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Abstract
 Purpose: Dental crowding occurring in the anterior part of

the mandible in the early mixed dentition has been a subject of
increasing concern for child patients, their parents, and the pedi-
atric dentist. The aim of this study was to evaluate indicators of
crowding found at the primary dentition, which may lead to the
future manifestation of crowding at the anterior part of the man-
dibular arch in the early mixed dentition.

Methods: Skeletal and dental morphological characteristics at
the stage of primary dentition were compared between two groups,
using dental casts and cephalograms of 23 subjects. These two
groups had been formed by evaluating the degree of crowding at 9
years of age (12 normal and 11 crowded cases).

Results: The size of several teeth in the crowding group was
significantly greater than that found in the normal group. For the
cephalometric measurements, a statistically significant difference
was found only in the cranial base dimension (S-SE). The stepwise
discriminant analysis showed that the mesiodistal size of the max-
illary primary canine, the maxillary and mandibular dental arch
lengths, and the posterior cranial base length (S-Ba) were effec-
tive discriminators in separating the two groups.

Conclusions:  It is concluded that larger primary tooth size is
the chief indicator in the development of dental crowding. How-
ever, the maxillary and mandibular dental arch lengths and the
cranial base dimensions, especially that of the posterior cranial base
length in the primary dentition, should also be considered as indi-
cators when attempting to predict dental crowding in the early
mixed dentition. (Pediatr Dent 23:118-122, 2001)

Crowding of the permanent teeth, especially in the an-
terior part of the mandible, is believed to be the most
frequent form of malocclusion in children.1 In pediat-

ric dental practice, an increase in the number of consultations
by parents, concerning the possibility of future dental crowd-
ing occurring in their children has been observed. This is
probably due to the increased esthetic demands of our day and
to the popularity of the orthodontic treatment.

More information is required for the early screening of the
patients who will develop dental crowding at the stage of per-
manent teeth eruption. Such information would allow them
to receive proper advice and preventive care at the stage of pri-
mary dentition.

Longitudinal studies are particularly useful for providing
data to predict the future development of the dentition and
for the description of the individual growth changes,2 because
they provide information on changes that occur, stage by stage,

during the process of development. Several researchers have
been using longitudinal methods, however, many of these stud-
ies are focused on the mixed and permanent dentitions.3-6 It is
quite rare to find longitudinal studies that deal with subjects
in the primary dentition.

  Among these few authors, Bishara et al7 tried to develop a
prediction method of tooth size-arch length relationship in the
permanent dentition from the available dental measurements
in the primary dentition. Their results showed that the accu-
racy of predicting the discrepancies in the permanent dentition
from the available dental measurements in the primary denti-
tion is limited.

Bishara et al, in another study,8 used longitudinal data sets
and followed the changes in arch length from 6 weeks to 45
years of age. They found that the greatest incremental increases
in arch length occurred during the first two years of life and
that it continued to increase until 13 years in the maxillary arch
and until 8 years in the mandible arch.

 The purpose of the present study was to find indicators of
crowding, which would be found in the primary dentition
(mean age of 5 years) and may lead to future occurrence of
dental crowding in the mixed dentition (mean age of 9 years),
using dental and craniofacial measurements.

Fig 1. The sample was divided, according to the sum of the labio-lingual
displacements of the six anterior teeth, measured from contact point to
contact point in millimeters into two groups, crowding group (right) and
normal alignment group (left).
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Methods
The subjects were chosen from the files of the Growth Study
of Twins of the Department of Pediatric Dentistry, Tokyo
Medical and Dental University, in which the semiannual
records of 130 pairs of Japanese twins were accumulated from
the age of 3 to 15. Dental casts of the maxillary and mandibu-
lar arches, and the lateral cephalograms of 23 untreated subjects
at the primary dentition (mean age of 5 years) and in the early
mixed dentition (mean age of 9 years), were selected for the
analysis. These subjects had no missing teeth and few caries lim-
ited on occlusal surfaces. One set of the records was selected
from each pair of twins in order to exclude any environmental
or genetic similarities.9 Male and female subjects were pooled
together, since there were no differences in means between the
genders.10

The two sub-samples were defined and grouped at the time
of early mixed dentition on the basis of the Irregularity Index
by Little,11 in which the degree of crowding is evaluated by the
sum of the labio-lingual displacements of the six anterior teeth,
measured from contact point to contact point in millimeters
(Fig 1). Those cases exceeding 4.0 mm of total displacement
were included in the crowded group (N=11) and the cases dis-
playing less than 2.0 mm were classified as the normal group
(N=12). There were no cases with total displacement between
2 to 4mm. The crowded group turned out to be crowded and
the normal group stayed as normal even after the complete
eruption of permanent teeth except the third molar.

