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Abstract
Background: The planning of orthodontic treatment within a public health system requires information on the
orthodontic treatment needs of the population. It is important to have epidemiological data to estimate the total
need for orthodontic care in any region. The present study aimed to determine the orthodontic treatment need in
12 years old Southwestern Ethiopian children.
Methods: The institution-based cross-sectional study was conducted which involved 347 twelve years old school
children randomly selected from seven different public schools in Jimma Town, Southwestern Ethiopia. A structured
interview and clinical examination were used to assess the subjects. One examiner used Dental Health Component
(DHC) and Aesthetic Component (AC) of the Index of Orthodontic Treatment Need (IOTN) to estimate the treatment
need. Descriptive statistics and chi-square tests were used for data analysis with statistical significance set at P < 0.05.
Results: According to the DHC of IOTN, almost half of the subjects in the sample were in moderate to the great need
for orthodontic treatment. About 15% of the children had a great need for orthodontic treatment based on IOTN-AC.
The most prevalent occlusal traits for defining the DHC categorization include increased Overjet (30.8%) and Crowding
(23.3%). There was no statistical difference in the distribution of DHC grades and AC scored based on gender.
Conclusion: This study revealed that the need for orthodontic treatment was high. The percentage of the need for
orthodontic treatment is higher in comparison to most of the studies conducted in African regions. Therefore, publicly
subsidized orthodontic treatment should be planned and provided to those who are in great need for orthodontic
treatment. Besides, awareness about orthodontic treatment should also be considered.
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Background
Malocclusion is an appreciable deviation from an ideal
occlusion [1]. Many of these deviations are within the
range of what is to be considered as normal biologic
variation. However, some deviations may have negative
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influence on dento-facial development, contributing to
impaired oral functions, susceptibility to facial traumatic
injuries and development of caries and periodontal problems [2, 3]. In addition, malocclusion could cause psychosocial problems related to impaired/altered dento-facial
esthetics [2, 4, 5]. Orthodontic treatments comprise a
large proportion of dental treatment and in most cases
they are carried out during adolescence and early adulthood to solve malocclusion problems [2].
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The planning of orthodontic treatment within a public
health system requires information on the orthodontic
treatment needs of the population [6, 7]. With the growing demand for orthodontic treatment, a variety of clinician based indices have been developed to classify various
types of malocclusion, and determine their orthodontic
treatment need [3, 8]. These indices can be used in estimating orthodontic treatment need, prioritizing treatment
need in patients referred for orthodontics particularly
where there are limited resources for orthodontics among
pubic health care services, and safeguarding for the patients [8, 9]. One of the most commonly used indices that
assess the orthodontic treatment needs among children
and adults is the Index of Orthodontic Treatment Need
(IOTN), which was developed by Brook and Shaw. The
IOTN has two separate components, the aesthetic (AC)
and dental health components (DHC), which rank malocclusion in increasing priority according to aesthetic considerations and dental health implication [10].
Various studies have used the index of orthodontic
treatment need (IOTN) for measuring the degree of
malocclusion and the need for orthodontic treatment in
different population sectors. For instance, the prevalence
of orthodontic treatment need using IOTN-DHC was
21.3% in France [11], 22% in Tanzania [12], 28% in
Kuwait [13], 34.2% in Brazil [14], 34% in Jordan [15],
36.1% in Iran [16], 38.8% in Turkey [17], and 71.6% in
Saudi Arabia [18].
With the improvement of the socio-economic situation in Ethiopia, the demand for orthodontic treatment
is increasing quite rapidly. Many patients with malocclusion problems visit dental clinics in both government
and private health facilities. However, orthodontic concern like other oral health care procedures is given low
priority in the health care system because of the high
cost of treatment and the shortage of orthodontists. In
the light of the above reasons, and since no previous
study on Ethiopian children has been conducted, it is
important to have epidemiological data to estimate the
total need for orthodontic care in this region. The objective of this study was therefore to determine the need
for orthodontic treatment using the Index of Orthodontic treatment need and its gender distribution in 12year-old schoolchildren belonging to Jimma Town, located in southwestern Ethiopia.

