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ABSTRACT 
 

Objective: To determine the relationship between the Index of Complexity, Outcome and Need 
(ICON) and Dental Aesthetic Index (DAI) in the assessment of orthodontic treatment complexity 
and need. 
Methods: A cross-sectional study was carried out. Pre-treatment dental casts of 150 consecutive 
patients from Lagos, Nigeria were assessed using the ICON and the DAI criteria. One investigator 
assessed all the models. In addition to descriptive statistics, the relationship between the ICON 
and DAI was examined by using non-parametric correlations (Spearman Rank Order and 
Pearson’s Product Moment Correlation Coefficient. 
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Results: Forty-five (30%) of the subjects were classified by both ICON and DAI as having no 
treatment need. Of the 25(16.7%) that ICON classified as having difficult / very difficult complexity 
grades, 19(12.7%) of them were classified as having handicapping malocclusions by DAI 
standards. There was a significant correlation between DAI and ICON with regard to treatment 
need (p = 0.000). Also, there was a very statistically significant correlation between the ICON 
complexity grades and the DAI severity levels of malocclusion (p = 0.000).  In general, both indices 
exhibited highly significant positive correlations (r = 0.600; p = 0.000). 
Conclusion: Both indices were generally in agreement on both aspects of orthodontic provision 
assessed. This suggests that both ICON and DAI can be used in the assessment of these facets of 
orthodontic care. 
 

 

Keywords: Orthodontics; indices; patients; Nigeria. 
 
1. INTRODUCTION 
 
The increasing global demand for clinical 
effectiveness and audit of healthcare services 
has generated a need to standardize methods of 
measurement. The severity or the extent to 
which a malocclusion deviates from the normal 
or ideal occlusion can be quantified by using an 
occlusal index [1]. Several authors have studied, 
in other fields of dentistry, the reliability of some 
measurement indices and their suitability for 
mass screening programmes [2]. Various indices 
have been used to assess different aspects of 
orthodontic provision [3-10]. It is expected that 
these indices would enable a valid comparison 
between orthodontic provision in different 
services and in different countries. However, 
over the years, very few of these indices have 
received international acceptance. 
 
Of the indices currently available, the Dental 
Aesthetic index (DAI) has been accepted by the 
World Health Organization as a cross-cultural, 
international index [11,12]. The DAI was 
designed primarily to provide objective measures 
of aesthetics and associated psychological 
handicaps based on 10 occlusal traits evaluated 
from pretreatment study models [10,11]. It has 
been utilized for objective assessment of 
treatment need from study models or patients 
[8,10,11]. It is an index for orthodontic treatment 
need assessment that has the ability to grade 
malocclusions on study models or patients into 
four severity  categories [10-16]. 
 
Although the DAI has various acceptable 
qualities such as high reliability, validity [11] and 
ability to prioritize orthodontic care in publicly 
financed programmes, it has limitations. For 
example, it excludes missing molars, impacted 
teeth, posterior cross bites, and midline 
discrepancies in the computation of its score. 

Consequently, its aesthetic assessment of cases 
may not be comprehensive enough [17]. 
 
The Index of Complexity Outcome and Need 
(ICON) was derived from the subjective judgment 
of 97 practicing specialist orthodontists from 
countries including (Germany, Greece, Hungary, 
Italy, Netherland, Norway, Spain, United 
Kingdom, United States) on 240 initial and 98 
treated study models [6]. It is a single 
assessment protocol to record treatment 
complexity, outcome and need and is designed 
for use on patients or study models [6,18]. The 
high validity of the ICON has been reported [19] 
and several studies have documented its good 
reliability [20-22]. The ICON is easier and more 
efficient to use than separate indices in 
assessment of the various facets of orthodontic 
treatment.  
 
In recent years, there has been increasing 
emphasis and demand for clinical effectiveness 
and accountability of health care services 
including orthodontic services. Therefore, the 
ICON would be a useful tool for audit and a basis 
for quality assurance standards in orthodontic 
provision and also provide a basis for 
international comparison of data. In this regard, 
the ICON would be a useful tool for orthodontic 
centres of both the developing and developed 
countries of the world. 
 
