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            Introduction 

 A malocclusion is considered to be a variation from the 
norm rather than an acute condition ( Wylie, 1947 ;  Shaw  et 
al. , 1991 ) and the dental, functional, and psychological 
benefi ts of orthodontic treatment to correct it are largely 
unknown. This in turn leads to diffi culty in determining 
orthodontic treatment need ( Shaw, 1981 ). It has been shown 
that both providers ’  and patients ’  perceptions of orthodontic 
treatment need are infl uenced by many variables ( Shaw 
 et al. , 1991 ), but the decisive factor for the patient is usually 
poor aesthetics ( Brook and Shaw, 1989 ;  Richmond  et al. , 
1995 ). 

 In recent years, various orthodontic indices have been 
developed, both as methods of determining the level of 
orthodontic treatment need and as indicators of the clinical 
outcome of orthodontic treatment. Indices designed to 
assess treatment need quantify various morphological 
features of the malocclusion and deliver a numeric value 
below which the severity of the malocclusion may be 
considered too minor to warrant treatment. Early indices 
assessing treatment need included the Treatment Priority 
Index ( Grainger, 1967 ), the Handicapping Malocclusion 
Assessment Record ( Salzmann, 1968 ), and the Occlusal 
Index ( Summers, 1971 ). In the United Kingdom (UK), the 
Index of Orthodontic Treatment Need (IOTN;  Brook and 
Shaw, 1989 ) was developed as a composite of the 
Standardised Continuum of Aesthetic Need ( Evans and 
Shaw, 1987 ) and the Swedish Dental Health Board Index 
( Linder-Aronson, 1974 ), with the intention of identifying 
those individuals who would be most likely to benefi t from 

orthodontic treatment. It comprises two components, a 
Dental Health Component (DHC) and an Aesthetic 
Component (AC), and ranks malocclusion in terms of 
signifi cance of various occlusal traits for an individual’s 
dental health and for perceived aesthetic impairment. This 
index was originally validated by 74 dentists and the 
gradings were grouped to refl ect British dental opinion. 
They are now recognized both nationally and internationally 
as an objective measure of orthodontic treatment need with 
a high level of reproducibility ( Brook and Shaw, 1989 ; 
 Burden and Holmes, 1994 ), reliability, including reliability 
over time for untreated 11- to 19-year-olds ( Cooper  et al. , 
2000 ), and validity ( Burden and Holmes, 1994 ;  Burden 
 et al.  1994 ;  Richmond  et al. , 1994 ;  Shaw  et al. , 1995 ). 

 The incidence of impacted upper permanent canines within 
the general population is approximately 1.5 – 2 per cent 
( Thilander and Jakobsson, 1968 ) with up to 85 per cent of 
these being palatal impactions ( Ericson and Kurol, 1987 ). 
Not uncommonly, the prescribed treatment for palatally 
impacted canines (PICs) is surgical exposure and orthodontic 
realignment. The exposure is usually carried out under 
general anaesthesia, as a day case admission, and the 
subsequent orthodontic treatment to realign the tooth often 
exceeds 2 years. This treatment regimen therefore incurs not 
inconsiderable costs to any publicly funded health service, 
such as the National Health Service (NHS) in the UK, and to 
the patient. The failure to diagnose and refer at an appropriate 
age a patient with one or more PIC is a recognized problem. 
What is interesting is that anecdotally many individuals 
presenting with one or more PICs often do not seem to require 
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orthodontic treatment for any other features of their occlusion. 
This perhaps may contribute to why such cases present late 
for orthodontic treatment, with patients frequently unaware 
that they have a problem. A PIC scores an IOTN DHC grade 
of 5, that is, great treatment need. However, if the PIC were 
to be excluded, would the individual still qualify for 
orthodontic treatment within a publicly funded system? 
Within the UK, only those cases with an IOTN DHC grade 
of 3 (and an AC of 6 and above) would qualify for treatment 
under the current NHS guidelines ( Department of Health, 
2008 ). 

