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——Abstract

Delayed eruption of the first molar, without a generalized or localized cause, is usually associated with delayed
development of the affected tooth. The aim of this study was to investigate the clinical features of the first per-
manent molar showing delayed development and eruption, and its association with developmental anomalies of
other teeth.

Panoramic radiographs of 40 healthy children showing delayed development and eruption of first permanent
molars were analyzed. The clinical features of affected first molars and developmental anomalies of other teeth
(except third molars) were evaluated.

Delayed first molars were more frequent in the maxilla. The incidence of bilateral delayed development of first
molars was greater than that of unilateral cases in female patients. In contrast, male patients showed unilateral
delayed development of the first molar more frequently.

A higher incidence of congenitally missing teeth was observed in patients with delayed first molar.

In each case, delayed development or congenital absence was observed in the second molar adjacent to the de-
layed first molar.

Overall, delayed first molar seems to be associated with congenital absence of additional teeth. Understanding
the developmental mechanisms of this phenomenon requires further studies.
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[ . Introduction time point at which 3/4 of the root is formed. The second

method estimates the tooth eruption stage based on the

Delayed tooth eruption is the retarded emergence of a chronological age. According to Suri et al.?, it is defined

tooth into the oral cavity. There are two methods for es- that delayed eruption occurs when the chronological age

timating the timing of tooth eruption. One method, sug- is delayed more than two standard deviations from the
gested by Gren", evaluates the extend of dental root de- mean eruption age.

velopment, and denotes the tooth eruption stage as the The first permanent molar erupts at the age of 6.12 -

Corresponding author : Seunghye Kim

Department of Dentistry, Ajou Univeristy School of Medicine, 164 World cup-ro, Yeongtong-gu, Suwon, 16499, Korea
Tel: +82-31-219-4112 / Fax: +82-31-219-4112 / E-mail: greatpleasure@hanmail.net

Received May 18, 2016 / Revised July 26, 2016 / Accepted July 20, 2016

x The authors deny any conflicts of interest related to this study.

56



6.39 years”. Grover” reported that delayed eruption of
the first permanent molar is rare compared to other
teeth, with an incidence of 0.01% in the general popula-
tion. Delayed eruption of the first permanent molar in
the maxilla and mandible accounted for 5.84% and
2.76%, respectively, of the total delayed eruption in
Korean children”. Most of the cases of delayed eruption
were attributable to local factors, such as early loss of a
primary tooth, loss of eruption space, and presence of
supernumerary teeth”.

Delayed eruption of the first permanent molar without
systemic or local causes was reported to accompany de-
layed tooth development or congenital absence of the ad-
jacent second permanent molar””. Rasmussen” named
the first permanent molar showing delayed eruption as
the “O-year-molar , because the first permanent molar
often erupted at approximately 9 years of age.

In a previous case study, delayed development of the
adjacent second molar was also observed in 7 out of 9
cases with delayed eruption of the first permanent
molar”. In addition, congenital missing of the third mo-
lar was observed in all 9 cases in the same study®.

Nakano et al.® proposed that delayed development of
the first permanent molar could be resulted from con-
genital absence of the first permanent molar and mesial
migration of second permanent molar. However, the
higher rate of congenitally missing teeth cannot be ex-
plained in patient with delayed development of the first
molar. Furthermore, there are no clinical studies proving
the association of congenitally missing teeth with de-
layed development of the first permanent molar.

The aim of this study was to investigate the clinical
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aspects of ‘delayed eruption and development of the first
permanent molar (DFM)" without systemic or local
causes and to demonstrate its association with delayed
development or congenital absence of other teeth.

I . Materials and Methods
1. Subjects

The study subjects were first selected from those who
visited the Department of Pediatric Dentistry, Dental
Hospital, Yonsei University between January 2008 and
December 2014. The patient selection inclusion criterion
was a clinical and radiographical evidence of localized
delayed eruption of the first permanent molar. The ex-
clusion criteria were medically compromised patients and
patients with localized causes of delayed tooth eruption
(such as, odontoma or ectopic impacted teeth). In all
cases, clinically delayed eruption accompanied clear de-
layed development of the first permanent molar, when
compared to erupted first permanent molars in other
quadrants (Fig. 1). A total of 40 subjects (15 males, 25
females) with DFM were selected; they were aged 6 - 10
years (mean age of 8.62 years) were selected for this
study.

