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Introduction
Developmental changes in occlusal relationships from the 

initiation of primary dentition are of considerable clinical interest, 
and an understanding of these changes forms the basis of the proper 
development of permanent dentition.1 Analysis of the occlusion 
in primary dentition should consider the anterior and posterior 
relationship of the maxillary and mandibular arches.2,3 Diversity in 
dental occlusion is the result of a multifactorial hereditary pattern 
in which genetic and environmental factors play important roles. 
Malocclusion is primarily due to an imbalance in the developing 
craniofacial complex.4 Certain oral habits performed over a long 
period of time also may lead to the occurrence of malocclusion.5 The 
early detection and diagnosis of the presence of malocclusion in the 
primary dentition with proper intervention would play a role in the 
prevention of malocclusion that are likely to develop in the permanent 
dentition.6,7 The status of occlusion in the primary dentition greatly 
influences the occlusion of the permanent dentition, but its features 
differ in diverse populations and ethnic groups.8−12 This aspect of 
primary dentition occlusion has been widely studied in the general 
populations of various countries,10−14, but studies of children with 
special needs, particularly children with autism spectrum disorder 
(ASD), are scarce. Autism spectrum disorder is a neurodevelopment 
and cognitive disorder that is characterized by intellectual 
impairments in the acquisition of some of the most important life 
skills, including deficiencies in interpersonal and communication 
skills, impaired social interactions, and constrained and repetitive 
behaviors.15,16 Autism spectrum disorder is approximately four 
times more prevalent in males than females, but it is more severe in 
females. Onset generally occurs during the first three years of life.17,18 

Epidemiological research on ASD in Arab countries is relatively new 
due to the associated social stigma, and the burden of ASD remains 
unclear. One review examined the epidemiology of ASD in Arab gulf 
countries and estimated a prevalence of ASD of 1.4 to 29 per 10,000 
persons, which reveals a serious health concern in this region of the 
world.19 Children with ASD tend to commonly exhibit damaging oral 
habits, such as bruxism, tongue biting, thumb sucking, picking at the 
gingiva and object biting in addition to self-injurious behavior.20−22 
These detrimental oral habits are seriously concerning because these 
activities may lead to the occurrence of malocclusion.5 The purpose 
of the present study was to determine the characteristics of primary 
dentition occlusion among Saudi preschool children with ASD (study 
group=SG) and compare it with Saudi preschool children without 
ASD (control group=CG). 

Materials and methods
This study was conducted on 300 Saudi preschool children aged 

3-6 years (150 SG children and 150 age- and gender-matched CG 
children) who attended private kindergartens and ASD centers in 
Riyadh, Saudi Arabia. A stratified cluster random sampling was used 
to select the required sample of SG and CG children. The Research 
and Ethical Committee of Human Studies at the College of Dentistry 
Research Center, King Saud University, Riyadh, Saudi Arabia 
approved the study protocol and consent form. Letters that explained 
the nature of the study and provided informed parental consent for the 
child’s participation in the study were delivered to parents through 
the centers’ principals. Clinical examinations were performed at the 
center’s facility while the children were seated on a regular chair in 
an upright position with their teeth in centric occlusion. Occlusal 
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Abstract

Objective: To determine the characteristics of primary dentition occlusion among Saudi 
preschool children with autism spectrum disorder (ASD) and compare it with Saudi 
preschool children without ASD. 

Methods: This study was conducted on a randomly selected sample of 3-6 year old Saudi 
preschool children in Riyadh, Saudi Arabia. The sample consisted of a study group (SG) of 
150 children with ASD and a control group (CG) of age- and gender-matched 150 children 
without ASD. Clinical examinations to determine primary molar relationship, primary 
canine relationship, overbite, overjet, posterior crossbite and scissors bite were performed 
at ASD centers and kindergartens.

