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The growing realization that infinite dernands codlict with the need to reduce the 

inflationary trends in resources has rekindled national debates on the provision of publicly- 

fiinded orthodontic services. 

The development of an objective system for orthodontic s e ~ c e  prioritization is a 

complex challenge, since complex trade-offs are required to balance equity, fieedom of 

choice, comprehuisiveness and cost containment. This project was designed to test the 

ability of the Dental Aesthetic index (DAI) to objectively categorize and prioritize the 

orthodontic treatment-need of patients from publicly-tiinded resources. A two-stage 

assessment process was used to test the standard-DAI; both involved the assessment of 

thirty-eight randomly selected pre-treatment records (study models, lateral cephalograph, 

panorex, photographs) from a much larger sample of cases previously submitted for 

publicly-funded orthodontic treatrnent approval. The initial seiection criteria included a 

wide range of malocclusions in subjects without psychologid or social complications. 

The sample compnsed thirty cases approved and eight cases not approved for orthodontic 

treatment. In addition, thirty-three of the cases exhibited a permanent dentition while five 

cases exhibited a mixed dentition. 

Initially, 16 Manitoba Orthodontic specialists were required to independently 

quanti@ the malocclusion severity of each case by a pre-determineci analog system. 

Subsequently, these same records were independently waluated relative to the standard 

Dental Aesthetic Index (DAI) by six Graduate Orthodontic -dents with the following 

results: 

Initiai Peanon coefficient calculations revealed a high degree of congruence 

(r = 0.92) between the Orthodontists' and standard-DAI assessments of 

malocclusion seventy, indicating a strong ability of the standard-DAI to discem 

varying malocclusion swentiu. 



Subsequent 2x2 matrix table d y s i s  of the standard-DAI versus the publicly- 

funded determination of treatrnent-need was calculateci for the total w e  sample, 

as well as the permanent and mixed dentition subsamples. The standard-DAI 

exhibiteci a high degree of accuracy in detemiining orthodontic treatment-need for 

the totai sample and permanent dentition subsamples, but at the expense of over- 

estimation. Anaiysis of the mixed dentition subsample indicated a low degree 

acniracy assessrnent with an extremely high degree of service-need over- 

estimation, 

Logistic regression analysis of the standard-DAI indicated that four components 

were cnticai in evaiuating orthodontic treatment-need; mandibular ovejet, 

maxillary overjet, vertical anterior overbite and the anteroposterior molar 

relationship. The four components were re-weighted and then applied to the raw 

data results with subsequent matrix table analysis revealing that the modined-D AI 

improved the accuracy of the treatment-need results and reduced the prevalence of 

treatment-need over-estimation. 

The results indicate that the modified-DAI is not only a simple, quick and objective 

method to priorize orthodontic service-need, but may also be readily modified to 

accommodate the prevailing allocations of publicly-funded resources. Further assessments 

are required at a more national level prier to its gened acceptance. 
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O G-al Werview of 

Health care spending is one of the most intensely debated topics in North A m e k  

as illustrated by review of the health care expenses of the advanced econornic cauntries in 

the world. For instance, relative to 6% in the United Kingdom, Iapan spends 6.5% of 

gross domestic product (GDP) on health care. By contrast, Canada and the United States 

spend 9.2% and 12.1% of their respective GDP's on heaith care (Foote and Stofhan, 

1996). Canada therefore spends more on h d t h  w e  than rnost other advanced countries, 

with questionable health retum (Foote and Stoffinan, 1996). This irnplies either a large 

amount of waste is built into Canada's health care system, or the prograrns and procedures 

are relatively costly on a per capita basis. 

The health care debate is not an entirely Canadian dilemma, and draws attention to 

the trade-offs involved in health Gare planning. These include such issues as balancing 

equity, freedom of choice, comprehensiveness and cost containment. Potential solutions to 

this problem are being actively pursued by different govemment agencies in a variety of 

ways. For instance, Oregon state has placed fùnding priorities for health care delivery on 

the basis of the cost effectiveness of different treatments and the public's views on health 

care treatment priorities. Although the scheme has been in operation for only a short time 

(initiated in 1994), seMce use continues to outstrip the available financial resources. 

Sweden has developed a financial remuneration priority-based system, with the greatest 

importance attached to life-threatening diseases relative to mild disorders. By contrast, 

New Zealand has opted to emphasize the use of guidelines to specify which patients 

should receive treatment (Ham, 1995). At this time, a single process to ration health a r e  

has yet to be universally accepted. However, with increasing financiai restraints nom ail 

levels of govemment and the public and political outcry regarding goverment spending, 

public-funded health care programs have reached a point of decision making that focuses 



on demand to balance public values, financiai constraints and accountability. These 

concerns are particularly relevant to the provision of pubiicly-funded orthodontic 

services. 

This introduction is divided into two major but inter-related sections. The first is 

primarily intended to over-view the most pertinent determinants affecting the publicly- 

tiinded orthodontic markets. Subsequently, the potentiai impact of recent fiscal changes to 

the dental program finded by Health Canada are analyzed to identify the major strategic 

issues affiecting the provision of orthodontic services to the First Nations Treaty and Inuit 

communities. In addition, a rationale is provided for the use of an index to distinguish 

between those to be provided with treatment fiom those who should not. 

c 
Although Canada's publicly-fùnded dentd market has always been minor relative 

to the private sector, a significant proportion of those eligible for benefits require 

orthodontic services. Yet no comprehensive epidemiological data are available to define 

the size of this burden. Also, those eligible for Non-Insured Health Benefits (NIHB) 

benefits generaily exhibit higher dental disease prevdences (e.g., nursing caries) than most 

other Canadians (Milnes,1996). This lads to concems whether the limited resources 

should be devoted to the provision of essential, as opposed to elective (e.g., orthodontic) 

services. This dilemma has potentially senous political consequences, since the high 

disease burdens for those eligible for NIHB benefits have not diminished but may rather 

intensify their orthodontic s e ~ c e  demands. This is a common dilemma for many other 

heaith seMces and indicates a more fundamental problem, ie., no resources c m  support 

unlimited orthodontic or other health care seMce demands. Such a conceni is particularly 

relevant to the NMB program fûnded by Health Canada, wherein increased demands for 

orthodontic services can only be provided at the expense of resources for other dental 

senices. m e d  to r r  of 00 . . 



to 

Strategic development to rationaüze the provision of orthodontic seMces in the 

NMB dental program involve cornplex trade-offs to balance equity, fieedom of choice, 

comprehensiveness and cost-containment. This cornmon health care task (Getzen and 

Pouiiier, 1992; Turner, 1990) involves decisions between those who should/should not be 

provided with specific services. This is ddtsigncd to ev- a aotentiPl 
to . . 

of f 
- 0  

N E I B h & k  An oveMew of recent changes to this market is required to appreciate 

the urgency of this enquiry. 

