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Prevalence of orthodontic treatment 
needs in permanent dentition in the 
population of Gulf Cooperation Council 
countries: A systematic review and 
meta‑analysis of observational studies
Praveen B. Shivanna1 and Vidyullatha B. Gopalakrishna2,3

Abstract
The aim of this systematic review and meta‑analysis was to comprehensively analyze the existing 
information on the prevalence of the need for orthodontic treatment in the permanent dentition 
stage among populations in Gulf Cooperation Council (GCC) countries. For observational studies 
in GCC countries, the key terms were electronically searched in Science Direct, PubMed, Embase, 
Cochrane Reviews, Google Scholar, and Sage databases (1990–2021). The bias risk for the selected 
studies was evaluated using the modified Strengthening the Reporting of Observational Studies in 
Epidemiology statement. Thirteen studies reported on the prevalence of orthodontic treatment needs 
among 33,134 children in GCC countries in permanent dentition with an age range of 11–19 years 
satisfied the inclusion criteria. Out of the 13 studies, 9 reported on the prevalence of malocclusion, 
11 reported on the prevalence of occlusal traits, and 12 reported on the prevalence of orthodontic 
treatment needs as per the Dental Health Component  (DHC) of Index of Orthodontic Treatment 
Need (IOTN), 4 reported as per both DHC and Aesthetic Component (AC) of IOTN, and 1 reported 
as per only AC of IOTN. Meta‑analysis of the included studies indicated that the pooled malocclusion 
prevalence rate was 10.60% (confidence interval [CI] 95%: 0.093–0.076) with 8.58% Class I (CI 95%: 
0.074–0.188), 2.09% Class II (CI 95%: 0.014–0.058), and 0.93% Class III (CI 95%: 0.005–0.018) 
malocclusions. The most prevalent type of occlusal trait was spacing (13.10%, CI 95%: 0.018–0.169), 
followed by crowding (4.96%, CI 95%: 0.017–0.091). The pooled prevalence of borderline and definite 
needs for orthodontic treatment based on DHC and AC of IOTN was 0.82% (CI 95%: 0.014–0.035), 
1.13% (CI 95%: 0.011–0.091), 4.08% (CI 95%: 0.009–0.114), and 2.06% (CI 95%: 0.002–0.048), 
respectively. The findings were heterogeneous (P < 0.05). These findings indicated that the prevalence 
of malocclusion and orthodontic treatment needs was not high in the GCC population.
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Introduction

Malocclusion is one of the three most 
frequently occurring oral disorders, 

apart from caries and periodontal disease. 
Untreated malocclusion is associated 
with numerous harmful effects, including 

impairment in oral functions such as 
chewing, swallowing, speech, periodontal 
problems, dental pain, poor functional 
and aesthetic outcomes, and psychosocial 
distress.[1] Malocclusion is any deviation 
from normal occlusion in the teeth, dental 
bases, or arches.[2] Assessment of the need for 
orthodontic care in a community indicates 
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only the prevalence of different extents of malocclusion, 
some of which may not require treatment.[3] However, 
when normal occlusion undergoes changes that affect 
an individual’s functional and aesthetic aspects, 
the need for orthodontic care becomes apparent.[4] 
Besides, the frequency and distribution of orthodontic 
treatment care vary depending on the age groups, 
regions of study subjects, and quality assessment 
criteria.[5] Recent years have garnered increasing 
research attention in evaluating the prevalence and the 
related requirements for orthodontic treatment,[6] as 
comprehensive observational data about the prevalence 
of the need for orthodontic care have been scant. Several 
indices have been developed for assessing the need 
for orthodontic treatment. The Index of Orthodontic 
Treatment Need (IOTN) by Shaw et al.[7] is one of the 
most cited indices as it is user‑friendly and reliable.[8] The 
IOTN index comprises the Aesthetic Component (AC) 
and Dental Health Component  (DHC). The former is 
based on perceived dental impairment due to changes 
in various occlusal traits for the dental health of an 
individual.[9] Alternatively, the Dental Aesthetic Index 
(DAI) combines biological and ACs of occlusion 
for assessing severity and the need for orthodontic 
measures.[10] Thus, evaluation of the prevalence of the 
need for orthodontic care as per the standard indices 
seems crucial to obtain information on the occurrence 
of treatment needs in populations, to establish the 
significance of treatment, and to target unmet oral needs 
and accessibility to dental services efficiently.[11]

The recent growth in Gulf Cooperation Council (GCC) 
countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, 
and the United Arab Emirates) has generated an 
increasing population looking for orthodontic treatment, 
especially in the permanent dentition stage.[12] However, 
comprehensive reports have been limited, particularly 
systematic reviews and meta‑analyses, which can 
offer valuable information regarding the orthodontic 
treatment needs in GCC countries.[12‑14]

Although the high prevalence of orthodontic anomalies 
does not necessarily indicate the requirement for 
orthodontic treatment, a persistent increase in the 
orthodontic treatment cost in GCC countries seems 
evident. Thus, further evidence regarding the 
prevalence of orthodontic anomalies must be gathered 
to develop a suitable protocol to address various 
issues related to its treatment. Thus, this study aims 
to perform a systematic review and meta‑analysis to 
comprehensively analyze and discuss the existing 
information on the prevalence of the need for 
orthodontic treatment in GCC countries. The research 
question to be addressed is: What is the prevalence 
of orthodontic treatment needs in subjects with 
permanent dentition in GCC countries?

