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ABSTRACT

Introduction: Tooth crowding can cause complaints if not treated early — this condition resulting in 
aesthetic disorders, and also masticatory and speech function disruption. The study was aimed to 
determine the predisposing factors of tooth crowding in the mixed dentition period by the tooth size 
and dental arch width. Methods: Research type was random cross-sectional. The sample was as much as 
29 children with mandibular casting; then the mandibular model cast of these 6 – 9-years old children 
were divided into two groups according to the crowding condition in the mandibular anterior region, 
and the measurement was performed afterwards. Space available category was (A/A1), mesiodistal 
width of mandibular incisor (B/B1), total arch length (C/C1), intercanine width (D/D1), first primary 
intermolar width (E/E1) , second primary intermolar width (F/F1), first permanent intermolar width 
(G/G1), interalveolar width (H/H1). Result: The results of the t-test showed significant differences (p 
< 0.05) in the available space for 4 incisors, where the space was larger in the non-crowded group with 
a difference of 2.22 mm and the mesiodistal sizes of these 4 incisors was larger in the crowded teeth 
group, with the difference of 1.8 mm. The results of the Pearson correlation coefficient showed a positive 
relationship to several measurements, namely D to C1, E to D1 and H to B1, C1, D1, F1 and G1, with the 
t-value > 3 and the r-value was closer to 1, which showed a correlation with strong closeness degree (r 
> 0.61). Conclusion: Predisposing factors of tooth crowding in the mixed dentition period were the first 
intercanine width (D), first primary intermolar width (E), and alveolar arch width (H).
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INTRODUCTION

Human needs for a good quality of life are the basic 
natural needs of every human being. Along with 
the development of science and the increase in 
socio-economic life, the demand to fulfil physical 
beauty including the face becomes very important. 
Crowded teeth can occur from childhood, and 
usually occur in permanent teeth and rarely occur 
in primary teeth.1 Parental concerns are typically 
directed at the severity of crowded teeth until 
adulthood which will affect facial aesthetics2,3, 
however, crowded teeth can develop into a bigger 
problem for sufferers, because the teeth will be 
difficult to clean. When cleaning teeth or brushing 
teeth, toothbrushes are difficult to reach the rest 
of the food that sticks to the interdental area of ​​
the crowded teeth so that plaque accumulation 
and calculus form then triggers cavities (caries) 
and gum disease (gingivitis) and even damage to 
the supporting tissues of the teeth (periodontitis) 
so that teeth become rocky and eventually have 
to be removed.4 Research conducted in Poland in 
2010 showed that the prevalence of caries and 
DMF-T in anterior teeth with crowded teeth was 
higher than in non-crowded teeth.5

The highest prevalence of crowded teeth 
is in the anterior region and involves the same 
tooth on each side, for example, right lateral 
incisor and left lateral incisor. Crowded teeth 
in the premolar and molar regions are usually 
associated with adjacent teeth, for example, the 
first right premolar and the second right premolar. 
Three patterns of crowded teeth are found in the 
anterior region, namely symmetrical patterns, 
irregular patterns and irregular patterns. The first 
pattern is related to the discrepancy factor, while 
the last two patterns are related to factors such 
as occlusal force and centre of gravity.6

Other studies have focused on the effects 
of soft tissue pressure; it was reported that the 
volume and position of the tongue are related to 
crowded teeth, while it was also reported that 
tooth inclination is affected by cheek pressure. 
Other research reports show a relationship 
between crowded teeth and morphological 
characteristics of the mandible. A longitudinal 
study showed eruption of the first molar towards 
the anterior effect on delayed mandibular teeth. 
Also, the occlusal power components in the 

anterior and anterior occlusion patterns such as 
overjet or overbite are also known to be associated 
with teeth.6

Several studies have shown that crowded 
teeth as a form of malocclusion can occur 
due to dentofacial imbalances. Factors that 
influence malocclusion are divided into prenatal 
and postnatal factors. Prenatal factors consist 
of genetic, differentiation and congenital. 
While postnatal factors consist of development, 
functional and environmental.7,8 Although the role 
of environment and genetics in the aetiology of 
crowded teeth is still questionable; new evidence 
shows that crowded teeth are malocclusions that 
commonly occur for human populations in the 
modern industrial era, which occur as a result of 
current food processing methods.9