Dental service expenditures (Le., excluding those associated with dmgs, 

hospitalization and transportation) are surpassed only by those for cardiovascular (hem 

and stroke) diseases and mental disorders (Leake, 1992). But whereas they comprise 

significant components of the total health care budget, no national epidemiological data 

are available to define the dental, or more specifically orthodontic, senice-needs of 

Canadians, especially those eligible for NIHB benefits. These data deficiencies have not 

been a significant concern to the predominant private market, however, since discretionary 

finds are often available to augment their private insurance payments. By contrast, such 

data deficiencies harnper the strategic development for the publicly-tiinded market to 

equate the availability of resources to the cost-effective provision of (orthodontic) 

services. These concems are aggravated by the current use of relatively arbitrary criteria to 

discriminate between those who should/should not be provided by NIHB-fùnded 

orthodontic services. This is not a minor problem, since approximately 40% of those 

eligible for MHB dental benefits are under 20 years of age, Le., the age-group most 

prevalent for orthodontic anomalies. 



In the absence of Canadian epidemiological data, strategic development of a 

prograrn is necessarily based on information primarily extrapolateci fiom data denved fiom 

the United States (US.). These have indicated marked declines in the decayed missing and 

filleci surfaces (DMFS) in 5- 1 7 year old children between the 1 970s and 1980s (U. S. Dept 

of Health, 1972, 198 1, 1989). As a result, almost 50% of U.S. children are dental caries 

free. Sirnilar trends have also been reported kom other countries (Burton e~a l . ,  1984; 

Picton, 1986) and have undoubtedly contributed to the increased demands for esthetic 

improvements, especiaily overcrowding. These trends are undoubtedly analogous to those 

in the Canadian market (Lewis et-al., 1982), although there is a growing suspicion that 

general dentists are increasingly providing orthodontic and other esthetic seMces to 

compensate for revenue sho rtfâlls fiom the declining demands for O ther services. 

Major changes in dental disease status have sirnilady impacted on adult 

populations, although the relevant epidemiological information for Canada must again be 

abstracted fiom the U.S. (U.S. Dept of Health, 1987). In this market, marked increases in 

natural tooth retention have been associated with concornitantly higher levels of decayed 

and filled coronal tooth surfaces and dernands for dental esthetic improvements (U.S. Dept 

of Health 1987). Continued increases in adult orthodontic senice dernands must therefore 

be anticipated in the fùture, although there are concems whether the public will be 

prepared to continue to divert their discretionary funds for the provision of such services. 

In the case of the NIHB dental program, there is a national guideline that only eligible 

clients under the age of 18 yean at the time of initial assessment are eligible for 

orthodontic services. Although growing orthodontic service dernands charaderize both 

publicly and privately-funded markets @ouglas and Furino, 1990), children and 

adolescents eligible for NMB benefits are the phcipd concems of this proposal. 



Pr- 

The 1950's witnessed a significant cornmitment by the Department of National 

Health and Welfare (now termed Health Canada) to provide dental (including orthodontic) 

seMces for people of First Nations Treaty and Inuit communities. Initiaily provided by 

salaried dentists in fixed and mobile dental facilities for the more remote northern 

populations, the scope of this MHB dental program was augmented by the provision of 

seMces by fee-for-service generalist and specidist dentists in their private practices. The 

differentiai cost-efficiencies of these two payrnent systerns have yet to be investigated, 

although the fee-for-service component consumes approximately 80% of the NIHB dentai 

program's expenditures, but 100% of the orthodontic seMces (Cooney and Lavelle, 

1996). 

The NLHB dental program was established in 1962, although the Federal 

Govement has always been committed to provide First Nations Treaty and Inuit 

comrnunities with autonornous control of their health programs and resources in a 

tirneframe dependant on many political and socio-economic parameters. When initially 

established, the pnmary short-term objective of this program was to provide effective and 

economic preventative and treatment services to people of First Nations Treaty and Inuit 

communities, i-e., to obtain the sarne oral (including orthodontic) health levels as those 

enjoyed by other Canadians living in similar locations. As a result, a proportion of those 

eligible for MHB benefits consider the provision of orthodontic services part of their 

"rights". This is a strategic problem for the NIHB program, since no epidemiological data 

have been systematically collected to assay the impact of orthodontic seMces on the 

occlusal, functionai or esthetic parameten of those eligible for benefits. The effectiveness 

of orthodontic seMces provided by this NIHB program, therefore, remains controversial. 



Ail NMB programs are characterized by no eligibility limit on the basis of age, 

income or residence, although orthodontic benefits are only available to patients aged 18 

years or younger on initiai case assessment. A major benefit to the providen is that the 

benefits can be billed directly to the NIHB for immediate payment. Based on 1987-97 

data, the First Nations Treaty and Inuit communities comprise Canada's fastest growing 

population sector. The size of these communities increased 56% from 1987 to 1996, due 

partly to changes involving the Indian Act attributable to Bill C-3 1, which resulted in over 

100,000 additional eligible clients in the 1985-95 period. There was therefore a dramatic 

23% increase in the eligible client population from 1988 to 1989, but only 6% frorn 1989 

to 1990. Subsequent annual increases have remained at 3% level, pMiarily due to their 

high birth rates and current (1996) data indicate that 40% of the 620,000 eligible clients 

for the NIHB dental program are under 20 years of age. Therefore, a signifiant 

proportion of those eligible for NIHB benefits are in the age-group cornmonly associated 

with orthodontic s e ~ c e  demands, although no epidemiological data were available at the 

t h e  to define the impact of these changes on their potential seMce expenditures. With 

only 40% of NMB-eligable claimants utiling their dental benefits, approximately 98.3 

million were recorded for NIKB orthodontic expenditures in the 1995 fiscal year (Annual 

Government of Canada Report, 1996). 

Included in the complexity of the problems facing NMB, is the preponderance for 

Native adolescents to exhibit greater degrees of maiocclusion severity relative to 

Caucasian adolescents in the same geographical area (Harrison and Davis 1996; Z h t ,  

1995)- Furthemore, only a proportion of the orthodontic anomalies are associated with 

dental neglect, although this cannot be defined by epidemiological data Evidence Rom a 

British Colurnbian study showed that 13 .O% of 15 year old Caucasian children received 

orthodontic services, as opposed to 3.8% of the First Nations Treaty and the Inuit 

cornmunities of the same age-group (Harrison and Davis 1996), despite their significantly 

greater service-needs (Zammit, 1995). Yet without epidemiological data, the proportion of 



those needing orthodontic services who actuaily receive such treatment will rernain 

obscure. 

