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abstract

Aim To develop a theoretical aepidemiological model 
for the prediction of orthodontic workforce needs, 
based on regional orthodontic treatment need.
Materials and methods Data were collected 
for the number of children between the ages of 
8-11 years attending primary schools in Greece, 
within each regional division. Treatment need of the 
children was estimated using the Index of Orthodontic 
Treatment Need (IOTN). Demographics of practicing 
orthodontists in Greece were also collected. Based 
on the distribution of orthodontists and the number 
of children per region who would potentially receive 
orthodontic treatment (IOTN 3-5), the presence and 
distribution of orthodontic manpower was evaluated.
Results Overall orthodontic manpower is sufficient 
for Greece’s needs with an excess of 55 orthodontists. 
Distribution however is not uniform, and this ranges 
from a large underrepresentation of orthodontists 
in the Ionian Islands (47% of those required) to an 
overrepresentation in the Attica region (183% of those 
required).
Conclusion Based on the present theoretical model, 
Greece has an adequate overall orthodontic workforce 
for coverage of the population needs, but with large 
regional variations indicating that some regions have 
a surplus while others a shortage of orthodontists. 
The present model seems suitable for the calculation 
of regional orthodontic workforce coverage of a 
population.

Prediction model 
of regional orthodontic 
workforce needs, using 
Greece as an example

Introduction

The high perception rate of malocclusions, the 
increasing understanding and awareness of occlusion, 
and the greater attention to aesthetics has brought a 
significant increase in orthodontic treatment demand 
over the past few decades [Chestnutt et al., 2003; Perillo 
et al., 2010]. Patients seeking orthodontic care fall into 
four categories: those who need orthodontic treatment 
and receive it; those who need orthodontic treatment 
and do not receive it; those who do not need orthodontic 
treatment and do not receive it; and those who do not 
need orthodontic treatment but receive it [Shaw et al., 
2007]. The estimated number of patients that need and 
will actually receive orthodontic treatment - based on 
previous reports - amounts to 49.3% [Mandall et al., 
2005]. Data available on treatment need of a population is 
not always representative of the objective treatment need, 
as a significant number of children are inappropriately 
referred for orthodontic treatment [Chew and Aw, 
2002; Livas and Delli, 2013]. Therefore evaluation of the 
objective orthodontic treatment needs of a population is 
required. This can be done either by examining the entire 
population or by carrying out aepidemiological studies 
on population samples, and using aepidemiological 
indices such as the Index of Orthodontic Treatment Need 
(IOTN), the Dental Aesthetic Index (DAI), or the Risk 
of Malocclusion Assessment (ROMA) amongst others 
[Järvinen, 2001; Grippaudo et al., 2007]. Irrespective of 
the index employed in assessing treatment need, there are 
no statistically significant differences in the proportion of 
the population considered in need of treatment [Johnson 
et al, 2000].

Numerous aepidemiological surveys have been 
conducted in northern and central European countries 
[Alkhatib et al., 2005; Souames et al., 2006; Josefsson 
et al., 2007], but only a few are available concerning 
populations of Southern Europe [Ciuffolo et al., 2005; 
Nobile et al., 2007; Grippaudo et al., 2008a; Perillo 
et al., 2010]. In many European countries, it is not 
possible to register and evaluate the exact prevalence 
of malocclusion and orthodontic treatment needs 
of children, as no systematic and regular dental and 
orthodontic screening is carried out during their primary 
school years, as opposed to other European countries, 
such as in the United Kingdom [Milsom et al., 2008]. 
Conducting an aepidemiological survey can be a long 
and complicated process requiring thorough design, 
funds and adequate human resources, which under the 
current financial situation in many areas of Europe are 
impossible to allocate appropriately. 
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of Greece and thus the theoretical needs of children 
aged 8-11 years were calculated. The number of 
patients requiring orthodontic treatment (IOTN 3-5) was 
calculated, and the estimated number of patients that 
will actually receive orthodontic treatment, based on 
previous data [Mandall et al., 2005] was calculated at 
49.3%.

Manpower
The Greek Association for Orthodontic Study 

and Research provided demographics of practicing 
orthodontists in the country, the number and their 
distribution by region, as of November 2010. Based on 
the number of orthodontists per region and the number 
of children per region who are expected to receive 
orthodontic treatment, the presence and distribution of 
orthodontic manpower in the country was evaluated. 
On the basis that on average an orthodontist can 
potentially commence treatment of approximately 246 
patients yearly [Health Wellbeing and Local Government 
Committee, 2010], an estimation could be made on 
whether there was a shortage or surplus of orthodontists 
in each region.

 

Results

The number of children aged 8-11 years in each region 
of Greece, as well as the estimated number of children 
with an IOTN of 1, 2, 3, and 4-5 is shown in Table 1. The 

Responding to the treatment demand requires 
appropriate workforce planning, by private and public 
orthodontic service providers alike [Collins et al., 2009]. 
There are many constraints related to human resources 
for health, as orthodontic manpower planning is an 
often neglected component of national health systems 
development strategies. Although the needs of the 
population exist, this remains an area with insufficient 
scientific data for proper recommendations or long-term 
planning to ensure accessibility to orthodontic services 
[Shaw et al., 1996; Turpin, 2010]. Furthermore the 
conditions of orthodontic treatment provision vary greatly 
from country to country and data remain fragmented 
and inadequate for any prediction, especially in low- and 
middle-income countries.