Malocclusion prevalence in 2008 reached 
80% and ranked third after caries and periodontal 
disease.10 Types of malocclusion that can be 
found include protrusion, intrusion and extrusion, 
crossbite, open bite, crowding, and diastema. 
Crowded teeth are the highest component of the 
prevalence of malocclusion in dental patients. It 
can be seen from research in the Department of 
Orthodontics of Faculty of Dentistry University of 
Indonesia in 1999 which reported that 270 samples 
in children aged 12-14 years were found to have 
44.9% crowded teeth.11

Growth and development of the maxilla 
and mandible are determined by genetics and 
environmental factors.1 Identification of these 
factors and their mechanisms will help diagnosis, 
prediction, and treatment for bone variations. 
Mandibular growth is highly dependent on 
cartilage growth and interactions between various 
factors such as genetic disposition, nutrition, 
homeostasis, hormones and growth factors.

Some authors stated that there was a 
correlation between the dimensions of the jaw 
arch length and crowded teeth, then there were 
also results of research stated that individual 
dental arches without crowded teeth have a size 
of about 4 mm wider than the arch with crowded 
teeth. Also, there is a large width of the lower 
jaw in the anterior and posterior sections of 
children whose permanent teeth are not crowded. 
Other researchers mentioned a more significant 
correlation between dental arch size and crowded 
teeth compared to the size of the teeth and teeth 
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crowded. The results of the evaluation of another 
study on crowded teeth in permanent teeth 
obtained significant differences in the curvature 
between the group of crowded teeth and non-
crowded teeth.1

Controversies regarding the relationship 
between crowded teeth and the size of the jaw 
and mesiodistal size of the teeth, and other causes 
of crowding, namely genetic and environmental 
factors, have a great desire to trace the underlying 
factors that may contribute to the occurrence of 
crowding in the mandible of children in the early 
period of mixed dentistry. This study was aimed 
to determine the predisposing factors of tooth 
crowding in the mixed dentition period by the 
tooth size and dental arch width.

METHODS

Child patients aged 6 to 9 years who came to 
the Dental Hospital of Universitas Padjadjaran, 
who were by the inclusion criteria, being printed 
on their mandible. The research subjects were 
selected from the age of 6 to 9 years, because at 
this age included in the age group of mixed teeth, 
where the incisors and the first molar remained 
erupted perfectly whereas the first canines and 
first and second molars were in place.

The selection of research subjects with 
skeletal class 1 inclusion criteria and good tooth 
dimensions was expected not to affect the 
dimensions of the arch of the jaw. The inclusion 
criteria for this study were class 1 skeletal 
patterns. The initial stages of the mixed dentition 
period were: four permanent mandibular incisors, 
firstborn canines, first molars and molar remained 
erupted. These patients also have never received 
orthodontic treatment. The exclusion criteria 
are the loss of incisors and permanent congenital 
molar and early loss of teeth. The loss of tooth 
dimensions due to enamel caries that have not 
yet reached dentin and the presence of attrition 
will be included in this criterion. Exclusion criteria 
are congenital permanent incisor and permanent 
tooth loss and early tooth loss.

The sample was cast from the mandibular 
teeth, and the teeth model was made from the 
mould. In the dental model, the dental mesiodistal 
and the curvature of the lingual region of the 
mandible were measured. All measurements 

were made on the model using a calliper with 
an accuracy of 0.01 mm. All measurements were 
repeated two weeks later to anticipate any 
measurement errors.

They are referring to the incisor liability 
index. Namely, the term tooth irregularity/
definition was defined as the adequacy of the 
space available to accommodate four permanent 
incisors. Crowded teeth were defined as the 
difference between the amount of room size from 
the left first mesial canine to the available space 
and the number of permanent mandibular incisors.