The scope of this dilemma is illustrated in Table 1.1. For instance, if ody those in 

the 10- 1 9 year age group demanded orthodontic seMces wnservatively estimated at 

93,000, then the potential expenditures on such services alone would greatly exceed the 

total resources ailocated to the NIHB dental program. This dilemma was further 

cornpounded by the 1995 Federal budget, which set 6%, 3% and 3% growth lirnits for the 

NEIB fiscd envelope over the subsequent three consecutive years, whereas a 1% iimit for 

1998/99 was set by the 1996 Budget. As these expenditure restrictions are fùrther 

compounded by the associated transportation expenditures, the need to rationalize the 

provision of onhodontic services by the NMB program cannot be overstated. 

Table 1.1 Potential Orthodontie Expenditures for the 10-1 9 Agcgroup Population 
from the NIHB Dental Program Based on 1995/96 Data 

Age Croup 
10-19 

Male Fernale Total 
64,173 6 1,240 LS&u 

Potential Service Costs $376,239,000.00 

Nthough the need to constrain orthodontic seMce expenditures is not unique to 

the MHB dental program, reports in the literature indicate that a needs-based approach is 

the most logical strategic option, provided guidelines to control the prioritization of 

seMces are accepted by both providers and their patients (Kitzhaber, 1993; Musgrove, 

1993). Such strategies are unfortunately diffinilt to devise for the orthodontic market 

fùnded by the NMB program, due to the lack of both the associated epidemiological data 



and common currencies to compare the relative merïts of orthodontic and other dental 

services. 

A Iogicai option involves the implementation of a pre-detexmination (pnor- 

approval, pre-treatment, pre-authorkation) system. This is a comrnon administrative 

procedure for most indemnity insurance programs (Rocky, 1988), where the pnrnary 

intent is to check on client eligibility or consistency of request with pnor services (Cooney 

erai., 1986). Moreover, U.S. evidence indicates that the implementation of such prior 

approval systems may lead to 6-8% swings for generd dental expenditures (Friedman, 

1975; Carr, 1977), as confirmed by a Canadian study (Cooney eraZ., 1995). Under the 

N E 5  umbrella of services for Aboriginal people, orthodontic treatment is included, 

provided certain pre-requisites for seMce-need are met (see Appendix A). The cument use 

of these criteria in detennining orthodontic treatment-need relies on the subjective pre- 

treatment evaluations by a regional board. As suggested by Bedford and Davey (1993), 

"Unfortunately, the program still lacks total standardization and will continue to do so ..... 

as individual dental officers Mew treatment requests and speciai circumstances differently". 

With the current economic policies existing in Canada driving the reform of al1 publicly- 

fbnded foms of heaith care, including orthodontics, the current system of subjective 

analysis is not appropriate in this penod of accountability. Rather a flexible objective 

system is required, that can be applied in the face of varying levels of fùnding. 



This thesis is primarily intended: 

To examine the effectiveness of r potential i n d u  for a prcdetermination 

system to control the provision of orthodontic services by the NIHB 

dental program. 

To evaluate the potential of ihis system for the acquisition of 

epidemiological data on the orthodontic service needs of those eligible for 

NIHB benefits. 

This proposal is therefore not intended to examine other important parameters of 

the NMB orthodontic program, e-g., the proportion that discontinue s e ~ c e  prior to 

completion, the oral hygiene criteria required prior to service commencement, or the 

proportion of expenditures to be devoted to elective orthodontic relative to other essentid 

(e-g., restorative) services. 
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Dentistry has a long history of utilizing objective indices to measure the deviation 

of oral health components from the ideal, rather than relying on their subjective clinical 

evaiuations e.g., plaque scores, DMF scores and various periodontd indices (Loe and 

Silness, 1963; Greene and Vermillion, 1964; Russell, 1956; Klein et.af., 1938). The use of 

such indices to objectively determine the existence of an oral health problem, or to assay 

the change of an existing problern, may gain increased use in the future to rationaiire the 

insatiable demands for publicly-fùnded dental services. With the ever increasing financial 

and political strains placed on the public health system, there is also a need to ensure that 

funds are allocated where they will provide the greatest heaith benefit. The replacement of 

subjective clinical evaiuations by objective methods of appraisal, such as indices, is 

therefore appealing to both practitioners and public health officiais. If such indices are to 

be incorporated as a determinant of dental treatment-need in the public heaith care forum, 

however, their validity and reliability in quantifjing the severity of a disease state must be 

closely scmtinized. More specifically, in the quantitative evaluation of ~locckusion 

severity and prion'tited service-need, thae are concerns wireîher QiiZStjng occlusal 

indices can pe$orrn such evaiuatt~ons rffectivdy aad efficient& (Shaw et.al., 1995; 

Richmond and Andrews, 1993). This topic, therefore, warrants further consideration. 



Developing an objective index to evaluate the deviation of a malocclusion from 

normal presents a unique problem. For instance, malocclusions exhibit variable 

multifactorial etiologies, which underscore the complexity of develo ping an objective 

index to evaluate a particular malocclusion (Foster and Menezes, 1976). Such assessments 

are furt her complicated b y a maiocclusion comprising deviations from accep ted ideals 

rather than disease States or abnormalities. The evaiuation of malocclusion severity 

therefore requires the objective evduation of these contributing occlusal, esthetic and 

fùnctiond components. 

2.1.0 Occlusal Factors 

Defining an ideal occlusion is inherently difficult. For instance, numerous attempts 

to define "ideal occlusion" have been followed by no generd consensus on the most 

appropnate technique (Mohl et.al., 1988; M o r d  and Ash, 1983; Andrews, 1972; 

Hellman, 1921). The basic problem is the complexity of the current models of evduation 

(Ast eral., 1965). Although the occlusaf components of a malocclusion play a role in the 

determination of severity, this factor is not the sole determinant of malocclusion severity 

a d o r  future dysfunction. Also, attempts to link various occlusal components of a 

malocclusion with temporomandibular disorders have, at b a t ,  resulted in weak statistical 

correlations (Pullinger et.al., 1993). In addition, investigations of the role of occlusion as 

an etiological factor pnmarily indicate a predominantly casual relationship (Horup et.ul., 

1987; Helm and Petersen, 1989; Davies et.a1.,1991). Therefore, the reliance on occlusal 

factors as the sole determinant of malocclusion severity and orthodontie se~ce-need 

should be viewed with some skepticism. 



2.1.1 Esthetic Factors 

Many orthodontists and admlnistraton responsible for providing orthodontic 

treatrnent in publicly-funded programs have expressed a belief that undesirable occlusal 

traits rnay negatively impact on socio-psychologid functioning. This stems from the 

assertion that when a person's physical attributes deviate too far from socially defined 

appearance noms, they may be disqualified fiom fiil1 social acceptance. This non- 

acceptance rnay in turn result in psychologicai problems that are social in nature. Authors, 

such as Aibino and Tedesco (1991) and Burstone (1958). have summarized the research 

findings regarding the potential impact of faciai appearance on the psycho-social 

development of a penon. These indicate a possible backlash of poor facial esthetics on a 

person's self-esteem, self-image and general social interactions. Shaw e t d .  (1985) also 

fùrthered this concept, Le., dentofacial appeztrance may reflect on the social attractiveness 

and public perception of a person. Aithough such a link has not been completely validated 

(Kenealy e ~ a l . ,  1989), the potential impact of esthetics warrants consideration in the 

assessrnent of orthodontic service-needs, Le., in assays of malocciusion seventy. 