1. UE Mesiodistal width of the maxillary primary
second molar

2. UD Mesiodistal width of the maxillary primary first
molar

3. UC Mesiodistal width of the maxillary primary
canine

4. UB Mesiodistal width of the maxillary primary
lateral incisor

5. UA Mesiodistal width of the maxillary primary
central incisor

6. UA E-E Distance between right and left lingual surfaces
of the maxillary primary second molars

7. UA E-A Distance between the most prominent labial
surface of the maxillary primary central incisors
and the midpoint of the distal surfaces of right
and left maxillary primary molars

8. UA D-D Distance between right and left lingual surfaces
of the maxillary primary first molars

9. UA C-C Distance between right and left lingual surfaces
of the maxillary primary canines

10. LE Mesiodistal width of the mandibular primary
second molar

11. LD Mesiodistal width of the mandibular primary
first molar

12. LC Mesiodistal width of the mandibular primary
canine

13. LB Mesiodistal width of the mandibular primary
lateral incisor

14. LA Mesiodistal width of the mandibular primary
central incisor

15. LA E-E Distance between right and left lingual surfaces
of the mandibular primary second molars

16. LA E-A Distance between the most prominent labial
surface of mandibular primary central incisors
and the midpoint of the distal surfaces of right
and left mandibular primary molars

17. LA D-D Distance between right and left lingual surfaces
of the mandibular primary first molars

18. LA C-C Distance between right and left lingual surfaces
of the mandibular primary canines

Table 1. Definition of the Dental Measurements

Fig 2. Forty-eight cephalometric landmarks were selected to build up 50
linear and 8 angular measurement sites for the skeletal and dental evaluation
of the craniofacial structure.

Fig 3. Angular measurement sites.
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The dental cast measurements were performed on 18 mea-
surement sites (Table 1) to evaluate tooth size and dental arch
dimensions, using a sliding digital caliper (CD-15CP/
Mitutoyo Corp., Kanagawa, Japan). The casts were measured
under the same criteria, with which the probe of the digital
caliper was held parallel to the long axis of the dental crowns.

  The 46 lateral cephalograms (23 of each developmental
stage) were traced by one author to avoid interobserver vari-
ability.12 The 48 cephalometric landmarks were selected in
addition to the generally accepted points in the traditional
cephalometric analysis. These points were used to build up
50 linear and 8 angular measurement sites for the skeletal and
dental evaluation of the craniofacial structure (Figs 2, 3). In
order to reduce the measurement error, each measurement
on the casts and the cephalograms was performed on three
different occasions, by the same examiner and the averages
of these three measurements were used for the analysis. More-
over, preliminary evaluation of measurement error showed
that no significant difference was found between the mea-
surements at a significance level of P<0.05.

  Descriptive statistics, such as means and standard devia-
tions were calculated. The Student’s t-test was used to
calculate the differences between the means. Stepwise dis-
criminant analysis was further applied to find dental or
craniofacial parameters that best discriminated between these
two groups. All the statistical analyses were performed by
using computer software (SPSS Version 7.5J, SPSS Inc.).

Results
According to the results from the Student’s t-test, significant
differences were found in the mean values of the mesiodistal
width of the maxillary primary first molar, canine and lateral
incisor and mandibular primary second molar, canine, and
central incisor (Table 2). For all the other teeth measured, the
crowded group had some tendency to show greater mean val-
ues, although they were not statistically significant.

On the other hand, significant difference between the mean
values of the normal and crowding groups in the cephalomet-
ric measurements was found only in the cranial base dimension
(Table 3), which was the distance between the points S-SE
(P<0.05). The other craniofacial measurements did not show
any significant statistical differences in means.

According to the results from the discriminant analysis, the
first discriminator was the mesiodistal diameter of the maxil-
lary primary canine, followed by the mandibular arch length,
the posterior cranial base length (S-Ba), and the maxillary arch
length (Table 4). With these results of the discriminant analy-
sis, 92% of all the subjects were correctly classified, which is
considered satisfactory.