Workforce planning should include a projection 
of whether the existing workforce can cover the 
orthodontic treatment needs of the population. 
Therefore a simple model based on readily available data 
both on the population and the rate of malocclusion can 
allow a prediction of regional orthodontic workforce 
requirements. The aim of the present study was to 
develop a theoretical model for the prediction of regional 
orthodontic workforce needs, using the population in 
Greece as an example.

 

Materials and methods

Population
The number and age distribution of children attending 

primary schools in Greece during the school year 2010-
2011 were collected, by contacting the Directorates of 
Primary Education of all administrative divisions of the 
country, during the period of October 2010 to February 
2011. It should be noted that the Peloponnese region 
could not provide official data. Data for children between 
the ages of 8 and 11 years (from the day of their 8th 
birthday to the day before their 12th birthday) was 
collected. The recorded age was the age of each child 
on the first day of classes in 2010 (September 13, 2010). 

Treatment need
Treatment need was estimated using previously 

published data on the IOTN [Brook and Shaw, 1980] 
for 8-11 year old Caucasian children. The data collected 
were namely percentages of no treatment need (IOTN 1), 
minimal treatment need (IOTN 2), moderate treatment 
need (IOTN 3), and definite treatment need (IOTN 4-5). 
This data was used as previous studies on the prevalence 
of malocclusion in the whole Greek territory using 
the DAI found that there are no statistically significant 
differences between malocclusion in Greek pupils and 
American Caucasian pupils of the same age [Jenny et al., 
1993; Hatzopoulos, 1999].

Thereafter, the percentages were applied to the 
population of primary school children in each region 

Region
Total 

children
IOTN 

1
IOTN 

2
IOTN 

3
IOTN 
4-5

East 
Macedonia 
and Thrace

20153 7376 4454 8323 2056

Attica 122621 44879 27099 50642 12507

North 
Aegean 7570 2771 1673 3126 772

West 
Greece 26448 9680 5845 10923 2698

West 
Macedonia 11392 4169 2518 4705 1162

Epirus 11025 4035 2437 4553 1125

Thessaly 28088 10280 6207 11600 2865

Ionian 
Islands 8308 3041 1836 3431 847

Central 
Macedonia 74147 27138 16386 30623 7563

Crete 27383 10022 6052 11309 2793

South 
Aegean 13686 5009 3025 5652 1396

Central 
Greece 20069 7345 4435 8288 2047

Total 370890 135745 81967 153175 37831

TABLE 1 Number of children per region and estimated 
treatment need.
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percentages of treatment need that resulted from the 
NHANES III survey [Proffit et al., 1998] for Caucasian 
8 to 11 year old children are the following: IOTN 1 = 
36.6%; IOTN 2 = 22.1%; IOTN 3 = 41.3%; IOTN 4-5 
= 10.2%.

The number of orthodontists in each region of 
Greece in comparison to the orthodontic needs is 
shown in Table 2. Orthodontists are present in all 
regions of Greece. In total the orthodontic manpower 
is sufficient for adequate coverage of the population’s 
orthodontics treatment needs. In total Greece has an 
excess of 55 specialist orthodontists for its potential 
orthodontic needs of patients 8-11 years old. A variation 
in the distribution is observed however. The lowest 
orthodontic presence was observed in the Ionian Islands, 
East Macedonia and Thrace, and Crete, whereas there 
is an overrepresentation in Attica, Epirus, and the North 
Aegean (Fig. 1). Excluding the orthodontic workforce 
coverage in the two major metropolitan centers of 
Athens (Attica) and Thessaloniki (Central Macedonia) 
where the majority of orthodontists are located, the 
mean orthodontic coverage in the periphery is 79%.

 

Discussion

The present study attempts to create a model for 
predicting regional national orthodontic workforce 
needs in response to potential orthodontic treatment 
needs of the pupil population independent of any 
financial constraints. The population data represent the 
entire pupil population as primary school participation 
in Greece is obligatory and has an enrolment ratio of 
100%, for both boys and girls [UNICEF, 2008-2012]. 
These data are readily available in all countries and are 
not affected by sociodental indicators.

Our model attempts to take into account the overall 
number of patients seeking orthodontic treatment as 
we base our calculations on individuals with actual 

need of treatment in the population as reflected 
by IOTN grades 3, 4 and 5. Due to factors such as 
the influence of patient perception and aesthetics, 
maternal level of education, family social status, and 
income and supplementary insurance, the number 
of patients seeking treatment is expected to be only 
49.3% of the abovementioned population. Dentists 
may also influence orthodontic treatment uptake 
as they encourage patients to seek orthodontic 
treatment. The general dentist-to-population ratio in 
Greece is generally favourable and thus may counteract 
any influence of social deprivation on the uptake of 
orthodontic services [Koletsi-Kounari et al., 2011].