Methods

Search strategy
A systematic method was followed in this study, which 
involved searching keyword terms in major databases 
like Science Direct, PubMed, Embase, Cochrane Reviews, 
Google Scholar, and Sage, focusing on observational 
studies related to the prevalence of orthodontic 
treatment needs in the permanent dentition stage in 
GCC countries. Studies published in English from 
1990 to 2021, with the following search terms, were 
included: ‘Orthodontic treatment needs’, ‘prevalence’, 
‘permanent dentition’, ‘orthodontic treatment need 
index’, and ‘observational studies’. The Boolean word 
‘AND’ was used. The following search was carried 
out: (‘Orthodontic treatment need’) AND (‘prevalence’) 
AND  (‘permanent dentition’) AND  (‘orthodontic 
treatment need index’) AND (‘observational studies’). 
Besides, searching references of the selected studies 
and manual searching were conducted. The step‑wise 
organization of the search terms yielded 342 articles, 
of which 336 studies were identified through keyword 
searches in the databases  [Table  1], and six were 
identified through other sources.

Eligibility bases
The selection of the 342 studies was based on the 
relevance of titles, abstracts, keywords, full‑text 
assessment, and cross‑comparison against the following 
inclusion and exclusion criteria.

Inclusion criteria
1.	 Observational studies conducted in one of the six 

GCC countries that evaluated the prevalence of the 
need for orthodontic treatment in the permanent 
dentition stage based on IOTN.

2.	 Studies published from 1990–2021 in dental journals.
3.	 Studies conducted on subjects aged between 11 and 

40 years.
4.	 Studies published in English.

Exclusion criteria
1.	 Book chapters, literature reviews, records, 

proceedings, editorials, and duplicate studies.
2.	 Studies conducted on individuals with developmental 

disorders of teeth and craniofacial complex.

Table 1: Number of hits in the search databases
Databases Number of hits
Science Direct 74
Sage Publications 254
Google Scholar 4
Cochrane Reviews 1
PubMed 2
Embase 1
Total 336
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3.	 Studies conducted on individuals undergoing 
orthodontic treatment.

4.	 Studies conducted on individuals with primary or 
mixed dentition stages.

The schematic representation for selecting the articles is 
illustrated in Figure 1. The following information was 
extracted from each selected study: the first author, 
year of publication, the country where the study was 
conducted, the total number of samples, age in years, 
the prevalence of malocclusion, prevalence of occlusal 
trait, prevalence of orthodontic treatment needs based 
on components of the IOTN, and conclusive findings. 
Both components of the IOTN index for orthodontic 
treatment needs are categorized into three groups (no or 
slight need, borderline need, and definite need).

Bias assessment
After selecting the articles, the methodological quality was 
assessed using the modified “Strengthening the Reporting 
of Observational Studies in Epidemiology  (STROBE)” 
statement. Bias risks were evaluated using 12 questions 
covering 10 domains: study objective, study design, 
sampling method, sample size, population, inspecting 
samples method, data collection tools, statistical analysis, 
way of reporting outcomes, and reporting outcomes 

based on objectives.[11] The overall risk of bias for each 
parameter reported by the selected studies was scored 
from 0 to 10 points, and studies with a score of less than 
8 were removed from the meta‑analysis.[15]

Data analysis
For the meta‑analysis, data from the studies that stated 
similar measurements using appropriate statistical tests 
were combined after examining sampling considerations, 
study design, study populations, or missing information 
in a random‑effects model.[16] The possibility of publication 
bias across the studies was detected using Egger’s test 
and Begg’s rank correlation and visually examined 
using a funnel plot.[17,18] Variation due to statistical 
heterogeneity among the studies was detected using the 
Q and I2 statistics. I2 scores >70% were considered highly 
heterogenic.[19] The presence of heterogeneity was visually 
tested using forest plots. Here, statistical significance was 
considered at P < 0.05. All analyses were performed using 
the Jamovi statistical software.

Results

Identification and description of studies
Electronic searches from the databases  (Science Direct, 
PubMed, Embase, Cochrane Reviews, Google Scholar, and 

Figure 1: PRISMA representation for step‑wise selection of articles
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Sage) and other sources identified 342 articles [Figure 1]. 
Of the 342 articles screened, 27 were selected for full‑text 
assessment. A final total of 13 studies (published between 
1990 and 2021) were included in the systematic review 
and meta‑analysis based on the inclusion criteria. The 
description of each study is compiled in Table 2. Of the 
13 studies, four studies did not report the prevalence 
of malocclusion data,[20‑23] while two studies did not 
report the data regarding the prevalence of malocclusion 
trait.[24,25] Besides, 12 studies[14,20‑30] used the DHC 
component of IOTN, four studies[21,23‑25] used both DHC 
and AC components of IOTN, and one study[31] used 
only AC component of IOTN for assessing the need for 
orthodontic treatment. The total number of participants 
in the permanent dentition in the included studies was 
33,134 children aged 11–19 years. A large proportion of 
studies were carried out in Saudi Arabia (eight of the total 
studies included), while three were carried out in Kuwait, 
one study each in UAE and Oman. However, no studies in 
Bahrain and Qatar satisfied the inclusion criteria [Table 2].