2. Methods

The panoramic radiographs of the study subjects were
examined by two investigators. The location and laterali-
ty of DFM, delayed development or congenital absence of
the adjacent second permanent molars, and congenital

Fig. 1. Panoramic radiographs of patients with DFM. (A) Unilateral occurrence of DFM and congenital absence of adjacent second permanent molar
(closed arrow) in the right maxilla of a male patient (aged 8 years, 2 months). The patient showed congenital absence of the right maxillary second premolar
(open arrows). (B) Bilateral occurrence of DFM and congenital absence of adjacent second permanent molar (closed arrow) in the maxilla of a female
patient (aged 6 years, 8 months). The patient showed congenital absence of both maxillary second premolars (open arrows).

DFM = delayed eruption and development of the first permanent molar
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absence of other teeth were examined on panoramic ra-
diographs of the subjects. The dental age of the subjects’
was determined by the calcification stage according to
Nolla's method"”. Delayed development of teeth was di-
agnosed when the dental age was delayed by more than
2 standard deviations of the mean calcification stage for
Korean children'”. The interclass correlation coefficient
between two examiners was 0.95.

Statistical analysis was performed using Excel 2010
(Microsoft, Redmond, Washington, USA) and R (x64
3.13, R Foundation for Statistical Computing, Vienna,
Austria). Statistical significance was determined at a
level of p < 0.05. The Fisher's exact test was used to
compare the laterality of DFM according to the gender of
the subjects, and the chi-square test was used to assess
the differences in the frequency of congenital missing
teeth between the DFM affected quadrant and the nor-
mal quadrant.

. Results
In this study, 69 cases of DFM were found in 40 sub-
jects: 21 cases were found in 14 male subjects, while 48
were in 26 female subjects.
1. Distribution
DFM was detected in the maxilla of 32 out of 40

(80.0%) subjects, while it was found in the mandible of
5 out of 40 (12.5%) subjects. In total, 7.5% of the pa-
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Fig. 2. Correlation of bilateral DFM with gender. The incidence of bilat-
eral DFM was significantly higher in female patients than in male patients
(Fisher's exact test, * : p <0.05).

DFM = delayed eruption and development of the first permanent molar
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tients (3 out of 40) exhibited bimaxillary manifestation
of DFM.

2. Laterality

Sixteen subjects (40.0%) showed unilateral DFM in
the maxilla (30.0%, 12 subjects) or mandible (10.0%, 4
subjects), 21 subjects (52.5%) showed bilateral involve-
ment of DFM in the maxilla (20 patients, 50.0%) or
mandible (1 patient, 2.5%). In 3 subjects (7.5%), DFMs
were found in 3 quadrants (Table 1).

Among the 37 subjects (14 males and 23 females),
DFM was unilateral in 16 subjects (43.2%, 10 males
and 6 females) and bilateral in 21 (56.8%, 4 males and
17 females). Three female subjects with DFM in three
quadrants were excluded from this analysis. There was a
statistically significant difference in the laterality of
DFM in male and female patients. Unilateral manifesta-
tion of DFM was significantly frequent in male patients.
In contrast, female patients exhibited significantly high-
er frequency of bilateral presentation of DFM (Fig. 2, 3).

Table 1. Distribution of DFM in relation to location

Laterality Location Number of patients (%)
Unilateral Maxilla 12 (30.0)
Mandible 4(10.0)
Bilateral Maxilla 20 (50.0)
Mandible 1(2.5)
More than 3 quadrants 3(7.5)
Total 40 (100)

DFM = delayed eruption and development of the first permanent molar
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Fig. 3. Correlation of unilateral DFM with gender. The incidence of uni-
lateral DFM was significantly higher in male patients than in female
patients. (Fisher's exact test, * : p <0.05).

DFM = delayed eruption and development of the first permanent molar



3. Developmental abnormalities of adjacent second
permanent molars.

In 69 cases of DFM, delayed development of the sec-
ond permanent molar was seen in 39 cases, whereas
congenital absence of the adjacent second permanent
molar was observed in 30 cases.

4. Positive correlation between DFM and prevalence
of congenital missing teeth

Congenital absence of permanent teeth, except the
third molar, was evaluated. If the tooth germ was miss-
ing in the panoramic views of subjects (aged 6 years and
older), the tooth was considered to be congenitally miss—
ing.

