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ABSTRACT
To compare dental arch form between the cases with thumb sucking, tongue thrusting and normal arch form using Euclidean 
distance matrix analysis”
Materials and Method: The sample consist of 30 patients ranging in age from 13 to 17 years were divided into three groups 
- Group 1- Subjects with thumb sucking habit, Group 2- Subjects with tongue thrusting habit & Group 3- Subjects without any 
history of habit. Study model impression was made and analysis of recorded data was carried out using a WinEDMA to compare 
the arch shape, size, inter-canine and inter-molar width. The statistical significance of the form difference was tested by using a 
“bootstrap” procedure.
Result: There was a significant arch-shape difference in the maxillary arches between thumb sucking subjects and subjects with 
no habits. Whereas significant arch-shape differences were found in the mandibular arch of tongue thrusting individual and those 
with no any habits. On comparing thumb sucking and tongue thrusting subjects, there was a significant arch-shape difference 
in the maxillary and mandibular arches. The arch size of tongue thrusting subjects was larger as compared to thumb sucking 
subjects.
Conclusion: Expansion of narrow maxillary arch width in anterior region should be considered to harmonize with normal man-
dibular arch form in thumb-sucking subjects, whereas expansion of maxillary arch width I posterior region should be considered 
to harmonize with wider mandibular arch form in tongue thrusting subjects.
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INTRODUCTION

Nature of equilibrium of the natural dentition is of primary 
importance to an orthodontist, whose concern is to achieve 
ideal and stable dental arches. Orthodontists are also con-
cerned with patients oral habits since these may lead to ab-
normal growth and development of craniofacial structures.19

Arch form is a unique expression of individual development 
and probably no universal design will ever be able to account 
for many small but significant variations in the arch shape 
of the individual. It is commonly believed that the dental 
arch form is initially shaped by the configuration of the sup-

porting bone and following the eruption of the teeth, by the 
circum-oral musculature and intraoral functional forces.17

Dental arch form consists of dental units arranged in unique 
positions along a compound curve, which represents a steady 
state of equilibrium delimited by the counterbalancing force 
fields of the tongue and the circum-oral tissues. The primary 
determinants of arch form morphology are the muscle forces 
of the resting state in contraction to the intermittent forces 
of muscle in functioning states. Considering the circum-oral 
structure as an elastic envelope, the lips and the cheeks exert 
counterbalancing inward tension against the teeth.19
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Abnormal pressure habits changes the alveolar bone mor-
phology and regulates the teeth in that bone. However these 
changes are taking place in living bone, one cannot revoke 
abnormal pressure habits as an etiology factor in developing 
malocclusion.12, 13

Studies evaluating the effects of digit sucking found that the 
shape of maxillary arch was modified in thumb- and digit- 
suckers by elongation of the anterior segment. This acts to 
produce spacing, labial inclination, and protrusion of the 
maxillary incisors. The creation of an excessive overjet in 
turn fosters abnormal lip and tongue muscle activity. 

The thumb sucking is normal in the first two or three years 
of life but may cause permanent damage if continued beyond 
this time. Maxillary and mandibular inter-canine and inter- 
molar width, and anterior and posterior transverse inter-arch 
discrepancies in prolonged sucking habits showed associa-
tion with the narrow maxillary inter -canine and inter- molar 
width, increased posterior transverse discrepancies and in-
crease prevalence of posterior cross bite.

Various methods have been used to compare the dental-arch 
forms in different studies but it was noted that Euclidean 
Distance Matrix Analysis (EDMA) has been extensively 
used in craniofacial morphological studies, as it provides a 
good measurement of form differences, separates the contri-
butions of size and shape.

It was found that prolonged thumb-sucking leads to a reduc-
tion in maxillary arch width particularly in canine region but 
no method provides good information about the major varia-
tions in the arch forms.15,16

Therefore, the present was conducted to evaluate and com-
pare dental arch form in cases with thumb-sucking, tongue 
thrusting and normal arch form using “Euclidean Distance 
Matrix Analysis (EDMA)”

MATERIALS AND METHOD

Sample selection
Thirty patients, ranging in age from 13 to 17 years, were 
selected from the outdoor patients Department of Ortho-
dontics, Sharad Pawar Dental College and stu dents of Datta 
Meghe Institute of Medical Sciences (DU), Sawangi (M), 
and Wardha.

The selected patients were divided into three groups compris-
ing of 10 patients each as Group 1- Subjects with thumb 
sucking habit, Group 2- Subjects with tongue thrusting habit 
& Group 3- Subjects without any history of habit 

Study model impressions were made replicating all minute 
details, poured in dental stone and proper bases were formed.

The data was processed at CAD-CAM centre, Department of 
Mechanical Engineering, VNIT (Regional Engineering Col-
lege), Nagpur.