Quality assessment of selected studies
Assessing the methodological quality of the observational 
studies is presented in Table 3. The modified STROBE 
criteria summarize an overall good level of evidence 
obtained from the findings of the selected studies. 
Based on the modified STROBE statement, four studies 
obtained a total score of 8,[23,25,26,31] three studies obtained 
a total score of 9,[20,22,28] and six studies had a total score of 
10.[14,21,24,27,29,30] These scores indicate the acceptable quality 
of the studies included in this systematic review. Of the 13 
studies, nine correctly reported outcome data and the way 
outcomes should be reported. These studies incorporated 
all expected outcomes. One study did not provide 
enough information on the inspecting samples method.[31] 
Moreover, five studies did not incorporate the appropriate 
statistical analysis for the research questions.[22,25,26,28,31]

Findings of Meta‑Analysis

Prevalence by malocclusion
Around 8520 of the sampled population exhibited 
malocc lus ion,  with  a  pooled prevalence  of 
10.60% (confidence interval [CI] 95%: 0.093–0.076). Seven 
studies reported the prevalence of Class I malocclusion, 
while six reported the prevalence of Class II and Class III 
malocclusions. Based on the pooled results, the highest 
prevalence of malocclusion in the GCC countries was 
Class  I malocclusion at 8.58%  (CI 95%: 0.074–0.188), 
followed by Class  II malocclusion at 2.09%  (CI 95%: 
0.014–0.058) and Class III malocclusion at 0.93% (CI 95%: 
0.005–0.018) [Table 4].

Prevalence by type of occlusal trait
The meta‑analysis of the types of occlusal traits based 
on 13 studies revealed the following proportions: 

spacing 13.10%  (CI 95%: 0.018–0.169), crowding 
4.96%  (CI 95%: 0.017–0.091), transverse occlusal 
traits (lip incompetence, impeded eruption, contact point 
discrepancy, displacement, midline diastema) 1.56% (CI 
95%: 0.023–0.091), and bite discrepancies  (deep bite, 
open bite, overbite, crossbite, scissor bite) 0.79%  (CI 
95%: 0.011–0.05) and overjet 0.65%  (CI 95%: 0.010–
0.028) [Table 4].

Prevalence by orthodontic treatment needs
The meta‑analysis showed that the prevalence of no or 
slight orthodontic treatment needs in samples according 
to DHC of IOTN was 1.74% (CI 95%: 0.039–0.113), and 
samples who had definite and borderline orthodontic 
treatment needs were 1.13% (CI 95%: 0.011–0.091) and 
0.82% (CI 95%: 0.014–0.035), respectively [Table 5]. The 
findings of the present meta‑analysis according to AC of 
IOTN criteria reported that 7.36% (CI 95%: 0.024–0.191) 
of samples had no or slight orthodontic treatment needs 
and only 4.08%  (CI 95%: 0.009–0.114) and 2.06%  (CI 
95%: 0.002–0.048) had borderline and definite needs for 
orthodontic treatment [Table 5].

Heterogeneity and publication bias
The data, including the prevalence of malocclusion, 
types of occlusal traits, and prevalence of orthodontic 
treatment needs, were consolidated in a meta‑regression 
random‑effects model to identify heterogeneity and 
publication bias. The Begg’s test and Egger’s test for 
publication bias for the prevalence of malocclusion, 
the prevalence of occlusal traits, and the prevalence 
of orthodontic treatment needs  (I2 > 70%; P  <  0.001; 
Supplementary Table S1) reported significant 
heterogeneous findings and a possible suspicion of 
a publication bias  [Supplementary Figures S1–S4], 
indicating large variability in the results of the pooled 
studies based on whether the individual studies differed 
noticeably in the samples included, methods used, age 
groups, publication year, geographical distribution, and 
outcomes measured.

Discussion

The present systematic review and meta‑analysis 
combined the results of primary studies, presenting a 
clear status of the prevalence of malocclusion, types of 
occlusal traits, and the need for orthodontic treatment 
in GCC countries based on a random‑effects model. The 
results indicated that a small proportion (10.6%) of the 
population in GCC countries exhibited at least one type 
of malocclusion. Compared to the Class II (2.09%) and 
Class  III  (0.93%) angle classifications of malocclusion, 
the Class I (8.58%) angle classification of malocclusion 
was reported to have the highest estimated prevalence. 
This result supports the study by Akbari et al.,[32] where 
Class I malocclusion was reported to have the highest 
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prevalence among children of Iran, owing to loss of 
deciduous teeth due to caries at an early age. Besides, this 
study found a comparatively lower rate of prevalence of 
Class II and Class III malocclusion, which is consistent 
with the longitudinal study by Bugaighis,[33] where 
Class II (22.4%) and Class III (4.4%) malocclusion among 
Libyan pre‑schoolers exhibited a lower prevalence 
compared to Class I malocclusion (69.6%). However, a 
different finding was reported by Shen et al.[34], which 
indicated that Class II malocclusion (7.97%) had a lower 
prevalence compared to Class III malocclusion (12.60%), 
but the prevalence of Class  I malocclusion  (26.50%) 
was highest. This difference in the finding could be 
due to genetic factors and the pattern of mandibular 
projection that could increase the prevalence of Class III 
malocclusion.[35] Bugaighis[33] suggested that early 
recognition of such malocclusions in the deciduous 
dentition stage may help to prevent a related high 
prevalence in the permanent dentition stage.