2.1.2 Functional Factors 

Aithough evaluations of a prospective patient's occlusal fiinction may facilitate the 

detection of deleterious interferences from occlusai trauma, evaluations of mandibular 

function cannot withstand scientific appraisal. For instance, traditional centric relation 

recordings are merely conveniences for transferring interocclusai relationships between the 

patient and the laboratory; and have no physiological or fùnctiond bais (Ash., 1995). The 

pathologicai significance of a discrepancy between traditional measures of centric relation 

and centrie occlusion also remains to be demonstrateci. Although it has been suggested 

that centric occlusion should not be more than 1-2 mm anterior to centric relation 

(Posselt, 1952; Mohl et.aL, 1988) when gnathologicai definitions are used (R.U.M. 



position or U.M. position), the physiologid basis for this concept is tenuous. In addition, 

physiologie definitions of centric relation are more difiicult to consistently relate to 

intercuspation, i.e., there is a need for prospective studies to validate these concepts. 

Therefore, the use of an objective qstern to evaluate mandibular fundon as a part of the 

over-al1 assessment of malocclusion severity, needs further substantiation prior to 

inclusion in any index. 

If the ideal of the components of a maloccIusion cm be separately evaluated, then 

the assessment of a malocclusion will be facilitated. Indeed, endorsement of such an 

indexed approach by the World Health Organhtion (1966), led to the development of 

specific cntena as guidelines for occlusal indices. Subsequent concems for the Iack of 

guideline specificity (Summers, 197 1; S a i z m a ~ ,  l969), however, culminated in the 

development of criteria for an ideal malocclusion index (Shaw et al.. 199 1); 

reiiubility 

vaiidity 

acceptable to the public and the profdon 

semitive tu the neeàk of the patient 

sensitive throughout the scale 

amenable tu statrstcal andysis 

d i e  to detect shifts in group conditions 

adniinisaatively simple tu operute such that non-dental personnel can use if 

ewminaîions should require minimum judgme~t . 

An analysis of indices developed to evaluate malocclusion seventy (pnontize service- 

need) relative to these criteria is therefore warranted. 



Essentially, four main types of indices have been developed to evaiuate 

malocclusions: 

2.2.0 Diagnostic 

2.2. 1 Epidemiological 

2.2.2 Treatment success (outcorne) 

2.2.3 Treatmeot-need 

Their brief review is intended to provide an understanding of the controvenies related to 

the application of such indices to quanti@ orthodontic service-need. 

2.2.0 Indices o f  Diagnostic Classification 

Classically, the original method to diagnose malocclusions relied on the two- 

dimensional anteroposterior relationships between the rnawillary and mandibular permanent 

first rnolar teeth (Angle, 1899). Although this remains the most widely used method of 

maloccIusion description by the orthodontic speciaity today, there are numerous inherent 

deficiencies: 

Lack of ability in disceming the degree of disability relating to dental health, 
fiinction or esthetics (Pickering and Vig, 1975). 
Poor reproducibility (Katz, 1992; Rinchuse and Rinchuse 1 989; Gravely and 
Johnson 1974). 
The classification disregards tooth relationships relative to facial profile. 
The vaiidity of the index has never been evaluated. 

Angle's classificafr*un system hm therefore liimted appIica2ion in assessing 

An alternative classification system is based on the positional relations of the 

incisor teeth, rather than the fint molars. Although the derived classifications are mainly 



descriptive, the problems asociated with M e d  molars in a crowded arch can be avoided 

(Ballard and Wayman, 1964). 

There have been subsequent attempts to devise a classification system that 

encompasses a three-dimensional evaluation of dental, skeletal and arch shape parameters 

(Proffit and Ackennan, 1973). This syaem was designed to overcome those weaknesses 

of Angle's classification, which failed to demonstrate the relation of tooth and jaw factors 

with facial appearance. Ushg a modified Vem diagram and computer analysis, cases are 

classified into nine diagnostic categories, dthough this system proved too cornplex for 

routine orthodontic seMce evaluations. Diagnostic parameter assessrnents are therefore 

unlikely to benefit the prioritization of patients relative to their orthodontic service-needs. 

2.2.1 Epidemiological Indiciu 

Numerous indices developed for epidemiological orthodontic surveys have proved 

invaluable for manpower planning and research, although their application in the 

assessrnent of seMce priority rernains limited. For instance, an epidemiological instrument 

(facial orthorneter) has been devised to quantitatively assess three malocclusion 

components, i.e., dentition, occlusion and space anomalies (Pelton and Elsasser, 1953). 

Unfortunately, the inherent cornplexity of this Dento-facial index @FI) constrains its 

potential clinid applications. 

Bjork e ~ a l .  (1964) introduced a systern to register mdocclusion for 

epidemiological purposes, based on the objective registration of three main occlusal 

categories; i.e., anomalies in the dentition or occlusion, and deviations in space conditions. 

Using an objective registration procedure, a total of 567 features among the three 

categories are required to be recorded. The cornplexity of this system therefore hampers 

its general application. 



2.Zl.a The Indes of Tooth Position (ITP) 

Developed as an epidemiological tool (Massler and Frankel, 1951), this index is 

based on the teeth as individual units rather than arch segments, i.e., tooth displacement, 

W-occlusion and supra-occlusion are recorded with the total number of rnaloccluded 

teeth providing a score for a particular malocclusion. Unfortunately, this epidemiological 

index is too irnprecise to evaluate the service-need of individual malocclusions. 

2.2.l.b The Malaiignment Indu (MI) 

Based on the discrete evaiuation of each arch, divided into two postenor and one 

anterior segments, the derived two-unit scale of this index tends to underestimate 

malocdusion severity. Subsequent modifications have provided little fùrther benefit, due 

to their O to 2 sale evaluations of tooth displacement (Van Kirk and Pemel, 1959). This 

index is therefore inadequate to evaluate the service-needs of individual patients. 

2.2.l.c The Occlusal Feature Index (OF9 

This index is based on four pnmary occlusal features considered important to any 

orthodontic examination (Poulton and Aaronson, 196 1): 

Lower anterior crowding. 
Cuspal interdigitation. 
Verticai Overbite. 
Horizontal overjet. 