Methods
Study design and setting

An institution-based cross-sectional study was conducted from October 20–November 4, 2018 among 12
years old schoolchildren in Jimma town, with no history
of orthodontic treatment. Jimma Town is located approximately 350 km southwest of the capital Addis
Ababa. In the town, there were 43 public schools, out of
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which 22 were public and 21 private primary schools. A
total number of 12 years old school children attending
public primary schools were 3474.
Sample size and population

All randomly selected 12 year old school children from
selected public primary schools of Jimma town during
the study period were the study population for the study.
Accordingly, the sample size was calculated using single
population proportion formula with the following assumptions: 50% proportion of orthodontic treatment
need (using DHC of IOTN) among 12 years old school
children, a maximum tolerable error of 5% and a 95%
confidence interval. Since the source population was less
than 10,000, a population correction factor was employed
and after adding a 10% non-response rate the final sample
size became 346 children. To get the subjects, first 7
schools (30%) were randomly selected from the available
22 public primary schools. Then, samples were proportionally allocated and computed from each selected school
with their corresponding population size. Finally, sampling
frames of the study subjects were obtained from the list of
12 years old school children from each selected primary
school and a simple random sampling technique (lottery
method) was used to get study subjects from each selected
school.
Data collection and measurement

Data was collected using a structured intervieweradministered questionnaire which was developed after
reviewing different literature (S1) and clinical examination.
The data collection tool included socio-demographic characteristics, Dental Health Component of IOTN and Aesthetic Component of IOTN. A structured face-to-face
interview was carried out before the respective clinical
examination of each child. The children/caregiver answered
questions related to socio-demographic characteristics.
Thereafter, one examiner conducted the clinical examination and rated the children AC scores. The examination
was carried out in natural light using latex gloves, mouth
mirror, and digital caliper. No radiographs and study casts
were used. All occlusal anomalies of the DHC were recorded and scored separately in an individual form. The
DHC grade was then determined according to the highestscoring anomaly. To examine the AC, a cheek retractor
was applied and the appearance of the teeth was compared
to the AC photographs.
The questionnaire used to collect data was prepared in
English version and translated into local languages, Afan
Oromo and Amharic, and back to English to check the
consistency. To assure the quality of data, the examiner
was trained and calibrated in the use of the IOTN before
data collection began. He was evaluated on a set of 20
plaster casts previously examined (gold standard). To
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test his (intra-examiner) reliability, these casts were reexamined after 7 days, and evaluated by the Kappa statistics. The intra-examiner agreement for DHC showed a
Kappa value of 0.914 and for AC showed 0.821, indicating ‘high agreement’ between the first and second readings. Training was also given to data collectors (dental
interns) to orient them on the objectives, sampling procedures, how to approach the study subjects, and the
ethical conduct of the study. Everyday case sheets were
reviewed to ensure the accuracy of each data.
Statistical analysis

STROBE checklist was used to analyze and report data
[19]. Data was cleaned, checked for missing values, entered into EpiData version 3.1, and analyzed using SPSS
(IBM SPSS Statistics for Macintosh, Version 20.0.
Armonk, NY). Descriptive statistics were calculated for
the IOTN DHC grades and IOTN AC scores. The IOTN
results were analyzed with regard to gender using the
chi-square test. Differences greater than (P < 0.05) were
considered statistically significant.

Results
A total of 347 aged 12 years old school children participated in the study, giving a response rate of 91.08%. In
this study, more than half of the children under study
were girls and none of them had a history of orthodontic
treatment. About two-thirds (63.4%) of these children
were Oromo by their ethnicity and more than half
(54.5%) of them were Muslims by their religion. The majority of them (48.4%) were from grade 5 (Table 1).
Orthodontic treatment need, IOTN-DHC

An objective treatment need was recorded in 30% of the
schoolchildren; 18.1%assigned to borderline need and
Table 1 Socio-demographic characteristics of the school
children for the assessment of Orthodontic treatment need in
southwestern Ethiopian, 2018
Variables
Gender

Ethnicity

Religion

Grade

Category

Frequency (Percentage) N (%)

Male

155 (44.7)

Female

192(55.3)

Oromo

220(63.4)

Amhara

42(12.1)

Dawro

34(9.8)

Others

51(14.7)

Muslim

189(54.5)

Orthodox

112(32.3)

Others

46(13.3)

Grade 1–4

84(24.2)

Grade 5

168(48.4)

Grade 6

95(27.4)
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51.9% to little/no need for orthodontic treatment. No
statistical difference with regard to DHC grades was
found between genders (χ 2 = 0.668, P > 0.05) (Table 2).
Orthodontic treatment need, IOTN-AC