The average difference between the number 
of four mandibular incisors and the available 
space was 1.6 mm, so this condition is called 
mild/normal congestion. For this reason, if the 
index of the mandibular anterior teeth was ≤ 1.6 
mm, it was included in the criteria of normal or 
not congested. Meanwhile, subjects with crowded 
tooth index ≥ 1.6 mm were included in the criteria 
for crowded teeth. The study by Howe et al.12 and 
Radnzic1,13, reported that the size of the jaw width 
in the non-crowded group was larger than that of 
the crowded tooth group.

The models that obtained were then divided 
into two groups based on the presence or absence 
of anterior mandibular crowding. The crowding 
value of ≤ 1.6 mm was grouped in the Normal / Non-
Crowded / (NCT) group, while the value of ≥ 1.6 
mm was grouped in the Crowded Tooth group (CT).

Measuring the jaw arch width was performed 
by determining the size of the jaw which were: 1) 
The available space was: the measurement results 
starting from the contact points of the mesial part 
of the first canine to the fixed contact points of 
the seventh and eighth regions, then summed 
with the measurements from the central incisive 
contact points of the seventh and eighth regions 
to the point of contact of the firstborn canine 
(Figure 1). Incisor width was: the width of each 
incisor is measured and added to produce a total 
incisor width (Figure 1b and 1c). Crowded teeth 
was the width of the incisors deducted from the 
incisor space available to calculate the severity of 
the crowded teeth.

The total jaw arch length was: the total 
length of the mandibular arch was measured 
from the mesial part of the first permanent 
molar on the right side to the mesial part of 
the first left permanent molar, as defined by 
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Figure 2. (1) Width between primary canines (2) Width 
between the first primary molars (3) Width between 

firstborn second molars (4) The width between the first 
permanent molars (5) Interalveolar width

Figure 1. Arch length; a+b+c+d

Warren and Bishara.14 For the anterior segment, 
measurements were made from the contact point 
from permanent incisors at the point of contact 
between the firstborn canine and the first molar. 
For the posterior segment, measurements were 
made from the contact point between the first 
canine and the first molar to the distal point of 
the second primary molar.

The two long segments for the right and left 
sides were then summed to determine the total 
curved length (Figure 1); Figure 2 describes the 
arch width definition such as follow: (1) showed 
the inter width which was the distance between 
the tip of the cusp of the mandibular first canine 
teeth; (2) showed the molar I width which was 
the distance between the mesiolingual tips of the 
mandibular peak of the first primary molar; (3) 
showed the molar II width which was the distance 
between the mesiobuccal tips peak of the second 
primary molar; (4) showed the permanent molar 
width which was the distance between tips of 
mandibular mesiobuccal peaks of permanent first 
molar; and (5) showed the interalveolar width 
which was the distance between the mucogingival 
boundary below the buccal groove of the right and 
left mandibular permanent first molar.

Statistical comparisons of the two groups 
were carried out by independent sample t-test. 
Pearson Correlation was calculated to measure 
the reciprocal relationship between crowded 
teeth and all other measurements, namely the 
inter canine width, width between first primary 
molar, width between second primary molar, 
width between first permanent molars, and 
interalveolar width.

RESULT

Comparisons between the Non-Crowded Teeth 
(NCT) group and Crowded Teeth (CT) group can 
be seen in Table 1. All measurements showed 
no significant differences between the NCT 
and CT groups, except for the available room 
measurements in four permanent mandibular 
incisors and the number of mesiodistal width of 
permanent mandibular incisors (A and A1) with 
the difference of 2.22 mm (p = 0.00; p < 0.05), 
while for B and B1 was 1.80 mm (p = 0.007; p < 
0.05).

The results of difference test between CT 
and NCT groups using the t-test can be seen in 
Table 1. The results above show that there were 
significant differences between the available 
space for four anterior mandibular incisors with 
the p-value of 0.003 and the mesiodistal size of 
four mandibular incisors between CT and NCT 
groups with the p-value of 0.007. Both p-values 
were < 0.05.

The available space for four incisors was 
larger in the NCT group (2.22 mm difference), while 
the number of mesiodistal size of four incisors was 
larger in the CT group (1.8 mm difference).