Based on this criteria, congenital absence of perma-
nent teeth was seen in 23 subjects (57.5%). Among
them, 9 were male (60% of all male subjects), while 14
were female (56.0% of all female subjects). The total
number of congenital missing teeth was 60, including
the congenital absence of the second permanent molar
next to the DFM. Distribution of the missing teeth was
as follows: 22 (36.7%) upper second molars, 13 (21.7%)
lower premolars, 9 (15.0%) upper premolars, 8 (13.3%)
lower second molars, and 8 (13.3%) lower incisors
(Table 2).

Among the 60 congenitally missing teeth, 40 were lo-
cated in the same quadrant as the DFM. The most fre-
quently absent tooth was the second permanent molar
(30 teeth, 50.0% of the total missing teeth) in the same
quadrant of the DFM.

Regarding the number of congenitally missing teeth, 5
subjects (21.7%) showed only one missing tooth while
18 subjects (78.3%) showed 2 or more missing teeth.

Table 2. Distribution of congenitally missing teeth in relation to DFM
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There was a statistically significant correlation be-
tween the prevalence of congenitally missing teeth and
the DFM-affected quadrants (Fig 4). The quadrants in
which DFM was noted showed a higher prevalence for
congenitally missing teeth.

V. Discussion

This study was conducted to investigate the clinical
features of DFM on the basis of radiographic analysis of
40 children who showed no underlying general or local
factors causing delayed tooth eruption. DFM occurred
more frequently in the maxilla (32 subjects, 80%) com~
pared to the mandible. This result is in accordance with
previous studies. For instance, Rasmussen” reported 22
cases of DFM in 10 subjects, with 18 of them in the
maxilla and 4 in the mandible. Nakano et al.? reported
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Fig. 4. Correlation of congenitally missing teeth with DFM-affected
quadrants. The prevalence of congenital missing teeth was significantly
higher in DFM-affected quadrants. (Chi-square test, * : p <0.001)

DFM = delayed eruption and development of the first permanent molar

Number of congenital missing teeth

e Sticn Affected quadrant (%) Unaffected quadrant (%) Total (%)
Maxilla Incisor 0(0.0 0(0.0) 0(0.0)

Premolar 6(10.0) 3(5.0) 9(15.0)
Molar 22(36.7) 0 (0.0) 22 (36.7)
Mandible Incisor 1(1.7) 7(11.7) 8(13.3)
Premolar 3(5.0) 10 (16.7) 13 (21.7)
Molar 8(13.3) 0(0.0) 8(13.3)

Total 40 (66.7) 20(33.3) 60 (100.0)

DFM = delayed eruption and development of the first permanent molar

59



J Korean Acad Pediatr Dent 44(1) 2017

9 cases, with 8 occurring in the maxilla and 1 in the
mandible. Sano et al.” reported 131 cases in the maxilla
of 73 subjects. In Korea, Kim et al.” reported 7 cases in
4 subjects, with 6 found in the maxilla and only 1 in the
mandible. The results from these studies support the
conclusion that the incidence of DFM is higher in the
maxilla compared to the mandible, and is more frequent-
ly seen in female than in male patients (Table 3).

Regarding the laterality of DFM, the results of this
study did not reveal a difference between the incidence
of unilateral and bilateral DFM®*”. This is in contrast to
previous studies, in which it was reported that DFM of-
ten occurs bilaterally. However, laterality of occurrence
differed according to gender. In female patients, bilateral
of DFM was higher than that of unilateral DFM. In con-
trast, unilateral DFM was more frequent in male pa-
tients.

There was significant correlation between the location
and prevalence of the DFM in relation to congenitally
missing teeth. According to a previous study in Korean
children, the incidence of congenitally missing teeth was
reported to be 4.7 - 8.8%'"". In the present study, con-
genital missing teeth were observed in 62.5% of patients
(25 out of 40 subjects) who had DFM, and 66.7% of the
congenitally missing teeth (40 teeth) were found in the
same quadrant as DFM. While the most commonly con-
genitally missing teeth are the mandiblular lateral in-
cisor (followed by maxilla and mandible second premo-
lar), 50% (30 teeth) of the congenitally missing teeth in
the present study involved the second permanent molar
in the same quadrant as DFM. In addition, while the
rate of absence of single tooth was 43.3 - 53.6% in