Orthodontic treatment needs according to aesthetic impairment is shown in Table 3. In 61.7% of children, the
treatment need was either slight or not indicated, 23.1%
had a borderline need, while 15.3% were considered to
have a definite treatment need. There was no statistical
gender difference in the IOTN AC scores (χ 2 = 2.617;
P > 0.05) (Table 3).
DHC Occlusal features

The occlusal features found in the children according to
DHC scores are shown under Table 4.
The most frequent occlusal traits for the group of definite need for orthodontic treatment were the following:
increased Overjet (6 mm or greater) (7.5%), contact
point displacement of greater than 4-mm (crowding)
(5.8%), impeded eruption of teeth (5.2%), and partially
tipped, erupted or impacted teeth (4.9%) (Table 4).

Discussion
The results of objective need for orthodontic treatment
in this study provide baseline data for planning orthodontic services in Ethiopia. The need for orthodontic
treatment based on the DHC scores showed that almost
half of the children (48.2%) were in need for orthodontic
treatment when the subjects with the moderate or great
need for treatment were summed up. A definite need for
orthodontic treatment need according to DHC was observed in 30% of the study subjects. This finding is similar to the findings from UK, 32.7% [10], Kuwait, 28%
[13], New Zealand, 31.3% [20], Italy, 27.3% [21] and Peru
29.9% [22]. However, the percentage for definite treatment need in this study is higher than the study from
Tanzanian schoolchildren [12]. It is also higher than the
18.1% reported for 12-year-old Sahrawi children [23],
21% of Saudi Arabian adolescents [24], 21.3% of the 9–
12-year-old French schoolchildren [11], 24.7% of 11–15year-old Bangladesh school children [25] and 15.3% for
12 years old Romanian schoolchildren [26]. On the other
hand, a study conducted on 250 school children aged
11–14 years, and 250 patients aged 11–14 years in
Turkey showed that 38.8% of the school population and
83.2% of the referred population needed definite orthodontic treatment need [17]. Other studies have also reported a higher finding than the present study [15, 16,
18, 27]. The reported differences in normative orthodontic treatment need may be due to the different methods
used and differences among the age groups studied. In
addition, some studies included samples with a history
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Table 2 Frequency of the dental health component of the Index of Orthodontic Treatment Need by gender among school children
in southwestern Ethiopia, 2018
IOTN (DHC) Category

Grades

Gender
Male, N (%)

Female, N (%)

No/Little need

1–2

84 (54.2%)

96 (50%)

180(51.9%)

Borderline need

3

26 (16.8%)

37 (19.3%)

63 (18.2%)

Definite need

4–5

45 (29%)

59 (30.7%)

104 (30%)

155 (100%)

192 (100%)

347

Total

of orthodontic treatment and referred for orthodontic
treatment.
In the IOTN-DHC index, only the most severe occlusal trait is considered for categorization, despite the fact
that other severe symptoms may be present. In this
study, the two most common occlusal traits responsible
for the final DHC categorization were increased overjet
and contact point displacement. Similarly, some previous
studies reported increased overjet as the most common
trait, followed by crowding [28, 29]. Other studies have
found contact point displacement as the most common
occlusal trait followed by increased overjet [11, 22, 30].
These observations have public dental health implications because increased overjet and crowding are the occlusal traits commonly associated with traumatic injuries
and poor periodontal conditions [31]. Studies also show
that increased overjet and inadequate lip coverage are
important contributing factors for traumatic dental injuries and that reducing a large overjet is not only beneficial from an aesthetic standpoint but also minimizes
the risk of trauma and long-term complications to the
dentition [30, 32].
Professional assessment of orthodontic treatment need
according to AC of the IOTN, classified 15.3% of the
children as being in definite need for orthodontic treatment. This figure is comparable to 13.7% of the 12 years
old Western Saharan children [23] and 11.4% of the 12
years old Romanian schoolchildren [26]. In contrast, a
study from Brazil found that 8.1% of the 12 years old
school children had definite treatment need according to
AC of IOTN, which was lower than the current study.
In their study, the authors didn’t found a significant gender difference in dental appearance perception corroborating the present findings [28]. Aesthetic Component of