The most common occlusal trait was reported to be 
spacing, followed by crowding, which is consistent 
with a previous study by Bahadure et  al.,[36] where 
spacing (64.7%) and crowding (27.1%) were observed 
among Indian children. Spacing, including the 
physiological, developmental, and primate spacing, 
indicates an accurate alignment of the permanent 
teeth[37,38]; thus, early detection and treatment are 
not indispensable in such cases. Developmental and 
primate spacing increase with the child’s growth 
and expansion of the alveolar processes.[39] Crowding 
occurs mainly due to the modern diet in the deciduous 
dentition stage, which subsequently contributes to the 
discrepancy between the jaw and teeth in the permanent 
dentition[40]; thus, early detection and treatment are 
crucial to enhance the proportion between the jaw and 
teeth.[41] A similar finding was reported by Abu Alhaija 
and Qudeimat,[42] where spacing in the maxilla (61.8%) 
and mandible  (61.1%) of primary dentition was the 
most prevalent among Jordanian pre‑schoolers. 
Previous studies reported deep bite and spacing as 
common occlusal traits.[34,43] Shen et  al.[34] reported 
spacing  (28.34%) to be the second most prevalent 
occlusal trait after the deep bite (33.66%). These values 
were more than those reported in this study, possibly 
due to sampling error owing to the small sample size 
and differences in dentition stages. Besides, the lower 
prevalence of bite discrepancies (deep bite, open bite, 
overbite, crossbite, scissor bite) and overjet in this study 
could be due to the temporary occurrence of these traits 
during the transition from primary dentition to the 
permanent dentition stage and natural correction over 
time as a result of the vertical growth of the mandible, 
upward, and backward and the complete venting of 
permanent molars, as supported by a previous study by 
Baccetti et al.[44] Also, the lower prevalence of overbite Ta
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e 

3:
 S

TR
O

B
E

 c
ri

te
ri

a 
fo

r 
qu

al
ity

 a
ss

es
sm

en
t 

of
 t

he
 s

el
ec

te
d 

ob
se

rv
at

io
na

l 
st

ud
ie

s
S

tu
dy

S
tu

dy
 

ob
je

ct
iv

e
S

tu
dy

 
de

si
gn

S
am

pl
in

g 
m

et
ho

d
S

am
pl

e 
si

ze
P

op
ul

at
io

n
In

sp
ec

tin
g 

sa
m

pl
es

 
m

et
ho

d

D
at

a 
co

lle
ct

io
n 

to
ol

s

S
ta

tis
tic

al
 

an
al

ys
is

W
ay

 o
f 

re
po

rt
in

g 
ou

tc
om

es

R
ep

or
tin

g 
ou

tc
om

es
 b

as
ed

 
on

 o
bj

ec
tiv

es

To
ta

l 
qu

al
ity

A
l E

m
ra

n 
et

 a
l.[2

6]
 (1

99
0)

+
+

+
+

+
+

+
−

+
−

8
A

rtu
n 

et
 a

l.[2
7]
 (2

00
5)

+
+

+
+

+
+

+
+

+
+

10
A

rtu
n 

et
 a

l.[2
0]
 (2

00
6)

+
+

+
+

+
+

+
+

−
+

9
A

l‑A
ze

m
i a

nd
 A

rtu
n[2

2]
 (2

01
0)

+
+

+
+

+
+

+
+

+
+

10
A

l J
es

hi
 e

t a
l.[2

2]
 (2

01
4)

+
+

+
+

+
+

+
−

+
+

9
A

l‑H
um

m
ay

an
i a

nd
 T

ai
ba

h[2
3]
 (2

01
8)

+
+

−
+

+
+

+
+

+
−

8
A

l J
ad

id
i e

t a
l.[3

0]
 (2

01
8)

+
+

+
+

+
+

+
+

+
+

10
G

ud
ip

an
en

i e
t a

l.[1
4]
 (2

01
8)

+
+

+
+

+
+

+
+

+
+

10
Ta

ib
ah

 a
nd

 A
l‑H

um
m

ay
an

i[2
4]
 (2

01
9)

+
+

+
+

+
+

+
+

+
+

10
A

la
jla

n 
et

 a
l.[2

8]
 (2

01
9)

+
+

+
+

+
+

+
−

+
+

9
A

lh
ar

bi
[3

1]
 (2

02
0)

+
+

+
+

+
−

+
−

+
+

8
A

lo
ga

ib
i e

t a
l.[2

9]
 (2

02
0)