Nigeria is Africa’s most populous country with a 
population of over 150 million people. Lagos is a 
highly cosmopolitan urban city and the 
commercial capital of Nigeria. The practice and 
teaching of orthodontics in Nigeria started at the 
Lagos University Teaching Hospital over 3 
decades ago and it is a major referral centre. It 
provides dental care including orthodontic care 
for a broad spectrum of patients from all the 
three major Nigerian ethnic groups. Over the 
years, there has been an increase in the 
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availability of orthodontic services with a 
corresponding demand for orthodontic care.  
 

Since the inception of the orthodontic practice in 
Nigeria, there have been several reports on 
orthodontic treatment need in the Nigerian 
population, using the DAI [16,23-33] alone and 
some using the ICON [34-36]. Recent Nigerian 
studies that evaluated the relationship between 
ICON and DAI suggest that the ICON could 
replace the DAI as a valid index in assessing 
orthodontic treatment need in Nigerian patients 
[35,36]. However, the only such previous clinic-
based study in Nigeria [35] was a retrospective 
pilot study in a different Nigerian city (Ibadan) 
and with a relatively small sample of 56 subjects. 
However, to the best knowledge of the authors, 
no other such study has previously been 
conducted in any other part of Nigeria especially 
in Lagos, Nigeria with a major orthodontic referral 
centre. As a major referral centre, patients with a 
broad range of malocclusions and severities are 
seen in its orthodontic clinic. Furthermore, Lagos, 
the commercial nerve centre and former capital 
of Nigeria has a very diverse population widely 
representative of the various ethnic groups in 
Nigeria. It was, therefore, considered necessary 
to conduct such a study in Lagos, Nigeria.  
  
This study aimed at evaluating the relationship 
between the ICON and the DAI in the 
assessment of orthodontic treatment complexity 
and need of orthodontic patients in Lagos, 
Nigeria. It is hoped that this would provide further 
evidence-based rationale for the use of ICON 
alone in the assessment of these facets of 
orthodontic treatment in Nigerian patients. 
 

2. MATERIALS AND METHODS 
 

This cross-sectional study was carried out at the 
Orthodontic Unit of the Lagos University 
Teaching Hospital, Lagos, Nigeria. The study 
sample population consisted of 150 pre-
treatment study models of consecutive patients 
aged 10 to 40 years, who were scheduled for 
treatment at the Orthodontic clinic of the Lagos 
University Teaching Hospital between June, 
2011 and December, 2012. The study models 
used in this study had been made by graduate 
orthodontic residents assigned to treat these 
patients and constituted part of the standard 
orthodontic records domiciled in the clinic for 
each patient.  
 

The sample size was calculated to achieve a 
power of 80%, confidence level of 95% and 
degree of error of 0.05. [37] Based on (p) the 

proportion of malocclusion in a previous study 
[34], it was determined that 141 study models 
were needed. This was then rounded up to 150 
study models.   
 
The inclusion criteria were no previous 
orthodontic treatment and willingness to 
participate in the study. The exclusion criteria 
were a history of orthodontic treatment and 
craniofacial anomalies (clefts and syndromes). 
Patients who met all inclusion criteria were 
enrolled and informed consent obtained. The 
study casts of the patients were used for the 
assessments. The pretreatment models were 
assigned serial numbers and were then scored 
for orthodontic treatment complexity and need 
using the Index of Complexity, Outcome and 
Need (ICON) as shown in Table 1 [5]. The same 
models were also evaluated according to criteria 
for the Dental Aesthetic Index (DAI) as shown in 
Table 2. One of the authors, (ILU), previously 
trained and calibrated examined all the models in 
strict adherence to the guidelines for both ICON 
and DAI. The assessed variables were entered 
into an evaluation form for the ICON and DAI 
indices. This procedure was similar to that 
described by Onyeaso [34]. 
 
The treatment need according to ICON was 
classified into ‘no treatment’ when total ICON 
score was less than 43 and ‘treatment need’ 
when ICON score was equal or more than 43. 
The orthodontic treatment complexity according 
to total ICON scores was graded into easy (<29), 
mild (29-50), moderate (51-63), difficult (64-77) 
and very difficult (>77) [35]. 
 
For the DAI, the total scores were categorized 
using standard criteria– normal or minor 
malocclusion with no treatment need or slight 
need (≤ 25), definite malocclusions with 
treatment considered elective [26-30], severe 
malocclusions with treatment highly desirable 
[31-35] and very severe or handicapping 
malocclusion with treatment considered 
mandatory (≥ 36) [35]. 
 