The sum of scores for specifxc deviations from normal in each of these parameters 

then yield an over-d index within the 0-9 range of malocclusion severity. The OR scores 

exhibit reasonable inter-examiner reiiability and correlates well with s e ~ c e  needs, but is 

too irnprecise to priorize orthodontic sentice prionty. 



2.2.l.d The "FDI Systemtt 

The "FDI system" was developed by a group assessing dento-facial anomalies for 

the Federation Dentaire Internationale (FDI) Commission on Classincation and Statisûcs 

of Oral Conditions (COCSTOC) (Baume et al.. 1973). This system was finher revised by 

the World Health Organization (WHO), resulting in the WHO/FDI Basic Method for 

Recording Malocclusion (Brnoukov et.aL, 1979). Designed for the clinicd examination 

of patients with a fùll complement of permanent teeth, this index focuses on three basic 

areas of occlusal evaluation; dental, inter-arch and intni-arch relations. Specific designed 

traits are recorded using codings for aspects of malocclusion together with the FDI system 

of identification to locaiize individual tooth malrelations. 

One of the major difficulties in using any of the evaluation systems discussed above, stems 

from the determination of malocclusion as a single morphological variable (Helm, 1968), 

thereby oversimpli£jhg the complexity of a malocclusion. Even with attempts to identi@ 

contributing components of a maiocclusion based on population distributions (Fisk, 1960). 

the reliability and validity of these derived qualitative systems remain controversial. Their 

applications are therefore confined to estimating the orthodontic s e ~ c e  requirements of 

populations rather than individuai w e  assessrnents (Lavelle, 1976; Magnusson, 1976). 

2.2.2 Indices of Treatment Success (Outcome) 

A number of indices have been developed to evaiuate orthodontic service outcornes. For 

instance, Eismann (1979) devisai a method based on scores assigned to meen 

morphological criteria, which were then summed to provide an index of service outcome. 

Unfortunately assignment of scores was largely subjective, thereby detracting from the 

objdvity of the o v e d  numerid grade. Subsequently, Gottieib (1975) devised an 



alternative system, based on ten accepted criteria for orthodontie correction, although this 

system was inherently biased by the allocation of five points to a corrected feature, as 

opposed to a single point for a worsened feahûe. Berg (1979) devised a method to 

evaluate treatment outcome based on criteria for sagittal, vertical and transverse occlusal 

changes, alignment, axial inclination and apical resorption. Cases that met the stated 

criteria were graded 'A', whereas those that did not were graded 'BI. This index therefore 

attempted to incorporate iatrogenic factors in the assessrnent of service outcomes, 

although the method is too was inherently cmde to warrant general application. 

2.2.2.a The Peer Assessrnent Rnting Index (PAR) 

Developed as an occlusal index specifically designed to measure malocclusion seventy 

and treatment success (Richmond et al., 1992 a,b), the PAR index has proved to be a 

simple tool that sacrifices neither validity or reliability (Buchanan, 1993). The sum of the 

weighted scores of the following occlusai components provide an over-al1 evaiuation of 

malocclusion seventy: 

Overbite. 
Ove jet. 
Midline discrepancy. 
Crowding. 
Spacing. 
Impactions. 
Anteropostenor buccal segment relationship. 
Mâxillary and mandibular anterior contact point displacement. 

For instance, a score of zero represents an ideal occlusal alignment, whereas 

increases in the score reflect progressive occlusal irregularities. The treatment success of a 

given case can then be evaiuated by calculating the percentage change in pre-treatment to 

post-treatment scores. 



The development, validity and reliability testing of this PAR index included input 

fiom the British Orthudontic St&z&rds Workng Ptwty (a group comprised of British 

orthodontists, general dentists and dentai public health officiais). Initial developrnent of 

this index required the Working party's evaiuation of 272 dental casts refiecting varying 

maiocclusion severity, as well as the establishment of the individual features deemed 

necessary in the meanirement of malocclusion severity. Statistical manipulation of the 

derived data reflected the importance of the components agreed upon by consensus, and 

resulted in their priontwd weighting. Interestingly, the validity (r = 0.85, p< 0.001) of the 

weighted PAR scores reflected orthodontic opinions of malocclusion severity, where the 

intra-examiner reliability (0.93) was high. However, a low level of agreement was noted 

between the consensus opinion of orthodontists and general dentists regarding 

malocclusion severity (Richmond et.ul.. 1992a; Fleiss et.al., 1979) leading to the use of 

statisticd models to account for examiner variability, e.g., Intraclass Correlation 

Coefficient (ICC). The ICC results of the PAR index then revealed extremely high levels 

of reliability (0.96, p< 0.05) (Buchanan et.crl., 1993). 

In addition, to evaluate pre-treatment malocclusion severity, the PAR index has 

also been suggested as an assay of maiocclusion improvement and treatment success 

(Richmond el al., 1992c; 1993). Subsequent studies have testeci this utilization, with 

cornparisons of change in PAR scores relative to the subjective assessments of post- 

treatment changes. Unfortunateiy, varying degrees of success assessed by the PAR system 

reflect of some inadquacies of the index (O'Brien et ai., 1993; Richmond and Andrews, 

1993) rather than changes in the maiocclusion status per se. 

Although the PAR index provides signifiant advances in docclusion assesment, 

a number of deficiencies are evident: 

The questionable validity of this British-deived index in assessing malocclusion 
severity in North America Attempts have been made to vaiidate the PAR index 
using the consensus of American orthodontists fiom the North Eastern United 
States with the subsequent weightings derived reflecting the consensus of that 



geographicai region (De Gumian e r d ,  1995; Bahiraei 1995). 
The index relies entirefy on the dua t ion  of study models to refiect the severity 
of a patient's dentofacial malocclusion handicap, without objective measures of 
the esthetic or fiuictionai malocclusion components. 

Tke PAR inder therefore requires furîhet doelopmeni to huve genmai c h i c a l  

applicutio f i  

2.2.3 Indices of Treatrnent-need 

Various indices have been devised to categorize the orthodontie treatment-need of 

patients, ie. to provide a method of assessing treatment pnonty. As such indices may be 

invaluable for the allocation of lirnited resources to priority groups (Otuyemi and Jones, 

1995), their more detailed discussion is crucial to this thesis: 

Handicapping Labiolingual Deviation Index wDI]@raker, 1960, 1967). 

Treatment Priority Index [TPI] (Grainger, 1967). 

Handicapping Malocclusal Record [HMAR] (Salmiann, 1968). 

Occlusal Index [OI](Surnmers, 197 1 ). 

Swedish National Board for Health and Welfare Index (Linder-Aronson, 1974). 

Index of Treatment Need [IOTN] (Brooks and Shaw, 1989). 

Dental Aesthetic Index (Cons et.ai., 1986). 