+
+

+
+

+
+

+
+

+
+

10
A

l‑K
ha

lif
a 

et
 a

l.[2
5]
 (2

02
1)

+
+

+
+

+
+

+
−

−
+

8



Shivanna and Gopalakrishna: Prevalence of orthodontic treatment needs in permanent dentition

8	 Journal of Orthodontic Science  - 2023

could be influenced by genetic and environmental 
factors,[45] while self‑correction of anterior crossbite 
during the transition from the deciduous to permanent 
dentition stage was observed.[46] Similarly, early 
recognition and treatment decrease the long‑term effects 
of crossbite in permanent dentition.[34] Compared to the 
relative prevalence of increased overjet reported in the 
previous studies[34,47], which ranges between 10.16% and 
40.8%, the prevalence rate in this study was the lowest. 
This could be due to the alleviation of overjet from the 
deciduous to permanent dentition stage.[40]

This study found a rather low prevalence of definite and 
borderline needs for orthodontic treatment based on the 
DHC of IOTN, compared to those reported in Spanish, 
Italian, and Serbian school students (27.3%, 27.4%, and 
21.8%).[48‑50] According to the results of AC of IOTN, the 
prevalence of a definite need for orthodontic treatment 
in this study was similar to the previous studies that 
reported self‑perceived orthodontic treatment needs 
among school children in London which was 2%,[51] 
4.4% in Spain,[48] and 4.8% in Iran.[11] The epidemiological 
assessment of malocclusion requires precise information 
about orthodontic treatment needs, which can be 
helpful in policy‑making and resource planning for oral 
healthcare systems. The IOTN is useful for gathering 

objective and subjective information for epidemiological 
purposes and establishing priorities for administrative 
purposes.

Limitations
Although this study offered some significant findings, 
these were not without some limitations and scope for 
further research.
1.	 The present review included cross‑sectional studies, 

which unavoidably restricted the estimation of the 
prevalence of orthodontic treatment needs due to 
the use of different research methods, tools, and 
self‑perceived judgments. Thus, longitudinal studies 
assessing the prevalence of orthodontic treatment 
needs in GCC countries are suggested.

2.	 The insufficient number of studies conducted in GCC 
countries that met the inclusion criteria restricted 
the accurate representation of the population. Also, 
a lack of enough studies was observed in Oman and 
the UAE, and no studies were observed in Bahrain 
and Qatar that satisfied the inclusion criteria. Thus, 
more epidemiologic studies on the prevalence of 
orthodontic treatment needs are suggested to be 
carried out in the GCC countries.

3.	 The significant heterogeneity observed among the 
included studies, which might be due to differences 

Table 4: Pooled prevalence of malocclusion and type of occlusal traits in permanent dentition among the 
studied population in GCC countries
Variables Number 

of studies
Sample 

size
Pooled 

prevalence (%)
95% CI Heterogeneity

Q I 2 (%) P
Malocclusion 9 8520 10.60 0.093–0.076 545.850 99.49 <0.001

Class I malocclusion 7 6267 8.58 0.074–0.188 462.311 98.89 <0.001
Class II malocclusion 6 5413 2.09 0.014–0.058 67.820 95.71 <0.001
Class III malocclusion 6 5413 0.93 0.005–0.018 15.719 75.79 0.008

Types of occlusal traits
Spacing 2 2047 13.10 0.018–0.169 151.531 98.86 <0.001
Crowding 4 2704 4.96 0.017–0.091 121.051 95.97 <0.001

Transverse occlusal traits (lip incompetence, 
impeded eruption, contact point discrepancy, 
displacement, and midline diastema)

5 28310 1.56 0.023–0.091 458.939 99.22 <0.001

Bite discrepancies (deep bite, open bite, 
overbite, crossbite, and scissor bite)

8 28703 0.79 0.011–0.05 205.469 99.20 <0.001

Overjet 9 31087 0.65 0.01–0.028 195.069 97.07 <0.001

Table 5: Pooled prevalence of orthodontic treatment needs in permanent dentition in GCC countries
Variables No. of 

study
Sample 

size
Pooled 

prevalence (%)
95% CI Heterogeneity

Q I 2 (%) P
Dental health component

No/Slight treatment needs 12 30871 1.744 0.039–0.113 563.306 99.72 <0.001
Borderline treatment needs 12 30973 0.827 0.014–0.035 182.2 97.39 <0.001
Definite treatment needs 12 30871 1.133 0.011–0.091 362.401 99.79 <0.001

Aesthetic component (AC)
No/Slight treatment needs 5 3698 7.363 0.024–0.191 114.77 99.13 <0.001
Borderline treatment needs 5 3698 4.086 0.009–0.114 49.589 98.51 <0.001
Definite treatment needs 5 3698 2.069 0.002–0.048 42.912 97.50 <0.001
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in age groups, ethnic groups, analyzed traits, and 
genetic and environmental factors, limited the 
determination of the influence of variables on pooled 
prevalence.[52]

4.	 The methodological quality of the selected studies 
was a concern. Despite that, some of the studies 
mentioned the study question and sample size; 
these studies needed to wholly inspect the sampling 
method and the data collection, which might have 
led to biased evaluations of prevalence.

