) 38 (6.3)

No 1035 (92.7) 466 (91.6) 569 (93.7) 1610
Peg-shaped MxI2

Yes 31 (24) 12 (1.9) 19 (27)

No 1280 (97.6) 607 (98.1) 673 (97.3) 337°
Transposition

Yes 7 (0.5 3 (0.5 4 (0.6)

No 1308 (99.5) 616 (99.5) 692 (99.4) >.999¢
aSignificances are of gender differences.
bPearson’s Chi-square test.
CFisher’s exact test.
Table 3. Prevalence of congenitally absent teeth in the cohort.
Children (n=1315) n %
Premolar 85 6.5

Mandibular second premolar 70 53

Maxillary second premolar 31 24

Maxillary first premolar 7 0.5

Mandibular first premolar 5 0.4
Maxillary lateral incisor 14 1.1
Mandibular second molar 10 0.8
Mandibular incisor 5 0.4
Mandibular canine 2 0.2
Maxillary canine 1 0.1

Dental age could be assessed for 1176 children, varying
between 6.5 and 13.2years. Mean dental age was 9.6years
(SD 0.8) for girls and 9.8years (SD 1.0) for boys (p < .001).
Grouped dental age was assessed as delayed in 7.6% of chil-
dren (Table 2).

One or two peg-shaped MxI2 was detected in 2.4% of the
children, occurring more often unilaterally (1.7% vs. 0.7%, p <
.001). Infraocclusion was detected in 17.5%, being more fre-
quent in girls (p = .040) (Table 2). Transpositions (Mx.C.P1
n=5, Mn.I2.C n=2) were detected in seven children. Distal
angulation of MnP2 was detected in 7.3% of children. Both
of mandibular second premolars were distally tilted in 14.1%
of the children (p < .001).

Co-occurrence of DAP features

One feature involved in DAP studied here occurred in 24.4%
of the children, while two occurred in 4.7% and three in
0.7%. Three children (0.2%) had both maxillary lateral incisor
phenotypic variations, occurring more often together (p =
.004) (Table 4). If a mandibular second premolar was absent,
the antimere was not distally angulated any more often
(right absent vs. left distally angulated p = .397 and left
absent vs. right distally angulated p = .470). A peg-shaped
MxI2 was found together more often with delayed dental
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Table 4. Distributions of absent teeth in subgroups among features involved in DAP.

Delayed dental age

Peg-shaped MxI2 Transposition

Yes No Yes No Yes No
n (%) n (%) P value® n (%) n (%) P value* n (%) n (%) P value®

Absent mandibular second premolar

Yes 4 (4.5) 15 (1.4) .049 7 (22.6) 63 (4.9) <.001 2 (286) 68 (5.2 .049

No 85 (95.5) 1072 (98.6) 24 (77.4) 1217 (95.1) 5 (71.4) 1240 (94.8)
Absent maxillary second premolar

Yes 5 (5.6) 13 (1.2) .009 4 (129) 27 (2.9) .005

No 84 (94.4) 1074 (98.8) 27 (87.1) 1253 (97.9)
Absent first premolar

Yes 2 (6.5) 7 (0.5 .018

No 29 (93.5) 1273  (99.5)
Absent maxillary lateral incisor

Yes 3 (97 1 (0.9) .004

No 28 (90.3) 1269 (99.1)
Absent mandibular incisor

Yes 2 (6.5) 3 (0.2) .005

No 29 (93.5) 1277 (99.8)
?Fisher’s exact test.
Table 5. Distributions of certain features involved in DAP.

Delayed dental age Peg-shaped MxI2 Transposition
Yes No Yes No Yes No
n (%) n (%) P value? n (%) n (%) P value? n (%) n (%) P value?

Absent teeth

Yes 9 (10.1) 39 (3.6 1 (35.5) 99 (7.7) 3 (42.9) 107 (8.2)

No 80 (89.9) 1048 (96.4) .008 20 (64.5) 1181 (92.3) <.001 4 (57.1) 1201 (91.8) .016
Peg-shaped MxI2

Yes 6 (6.8) 18  (1.7)

No 82 (93.2) 1066 (98.3) .007

aFisher’s exact test.

age (p = .007) and absent teeth (p < .001) (Table 5). Delayed
dental age and absence of teeth occurred together more
often (p = .008) (Table 5), especially in the case of the
absence of maxillary second premolar (p = .009) and mandib-
ular second premolar (p = .049) (Table 4). Transposition was
found together more often with absent teeth (p = .016)
(Table 5), especially with the absence of mandibular second
premolar (p = .049) (Table 4).

Discussion

In this descriptive study of an age cohort of Finnish children
we report the prevalence of various features involved in DAP
seen in PTG at the late mixed dentition stage. Almost a third
of the children had dental developmental abnormalities
involved in DAP to be seen in PTG at this stage, and absence
of teeth, peg-shaped maxillary lateral incisor and delayed
dental age were more often found together. Phenotype vari-
ations in the maxillary lateral incisor more often occurred
together. Also, transposition co-occurred with the absence of
teeth, especially the absence of mandibular second premolar.
We can accept the hypothesis that some DAP features
occurred together more often than they would in a normal
population.