Discussion
In recent years, there have been a number of reports propos-
ing several methods for the assessment of crowding. These
include the use of a brass wire,13 calipers,14 digitizer and sty-
lus,15 catenometer,15-16 and three-dimensional recording
devices.17 All these methods have advantages and limitations
and their results will be dependent upon various factors such
as operator’s experience, the accuracy of the appliance, and the
case itself. In the present investigation, the Irregularity Index11

has been used for the assessment of dental crowding. Some

authors15-16 have noted that this index has a tendency to assign
higher scores to cases involving severe labio-lingual displace-
ment of one or more anterior teeth. However, the index is a
reliable method for the assessment of crowding to separate
between the normal and the crowding group in the present
investigation, in which the cases with less than 2mm of linear
displacement were considered normal and those with more than
4mm were considered as crowding.

Larger tooth size has been recognized to be one of the fac-
tors of crowding in the permanent dentition.3,13 There have not
been many studies reporting the role of the size of primary teeth
in the future manifestation of crowding. In the present study,
the mean crown diameters of six primary teeth are significantly
larger in crowded group than those in normal group. The re-
sults of the discriminant analysis also showed that tooth size,
represented by the maxillary primary canine, was an effective
factor in distinguishing the groups. Hence, the size of the pri-
mary teeth is one of the factors for crowding in the early mixed
dentition.

There have been few studies referring to the role of the pri-
mary dental arch length for crowding. However, in the present
analysis, the primary dental arch lengths of the subjects in the
normal group tended to be larger than those found among the
subjects in the crowded group, although not statistically sig-
nificant. In the discriminant analysis, the primary arch lengths
of the maxilla and the mandible proved to be meaningful vari-
ables for distinguishing the two groups. The absence of
statistical significant difference in the dental arch measurements
could be due to the size of the present sample. Therefore, a
future study might be needed to clarify the role of the dental
arch length in a larger sample.

•P< 0.05

Normal Mean ±SD Crowding Mean ±SD

1. UE 9. 2 0.3  9.5 0.5

2. UD 7.0 0.3 7.3  0.3•

3. UC 6.2  0.3 6.7 0.3•

4. UB 5.2 0.3 5.5 0.4•

5. UA  6.3 0.4 6.6 0.3

6. UA E-E 32.4 2.1 32.1 1.7

7. UA E-A 28.9 1.7  29.5 2.2

8. UA D-D 27.4 1.8 27.1 1.6

9. UA C-C 25.1 1.3 24.0 1.3

10. LE 10.1 0.4 10.5  0.3•

11. LD 7.8  0.3  8.1 0.4

12. LC 5.6 0.4 5.9 0.3•

13. LB 4.5 0.3 4.7 0.3

14. LA  3.9 0.2 4.1  0.3•

15. LA E-E 28.7 2.3 28.9  2.0

16. LA E-A 26.4 1.0 26.4 1.5

17. LA D-D 23.8 1.8 23.7 1.2

18. LA C-C 19.5 1.4 18.8 1.4

Table 2. Results of the Dental Measurements
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Among the cephalometric measure-
ments, the linear distance S-SE was the
only variable to exhibit a statistically
significant difference between the
groups. However, the linear measure-
ments of the cranial base tended to
differ between them. The normal
group showed a tendency for larger
values in the measurements of the an-
terior cranial base when compared with
the crowded group. This tendency
would appear inversely in the measure-
ments of the posterior cranial base, in
which the larger values were found in
the crowded group. We could assume
that the subjects in the normal group
have longer anterior cranial base
lengths and those subjects in the
crowded group have longer posterior
cranial base lengths. Furthermore, the
discriminant analysis showed that the
posterior cranial base (S-Ba) was
proved to be an effective variable in
discriminating between these groups.
The results lead to the belief that the
cranial base structures may play an
important role in characterizing the
groups as crowded or normal.

The S-Ba has been found to be one
of the independent factors of the cran-
iofacial complex.18 It is also known that
S-Ba is associated with the horizontal
lengths of the mandibular ramus.19

Therefore, the wider ramus might have
some role in the development of
crowding by leaving less space for the
permanent teeth to erupt in the man-
dible.9,20

Conclusions
According to the results of this inves-
tigation, the indicators for the
crowding in the early mixed dentition
are:
1. The mesiodistal size of primary

maxillary canine;
2. Maxillary and mandibular dental

arch lengths; and
3. Posterior cranial base length.

These indicators classified 92 percent
of the sample correctly.
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Variable Measurement sites Normal Mean ±SD Crowding Mean ±SD
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Cont. Table 3. Results of the Cephalometric Measurements
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