In ail indices, a weighting systern is applied to certain features of a malocclusion, 

refiecting the assertion that some deviations of occlusal components are more important 

than others in the severity of a malocclusion. In this way, an index may provide an element 

of flexibility to refiect changes in clinical opinion. As the summed score of these 

components reflects the degree of malocclusion severity, they rnay then be used to assay 

treatment pnonty. 



2.2.3.a Handicapping Labiolingual Deviation (HLD) Index 

Initiaily designed by Draker (1960, 1967) as an epidemiological tool to rank 

maiocclusion and assess the need for orthudontic treatment, this index evaiuates the 

presence or absence of the following components of a given maiocclusion, providing a 

weighted ranking of the following components: 

Traumatic deviation, refemng to patients with congenitd defects or other 
craniofacial pathologies. 
Clefi of the palate. 
Overbite. 
Overjet. 
Mandibular protmsion measured as the linear distance from the labial surface of 
the lower incisor to the labial surface of the upper incisor. 
Anterior open-bite. 
The deviation of incisors, in millimeters, fiom the normal arch form, recording 
only the most deviated individual tooth. 

Unfortunately, the HLD suEen fiom a number of deficiencies, which limit the 

reliability and validity of the index in evaluating treatment-need: 

The index does not account for missing, impacted or spacing between teeth and 
ignores transverse discrepancies such as midline deviations and cross-bites.. 
The deviation of the incisor position only accounts for the most severely deviated 
tooth in each arch. 
The component weightings are subjective and represent the opinion of its' 
originator. This use of clinical judgment is therefore inconsistent with the 
independent evaluation of handicappinghon-handicapping malocclusions 
(Fletcher, 1963). 

Therefore the relidilîty 4 t h  HDL inder to assess orthodontie beatment-need 

remains controversiul 



2.2.3.b Treatment Priority Index (TPI) 

In 1965, the Council on Orthodontic Health Care (COHC) and the Amencan 

Association of Orthodontists (AAO) established critena to d e h e  a handicapping 

rnalocclusion, which led to the development of the Treatment Priority Index (Grainger, 

1967) in connedon with the Burlington Interceptive Orthodontic Research Project 

(Grainger, 196 1). B a d  upon study cast evduations and clinical examinations of 375 

twelve year old children from three Ontario communities, this index was considered 

representative of the most comrnon types of malocdusions, and included the following 

components: 

Overjet. 
Overbite. 
Reverse ovejet. 
Anterior open bite. 
Congenitai absence of incisors. 
Disto-occlusion (molars). 
Mesio-occiusion (molars). 
Posterior crossbite with maxillary teeth lingual to normal position. 
Posterior cross-bite with maxillary teeth labial to normal position. 
Displacement of individual teeth. 
Cleft palate and other dentofacial anomalies. 

When these parameters are evaluated on a weighted 1 to 10 scale, the total score is 

considered to reflect malocclusion severity. Unfominately, a number of inherent 

deficiences limit the application of this index, including the following: 

A lack of accountability for midline deviations, spacing and arch asymrnetry. 
Teeth rnissing due to caries or trauma are ignoreci, ie. only congenitally missing 
maxillary incison are recordeû. 
W~th the lack of mixed dentition analysis (Turner, 1983, 1990), the index cannot 
be used to predict the firture maiocclusion severity of the permanent dentition 
from an analysis of the mixeci dentition (Ghafhri e t . d ,  1989). 
As the relationships of the permanent first molan are used to calculate the 



severity of the malocclusion with this index, it cannot be applied to cases where 
one or more of the permanent molars have been lost. 
Aithough the reliability ofthe TPI has been confirmed (Popovitch and 
Thompson, 197 1 ; Albino e~al . .  1978; Lewis et-al, 1982), the validity of the 
index in disceniing varying degrees of malocclusal severity remains controversial 
(Grewe and Hagan, 1972). 

Ai1 of the factors discussed timit the usefiilness of the TPI as a measure of 

malocclusion severity. 

2.2.3.c Handicapping Malocdusion Assessment Record (XMAR) 

The Handicapping Malocclusion Assessment Record (HMAR) was designed by 

S h a n n  (1968) to priorize orthodontie service-need accordhg to the severity of the 

malocclusion and was endorsed by the American Dental Association (ADA) and the 

American Association of Orthodontists (MO). The components measured are: 

Crowding. 
Missing and rotated teeth. 
Spacing. 
Overbite. 
Ovejet. 
Crossbite. 
Anteropostenor discrepancy. 

The HMAR, unfomuiateiy, exhibits numerous inherent deficiencies: 

The subjective weightings assigned to the individuai components. 
The inability of the index to evaluate the malocclusion in the h e d  dentition. 
Deviations fiom "ideai" of the various wmponents are scored as either 
present or absent, so there are no intermediate severity levels. 
The HMAR exhibiteci the poorest levels of reliability and validity when assessing 
malocclusion severity relative to the dtemative Handicapping Labio-lingual 
Deviation or Occlusal indicies (Grewe and Hagan, 1972). 

The clinicd qpplicatàon of this Uidex are thergore lim0ted 



2.2.3.d Occlusal Index (01) 

Based on the Malocclusion Seventy Estimate of Grainger and the Treatment 

Prionty Index (Grainger, 1967). the Occlusai Index (Summers, 197 1) is derived from the 

following measured cornponents: 

Molar relationship. 
Tooth displacement. 
ûverjet. 
Overbite. 
Openbite. 
Posterior crossbite. 
Congenitally rnissing maxillary incisors. 
Dental midline relation. 
Developmental dental age. 

The scores for the various components are differentially weighted to validate the 

application of this index for different dental age groups. To evaluate future malocclusion 

severity in the permanent dentition from an existing mixed dentition, the method suggested 

by Moyer (1963) to assess the probability of future crowding is incorporated into the O1 

to record existing tooth displacement. Summers described two divisions and seven 

syndromes in the 01. Once the appropriate code sheet is selected based upon 

developmental age, the appropriate division is based on the rnolar relationship, followed 

by al1 of the component scores being placed in the syndrome of the established division. 

In cornparison with other occlusal indices TPI, HLDI), the O1 exhibited 

the highest validity and reproducibility (Albino eral., 1978; Gray and Demi jian, 1977; 

Grewe and Hagan, 1972; Hermanson and Grewe, 1970), although the absolute validity 

relative to the "gold standard" of subjective orthodontists' consensus remains low (Turner, 

1 990). Other inherent deficiencies include the following : 

Compiexity in the use of the index (Scivier etal., 1974; Pickering and ~ i i  1975; 
Elderton and Clark 1983). 



Tends to under-estimate orthodontic treatment-need (Tang, 1994), especidy in 
cases with fùll unit disto-occlusion (Buchanan et.af., 1993). 
Fails to account for early incisor or molar loss (Pickering and Vig, 1975). 
Does not account for any interproximal spacing, except for maxilhy midline 
diastemas greater than 2 millimet ers (Tang and Wei, 1 990). 