Table 2 presents the results of the correlation 
analysis of each measurement using the Pearson 
correlation coefficient test. Correlation between 
the length of the jaw arch (C1) in the group of non-
crowded teeth with the width of primary canines 
(D, r = 0.841; t = 4.1126), then between the 
available space in the group of non-crowded teeth 
(A1) to the first intercanine width (D, r = 0.762; 
t = 3.132224), as well as the primary intercanine 
width of the non-crowded tooth group (D1) with 
the width between primary first molar (E) with 
a value of r = 0.841 and t = 4.1126. There was 
also a significant correlation between the number 
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of mesiodistal sizes of four mandibular anterior 
teeth (B1; r = 0.805; t = 3.5899), the length of 
the jaw arch (C1; r = 0.818; t = 3.7624), width 
between F1 first molars; (r = 0.835; t = 4.0149) 
and the width between the permanent first molars 
(G1; r = 0.817; t = 3.7485) with respect to the 
alveolar arch width (H).

DISCUSSION

The results of the correlation analysis between 
the crowded teeth and non-crowded teeth (t-test) 
in Table 1, showed a significant difference (p < 
0.05) between available space and the number of 

mesiodistal sizes of four permanent mandibular 
incisors (total incisors width). While the results 
of the analysis of other parameter measurements 
did not show a significant difference. The results 
of this study are in accordance with previous 
studies by Singh and Shivaprakash6, namely, there 
were significant differences in the size of the 
mandibular length in mild and severe crowded 
teeth, where severely crowded teeth had a shorter 
length of mandible compared to mandibular 
length in mild crowded teeth. Likewise, there was 
a significant relationship between crowded teeth 
with mandibular length. Based on the results of 
this study, it was also seen that the mesiodistal 

Table 1. T-test results of the parameter measurement: the mesiodistal width and width of the available jaw space between 
NCT and CT groups

Variable (mm)
Crowded teeth group Non-crowded teeth group

Difference (CI 95%) P
(n = 9) (n = 20)

Available space A 20.96 (1.70) A1 22.71 (2.30) 2.22 (0.93;3.50) 0.003*

Total incisor width B 24.08 (2.06) B1 22.28 (1.25) 1.80 (0.54;3.07) 0.007#

Total arch length C 68.64 (3.47) C1 69.91 (3.37) -1.27 (-4.07;1.53)  0.362**

Intercanine width D 25.85 (2.07) D1 26.53 (2.31) -0.68 (-2.53;1.17)  0.456**

Intermolar width I E 28.07 (2.55) E1 28.41 (2.01) -0.34 (-2.14;1.46)  0.705**

Intermolar width II F 37.80 (1.68) F1 39.01 (1.94) -1.21 (-2.74;0.32)  0.118**

Permanent intermolar width G 46.66 (3.53) G1 47.12 (3.69) 0.97 (-1.15;2.96)  0.370**

Interalveolar width H 59.25 (2.21) H1 58.87 (2.15) 0.38 (-1.41;2.16)  0.667**

*P< 0.05 significant; **P> 0.05 not significant

Table 2. The results of Pearson correlation and T-test of the parameters of the mesiodistal width and width of the available 
jaw space between the NCT and CT group

Correlation 
coefficient

Non-Crowded Teeth Group

A1 B1 C1 D1 E1 F1 G1

B r 0.508

t 1.560377

C r 0.585 0.536

t 1.908386 1.679806

D r 0.762* 0.569 0.841*

t 3.11324** 1.830675 4.112629**

E r 0.732 0.41 0.418 0.841*

t 2.84262 1.189316 1.217379 4.112629**

F r 0.411 0.721 0.593 0.666 0.534

t 1.192806 2.752908 1.948492 2.362177 1.671032

G r 0.187 0.68 0.586 0.575 0.025 0.73

t 0.50364 2.453739 1.913352 1.85944 0.066164 2.825966

H r 0.663 0.805* 0.818* 0.866* 0.499 0.835* 0.817*

t 2.343157 3.589955** 3.762441** 4.582038** 1.523456 4.014907** 3.748591**

*r approaches the value of 1; **t > 3
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number of four larger mandibular incisors in 
the crowded tooth group, according to previous 
studies by Poosti and Jalali.15