5.	 Only a few studies reported the prevalence of 
orthodontic treatment needs as per the AC criteria 
of IOTN. Thus, future studies descriptively assessing 
the prevalence of orthodontic treatment needs are 
suggested for epidemiological surveys.

Conclusion

This systematic review and meta‑analysis identified 13 
studies that estimated the prevalence of malocclusion, 
occlusal traits, and orthodontic treatment needs in the 
permanent dentition stage. This study observed that 
the prevalence of Class  I malocclusion was highest, 
and Class  III malocclusion was lowest in the studied 
populations. Moreover, the analysis of the occlusal 
traits revealed that spacing was most prevalent in the 
permanent dentition in the studied population, followed 
by crowding and other transverse traits (i.e., impeded 
eruption, contact point discrepancy, displacement, and 
midline diastema), vertical traits (deep bite, open bite, 
and overbite), and overjet. Furthermore, in this study, 
the majority of the population in GCC countries were 
categorized in no or slight need for orthodontic treatment 
as per DHC and AC criteria of IOTN. However, nearly 
1.13% and 2.06% of the population have a definite need 
for orthodontic treatment. Thus, it calls for policymakers 
in GCC countries’ attention to implement policies that 
recognize the importance of early preventive orthodontic 
treatment measures leading to improved oral health of 
subjects with permanent dentition.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1.	 Guo  L, Feng  Y, Guo  HG, Liu  BW, Zhang  Y. Consequences 
of orthodontic treatment in malocclusion patients: Clinical 
and microbial effects in adults and children.  BMC Oral 
Health 2016;16:112.

2.	 Mitchell L, Carter NE. An Introduction to Orthodontics. Oxford: 
Oxford University Press; 1996.

3.	 S a n d h u   S ,  B a n s a l   N ,  S a n d h u   N .  I n c i d e n c e  o f 
malocclusions in India: A review. J Oral Health Community 
Dent 2012;6:21‑4.

4.	 Traebert ES, Peres MA. Do malocclusions affect the individual’s oral 
health‑related quality of life?. Oral Health Prev Dent 2007;5:3‑12.

5.	 Alamri  A, Alshahrani  N, Al‑Madani  A, Shahin  S, Nazir  M. 
Prevalence of impacted teeth in saudi patients attending dental 
clinics in the eastern province of Saudi Arabia: A radiographic 
retrospective study. ScientificWorldJournal 2020;2020:8104904.

6.	 Nobile  CG, Pavia  M, Fortunato  L, Angelillo  IF. Prevalence 
and factors related to malocclusion and orthodontic treatment 
need in children and adolescents in Italy.  Eur J Public 
Health 2007;17:637‑41.

7.	 Shaw  WC, Richmond  S, O’brien KD, Brook  P, Stephens  CD. 
Quality control in orthodontics: Indices of treatment need and 
treatment standards. Br Dent J 1991;170:107‑12.

8.	 Grzywacz I. Orthodontic treatment needs and indications assessed 
with IONT. Ann Acad Med Stetin 2004;50:115‑22.

9.	 Hunt  O, Hepper  P, Johnston  C, Stevenson  M, Burden  D. The 
aesthetic component of the index of orthodontic treatment need 
validated against lay opinion. Eur J Orthod 2002;24:53‑9.

10.	 Jenny J, Cons NC. Comparing and contrasting two orthodontic 
indices, the Index of Orthodontic Treatment Need and the Dental 
Aesthetic Index. Am J Orthod Dentofac Orthop 1996;110:410‑6.

11.	 Eslamipour F, Afshari Z, Najimi A. Prevalence of orthodontic 
treatment need in permanent dentition of Iranian population: 
A  systematic review and meta‑analysis of observational 
studies. Dent Res J 2018;15:1‑10.

12.	 Al Ayyan  WAHM, Al Halabi  M, Hussein  I, Khamis  AH, 
Kowash M. A systematic review and meta‑analysis of primary 
teeth caries studies in Gulf Cooperation Council States.  Saudi 
Dent J 2018;30:175‑82.

13.	 Alhammadi  MS, Halboub  E, Fayed  MS, Labib  A, El‑Saaidi  C. 
Global distribution of malocclusion traits: A  systematic 
review. Dental Press J Orthod 2018;23:40‑e1‑e10.

14.	 Gudipaneni  RK, Aldahmeshi  RF, Patil  SR, Alam  MK. The 
prevalence of malocclusion and the need for orthodontic treatment 
among adolescents in the northern border region of Saudi Arabia: 
An epidemiological study. BMC Oral Health 2018;18:16.

15.	 Moosazadeh M, Nekoei-moghadam M, Emrani Z, Amiresmaili M. 
Prevalence of unwanted pregnancy in Iran: A systematic review 
and meta-analysis. Int J Health Plann Manag 2014;29:e277‑90.

16.	 Borenstein MHL, Higgins JPTM, Rothstein HR. Introduction to 
Meta‑analysis. John Wiley and Sons; 2009.

17.	 Richard J, Pillemer DB. Summing up: The Science of Reviewing 
Research. Harvard University Press; 1984.

18.	 Begg  CB, Mazumdar  M. operating characteristics of a rank 
correlation test for publication bias. Biometrics 1994;50:1088‑101.