Total

p-value
0.716

χ2
0.668

IOTN, whether it is examiner or patient-based, assesses
malocclusion on the grounds of aesthetic impairment, and
by inference reflects the psycho-social need for orthodontic treatment. However, it has shortcomings like the other
esthetic orthodontic treatment need indices; the subjective
nature of the aesthetic indices and the variable perception
of attractiveness between clinicians and patients, and
among various cultures or countries [33].
The present study has also found high discrepancy in
treatment needs between the DHC and AC of IOTN.
The discrepancy may be attributed to the fact that malocclusion traits like missing teeth, crossbites, deep traumatic overbites, non-erupted or impacted teeth has
definite need for orthodontic treatment) have dental
health implications, but do not attract a high Aesthetic
Component score. In addition, as AC is subjective in its
nature and assesses the aesthetic aspects of the malocclusion only in frontal view, it brings difficulties in
assessing some parameters, such as degrees of Overjet
and Overbite [8]. Hence, these indices show different aspects of orthodontic treatment need, both of which can
be used to complement each other in epidemiologic surveys and diagnostic procedures.
Dental Health Component of IOTN is a valuable tool
in determining the treatment need priority for effective
resource use in orthodontic care. It is based on the view
that the more a deviation differs from a given norm (the
ideal occlusion), the greater are the risks of future objective functional deficits or oral health problems. However, scientific evidence to assess its validity is lacking
[34, 35]. Due to this limitation of DHC of IOTN, a recently conducted path model study suggested that orthodontic treatment need assessments should be based on
the consequences of malocclusion for the individual

Table 3 Frequency of the Aesthetic component of the Index of treatment need by gender among school children in southwestern
Ethiopia, 2018
IOTN (AC) Category

Grade

Gender

Total

Male N (%)

Female N (%)

No/little need

1–4

98 (63.2%)

116 (60.4%)

214 (61.7%)

Borderline need

5–7

30 (19.4%)

50 (26.0%)

80 (23.1%)

Definite need

8–10

27 (17.4%)

26 (13.5%)

53 (15.3%)

155 (100%)

192 (100%)

347

Total

p-value
0.270

X2
2.617
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Table 4 Distribution of occlusal traits according to the level of orthodontic treatment need (DHC) among school children in
southwestern Ethiopia, 2018
Malocclusion

Treatment need – IOTN (DHC)

Total

No/Little

Moderate

Definite

N(%)

N (%)

N (%)

N (%)

Increased overjet (a)

107(30.8)

49(14.1)

32(9.2)

26(7.5)

Reverse overjet (b, m)

3(0.9)

0

0

3(0.9)

Contact point displacement (d)

81(23.3)

35(10.0)

26(7.5)

20(5.8)

Open bite (e)

5

1.4

2

0.6

3

0.9

Increased overbite (f)

6

1.7

4

1.1

2

0.6

13

3.7

1

0.3

Crossbite (c, l)

17

4.9

Tooth absence (h)

13

3.8

3

0.9

13

3.8

Supernumerary teeth (x)

4

1.2

4

1.2

Partially erupted, tipped or impacted teeth (t)

17

4.9

17

4.9

18

5.2

Impeded eruption of teeth (i)

18

5.2

Prenormal or postnormal occlusions

29

8.4

29

8.4

Normal occlusion or Minor malocclusions

47

13.5

47

13.5

[36]. The results of the present study are useful for public health planning and serve as a baseline data for future
studies.
The limitations of this study were, since it is
institution-based study its generalization will be limited
to similar institutions only. Further, this study was performed in a specific age group, which could affect the
generalizability of the findings. On the other hand, the possibility of interviewer bias during interviews. Besides, interexaminer reliability was not tested because we had only one
examiner who carried out the clinical examination.

Conclusion
The present study has found that a high percentage of
the 12 years old school children were in need of orthodontic treatment need. Increased overjet and Crowding
were the most common occlusal features defining the
DHC categorization. There was no statistical difference
with regard to DHC grades and AC scores between
genders. Therefore, publicly subsidized orthodontic
treatment should be provided to those who are in
great need for orthodontic treatment. Moreover, costbenefit and cost-effectiveness analyses should be carried out to assess the acceptability of the level of service. The study may also serve as a baseline study for
future studies.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12903-020-01196-2.
Additional file 1: S1. Tool for the investigation of Epidemiology of
Orthodontic treatment need.