 The aim of this study was therefore to use a modifi cation 
of the IOTN DHC,   Modifi ed Index of Treatment Need 
(MIOTN),   which excluded the 5i score relating to the PIC, 
in order to score the other features of the occlusion. This 
would enable the anecdotal impression to be either supported 
or refuted.  

  Materials and methods 

 This study was undertaken as part of a larger microcosting 
analysis investigating the cost of aligning a PIC using a 
closed surgical exposure technique and fi xed appliance 
orthodontics. The patients had all been treated by the same 
orthodontic team at two district general hospitals in Devon, 
UK. These were the Royal Devon and Exeter Hospital 
(RDE) and the North Devon District Hospital (NDDH). 
Ethical approval was obtained from North and East Devon 
Research Ethics Committee (06/Q2102/83). 

  Sample 

 The sample comprised a total of 54 pre-treatment study 
models of patients who had undergone successful surgical 
and orthodontic alignment of at least one PIC and had been 
selected for inclusion in a larger microcosting analysis 
study. Twenty-four subjects were treated at the RDE and 
30 at the NDDH by the same combined orthodontic 
maxillofacial team.  

  Modifi ed index of treatment need 

 The MIOTN used was a modifi cation of the IOTN DHC. 
The IOTN DHC score of 5i for the PIC was excluded and 
the other features of the occlusion were graded. If the 
primary canine was  in situ , it was excluded from the 
analysis, for example, the contact points between 
the primary canine and the adjacent lateral incisor and fi rst 
premolar could not be scored. Two examiners used the 
IOTN ruler ( Shaw  et al ., 1991 ) to grade the study models 
using the MIOTN.  

  Statistical analysis 

 To test intraexaminer agreement, the pre-treatment study 
models from each district general hospital were re-examined 

4 weeks after their initial examination. Two examiners 
independently graded the study models. Kappa statistics, 
which is a chance corrected measure of agreement ( Landis 
and Koch, 1977 ), were used to analyse the results and 
evaluate the consistency of both intra- and interexaminer 
agreement.   

  Results 

 The unweighted kappa statistics for the two examiners, 
MBM (0.81) and STB (0.74), showed good intraoperator 
agreement. This is also illustrated in the pair plots for each 
examiner ( Figure 1a,b ). The unweighted kappa for the two 
operators showed a moderate level of interexaminer 
agreement (0.59).     

 All the patients in this study had PICs and were therefore 
placed into IOTN category 5i. The age at referral ranged 
from 10.9 to 43.1 years (median 13.5 years). When 
re-assessed using the MIOTN, the resultant scores for each 
examiner are illustrated in  Figure 2a  (MBM) and  2b  (STB). 
It can be seen that for both examiners, 51 of 54 patients 
were subsequently re-scored to a lower IOTN category. For 
examiner MBM, 25 of 54 patients, and for examiner STB, 

  
 Figure 1      Pair plots for operators (A) MBM and (B) STB. Individual dots 
show good agreement for each of the 54 cases. Vertical lines show repeated 
measures with less agreement.    
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22 of 54 patients were still in the two categories of highest 
need, namely 4 and 5, and so would still be in great or very 
great need of orthodontic treatment without the PIC. 
However, 11 and 14 patients, respectively, were subsequently 
rated as having MIOTN scores of 1 or 2 and so without the 
presence of the PIC would be deemed to have no or little 
need for orthodontic treatment under UK NHS guidelines. 
For both examiners, 18 patients were in MIOTN category 3, 
that is, a moderate need for orthodontic treatment if they 
had not otherwise had an impacted canine.      