Results: Significant differences were found in the occlusal characteristics of the primary 
dentition between the SG and CG (p<0.05). Most children in the SG exhibited a distal 
step molar relationship (51.3%), a class II canine relationship (56.7%), and increased 
overjet and overbite. Most of the CG children exhibited a flush terminal molar relationship 
(83.3%), a class I canine relationship (77.3%), normal overbite and overjet. The prevalence 
of posterior crossbite was significantly higher in the SG than the CG (p=0.012).

Conclusion: The data revealed that the prevalence of malocclusion was higher in Saudi 
preschool children with ASD than in non-ASD preschool children. 
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evaluation was performed only on children with complete primary 
dentition and without any erupted permanent teeth or extensive caries 
that would affect the mesio-distal or occluso-gingival dimension of a 
tooth. One examiner performed all examinations throughout the entire 
study. Intra-examiner reliability was established via re-examination 
of 30 children (15 SG, 15 CG) on 2 different visits scheduled one 
week apart (Kappa=0.87). The following occlusal characteristics were 
recorded using the Foster and Hamilton criteria:23

Second primary molar relationship

Flush Terminal Plane: The distal surfaces of the upper and lower 
second primary molars were in the same vertical plane. 

Distal Step: The distal surface of the lower primary second molar 
had a posterior relationship to the distal surface of the upper primary 
second molar. 

Mesial Step: The distal surface of the lower primary second molar 
had an anterior relationship to the distal surface of the upper primary 
second molar. 

The second primary molar relationship was recorded as a flush 
terminal plane if one side exhibited a distal or mesial step and the 
other side exhibited a flush terminal plane. The molar relationship was 
excluded from the study if one side exhibited a mesial step and the 
other side exhibited a distal step. 

Primary canine relationship

Class I: The tip of the maxillary primary canine tooth was in the 
same vertical plane as the distal surface of the mandibular primary 
canine. 

Class II: The tip of the maxillary primary canine tooth was mesial 
to the distal surface of the mandibular primary canine. 

Class III: The tip of the maxillary primary canine was distal to the 
distal surface of the mandibular primary canine. 

The primary canine relationship was recorded as class I if one 
side was categorized as class II or class III and the other side was 
categorized as class I. The canine relationship was excluded from the 
study if one side of the tooth was categorized as class II and the other 
side was categorized as class III.

Overbite

The overbite was graded according to the percentage of coverage 
of the mandibular primary incisors by maxillary primary incisors 
and recorded as, Normal: Coverage was up to 50%; Increased: 
Coverage was greater than 50%; Edge-to-edge: The incisal edge of 
the maxillary primary incisors were in contact with the incisal edge of 
the mandibular primary incisors; and Anterior open bite: no vertical 
overlap was observed between the upper and lower primary incisors. 

Overjet

The overjet was measured in millimeter as the greatest distance 
between the incisal edges of the maxillary and mandibular primary 
incisors in the occlusal plane and recorded as: 

Normal (0-2mm); Increased (>2 mm); and Reversed (<0 mm).

Posterior Crossbite: This condition was recorded when one or more 

of the maxillary primary canines or molars occluded lingual to the 
buccal cusps of the opposing mandibular teeth. 

Scissors Bite: This condition was recorded when one or more 
maxillary primary molars occluded buccal to the buccal surfaces of 
the corresponding mandibular teeth. 

The data were manually entered into the Statistical Package for the 
Social Sciences software package (IBM, SPSS version 20, Chicago, 
IL, USA) and analyzed using a significance level of p<0.05. Statistical 
analyses included frequency distribution, Fisher’s exact test, and Chi-
square test to assess the significance of differences between groups. 