19.	 Higgins  JP, Thompson  SG. Quantifying heterogeneity in a 
meta‑analysis. Stat Med 2002;21:1539‑58

20.	 Artun J, Kerosuo H, Behbehani F, Al‑Jame B. Residual need for 
early orthodontic treatment and orthodontic treatment experience 
among 13‑ to 14‑year‑old school children in Kuwait. Med Princ 
Pract 2006;15:343‑51.

21.	 Al‑Azemi R, Artun J. Orthodontic treatment need in adolescent 
Kuwaitis: Prevalence, severity and manpower requirements. Med 
Princ Pract 2010;19:348‑54.

22.	 Al Jeshi  A, Al‑Mulla  A, Ferguson  DJ. Orthodontic treatment 
need in Dubai school adolescents: A study of 20,000 school‑age 
adolescents in 66 public and private schools comparing 
orthodontic treatment need by gender and ethnicity. Oral Health 
Dent Manag 2014;13:857‑65.

23.	 Al‑Hummayani  FM, Taibah  SM. Orthodontic treatment needs 
in Saudi young adults and manpower requirements. Saudi Med 
J 2018;39:822‑8.

24.	 Taibah  SM, Al‑Hummayani  FM. Agreement and association 
between normative and subjective orthodontic treatment need using 
the Index of Orthodontic Treatment Need. J Orthod Sci 2019;8:1.

25.	 Al‑Khalifa  KS, AlDabbus  HR, Almadih  AI, Alaqeeli  HM, 
Almarshoud AA, Muhana MH, et al. Comparison of orthodontic 



Shivanna and Gopalakrishna: Prevalence of orthodontic treatment needs in permanent dentition

10	 Journal of Orthodontic Science  - 2023

treatment need among professionals and parents in Dammam, 
Saudi Arabia. Niger J Clin Pract 2021;24:161‑7.

26.	 AlEmran S, Wisth PJ, Böe OE. Prevalence of malocclusion and 
need for orthodontic treatment in Saudi Arabia. Community Dent 
Oral Epidemiol 1990;18:253‑5.

27.	 Artun J, Behbehani F, Al‑Jame B, Kerosuo H. Incisor trauma in 
an adolescent Arab population: Prevalence, severity, and occlusal 
risk factors. Am J Orthod Dentofac Orthop 2005;128:347‑52.

28.	 Alajlan  SS, Alsaleh  MK, Alshammari  AF, Alharbi  SM, 
Alshammari AK, Alshammari RR. The prevalence of malocclusion 
and orthodontic treatment need of schoolchildren in Northern 
Saudi Arabia. J Orthod Sci 2019;8:10.

29.	 Alogaibi  YA, Murshid  ZA, Alsulimani  FF, Linjawi  AI, 
Almotairi M, Alghamdi M, et al. Prevalence of malocclusion and 
orthodontic treatment needs among young adults in Jeddah city. J 
Orthod Sci 2020;9:3.

30.	 Al Jadidi  L, Sabrish  S, Shivamurthy  PG, Senguttuvan  V. The 
prevalence of malocclusion and orthodontic treatment need in 
Omani adolescent population. J Orthodont Sci 2018;7:21

31.	 Al‑Harbi F. The prevalence of malocclusion traits in saudi arabia 
2015‑2019: An epidemiological cross sectional study. J Int Oral 
Health 2020;12:129‑34.

32.	 Akbari  M, Lankarani  KB, Honarvar  B, Tabrizi  R, Mirhadi  H, 
Moosazadeh  M. Prevalence of malocclusion among Iranian 
children: A  systematic review and meta‑analysis.  Dent Res 
J 2016;13:387‑95.

33.	 Bugaighis I. Prevalence of malocclusion in urban Libyan preschool 
children. J Orthod Sci 2013;2:50‑4.

34.	 Shen, L., He, F., Zhang, C. et al. Prevalence of malocclusion in 
primary dentition in mainland China, 1988–2017: a systematic 
review and meta‑analysis. Sci Rep 8, 4716 (2018).

35.	 Warren JJ, Levy SM, Nowak AJ, Tang S. Non‑nutritive sucking 
behaviors in preschool children: A longitudinal study. Pediatr 
Dent 2000;22:187‑91.

36.	 Bahadure RN, Thosar N, Gaikwad R. Occlusal traits of deciduous 
dentition of preschool children of Indian children. Contemp Clin 
Dent 2012;3:443‑7.

37.	 B h a y y a   D P ,  S h y a g a l i   T R .  G e n d e r  i n f l u e n c e  o n 
occlusal characteristics of primary dentition in 4‑to 
6‑year‑old children of Bagalkot City, India. Oral Health Prev 
Dent 2011;9:17‑27.

38.	 Shavi  GR, Hiremath  NV, Shukla  R, Bali  PK, Jain  SK, 
Ajagannanavar  SL. Prevalence of spaced and non‑spaced 
dentition and occlusal relationship of primary dentition and its 

relation to malocclusion in schoolchildren of Davangere.  J Int 
Oral Health 2015;7:75‑8.