YM-2115, three dimensional co-ordinate measuring ma-
chine was used for identification of landmarks on the study 
cast(Fig. A, Plate No. 1).11,21 It runs in the range of 150 mm 
X 200 mm X 100 mm and the accuracy of 3 orthogonal axes 
was 0.01 mm. The frictionless air bearing and touch trigger 
probe (0.5 mm) was used to identify the measuring point (i.e. 
anatomic point of each tooth) and to record the correspond-
ing X,Y and Z coordinates to a computer data file.

The analysis of recorded data was carried out using a 
WinEDMA version 1.0.1 beta as given by Cole TM.22

Method 
Fourteen landmarks (midpoints of incisal edges, canine 
cusps and buccal cusps of premolars and first molars) were 
selected to represent the dental-arch form for maxillary and 
mandibular arch of each subject.1

The mesial contact point of the maxillary central incisors to 
the mesio-buccal cusp of the maxillary first molars was se-
lected as the maxillary standard plane (Fig.1).

Figure 1: Landmarks in maxillary arch and standard plane

The mesial contact point of the mandibular central incisors 
to the disto-buccal cusp of the mandibular first molars was 
selected as the mandibular standard plane (Fig.2).

Figure 2: Landmarks in mandibular arch and standard plane
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All measuring points were marked by the YM-2115, three di-
mensional co-ordinate measuring machine (Fig. B, Plate No. 
1). The corresponding x, y and z coordinates were recorded 
in a computer data file (Plate No.2, 3, 4, 5). Fourteen land-
marks representing both arches were projected to the corre-
sponding standard plane. Then, a 2-dimensional EDMA was 
prepared to compare the arch forms between the 3 groups.

In this study, the EDMA for arch form comparison was cal-
culated as described by Lele and Richtsmeier1 and Ferrario 
et al6-8 using WinEDMA computer programme22. The proce-
dure was as follows:

All possible linear distances between pairs of landmarks 
were computed from the coordinates of the corresponding 
standard plane in each subject. This produced 10 maxillary 
matrices and 10 mandibular matrices of 91 distances (14x 
[14-1]÷2) in each group.

Form matrices were then averaged for each arch in each 
group, thus obtaining 6 mean form matrices of maxillary and 
mandibular arches.

Figure A: Co-ordinate measuring machine

Figure B: Study cast on platform with touch trigger probe.

Statistical analysis:
The 91 ratio were then sorted from lowest to highest and 
the statistics, T= maximum ratio/minimum ration and M= 
medium ratio, were calculated. T represented the total range 
of arch-shape differences between the groups and M was a 
measure of general size difference by the form-difference 
matrices. The statistical significance of the form differ-
ence (i.e. Ho = similarity of forms, Ha = difference between 
forms) was tested by using a “bootstrap” procedure. The 
level of significance was set at 5%. The null hypothesis was 
rejected if the observed T statistics were in an extreme tail of 
the distribution- equal to or less than 5% (P =< 0.05). 

RESULTS

There was a significant arch-shape difference in the maxillary 
arches between Group I and Group III subjects [(P1<0.05) 
(Table 1)]. The anterior teeth explained most of the maxillary 
arch form differences between this two groups (P2< 0.05) 
whereas the posterior teeth does not contribute to the maxil-
lary arch form differences in this groups (P3=0.160) For the 
mandibular arch, there was no significant shape difference in 
both the groups .The arch size of Group I subjects was larger 
as compared to group III subjects [1.1%(M1, Table 1)].

There was no significant arch-shape difference in the max-
illary arches between Group II and Group III subjects 
[(P1=0.112) (Table 2)] but in the mandibular arch, there 
was a significant arch-shape difference in both the groups 
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[(P1<0.05) (Table 5)]. The arch size of Group II subjects was 
larger as compared to group III.

On comparing Group I and Group II subjects, there was a 
significant arch-shape difference in the maxillary and man-
dibular arches [(P1<0.05) (Table 3) & (Table 6)]. The arch 
size of Group II subjects was larger as compared to group I.

DISCUSSION 

The natural dentition always exists in equilibrium with and 
within the oral environment. Considering the relative sta-
bility observed in dental arch form during growth, the ana-
tomic position of the dental arch is stabilized between the 
tongue and the circum-oral musculature and the experiences 
encountered in moving teeth and stabilizing them following 
treatment, all strongly supported the concept that the teeth 
reside in equilibrium in the undisturbed state.