Abbreviations
AC: Aesthetic Component; DHC: Dental Health Component; IOTN: Index of
Orthodontic Treatment Need; SPSS: Statistical Package for Social Sciences
Acknowledgments
We would like to thank Jimma University for funding this research. Our
gratitude goes to Jimma Town Educational Officials and Jimma Town public
school principals. The authors thank supervisors, data collectors, and all study
participants for their commitment and cooperation in responding to the
questionnaire.
Authors’ contributions
MT involved in the conception, design methods, analysis, interpretation, and
drafting of the manuscript. AS and HM participated in designing, data
analysis, interpretation of the findings, and write up of the findings. All
authors read and approved the final manuscript.
Authors’ information
MT: DMD, MSc. Assistant Professor, Department of Dentistry, Institute of
Health, Jimma University, Jimma, Ethiopia.
AS: DMD, MSc. Assistant professor, Department of Dentistry, Institute of
Health, Jimma University, Jimma, Ethiopia.
HM: MPH in Epidemiology, Assistant Professor, Department of Epidemiology,
Institute of Health, Jimma University, Jimma, Ethiopia.
Funding
The study was funded by Institute of Health of Jimma University. The
organization has no role in the designing of the study, data collection,
analysis, and interpretation of data, and in writing the manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
The study was approved by the Ethical Review Committee of the Jimma
University, Institute of Health. Besides, parents’ informed written consent and
children’s assent were obtained. Students with a history or active
orthodontic treatment were excluded from the study. Confidentiality of
information was assured and the privacy of the study populations was
respected.

Tolessa et al. BMC Oral Health

(2020) 20:210

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Dentistry, Institute of Health, Jimma University, Jimma,
Ethiopia. 2Department of Epidemiology, Institute of Health, Jimma University,
Jimma, Ethiopia.
Received: 28 April 2020 Accepted: 15 July 2020

References
1. Houston WJB, Stephens C, Tulley W. A textbook of orthodontics. Great
Britain: Wright; 1992. p. 1–13.
2. Proffit WR, Fields HW, Sarver DM. Contemporary Orthodontics. 5th ed. St
Louis: Mosby Elsevier; 2013. p. 15–23.
3. Shaw W, O’Brien K, Richmond S, Brook P. Quality control in orthodontics :
risk / benefit considerations. Br Dent J. 1991;170(1):33–7.
4. Helm S, Kreiborg S, Solow B. Psychosocial implications of malocclusion : a 15year follow-up study in 30-year-old Danes. Am J Orthod. 1985;87(2):110–8.
5. Shaw W, Richmond S, Kenealy P, Kingdon A. A 20-year cohort study of
health gain from orthodontic treatment : psychological outcome. Am J
Orthod Dentofac Orthop. 2007;132(2):146–57.
6. Foster T, Menezes D. The assessment of occlusal features for public health
planning purposes. Am J Orthod. 1976;69:83–90.
7. Thilander B, Pena L, Infante C, Parada SS, de Mayorga C. Prevalence of
malocclusion and orthodontic treatment need in children and adolescents
in Bogota, Colombia. An epidemiological study related to different stages of
dental development. Eur J Orthod. 2001;23(2):153–67.
8. Ali Borzabadi-Farahani. An Overview of Selected Orthodontic Treatment
Need Indices, Principles in Contemporary Orthodontics, Dr. Silvano Naretto
(Ed.). In InTech; 2011. Available from: http://www.intechopen.com/books/
principles-in-contemporary-orthodontics/an-overview-ofselectedorthodontic-treatment-need-indices.
9. Shaw W, Richmond S, O’Brien K. The use of occlusal indices : A European
perspective. Am J Orthod Dentofac Orthop. 1995;107(1):1–10. https://doi.
org/10.1016/s0889-5406(95)70151-6.
10. Brook PH, Shaw WC. The development of an index of orthodontic
treatment priority. Eur J Orthod. 1989;11(3):309–20.
11. Souames M, Bassigny F, Zenati N, Riordan P, Boy-Lefevre M. Orthodontic
treatment need in French schoolchildren: an epidemiological study using
the index of orthodontic treatment need. Eur J Orthod. 2006;28(6):605–9.
12. Mugonzibwa EA, Kuijpers-Jagtman AM, Van ‘t Hof MA, Kikwilu EN. Perceptions
of dental attractiveness and orthodontic treatment need among Tanzanian
children. Am J Orthod Dentofac Orthop. 2004;125(4):426–34.
13. Al-azemi R, Årtun J. Orthodontic Treatment Need in Adolescent Kuwaitis :
Prevalence , Severity and Manpower Requirements. Med Princ Pract. 2010;
19:348–54.
14. Dias PF, Gleiser R. Orthodontic treatment need in a group of 9-12-year-old
Brazilian schoolchildren. Braz Oral Res. 2009;23(2):182–9.
15. Abu Alhaija ESJ, Al-Nimri KS, Al-khateeb SN. Orthodontic treatment need
and demand in 12–14-year-old north Jordanian school children. Eur J
Orthod. 2004;26:261–3.
16. Borzabadi-Farahan A, Eslamipour F. Orthodontic treatment needs in an
urban Iranian population, an epidemiological study of 11–14 year old
children. Eur J Paediatr Dent. 2009;10:69.
17. Üçüncü N, Ertugay E. The use of the index of orthodontic treatment need
(IOTN ) in a school population and referred population. J Orthod. 2001;28:
45–52.
18. Hassan AH. Orthodontic treatment needs in the western region of Saudi
Arabia: a research report. Head Face Med. 2006;2(1):2.
19. Erik VE, Douglas GA, Mathias E, Stuart JP, Peter CG, Jan PV. The
strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet.
2007;370(9596):1453–7.
20. Crowther P, Harkness M, Herbison P. Orthodontic treatment need in 10year-old Dunedin schoolchildren. N Z Dent J. 1997;93:72–8.