Results
The age of the children in each group ranged from 3 to 6 years with 

a mean age of 4.9±0.6 years for the SG and 4.6±0.4 years for the CG. 
A total of 218 males and 82 females were examined, and the genders 
were equally distributed in both groups. The SG and CG consisted of 
109 (72.7%) male and 41 (27.3%) female preschool children (Table 
1). Table 2 shows significant differences in the occlusal characteristics 
of the primary dentition between the SG and CG. Most children 
in the SG exhibited a distal step (51.3%), but the flush terminal 
molar relationship (83.3%) was more evident in CG children. The 
percentage distributions of the different canine relationships revealed 
that most of the SG children were categorized as class II, and class 
I was more prominent in CG children. Most SG children exhibited 
increased overbite and overjet. In contrast, most of the CG children 
exhibited a normal overbite and overjet. Tables 3 & Table 4 show no 
significant differences in the occlusal characteristics of the primary 
dentition based on gender for the SG and CG, respectively. A total 
of 13.3% of SG children exhibited a posterior crossbite, which was 
significantly higher than the prevalence observed in CG children 
(6.0%), (p=0.012). Unilateral posterior crossbite was the most 
common type of posterior crossbite in the SG and CG and was present 
in 85% and 77.7% of children, respectively. One participant in the 
SG exhibited a unilateral scissors bite. However, no case of scissors 
bite was recorded in the CG. In the SG, posterior crossbite exhibited 
a significantly higher prevalence in females (34.1%) than in males 
(5.5%) (p=0.001). Unilateral posterior crossbite was the most common 
type of posterior crossbite in both genders and was present in 83.3% 
and 85.7% of males and females, respectively. A unilateral scissors 
bite was observed in one male child (0.6%). However, scissors bite 
was not recorded in any female children. In the CG, posterior crossbite 
exhibited a significantly higher prevalence in females (14.6%) than in 
males (2.7%) (p=0.001). Unilateral posterior crossbite was the most 
common type in both genders and was present in 66.6% and 83.3% 
of males and females, respectively. However, no case of scissors bite 
was recorded in any CG children. 

Table 1 Gender-wise distribution of the participants in the SG and CG

 Group Male Female Total (N=300)

 SG     N 109 41 150

          % 72.7 27.3 100

 CG     N 109 41 150

           % 72.7 27.3 100
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Table 2 Prevalence of occlusal characteristics of the primary dentition among the groups 

Occlusal characteristics SG (N=150) N (%) CG (N=150) N (%) p-value

                                         Flush Terminal 53 (35.3) 125 (83.3)

0.001Molar relationship               Distal step 77 (51.3) 6 (4.0)

                                         Mesial step 20 (13.4) 19 (12.7)

                                         Class I 59 (39.3) 116 (77.3)

0.001Canine relationship             Class II 85 (56.7) 23 (15.4)

                                         Class III 6 (4.0) 11 (7.3)

                                         Normal 43 (28.7) 78 (52.0)

0.001
Overbite                            Increased 68 (45.3) 25 (16.7)

                                         Edge-to-edge 5 (3.3) 31 (20.6)

                                          Anterior open bite 34 (22.7) 16 (10.7)

                                         Normal 54 (36.6) 111 (74.0)

0.001Overjet                              Increased 90 (59.3) 34 (22.7)

                                         Reversed 6 (4.1) 5 (3.3)

Table 3 Gender-wise distribution of the occlusal characteristics of the primary dentition for the SG

Occlusal characteristics Male (N=109) N (%) Female (N=41) N (%) p-value

                                           Flush Terminal 37 (33.9) 16 (39.0)

0.135Molar relationship                 Distal step 58 (53.2) 19 (46.4)

                                           Mesial step 14 (12.9) 6 (14.6)

                                            Class I 42 (38.5) 17 (41.5)

0.257Canine relationship               Class II 63 (57.8) 22 (53.7)

                                            Class III 4 (3.7) 2 (4.8)

                                           Normal 31 (28.4) 12 (29.3)

0.173
Overbite                              Increased 49 (45.0) 19 (46.4)

                                           Edge-to-edge 3 (2.8) 2 (4.8)

                                            Anterior open bite  26 (23.8) 8 (19.5)

                                           Normal 39 (35.8) 15 (36.9)

0.268Overjet                                Increased 66 (60.5) 24 (58.5)

                                           Reversed 4 (3.7) 2 (4.6)

Table 4 Gender-wise distribution of the occlusal characteristics of the primary dentition for the CG. 