In 1967, Weinstein23 described changes in tooth position in 
response to small localized surface additions (bull loop and 
Burstone device), where encroachment upon adjacent tis-
sues altered natural pressure phenomena. Upon removal of 
these additions, the teeth promptly returned in the direction 
of their origins. Intraoral form and function relationships 
are thus found on observations of stability which sustain the 
equilibrium concept which states, that teeth assume unique 
positions between the opposing forces of tongue and cheek 
musculature where a balance of forces is obtained.

T. Aznar et al14 carried out study in thumb-sucking cases to 
evaluate dental arch form using vernier caliper. The dental 
arches were measured directly in the mouth and did not use 
study model. They found that thumb sucking leads to a re-
duction in maxillary arch width in the inter-canine region. 
According to Larsson15 and Ogaard16 et al, prolonged thumb-
sucking leads to a reduction in the maxillary inter-canine 
distance and an increase in the mandibular inter-canine dis-
tance. 

Straub24 and Tulley25 in a study of tongue thrusting cases 
evaluated its effect on dental arch form using study model 
cast and stated that tongue thrusting produces anterior open 
bite and spacing in maxillary and mandibular anterior teeth, 
commented that no method provides good information about 
the major variations in the arch form (size and shape).

On the evaluation of maxillary arch shape, between thumb 
sucking (group I) and normal (group III) subjects significant 
arch shape difference was found (P1 < 0.05). Molar discrep-
ancies was found, when anterior part of dental arch was tak-
en into consideration by deleting posterior group of teeth (P2 
< 0.05). Mandibular arch shape between the groups showed 
no significant difference (P1 = 0.210). The arch sizes were 
slightly larger in Group I subjects [1.1 % in maxillary arch 

(M1) and 0.7% in mandibular arch (M1)] as compared with 
Group III subjects. 

Similar results were found by Subtelny et al28 in their study 
in which dental casts of 34 children were measured and 
maxillary arch size as measured anterior to the first molars 
was found to be increased in the thumb-sucking group when 
compared with the normal cases. Mandibular arch size was 
also larger in the thumb-sucking group. 

In the present study, maxillary inter-canine and inter-molar 
widths in Group I were narrower as compared with Group 
III subjects. This can be deduced by the ratios between cor-
responding landmarks- e.g. the ratios of molar width were 
1.031, whereas the ratios of canine width were 1.065. 

In the mandibular arch, the ratios of canine width were 0.985 
and ratios of molar width were 1.006 whose values were 
close to 1 suggestive of similar arch width in canine and mo-
lar region in both the groups.

These findings correlate with a comparison study of arch 
widths in cases with thumb-sucking habit and normal sam-
ples by Paola Cozza et al20 and T. Azner et al14. They meas-
ured inter-canine and inter-molar widths on the models. They 
concluded that thumb-sucking subjects had narrower maxil-
lary molar and canine widths than normal subjects. No sig-
nificant differences were found for mandibular inter-molar 
and inter-canine widths or anterior transverse discrepancy.

But E. Larsson15 and B. Ogaard16et al found significant in-
crease in inter- canine width in mandibular arch because of 
low position of the tongue during sucking. The difference in 
result between their study and the present study may be due 
to variation in sample selection as it was carried out in early 
childhood, and difference in method of arch form determina-
tion, as width was directly measured in the oral cavity.

It was also found that the distance in cusp of canine to lateral 
incisor was larger in the Group I subjects as compared with 
Group III subjects. Other findings also suggest that maxil-
lary arch forms in thumb-sucking subjects tend to be conical.

These finding correlate with the findings of Ruttle et al18. 
They studied the shape of maxillary arch in thirty-six cases 
with thumb-sucking produces spacing and protrusion of the 
maxillary incisors.

On the evaluation of mandibular arch shape, between tongue 
thrusting (group II) and normal (group III) subjects signifi-
cant arch shape difference was found (P1 < 0.05)[Table 10 ]. 
Molar discrepancies was found, when posterior part of dental 
arch was taken into consideration by deleting anterior group 
of teeth (P3< 0.05) [Table 10]. Maxillary arch shape between 
the groups showed no significant difference (P1 = 0.112). The 
arch sizes were larger in Group II subjects [10.5 % in maxil-
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lary arch (M1) and 9.9% in mandibular arch (M1)] as com-
pared with Group III subjects. 

These findings confirmed Sim Wallace’s theory which states 
that “The tongue exercises make important mechanical influ-
ence on the general form and size of the mandible. Thus in 
tongue thrusting habit tongue is placed more anteriorly, thus 
increasing the arch size”.25

In the present study, mandibular inter-canine and inter-molar 
widths in Group II subjects were wider as compared with 
Group III subjects. This can be deduced by the ratios be-
tween corresponding landmarks- e.g. the ratios of molar 
width were 0.933, whereas the ratios of canine width were 
0.820. This is because in Group II subjects tongue is posi-
tioned anteriorly and inferiorly, thus exerting lateral pres-
sure on the mandibular dentition as explained by Cleall26 and 
Hanson and Cohen27.