2.2.3.e Swedish National Board for Healtb and Welfare Index 

The Swedish Medicd Board Index (Linder-Aronson, 1974) is based on the 

occlusal components assumed to constitute a threat to the long-terni stability and health of 

the dentition. The graded components are then utilized as indicators of orthodontic 

treatment priority. Though used extensively by the Swedish Hedth Board, the vague and 

urbiîrary gr& divisiom lead to imu levek of reproùiicibility, p@*cuiarly when the 

index k used by non-profdon& (Brooks and Shaw, 1 989). 

2.2.3.f Index of Orthodontie Treatment Need (IOTN) 

Based on the belief that orthodontic treatment benefits patients' esthetics and their 

psycho-social well-being (Richmond, 1990; Brook and Shaw, 1989; Shaw, 198 1 ; Shaw 

eral.. 1980). the IOTN was designed to priorize orthodontic service-need on the bais of 

occlusal traits and perceived est hetic impairment. 

This Bntish-derived index comprises two main components; the Dental Hedth 

Component @HC) and the Aesthetic Cornponent (AC). The DHC is a modified version of 

the S wedish National Board for Health and Wel fare Index (Linder- Aronson, 1 974), 

utilized as an evaluator of various occlusal traits that may have a deleterious effea on the 

long-term dental health. With the identification of the most severe component of the 

occlusion as the sole dictator of malocclusion grading, a grade of 1 reflects "no need" and 

5 "great treatment-need". As a result, scores fiom multiple minor occlusal variations 

cannot be included, lirniting the description of a malocclusion to it's most severe trait. 



The AC component of the index is based on the Standardized Continuum of 

Aesthetic Need (SCAN) Index (Evans and Shaw, 1987) and wnsists of a 10-point scaie 

denved from a series of ten antenor intra-oral photographs rated for attractiveness by lay 

persons. Both examinen and patients independently select the photograph which most 

closely matches the dental attractiveness of the patient, with the resultant score intended 

to reflect the general dental attractiveness rather than any specific morphologid 

similarities between the photograph and the patient. A sumation of both the AC and 

DHC scores then serves as a reflection of the malocclusion severity and resulting 

treatment-need of the patient. 

The IOTN has a number of inherent deficiencies: 

The use of only fiontal photographs of the dentition limit ove jet and Iip-incisor 
evaluations (Fields et. al., 1 982). 
Poor oral hygiene, gingival conditions and the appearance of poor restorative 
treatment can influence the appearance of the photographs and subsequent 
scoring (Woolas and Shaw, 1987). 
Esthetic opinions Vary between countries and demographic composition of the 
population. 
The DHC component validity is high (Shaw erai.. 1991) but varies for the AC 
cornponent (Richmond et.aL. 1 99Sb). 
The reproducibility of the DHC is high (Kappa values of 0.78 to 0.84) 
while that for the AC is acceptable for the orthodontists (0.71 to 0.87), moderate 
for generai dentists (0.64 to 0.66) and variable for the lay persons tested (0.29 to 
0.73) (Brook and Shaw, 1989; Burden, 1995). 
Although the IOTN has been tested for many population sarnplu (Wang et.aL. 
1994; LUM et.al., 1994; So and Tang, 1993), the continued need for further 
modifications and testing to determine treatmuit-need is required (Richmond 
et-al.. 1994b) due to the inhercnt dejieencies identited &ove. 



2-2.3.g Dental Aesthetic Index (DAI) 

The DAI is based on a cornplex regression equation that links objective 

measurements of ten occlusai traits relative to their dental aesthetic social acceptability 

(Cons and Jenny, 1994). The index was derived fiom the percentage distribution of 

malocclusion traits in 1,337 study casts (Cons e r d .  1978), where 18 occlusai patterns 

were delineated (Proshek et-al., 1979). From the original sarnple group, two random 100 

cast sub-samples were selected and evaluated relative to the Social Acceptubility Sade of 

Occlusul Conditions (SASOC) designed to measure the public's perception of their 

esthetic acceptability   MY etal., 1980). The SASOC was derived fiom the subjective 

assessrnent stylized lip masking of lateral and frontal photographs of these two sub- 

samples by a group of evaluators comprising students (n=880), their parents (n=403) and 

orthodontists (n=66), based on such polar adjectives as beautifùVugty, desirable/ 

undesirable, etc.. Their subsequent multivariate statistical analysis (factor anaiysis and 

stepwise multiple regression) identified ten occlusai traits, whose weightings reflected 

their relative influence on dental aesthetics. The specific occlusal trait components of a 

malocclusion were then placed into the appropriate locations within the DAI regression 

equation, where the resulting scores were pnoritized relative to a continuum ranging fiom 

"13" ("most socially acceptable") to " 100" ("least acceptable"). 

Although the DAI index was derived from a study cast sample base of Caucasian 

adolescents nom the United States (Ast ei.al., 1965). this index has since been validated 

for other population samples, e.g., Native Amencan United States students (Cons et. al.. 

1983, l989), ethnic groups in Japan, China and other Asian countries (Ansai et.al., 1993). 

For instance, in one study 4 13 Chinese, 4 18 Latvian and 428 Native Amencan students 

were asked to rate 200 cases for dental esthetics using the ohginai methodology used in 

the development of the DAI. These ratings were linked through statistical regression with 

the occlusal trait measurements of the sarne 200 cases. The resuiting ethnic group-specific 

DAI equations were scored and compared to the scores denved by the Standard-DAI. 



Subsequent evaluations of the inter-group social acceptability ranking of dental esthetics 

for the 200 cases ranged fiom 0.81 to 0.87 in the Spearman rank order correlations. When 

the ability of the ethnic group-specific DAI equation to correctiy classi$ the 200 cases 

above and below various percentiks, or cut-off points, on the Standard-DAI sa le  was 

tested, the per cent agreement of the three ethnic group-specific DAI equations at the 

90th 85th and 80th cut-off percentiles on the Standard-DAI ranged fiom 92 to 100 

percent. The sensitivities of the t h e  ethnic group-specific DAI equations at the various 

nit-off points on the Standard-DAI ranged from 73 to 100 percent and the specificities 

ranged from 83 to 100 percent (Cons et. a%, 1994). On the bais of these data, the dentaf 

esthetic perceptions between cultural groups were considered to be dc i en t ly  

synonymous with the original DAI data. These findings also support similar research 

results involving the perceptions of dental esthetics in the USA with those of elwen ethnic 

groups (Cons and Jenny, 1994). Data from Cons et.al. (1994) also confirmeci that the 

Standard-DAI scale can be used, instead of ethnic group-specific DAI equations. 