2.1 Intra-examiner Reliability Tests 
 
To calculate the intra-examiner reliability, fifteen 
pre-treatment casts were randomly selected and 
evaluated. The same pre-treatment models were 
re-examined 4 weeks after the initial examination 
the two examinations were assessed statistically 
using both Pearson Product Moment Correlation 
Coefficient and Spearman Rank Correlation 
Coefficient [35]. The attained reliability was 
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satisfactory (With regard to Pearson, ICON: r 
=0.995, P = 0.000; DAI: r = 0.992, P = 0.000; 
With regard to Spearman, ICON r = 0.994, P = 
0.000; DAI: r = 0.985, P = 0.000). 
 

2.2 Statistical Analysis 
 
The data was analyzed statistically using the 
SPSS statistical package (Statistical Package for 
the Social Sciences Version 17.0 for windows 
2009, SPSS, Inc, Chicago, Ill, U.S.A. In addition 
to descriptive statistics, parametric and non-
parametric statistics were used in the analysis of 
the data. A test of association was used to 
determine the ability of ICON and DAI to identify 
the same treatment needs as well as to 
determine the relationship between severity of 
malocclusion according to DAI and the 
complexity of cases using the ICON. The non-
parametric correlations (Spearman Rank Order 
and Pearson’s Product Moment Correlation 
Coefficient) were used to test the relationship 
between the two indices. P-values of less than 
0.05 were considered as statistically significant 
[35]. 
 

3. RESULTS 
 
There were 92(61.3%) females and 58(38.7%) 
males between 10 and 40 years of age. The 
mean age was found to be 16.9±7.7 (SD). 
 
The assessment of sample based on ICON and 
DAI criteria showed a mean score of 43.0±17.8 
(SD) and 31.5±9.7 (SD), respectively (Table 3). A 
test of the association between ICON and DAI 
treatment need groups showed that there was a 
statistically significant relationship between the 
two indices as shown in Table 4 (X2 = 47.3; P = 
0.000). While DAI categorized 49 (32.7%) of the 
subjects as having slight or no treatment need, 
45(30%) of them were categorized by ICON 
criteria as having no orthodontic treatment need 
also. Similarly, using DAI standards 42 (28%) of 
the subjects were classified as belonging to the 
very severe/handicapping malocclusion group, 
while ICON classified 31(20.7%) as belonging to 
the treatment need group. 
 
The relationship between ICON complexity 
grades and the DAI severity levels groups is 
shown in Table 5. This shows that there is a very 
statistically significant association between the 
orthodontic treatment complexity grades of the 
malocclusion according to ICON and the DAI 
severity level groups (X2 = 61.3; P = 0.000). 
Regarding orthodontic treatment complexity, 

ICON classified 34(22.7%) as having easy 
complexity, while DAI classified 26(17.3%) of 
them as having little or no need for orthodontic 
treatment and 6(4.0%) as having definite 
malocclusion orthodontic treatment considered 
as elective. According to ICON, 25(16.7%) had 
difficult/very difficult grades of complexity while 
according to DAI 19(12.7%) had severe/very 
severe (handicapping) malocclusion.  
 
The Pearson Product Correlation Coefficient was 
used to assess the relationship between the 
orthodontic treatment need according to DAI and 
the ICON determined orthodontic treatment need 
(Table 6). There was statistically significant 
positive correlation between the two indices (r = 
0.600; p = 0.000). Fig. 1 shows the graphic 
distribution of the ICON and DAI scores for the 
whole sample. 
 
4. DISCUSSION 
 
One of the major outcomes of this study was the 
highly significant agreement between orthodontic 
treatment need as scored by both the ICON and 
the DAI. Another interesting finding was the 
significant concordance between the orthodontic 
treatment complexity according to ICON and the 
severity of malocclusion according to the DAI. 
Also the ICON was found to be simpler to use 
and faster to register. With the increasing cost of 
healthcare in the presence of rising demands 
and limited resources, there is a need to improve 
quality of care, decrease cost and improve 
outcomes. The ICON holds great promise as a 
unified index for the evaluation of the various 
components of orthodontic care delivery. It has 
been acknowledged for its cost-effectiveness 
[38]. Furthermore, the high validity of the ICON 
has been documented and previous studies have 
reported that it has good reliability [19,39]. 
 