39.	 Proffit WR, Fields Jr HW, Sarver DM. Contemporary Orthodontics. 
Elsevier Health Sciences; 2006.

40.	 Bhayya DP, Shyagali TR, Dixit UB. Study of occlusal characteristics 
of primary dentition and the prevalence of maloclusion in 4 to 
6 years old children in India. Dent Res J 2012;9:619‑23.

41.	 Jones ML, Mourino AP, Bowden TA. Evaluation of occlusion, 
trauma, and dental anomalies in African‑American children of 
metropolitan Headstart programs. J Clin Pediatr Dent 1993;18:51‑4.

42.	 Abu Alhaija  ESJ, Qudeimat  MA. Occlusion and tooth/arch 
dimensions in the primary dentition of preschool Jordanian 
children. Int J Paediatr Dent 2003;13:230‑9.

43.	 Penido  RS, Carrel  R, Chialastri  AJ. Occlusal assessment of a 
3‑5 year population. Pediatr Dent 1979;1:104‑8.

44.	 Baccetti  T, Franchi  L, McNamara Jr  JA. Longitudinal growth 
changes in subjects with deepbite.  Am J Orthod Dentofac 
Orthop 2011;140:202‑9.

45.	 Lochib S, Indushekar KR, Saraf BG, Sheoran N, Sardana D. Occlusal 
characteristics and prevalence of associated dental anomalies in 
the primary dentition. J Epidemiol Glob Health 2015;5:151‑7.

46.	 Dimberg L, Lennartsson B, Arnrup K, Bondemark L. Prevalence 
and change of malocclusions from primary to early permanent 
dentition: A longitudinal study. Angle Orthod 2015;85:728‑34.

47.	 Yu  X, Zhang  H, Sun  L, Pan  J, Liu  Y, Chen  L. Prevalence of 
malocclusion and occlusal traits in the early mixed dentition in 
Shanghai, China. PeerJ 2019;7:e6630.

48.	 Manzanera  D, Montiel‑Company  JM, Almerich‑Silla  JM, 
Gandía JL. Orthodontic treatment need in Spanish schoolchildren: 
An epidemiological study using the Index of Orthodontic 
Treatment Need. Eur J Orthod 2009;31:180‑3.

49.	 Perillo L, Masucci C, Ferro F, Apicella D, Baccetti T. Prevalence of 
orthodontic treatment need in southern Italian schoolchildren. Eur 
J Orthod 2010;32:49‑53.

50.	 Janošević P, Stošić M, Janošević M, Radojičić J, Filipović G, 
Čutović T. Index of orthodontic treatment need in children from 
the Niš region. Vojnosanit Pregl 2015;72:12‑5.

51.	 Alkhatib  MN, Bedi  R, Foster  C, Jopanputra  P, Allan  S. 
Ethnic variations in orthodontic treatment need in London 
schoolchildren. BMC Oral Health 2005;5:8.

52.	 Góis EGO, Ribeiro‑Júnior HC, Vale  MPP, Paiva  SM, 
Serra‑Negra JMC, Ramos‑Jorge ML, et al. Influence of nonnutritive 
sucking habits, breathing pattern and adenoid size on the 
development of malocclusion. Angle Orthod 2008;78:647‑54.



Table S1: Begg’s and Egger’s tests for publication bias
Variables Begg’s test Egger’s Regression Test for 

Funnel Plot Asymmetry
Kendal tau P Z P

Class I malocclusion 0.733 0.002 20.234 <0.001
Class II malocclusion 0.867 0.017 7.269 <0.001
Class III malocclusion 0.733 0.056 3.522 <0.001
Types of occlusal traits

Crowding 0.667 0.333 10.991 <0.001
Deep bite, open bite, over bite, cross bite, scissor bite 0.5 0.109 7.149 <0.001
Overjet 0.278 0.358 6.515 <0.001
Malocclusion Lip incompetence, Impeded eruption, contact point 
discrepancy, displacement, spacing, midline diastema, missing teeth

927 <0.001 4.693 <0.001

Spacing 1 0.083 12.31 <0.001
Dental Health Component (DHC)

No treatment need 0.491 0.041 16.554 <0.001
Borderline treatment need 0.467 0.073 10.541 <0.001
Definite treatment need 0.455 0.06 9.208 <0.001

Aesthetic component (AC)
No/slight treatment need 0.8 0.083 7.785 <0.001
Borderline treatment need 1 0.017 6.892 <0.001
Definite treatment need 0.6 0.233 3.675 <0.001

Figure S1: Funnel plot for the prevalence of malocclusion (a) class I malocclusion, (b) class II malocclusion, (c) class III malocclusion
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Figure S2: Funnel plot for the prevalence of occlusal traits (a) spacing, (b) crowding, (c) transverse occlusal traits, (d) bite types, (e) overjet
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Figure S3: Funnel plot for the prevalence of orthodontic treatment needs as per the DHC of IOTN (a) no or slight treatment need, (b) borderline treatment need, (c) definite 
treatment need

c

ba



Figure S4: Funnel plot for the prevalence of orthodontic treatment needs as per the AC of IOTN (a) no or slight treatment need, (b) borderline treatment need, (c) definite 
treatment need
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