  Discussion 

 There is an ever-increasing demand for orthodontic 
treatment and yet resources are limited and governed by 
the total funds available for health care. The allocation of 
resources within the NHS in the UK is based on need 
rather than demand, where need is determined by the 
IOTN. A subject presenting with a PIC is deemed to have 
an IOTN score of 5, that is, a very great need of treatment. 
However, the results from this study indicate that many 

individuals presenting with a PIC do not require orthodontic 
treatment for other features of their occlusion. This 
confi rms the anecdotal impression of  Bass (1967) . When 
the PIC score  excluded and MIOTN score used to grade 
the other features of their occlusion, up to 14 of 54 cases 
were in either MIOTN grade 1 (no need of orthodontic 
treatment) or grade 2 (little orthodontic treatment need). 
Therefore, approximately 25 per cent of the subjects in 
this study underwent a minimum of 2 years of active 
orthodontic treatment to align a single tooth, or in the case 
of bilateral PIC, two teeth, incurring costs to both the NHS 
and the patient. These results reinforce the importance of 
early diagnosis and interceptive management of the PIC 
which may allow the PIC to erupt and obviate the need for 
further orthodontic treatment. This is especially relevant 
in cases with an MIOTN score of either 1 or 2 that have no 
or little need of orthodontic treatment for other features of 
their occlusion. If nothing is done, then later extraction of 
the permanent canine and restorative solutions to deal 
with the eventual loss of the primary canine are likely to 
be costly. 

 The majority of normally erupting maxillary canines 
should be palpable in the buccal sulcus by the age of 10 – 11 
years ( Ericson and Kurol, 1986 ). The Royal College of 
Surgeons Clinical Guidelines ( Husain  et al. , 2004 ) advise 
that general dental practitioners should become suspicious 
of an ectopic canine position if the canines are not palpable 
by the age of 11 years or if palpation indicates an 
asymmetrical eruption pattern, then a radiographic 
examination is indicated ( Ericson and Kurol, 1986 ). 
However, despite these recommendations, late referral of 
PICs continues to occur.  Broadway and Gosney (1987)  
carried out a survey of the utilization of oral surgery services 
at a district general hospital and showed that 60 per cent of 
patients with impacted maxillary canines had not been 
referred to the department until 14 years of age. It is unlikely 
that removal of the primary canine in a subject older than 13 
years will result in an improved canine position. In these 
cases, other management options must be considered. 
Certainly the average age of the patients in the current study 
was 13.5 years. 

 Two frequently quoted papers for the interceptive 
management of PICs are those of  Ericson and Kurol (1988)  
and  Power and Short (1993)  which looked at the effect of 
the extraction of the primary canine on the eruption of 
the ectopic successor. Between 62 and 78 per cent of the 
previously ectopic permanent canines erupted into a 
satisfactory position. Neither of these studies had a control 
group. 

 More recently,  Leonardi  et al.  (2004) , in a prospective 
longitudinal study, evaluated the effectiveness of two 
interceptive approaches to PICs, the extraction of the 
primary canines either alone or in association with the use 
of a cervical pull headgear   . Perhaps surprisingly, extraction 
of the primary canine alone had a success rate of only 50 per 

  
 Figure 2      Distribution of patients in modifi ed index of orthodontic 
treatment need (MIOTN) categories 1 – 5, for examiners (A) MBM and (B) 
STB.    
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cent, which was not signifi cantly greater than that of the 
untreated controls. The use of a headgear in addition to the 
extraction of the primary canine had a higher 80 per cent 
success rate. There was no signifi cant difference between 
the two interceptive approaches in the time required for 
canine eruption. 

  Bruks and Lennartsson (1999)  carried out a retrospective 
study comparing PICs successfully treated by interceptive 
extraction of either the primary canine alone or both the 
primary canine and primary fi rst molar by the general dental 
practitioner (interceptive treatment group) and PICs referred 
to an orthodontic department for specialist treatment 
(corrective treatment group). The study analysed 
chronological age, dental age, and position of the canine at 
the time of recognition and referral. The authors found that 
age at the time of recognition and referral was the most 
important factor in determining the fi nal outcome. 
Approximately one-third of the PICs in the corrective 
treatment group may have successfully erupted without 
corrective treatment if they had been diagnosed and treated 
with interceptive extraction of the primary canine at an 
earlier age. 