Page 6 of 6

21. 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.
22. Bernabé E, Flores-Mir C. Normative and self-perceived orthodontic
treatment need of a Peruvian university population. Head Face Med Med.
2006;2:22.
23. Puertes-Fernández N, Montiel-Company JM, Almerich-Silla JM, Manzanera D.
Orthodontic treatment need in a 12-year-old population in the Western
Sahara. Eur J Orthod. 2011;33(4):377–80.
24. Ravi KG, Raed FA, Santosh RP, Mohammed KA. 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(1):1–6.
25. Sharmin S, Zakir H. Prevalence and factors related to malocclusion,
normative and perceived orthodontic treatment need among children and
adolescents in bangladesh. Dental Press J Orthod. 2019;24(3):44. e1–9.
26. Corneaga A, Ioan D, Balcos C. Assessment of orthodontic treatment needs
of schoolchildren from Iasi according to index of orthodontic treatment
needs ( Iotn ) and dental aesthetic index ( Dai ). Rom J Oral Rehabil. 2011;
3(4):27–32.
27. Etim SS, Aikins EA, Onyeaso CO. Normative Orthodontic Treatment Need of
Nigerian Adolescents – A Comparative Study of Three Major Ethnic Groups.
J Adv in Med Medical Res. 2020;32(3):78–87. https://doi.org/10.9734/jammr/
2020/v32i330385.
28. Miguel JAM, Feu D, Brêtas RM, Canavarro C, Almeida MA de O. Orthodontic
treatment needs of Brazilian 12-year-old school children. World J Orthod.
2009;10(4):305–10.
29. Wakhloo T. Assessment of Orthodontic Treatment Need in Mixed Dentition
Period ( 11–12 Years ) Among School Children in Marathahalli , Bangalore. J
Dent Sci. 2017;5(3):11–7.
30. Jaideep S, Ruchi DS. IOTN - a tool to prioritize treatment need in children
and plan dental health services. Oral Health Dent Manag. 2014;13(1):65–70.
31. Ngom P, Diagne F, Aidara-Tamba A, Sene A. Relationship between
orthodontic anomalies and masticatory function in adult subjects. Angle
Orthod. 2006;76:236–42.
32. Kerosuo H, Heikinheimo K, Nyström M, Väkiparta M. Outcome and longterm stability of an early orthodontic treatment strategy in public health
care. Eur J Orthod. 2013;35(2):183–9.
33. Borzabadi-Farahani A. A review of the evidence supporting the aesthetic
orthodontic treatment need indices. Prog Orthod. 2012;13(3):304–13.
34. Borzabadi-Farahani A. A review of the oral health-related evidence that
supports the orthodontic treatment need indices. Prog Orthod. 2012;13:
314–25.
35. SBU- The Swedish Council on Technology Assessment in Health Care. SBU
Report: Malocclusion and Orthodontic Treatment in a Health Perspective. a
systematic Review. 2005.
36. Jari TB, Jan H, Bengt M, Nazar A. Determinants of orthodontic treatment
need and demand: a cross-sectional path model study. Eur J Orthod. 2017;
39(1):85–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