The sample size in this study is larger than the 
56 and 100 retrospective samples used in the 
analysis of similar Nigerian and North America 
studies [35,14]. It is, however, similar to the latter 
studies [35,14] in that it had a broad range of 
malocclusions and severities. The pretreatment 
sample used in the present study is similar to 
that used in some previous reports [35,36]. It 
however differs from that of the UK [40] and 
North American studies [14] which consisted of 
pretreatment and post treatment models. These 
latter studies [14,40] assessed treatment 
outcome whereas our study did not. 
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Table 1. The ICON scoring method and its components (Daniels and Richmond, 2000) [6] 
 

Component Score 
0 1 2 3 4 5 Weight 

1. Aesthetic  assessment Score 1 to 10  7 
2. Upper arch crowding <2 mm 2.1 to 5 mm 5.1 to 9 mm 9.1 to 

13 mm 
13.1 to 
17 mm 

>17 mm 5 

Upper arch spacing <2 mm 2.1 to 5 mm 5.1 to 9 mm >9 mm  Impacted 
teeth 

5 

3. Crossbite No Crossbite Crossbite present     5 
4.Incisor open bite Edge to Edge < 1 mm 1.1 to 2 mm 2.1 to 

4 mm 
>4 mm  4 

Incisor overbite 
  

<1/3 lower incisor coverage 1/3 to 2/3 coverage 2/3 up to fully 
covered 

Fully 
covered 

  4 

5.Buccal segment anteroposterior Cusp to embrasure 
Only classI, II or III 

Any cusp relation up to but 
not including cusp to cusp 

Cusp to cusp    3 

 
Table 2. The standard DAI regression equation 

 
 DAI components Weights 

1. Number of missing visible teeth (incisors, canine and premolar teeth in the maxillary and mandibular arches)  6 
2. Crowding in the incisal segments: 0 = no segment crowded. 1 = 1 segment crowded, 2 = 2 segments crowded 1 
3. Spacing in the incisal segments: 0 = no spacing, 1 = 1 segment spaced, 2 = 2 segments spaced  1 
4. Midline diastema in millimeters  3 
5. Largest anterior irregularity in the maxilla in millimeters 1 
6. Largest anterior irregularity in the mandible in millimetres 1 
7. Anterior maxillary overjet in millimeters 2 
8. Anterior madibular overjet in millimeters 4 
9. Vertical anterior operibite in millimetres  4 
10. Antero-posterior molar relation: Largest deviation from 3 normal either left or right: 0 = normal, 1 - ½ cusp either mesial or 

distal, 2 = one full cusp or more either mesial or distal 
3 

11. Constant  13 
 Total DAI score 

DAI score = (Measured component x Weight) + Constant
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                   ICON 

 
                                                                              DAI 

 
Fig. 1. Graphic presentation of pretreatment ICON and DAI scores of the 150 orthodontic cases 

 
Table 3. Mean ICON and DAI scores, standard deviation and standard error means 

 
Index N Mean Standard deviation Standard error 
ICON 150 43.0 17.8 2.423 
DAI 150 31.5 9.7 1.262 

 
Table 4. Cross-tabulation of ICON and DAI treatment need groups 

 
ICON score                                       DAI score 

≤ 25 26-30 31-35 ≥36 Total 
< 43 45 (48.0) 25 (27.0) 12 (13.0) 11 (12.0) 93 (100) 
43 and above 4 (7.0) 10 (17.5) 12 (21.1) 31 (54.4) 57 (100) 
Total  49 (33.0) 35 (23.0) 24 (16.0) 42 (28.0) 150 (100) 

X2 = 47.3, p = 0.000 

 
Table 5. ICON Complexity grades versus the severity levels of malocclusion according  

to the DAI 
 

ICON score                                    DAI score 
≤ 25 26-30 31-35 ≥36 Total 