It was also found that the distance between anterior teeth 
were larger in the Group II subjects as compared with the 
Group III subjects. Other findings also suggest that maxil-
lary arch forms in thumb-sucking subjects tend to be broader.

Similar findings were found in a study conducted by Straub24 
in which he studied dental arch form of 233 patients, who 
had tongue thrusting habit using study model cast. He con-
cluded that, diastema is present in upper and lower anterior 
teeth along with generalized spacing.

On the evaluation of maxillary arch shape, between thumb 
sucking (group I) and tongue thrusting (group II) subjects 
significant arch shape difference was found (P1 < 0.05). Mo-
lar discrepancies was found, when anterior part of dental 
arch was taken into consideration by deleting posterior group 
of teeth (P2 < 0.05). 

On the evaluation of mandibular arch shape, between thumb 
sucking (group I) and tongue thrusting (group II) subjects 
significant arch shape difference was found (P1 < 0.05)[Table 
10 ]. Molar discrepancies was found, when posterior part of 
dental arch was taken into consideration by deleting anterior 
group of teeth (P3 < 0.05) [Table 10]

The arch sizes were slightly larger in Group II subjects [10.9 
% in maxillary arch (M1) and 10.8% in mandibular arch 
(M1)] as compared with Group I subjects.

In the present study, maxillary inter-canine and inter-molar 
widths in Group I subjects were narrower than with Group 
II subjects. This can be deduced by the ratios between cor-
responding landmarks- e.g. the ratios of molar width were 
1.120, whereas the ratios of canine width were 1.201. In the 
mandibular arch, the ratios of canine width were 1.201 and 
ratios of molar width were 1.079, suggestive of increased 
mandibular arch width in canine and molar region in Group 

II as compared with Group I.

CONCLUSION 

There was a significant arch-shape difference in the max-
illary arches between thumb sucking subjects and subjects 
with no habits. Whereas significant arch-shape differences 
were found in the mandibular arch of tongue thrusting indi-
vidual and those with no any habits. On comparing thumb 
sucking and tongue thrusting subjects, there was a signifi-
cant arch-shape difference in the maxillary and mandibular 
arches. The arch size of tongue thrusting subjects was larger 
as compared to thumb sucking subjects. Expansion of narrow 
maxillary arch width in anterior region should be considered 
to harmonize with normal mandibular arch form in thumb-
sucking subjects, whereas expansion of maxillary arch width 
I posterior region should be considered to harmonize with 
wider mandibular arch form in tongue thrusting subjects.
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Table 1: Statistics of maxillary arch form difference matrix between normal (Group III) and thumb sucking subjects (Group II) 

T1 1.698 M1 0.989
(1.1%)

P1< 0.05 Significant

T2 1.659 M2 0.972
(2.8%)

P2< 0.05 Significant

T3 1.698 M3 1.046
(-4.6%)

P3= 0.016(> 0.05) Not significant

Table 2: Statistics of maxillary arch form difference matrix between normal (Group III) and tongue thrusting subjects (Group II)

T1 1.627 M1 0.895
(10.5%)

P1= 0.112(> 0.05) Non-significant

Table 3:  Statistics of maxillary arch form difference matrix between tongue thrusting subjects (Group II) and thumb-sucking 
subjects (Group I)

T1 1.708 M1 1.109
(-10.9%)

P1< 0.05 Significant

T2 1.651 M2 1.166
(-16.6%)

P2< 0.05 Significant

T3 1.248 M3 1.140
(-14.0%)

P3= 0.112(> 0.05) Non-significant
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Table 4: Statistics of mandibular arch form difference matrix between normal (Group III) and thumb-sucking subjects (Group I)

T1 1.191 M1 0.993
(0.7%)

P1= 0.210(> 0.05) Non-significant

Table 5: Statistics of mandibular arch form difference matrix between normal (Group III) and tongue thrusting subjects (Group II).

T1 1.363 M1 0.901
(9.9%)

P1< 0.05 Significant

T2 1.136 M2 0.806
(1.6%)

P2= 0.225(> 0.05) Non-significant 

T3 1.183 M3 0.934
(6.6%)

P3< 0.05 Significant

Table 6:  Statistics of mandibular arch form difference matrix between tongue thrusting subjects (Group II) and thumb-sucking 
subjects (Group I).

T1 1.309 M1 1.108
(-10.8%)

P1< 0.05 Significant

T2 1.102 M2 1.159
(-15.9%)

P2= 0.423 (> 0.05) Non-significant 

T3 1.265 M3 1.075
(-7.5%)

P3< 0.05 Significant
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