 The treatment of a PIC has been shown to take 
considerably longer than a similar malocclusion in which 
all the teeth have erupted, with a wide variation for individual 
cases. This has been reported to range from 23.9 to 31.1 
months, dependent on the distance of the canine from the 
occlusal plane and also the age of the patient. For patients 
with a unilateral PIC, the treatment time was on average 3 
months longer than for control patients with no impaction, 
and in the case of bilateral PICs the treatment time was on 
average 6 months longer ( Iramaneerat  et al. , 1998 ;  Stewart 
 et al. , 2001 ). 

 If the number of visits after exposure rather than months 
in treatment is considered, then the mean number of visits 
of forced eruption has been reported to be as high as 39.8 
visits, with a range of 16 – 99 visits. This is over a mean 
period of 16.1 months with a range of 4 – 44 months 
( Zuccati  et al. , 2006 ). As discussed by  Becker and Chaushu 
(2003) , when planning the treatment of an impacted 
canine it must be integrated into the overall treatment 
plan. It is the fi rst two parts of the described integration 
process that may indeed account, in part, for the increased 
treatment time. Firstly, space must be created in order to 
accommodate the canine, either by extraction or moving 
the adjacent teeth, and secondly the erupted maxillary 
and occasionally mandibular teeth must be included to 
provide anchorage to resist the forces required to align the 
canine. 

 When deciding on a treatment option for the management 
of a PIC, the age of the patient needs to be considered. This 
is especially valid if the MIOTN score is either a 1 or 2. 
An investigation into both the success rate and duration of 
treatment to align a PIC in a matched treatment sample, 
where the principal difference was age, reported a 100 per 

cent success rate for patients treated between 20 and 30 
years of age, but only a 41 per cent success rate for patients 
over the age of 30 years ( Becker and Chaushu, 2003 ). 
Although the study included only fi ve canines in the group 
over 40 years of age, four of these failed to be extruded. 
Even though the success rate was 100 per cent in the 20- to 
30-year age group, the overall treatment time and the 
number of visits were signifi cantly greater in the adult 
groups than in an adolescent group. This is supported by 
 Zuccati  et al.  (2006)  who also reported a strong correlation 
between the number of appointment visits and the age of the 
patient ( P  < 0.001), with patients under the age of 25 years 
requiring considerably fewer treatment visits. 

 Interestingly,  Stewart  et al.  (2001)  found the converse, 
with treatment of impacted canines taking longer in the 
younger patient, although this may be explained by the fact 
that the younger patients presented with more severely 
impacted canines. 

 There are currently no studies evaluating the true cost of 
aligning a PIC, or indeed any other tooth. The majority of 
orthodontic costing studies have calculated the cost 
of orthognathic correction of dentofacial malocclusion 
( Lombardo  et al. , 1994 ;  Dolan and White, 1996 ;  Blakey and 
White, 1999 ;  Panula  et al. , 2002 ;  Kumar  et al. , 2006 ). The 
treatment of PICs frequently involves surgical exposure, 
often carried out under day case general anaesthesia, and 
subsequent orthodontic realignment involving multiple 
outpatient visits. Although the surgical procedure will 
involve a higher initial cost, the orthodontic costs will incur 
a considerable proportion of the total costs when one 
considers that realignment of the PIC often exceeds 2 years. 
The cost to the patient must also be recognized, including 
time taken off work and travel expenses for multiple 
appointments. In this study, 20 – 25 per cent of the sample 
were graded with a MIOTN score of 1 or 2 and therefore if 
the PIC was excluded, the patient would have little or no 
need for orthodontic treatment, perhaps only in the shorter 
term. If the PIC had been diagnosed at an earlier age, 
interceptive measures such as extraction of the primary 
canine alone may have obviated the need for surgery or 
orthodontic treatment.  

  Conclusions 

 The results of this study demonstrate that in the absence 
of a PIC, 20 – 25 per cent of the current sample of patients 
had a MIOTN score of either 1 or 2. These subjects 
would therefore be considered to have a malocclusion 
(excluding the impacted canine) with little or no need for 
orthodontic treatment. This therefore emphasizes the 
importance of early diagnosis of a PIC by the general 
dental practitioner and the need to institute interceptive 
measures where necessary. This is especially relevant 
when a patient would otherwise require no other 
orthodontic treatment.     
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