Easy 26 (76.0) 6 (18.0) 2 (6.0) 0 (0.0) 34 (100) 
Mild  19 (27.5) 22 (31.9) 13 (18.8) 15 (21.7) 69 (100) 
Moderate  2 (9.1) 3 (13.6) 5 (22.7) 12 (54.5) 22 (100) 
Difficult  2 (10.5) 3 (15.8) 3 (15.8) 11 (57.9) 19 (100) 
Very difficult 0 (0.0) 1 (16.7) 1 (16.7) 4 (66.7) 6 (100) 
Total  49 (33.0) 35 (23.0) 24 (16.0) 42 (28.0) 150 (100) 

X2=61.3, p = 0.000 
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Table 6. Correlation between ICON and DAI 
 

 r S.E F test P value 
Pearson’s Product correlation coefficient 0.6 0.04 78.3 0.000 

 
In the present study, the mean ICON score was 
found to be 43.0±17.8 (SD). The mean ICON 
score recorded in this study is much lower than 
that (67.38±16.3 (SD)) reported by Onyeaso and 
Idaboh [34] in a Nigerian orthodontic population. 
Similarly, it was found to be lower than the mean 
values (69 and 72.5) documented by previous 
studies in Greece [41] and Sweden [42]. 
Relatively higher values (72.9±13 and 67.8) were 
also reported in demand populations in the UK 
[40] and North America [14] respectively. 
Previous Nigerian epidemiological studies [36,43]  
reported mean values of 41.93±15.38 (SD) and 
39.7±25.3 (SD) respectively which compare well 
with that of the present study, However, Liepa et 
al. [20] reported an average mean ICON score of 
42.05  for Daugavpils and Riga secondary school 
children in Latvia which compares well with that 
of the present study.    
  
In this study, a highly significant relationship was 
found between orthodontic treatment need as 
assessed by ICON as well as by the DAI. This is 
in agreement with a previous Nigerian clinic-
based study by Onyeaso [35]. In a similar study 
in North America [14], it was concluded that the 
ICON could replace the DAI in the assessment of 
pretreatment orthodontic need in the US. The 
study by Fox et al. [40] in the UK reported 
positive correlations between the ICON and 
IOTN and concluded that ICON may effectively 
replace IOTN as a means of determining 
treatment need and outcome. Also, the UK study 
[40] revealed a significantly positive association 
between subjective and professional assessment 
by both age and gender. 
 
The findings of the present study revealed a 
highly significant correlation between the 
orthodontic treatment complexity according to 
ICON and the severity of malocclusion according 
to DAI. This concurs with the report of an earlier 
Nigerian clinic –based study [35]. The term 
complexity or difficulty has been used in the 
orthodontic literature to indicate the amount of 
effort required in the attainment of ideal or 
normal occlusion [36,44]. Difficulty of achieving 
an ideal or normal occlusion might lie with the 
severity of the pretreatment occlusion and also 
patient associated factors [1]. In the study by 
Cassinelli et al. [1], difficult cases were 
associated with more compliance problems, 

more frequent appointments and longer 
treatment duration than those considered as 
easy. Similarly, the studies by Richmond et al. 
[21], Onyeaso and Begole [45,46] showed that 
pretreatment ICON scores were significantly 
associated with duration of orthodontic treatment 
with cases having higher treatment score taking 
longer time to treat. 
 

This present study has recorded a significant 
correlation between the ICON scores and DAI 
scores. The close agreement between the ICON 
and DAI scores of this present Nigerian study 
sample suggests that the ICON could substitute 
for the DAI in assessing pretreatment orthodontic 
needs among Nigerians.  This present finding is 
not only consistent with those of earlier similar 
clinic-based studies [14,45] but also with that of a 
recent epidemiological report [36]. 
 

The ICON has relatively fewer characteristics to 
be measured than the DAI and was found to be 
relatively easier to learn, more simple to use, and 
faster to register than the DAI. These attributes 
should make it a preferable tool in the 
assessment of the various components of 
orthodontic provision.  
 

5. CONCLUSION 
 

The ICON is proposed as both time and cost-
effective substitute for DAI in the assessment of 
pretreatment need of Nigerian orthodontic 
patients. This study has shown a positive 
significant relationship between the complexity of 
malocclusions as assessed by the ICON and 
severity of malocclusions as assessed by DAI. 
The ICON appears not only to be a reasonable 
means of assessing orthodontic treatment 
provision because of its ability to assess different 
aspects of orthodontic care but will continue to 
allow for international comparison of data. 
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