The age range of our patients represents the 
population of patients most frequently starting 
orthodontic treatment [Tulloch et al., 2004]. 
Orthodontic treatment need was not based on the 
individual perception of malocclusion of each treating 
orthodontist, which reduces bias. It is known that despite 
any previous calibration there is always a possibility of 
bias in evaluating the need of orthodontic treatment as 
differences between clinicians in evaluating the severity 
of malocclusion may exist [Luke et al., 1998]. The few 
existing studies that profile the orthodontic workforce 
and forecast population needs use different data 
sources and approaches usually are limited to a specific 
region [Al-Azemi and Artun, 2010; Soma et al., 2012]. 
Those studies draw data directly from examination of a 
limited sample of children which can lead to bias since 
not all schoolchildren are examined. 

One of the caveats inherent in the proposed model 
is the reference to aepidemiological data based on 
another population. The ideal approach would be 
a nationwide examination of all pupils, however 
a previous study [Hatzopoulos, 1999] on samples 
from the whole of the Greek territory using the DAI 
has evidenced that there is no statistically significant 
difference in malocclusion between Greek pupils and 
American Caucasians of the same age. Indices such 

fIG. 1 ‘Traffic light’ map 
[Boulos and Phillipps, 
2004] of Greece showing 
the administrative regional 
divisions and the current 
percentage of estimated 
required orthodontic 
manpower per region. 
Green = adequate coverage.
Yellow = somewhat 
inadequate coverage.
Red = largely inadequate 
coverage.
White = no data provided.
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as the DAI and IOTN have been adapted for reporting 
malocclusion, and both result in the same number 
of children with malocclusions requiring orthodontic 
treatment [Younis et al., 1997; Johnson et al., 2000]. 
The NHANES III data can therefore be applied to a pupil 
population in the present age range under study. One 
may argue on the appropriateness of using Greece 
as a data source given the current financial situation. 
However, previous experience has shown that despite 
the existing economic restraints the demand and 
uptake of orthodontic treatment for children under 
such conditions is expected to remain stable [Josefsson 
and Halling, 2000].

Another approach could have been to perform 
an original epidemiological study using a quick, 
reproducible, reliable, and sensitive index to assess 
malocclusion such as the ROMA. This index seems to be 
particularly suitable for Southern European populations 
[Grippaudo et al., 2007; 2008a; 2008b; 2013; Deli et 
al., 2012]. 

Prediction of human resources for orthodontic 
services is a complex task as there is no commonly 
adopted ‘gold standard’ and no corresponding 
monitoring authority. The present approach assumes 
a quantitative homogeneity of the services provided 
by the orthodontists (all are equally productive) and 
of the population (all populations have similar needs). 
The number of orthodontists not providing full-time 
orthodontic services is not known, thus the present 
model provides only an estimation and not an exact 
calculation of workforce needs. Additionally in any 
healthcare system, different categories of healthcare 
workers may provide different forms of health services. 
For orthodontics, treatment is provided in a number of 
settings, and general dental practitioners may provide 
simple interceptive treatments. Rarely, the provision of 
more complicated treatments may also be carried out 
by some general dental practitioners and this is not 
monitored. Moreover, some orthodontists may not be 
registered with the Greek Association for Orthodontic 
Study and Research. These possibilities suggest a 
small underestimation of the orthodontic workforce 
in the present study. A further factor not considered 
in the present study is that adults may also represent 
a potential pool of orthodontic patients. In a time of 
economic crisis however, their number is expected to 
decrease as adults have different treatment uptake 
than children.

Our study proposes an integral model for forecasting 
population needs and workforce capacity needs based 
on previously published data. Its output depicts that in 
Greece the distribution of orthodontists is not uniform, 
following similar patterns to other countries such as 
France [Germa et al., 2010], the UK [Morris and Landes, 
2006], and the USA [Waldman et al., 2009]. There is a 
surplus of orthodontists for the needs of the population 
in some regions, and a shortage in other regions of 

the country. Consequently, there is an uneven regional 
potential for treatment, which is strongly related to the 
distribution of orthodontic manpower. An apparent 
need to decentralise the orthodontic workforce is 
necessary to increase the orthodontic coverage outside 
of the capital and decrease the workforce in areas 
where there is a surplus. The present model overcomes 
inaccuracies of the overly simplistic orthodontist-to-
population ratio [Dreesch et al., 2005], which seems 
to ignore the estimation of treatment need and takes 
into account factors such as the small number of adults 
seeking treatment in countries such as Greece under 
the current economic situation. It can be useful for 
workforce planning especially in areas most in need of 
orthodontic coverage, and the development of health 
policies in the management of orthodontic manpower. 
It also represents an attempt to overcome the poor 
availability of epidemiological data needed for specific 
workforce monitoring.

Conclusions

The proposed model provides a simple theoretical 
method to estimate the regional orthodontic workforce 
needs, based on published data and treatment need. 
As an application of this model, Greece has a general 
surplus of orthodontists for the needs of the population, 
but variable regional workforce coverage. This model 
appears suitable for the simple and immediate 
calculation of orthodontic workforce coverage of a 
population with readily available data.
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