Korean children™*

', the proportion of multiple teeth that
were congenitally absent (78.3%) was higher than that

of single teeth missing (21.7%) in children showing

Table 3. An overview of previous studies about DFM

Location of
Author N@ber it Gindan affected teeth
patients — \fale / Female)  (maxilla/ mandible)*
Rasmussen” 10 2/8 18/4
Nakano® 9 4/5 8/1
Kim® 4 1/3 6/1
Natsuki” 73 20/53 131/01
This study 40 15/25 58/11

*(Number of affected teeth)
"This study only considered maxillary permanent first molar.
DFM = delayed eruption and development of the first permanent molar

DFM. Nakano et al.” reported that 2 of 9 patients with
DFM had congenitally absence of the second premolar,
as well as second and third permanent molars in the af-
fected quadrant. Kim et al.? also reported a case where
bilateral DFM accompanied the bilateral congenital ab-
sence of lateral incisors. These studies indicate that
DFM may not be the result of a localized abnormality,
but rather a developmental problem in the molar field
where DFM is located.

In a previous study, DFM and the congenital absence
of secondary molars were generally interpreted as con-
genitally absence of the first permanent molar and early
eruption of the mesially drifted second permanent molar
at the age of nine years old®. Nakano et al.” interpreted
the results based on frequent association of decrease in
the size of distolingual cusp, congenital absence of the
ipsilateral third molar, and the close proximity of the
time of first molar eruption to the normal eruption of the
second permanent molar. The decrease in the size of dis-
tolingual cusp is a characteristic phenomenon that is ob-
served frequently on the maxillary second molar'®, the
incidence of which becomes higher in the absence of a

'Y However, there are limitations in this con-

third molar
jecture in light of previous studies regarding odontogenic
development. First, the congenital absence of a tooth
has a high correlation with the reduction in tooth size

520 Loss of distolingual cusp ob-

and number of cusps
served in DFM may be related to the reduction in tooth
size associated with a congenitally missing tooth.
Moreover, several studies have reported that congenital
absence of a tooth is accompanied by generalized delay
in tooth development®™®'. As congenitally missing teeth
are observed in cases of DFM, this phenomenon may oc-
cur as a result of a generalized developmental delay or
an anomaly in the affected molar field. Although calci-
fication of the third molar varies with the ethnic or geo—
graphic variables, the mean age of radiographic appear-
ance of third molar calcification has been reported as 9
years of age based in the Korean children®*.
Radiographic examination may be inappropriate for the
detection of the third molar because the age of our sub-
jects ranged from 6 to 10 years. Further longitudinal
study of our sample group is required to verify the asso-
ciation between DFM and developmental anomaly of the
third molar.

Congenitally missing teeth originate from local factors
(such as infection®, trauma®, drug side effects®, radia-

29)

tion therapy®™) and genetic factors®™. Genetic mutations



related to epithelial-mesenchymal interaction lead to
agenesis of teeth without a syndrome®. Cooperative ge-
netic interaction models for odontogenesis suggest that
interaction between mesenchymal cells from neural crest
and oral epithelium activates the transcription of several
genes including homeobox®™. Mutations of Msxl and
Pax9, which are the causative genes for congenital ab—
sence of teeth, are also involved in general developmen-
tal defects of the teeth such as, eruption distur-

banceZ‘)‘SO‘SZ)

. In our data, all second molars adjacent to
DFM were either congenitally absent or showed delayed
development. The prevalence of congenitally missing
teeth in DFM-affected quadrants was significantly high.
This indicates that DFM may be a result of defects in
genetic or signal transduction processes involved in tooth
development of the affected field, rather than single de-
fects of the first molar. We suspect that genetic muta-
tions affecting molar field development may be the basis
of this developmental defect. Considered comprehensive-
ly, genetic pathways can be used to explain the etiology
and development of DFM.

V. Conclusion

The study proved that DFM correlates with the con-
genital absence of additional teeth, especially in DFM-
affected quadrants, with every second permanent molar
next to the DFM exhibiting delayed development or be-
ing congenitally absent. In conclusion, a close follow-up
examination should be performed to assess the temporal
development of dentition in patients with DFM.
However, a complete understating of the underlying de-
velopmental mechanism responsible for development
DFM requires further studies.
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