Table 1 shows that available space in the 
crowded teeth group appears smaller than in the 
non-crowded group. Whereas the mesiodistal size 
of the four jaw fixed incisors appears larger in 
the crowded teeth group compared to the non-
crowded teeth group. Research from Janson et 
al., Carty et al., and Mills et al.1,16,17 reported a 
significant association between crowded teeth 
and jaw arch size, whereas according to Grover 
et al. and Mc Keown et al.18,19 the association of 
dental arches with the occurrence of crowded 
teeth is stronger than the size of the mesiodistal 
teeth for the occurrence of crowded teeth. 
Sardarian et al. and Norderval et al.20,21 reported 
that the mesiodistal size of the four mandibular 
incisors was significantly larger in the crowded 
teeth group. Factors related to the occurrence of 
crowded teeth in the mandibular incisors are the 
dimensions of the jaw arch of the intercanine size 
and the mandibular growth pattern, environment, 
will affect the intercanine distance.6

The results of the study on dental models 
of Swedish children aged 7, 9, 10, 13 years were 
longitudinal, showing intercanine sizes of less than 
26 mm occurring in crowded teeth. Whereas if the 
size of the intercanine were more than 28 mm, it 
would not be at risk for the occurrence of crowded 
teeth. Hagberg22 also reported that the size of 
mandibular first intercanine, mandibular first 
and second intermolar and the significantly lower 
mandibular interalveolar distance in non-crowded 
teeth group. According to Ghaderi23, when the 
permanent mandibular incision erupts, it will be 
followed by an enlargement of the intercanine of 
2-3 mm. So based on this study, if the direction 
of the eruption of mandibular incisor was not 
following the correct direction of eruption, due to 
genetic and environmental factors, it would affect 
the intercanine distance.

The results of the correlation analysis 
between various measurements (Pearson analysis) 
presented in Table 2 show a strong correlation 
between the first intercanine distance (D) and 
jaw arch length (C1). This result indicates that the 
higher the D value will increase the value of C1. 
Similarly, the size of the primary first intermolar 
distance (E) is closely related to the first intercanine 

distance in non-crowded teeth (D1). So that the 
higher the primary first intermolar distance (E), 
the higher the first intercanine distance (D1). The 
results of other measurement analyzes are clear 
that the interalveolar (H) width of the crowded 
tooth group was strongly correlated with the 
mesiodistal size of the four permanent mandibular 
incisors (B1), the total number of mandibular arch 
(C1), the width of the mandibular first intercanine 
(D1), the first mandibular intermolar width (E1), 
and the permanent first mandibular intermolar 
width (G1). The above description shows that the 
higher the size of the mandibular interalveolar, 
the higher the size of B, C, D, F, G in the non-
crowded teeth group, and vice versa, so that the 
occurrence of more substantial crowding occurs 
due to variations in the size of the mandibular 
interalveolar. Based on the results of previous 
studies, it was explained that the classification of 
the dimensions of the jaw arch was determined 
by the supporting bone configuration and followed 
by tooth eruption, and was also influenced by 
the muscles around the oral cavity and the force 
produced by the functional activities of the 
oral cavity. Any disturbance in supporting bone 
growth or tooth eruption will result in abnormal 
conditions. The growth and development of the 
mandible in various directions allows the tooth 
eruption to proceed as it should so that the 
crowded tooth condition can be prevented.24

The results of the average measurements 
of tooth size measurements did show significant 
results, but when viewed from the results 
of correlation analysis showed a significant 
direct correlation between crowded teeth with 
interalveolar distance (H). The results of this 
analysis indicated that the dimensions of the jaw 
play an important role compared to the size of 
teeth in the occurrence of crowded teeth. Analysis 
of predisposing factors of mandibular anterior 
tooth crowding in the mixed dentition period is 
very important for future care and prevention 
planning.

CONCLUSION 

Predisposing factors of tooth crowding in the 
mixed dentition period were the first intercanine 
width (D), first primary intermolar width (E), and 
alveolar arch width (H).
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