The most common feature involved in DAP in children
aged 8.5-10.5years with mixed dentition was infraocclu-
sion in the primary molars, which was seen in 17.5% of
the children. Kurol [32] has reported the prevalence of
infraocclusion to be at its maximum, about 14%, at the
age of eight to nine. Infraocclusion occurred more often in

girls, in contrast to earlier findings [32,33]. Children with
primary molar infraocclusion did not have other features
involved in DAP any more often, thus differing from earlier
findings related genetically to other dental abnormalities
[1,2,5,13].

Distal angulation of an unerupted mandibular second pre-
molar was detected in 7.3% of these children, which is in line
with the earlier report of Baccetti and co-workers [26] (8.2%).
In present study, distal angulation occurred more often uni-
laterally. Also, where enlarged distal angulation of a mandib-
ular second premolar had been found in an earlier study [10]
in the absence of its antimere, such distal angulation of a
mandibular second premolar was not found together with
absence of the antimere in the present material, nor with any
other DAP features studied here.

Transpositions (Mx.C.P1 or Mn.C.I12) occurred in seven chil-
dren, less than half a percent and in line with an earlier
report [34]. Transposition occurred equally in the genders,
which differed from earlier findings [6,8,24]. Transposition in
the maxilla was more common, and transpositions occurred
more often with absent teeth, both of which observations
are in line with earlier findings [6,8,35].

Congenitally absent permanent teeth occurred in 8.4% of
children, being compatible with earlier studies from Finland
[36], Denmark [37] and a general European population [15],
whereas the results are slightly higher than those reported
for other European populations [14,34]. Bilateral occurrence
of absent maxillary second premolar was more common,
which differed from earlier findings [14]. Absent teeth
occurred more often in girls and most affected mandibular



second premolar, both observations being in line with earlier
findings [14-16,36]. It is interesting that a mandibular second
molar was absent in 0.8%, placing it fourth among the absent
teeth. The prevalence was lower (0.1%) in earlier study of
Finnish children [36].

Maxillary lateral incisor was absent in one percent, which
is lower than has been reported earlier [14], and occurred
more often unilaterally, differed from earlier findings [14].
Approximately two-thirds of the absent maxillary lateral
incisor cases occurred in girls, which is in line with a recent
report from Finland [16] but does not represent a statisti-
cally significant difference between the genders. At least
another maxillary lateral incisor was detected as peg-shaped
in just over 2% of the children, being in line with the review
by Hua et al. [38]. Peg-shaped maxillary lateral incisor was
detected more often unilaterally and without any gender
difference, in contrast to an earlier report [38]. In the pres-
ent study absent and peg-shaped lateral incisor more often
occurred together, as suggested earlier [3,4], although both
variations of the phenotype were seen only in three chil-
dren. A congenitally absent or peg-shaped maxillary lateral
incisor is one of the first visible features involved in DAP to
be seen in a developing dentition and is an important indi-
cation for a follow-up regarding other developmental
abnormalities.

Although chronological age was congruent between the
genders, the dental age of the boys was earlier at this age
cohort, in contrast to previous findings that girls are ahead
[31]. Delayed dental age was found together with
peg-shaped maxillary lateral incisor and absent teeth, the
absence of a second premolar occurring more often in chil-
dren with delayed dental age, thus confirming the finding
of Navarro and co-workers [20]. A relation has been reported
earlier between absent teeth and peg-shaped maxillary lat-
eral incisor [1,12,39], as also between absent teeth and
delayed dental age [19,20]. The present findings underpin
the notion that a delay in dental age, a peg-shaped maxil-
lary lateral incisor and absent teeth are found together
more often, and thus form part of the DAP set of fea-
tures [2].

One limitation of this research is its retrospective design,
and another is its cross-sectional character regarding the
PTGs. Due to variations in dental development some features
of DAP (e.g. infraocclusion or distal angulation of unerupted
mandibular second premolar) may have become visible
before or after the PTGs had been taken, which must be con-
sidered when reflecting on the results. In rare cases a perma-
nent second premolar might develop very much later. Also,
the number of children with rare abnormalities (e.g. transpo-
sition) was markedly small. In this study, the effect of socio-
economic level and BMI on dental age were considered
minimal and not controlled.

In this present description of the prevalence of dental
developmental abnormalities in an age cohort of Finnish chil-
dren with mixed dentition certain features occurred more
often together, but mostly only one actual feature involved
in DAP per child. If any dental developmental abnormality is
diagnosed during the earlier stages of development, a pre-
cise follow-up is needed to allow for conditions occurring
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later and for early treatment options. The occurrence of den-
tal developmental abnormalities together in families would
offer one means of pointing to similarities in genetic back-
ground. Thus, the presence of a pleiotropic effect needs more
research.

Conclusion
« At least one dental developmental abnormality
involved in DAP was detected in 29.8% of the
children.

+  One feature involved in DAP occurred in 24.4% of the
children, while two occurred in 4.7% and three only
in 0.7%.

+  The most common features involved in DAP were
infraocclusion of primary molars (17.5%) and absent
teeth (8.4%), both of which occurred significantly
more often in girls.

+  Absent teeth, a peg-shaped maxillary lateral incisor
and delayed dental age occurred more often together,
and co-occurrence of transposition with absent teeth
was also found.
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