Occlusal characteristics Male (N=109) N (%) Female (N=41) N (%) p-value

                                            Flush Terminal 90 (82.6) 35 (85.4)

0.128Molar relationship                  Distal step 5 (4.6) 1 (2.4)

                                            Mesial step 14 (12.8) 5 (12.2)

                                            Class I 83 (76.1) 33 (80.6)

0.452Canine relationship                Class II 18 (16.6) 5 (12.2)

                                            Class III 8 (7.3) 3 (7.2)

                                             Normal 57 (52.3) 21 (51.2)

0.567
Overbite                               Increased 18 (16.5) 7 (17.0)

                                            Edge-to-edge 22 (20.2) 9 (21.9)

                                             Anterior open bite 12 (11.0) 4 (9.9)

                                            Normal 80 (73.3) 31 (75.0)

0.484Overjet                                 Increased 25 (22.8) 9 (22.5)

                                            Reversed 4 (3.9) 1 (2.5)
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Discussion
This study contributes important baseline information on the 

occlusal characteristics of the primary dentition in Saudi preschool 
children with ASD compared to their healthy counterparts. An 
understanding of anterior and posterior primary dentition occlusion 
is crucial for clinicians to plan early interceptive treatment. Early 
treatment would likely reduce the percentage of permanent tooth 
extractions and the overall treatment period as well as increase to 
the likelihood of obtaining better aesthetic and functional results.24 
Children without early intervention endure aesthetic, functional, 
phonetic and psycho-social problems caused by malocclusion, which 
negatively affect their childhood.7 Most SG children exhibited a 
distal step, but the flush terminal plane predominated in CG children. 
A distal molar relationship is likely to be present in the permanent 
dentition when the primary dentition exhibits a distal step.25 This 
relationship is relevant to the clinician because self-correction would 
not be possible, and early orthodontic intervention would be required.

The finding that most CG children exhibited a class I canine 
relationship, followed by class II and class III relationships, is 
consistent with previous studies.8,10,26−28 In contrast, most SG children 
exhibited a class II canine relationship, followed by class I and class 
III relationships, which is a novel finding in children with ASD. The 
prevalence of posterior crossbite in the present study was significantly 
higher in the SG (13.3%) than in the CG (6.0%). However, previous 
studies8−10,27 have reported a higher prevalence of posterior crossbite 
in CG children, which contrasts the present findings. The overall 
prevalence of scissors bite was only 0.6% in SG children, and this 
finding is consistent with previous studies of non-ASD children in 
various countries.9,10,14,26 Few studies have compared gender and 
occlusal relationships with regard to the occlusion characteristics of 
the primary dentition. Most of these studies revealed no significant 
differences between genders or occlusal relationships for the primary 
molar or primary canine occlusal relationships.6,9,27−29 These findings are 
consistent with our study because we found no significant differences 
in gender and the molar and canine occlusal relationships between 
CG and SG children. In contrast, an Indian study revealed significant 
differences between male and female occlusal characteristics.26 Our 
study revealed that increased overjet (59.3%) was the most common 
observed type of overjet in the SG which is higher than the findings 
of other studies of non-ASD children.6,10,13 The difference was most 
likely due to the abnormal oral habits in children with ASD. Certain 
limitations associated with the results of this study merit mention. 
First, a lack of previously published studies using a similar study 
design and specific cohorts, such as children with special needs, makes 
comparisons of all aspects of the results difficult. Other aspects, such 
as nutritional and behavioral factors, were not compared. A follow-up 
study would help elucidate the changes in occlusion in the permanent 
dentition and determine the impact of primary dentition occlusion on 
these changes.

Conclusion
The present study provides previously unavailable data on the 

occlusal characteristics in the primary dentition of preschool children 
with ASD compared to non-ASD children in Riyadh, Saudi Arabia. 
The results of this study emphasize the importance of paying special 
attention to occlusion of primary dentition because timely diagnosis 
and treatment may aid in the prevention of future complications. 
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