In order for the DAI to be used to assess orthodontic treatment-need of different 

populations, meaningful cut-off points are required to be established relative to a 

prioritized continuum. By using the subjective consensus of two orthodontic evaluators on 

the 200 study cast subset of the original sample used to denve the DAI, a clinical 

determination of handicapping maiocclusions in need of treatment was established by a 

score of 36 or higher being deemed as an indicator of orthodontic treatment-need (Jenny 

et.al., 1992). In other research involving DAI treatment-need ait-off points, a hit rate 

result of 0.74 was found between the subjective evaluation (n = 10 orthodontists) of 

orthodontic treatment-need. when a DAI ait-off score of 32.5 was tested (Keay eral., 

1993). However. the study did show that although the sensitivity of the DAI was 

sufficiently high (0.92) to indicate the correct prediction of cases r e q u i ~ g  ueatment, the 

low positive predictive power results (0.60) suggests that the DAI may over-estimate the 



d e m d  for treatment, as more recently confirmeci by Caisley (1995). Unfortunately, such 

cut-off points have Iimited vaiidity (Keay e~al . ,  1993). 

Although the DAI has been embraced by the WHO and incorporated into the Oral 

Data Colleclion imtrrwnent, there are some deficiencies: 

Deviations for crowding and spacing components are swred as present or 
absent, with no distinction between varying degrees of discrepancy. 
Only the incisor teeth are scored, while the remaining teeth are excluded. 
As the DAI was established From the study casts exhibiting a permanent 
dentition, accormnodations must be made for the evaiuation of a rnixed dentition 
evaluation. 
In mixed dentition evaiuations, the space from a recently exfoliated deciduous 
tooth should not be scored as missing if it appears that the permanent 
replacement will soon empt (Jemy and Cons, 1996), ie. eniption status requires 
the judgment of an expenenced clinician rather than non-professional dental 
personnel. 
The DAI does not account for missing molan, impacted teeth or posterior 
crossbites. 
To be utilized as a screening tool for o~hodontic treatmenf-nee4 furthet 
studies of the vuiidity of establislred cut-oflppoints are necessary. 

c m  

Many indices have been devised to assess the need for orthodontie treatment, but 

they generdly fail short when evaluating a particular maiocclusion (Shaw et-al.. 1995; 

Richmond and Andrews, 1993). These shortcomings range nom validity and reliability 

weaknesses, to imprecise evaluations of maiocclusion components (Tang and Wei, 1993). 

To date, a comprehensive treatment-need index to evaluate dl maiocclusion components, 

while fulfilling the desirable criteria for an index has yet to be developed. The Dental 

Aesthetic Index cornes closest to these requirements. -y was m e  de&gd 
. . D M  to r- s-we 

. . . . in severm. In addition. the 



S pecifically, t his study is intended: 

To examine the effectiveness of a potential index for a predetermination 

system to control the provision of orthodontic services by the NIHB 

dental program. 

To evaluate the potential of this system for the acquisition of 

epidemiologid data on the orthodontie service needs of those eligible for 

NIHB benefits. 



Methods and Materials 

Contents 
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3.1 Orthodontic Malocclusion Severity Assessrnent 
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METHODS AND MATEIUALS 

This study was pnmady intended to validate the application of the Dental 

Aesthetic Index (DAI) to distinguish patients who should/should not be approved for 

publicly-fiinded (NMB) orthodontic s e ~ c e s .  A secondary objective was to test the ability 

of the DAI to discem varying degrees of malocclusion seventy. Finaily, an additional 

objective was to determine if objective criteria could be devised to allocate public 

resources for the provision of elective, in addition to essential, services to those eligible 

for NIHB benefits. The objectives of the study may therefore be summarized as follows: 

Examine the degree of congruence between the two forms of orthodontic 
malocclusion seventy assessrnent. 

To examine whether the distinction between those that should/should not be 
off'ered orthodontic treatment can be rendered more objective by the application 
of an index. 

3.0 S W  

This study was based on the pre-treatment records, conventionally required for 

pre-determination (prior approval) submission to al1 (privately and publicly-fùnded) 

insurance agencies. The pre-treatment records for 38 patients were therefore randomly 

selected from a much larger sample subrnitted to the NMB dental program in Manitoba 

for pnor approval assessment. The seledon criteria to define the cases included in this 

study were as follows: 

AU records were obtained from a private practice orthodontic office located Ui 

Manitoba. 

Al1 records were pteviously submitted to the NMB program for prior approval 

assessment before June 1, 1996, aithough their assignrnent to the approvahon-approvd 



categories was obscured from al1 w d y  participants during the investigation. 

Al1 cases included in the study compriseci the foliowing pre-treatment records; 

- rnaxillary and mandibular study models articulated in centrîc relationkentric 

occlusion, 

- current lateral cephalometric radiograph, 

- current panorarnic (or equivalent) radiograph, 

- patient's age, 

- extrasral fiontal and profile photos. 

Based on the data fiom a pilot study, the sarnple cases used in the study (n = 38). 

consisted of 30 cases approved and 8 cases not approved, by NIHB for orthodontie 

treatment. In al1 instances, the cases were randomly selected by the Orthodontists 

providing the records, who were excluded as evaluators in this study. The sample of pre- 

treatment records represented a wide range of malocclusion seventy in both the permanent 

(n = 33) and the mixed (n = 5) dentitions. Subsequently, ail records were duplicated and 

re-identified with a specific code known only to the principal investigator. This precaution 

was considered essential to avoid the potential for bias in case assessment. Finally, the 

assessors were required to evaluate each of the 38 cases independently, Le., assessor 

collaberation was prohibited to avoid potential evaluation bias. 

Each case was assessed relative to their malocclusion seventy by two examiner 

groups; practicing Manitoba Orthodontists and Graduate Orthodontie students from the 

University of Manitoba* 



3.1. O Assessmeats by Orthorlontisl Specialisls 

Initially, each case was assesseci subjectively by Orthodontic specialists fiom the Province 

of Manitoba. Accordingiy, al1 (n =18) Orthodontists were invited to participate in the 

study. Al1 of the Orthodontists that did participate in the shidy (n =16), were required to 

evaluate the following: 

The malocclusion severity utiliting a swen point Visual Analogue S d e  (VAS). 

anchored by the t e m  "mild" = 1 to " very severe" = 7. The validity and reliability using 

this system of evaluation is well-established (Richmond et cil., 1 992a; Bennet et al., 

1991; Cons et. al., 1986) and was primarily used to economize evaluator time. 

Subsequently, the mean case VAS scores were calculated for each case [see Appendir 

B for an example of the data collection fonn used]. 

This assessrnent was repeated four weeks later on 5 randomly selected cases derived 

fiom the original sample. The primary objective of this second evaluation was to 

evaluate the consistency of maIocclusion severity assessments by this subjective 

technique. 

lndicate on a provided list of occlusal, fùnctional and esthetic components. the most 

important components in order of priority, when evaluating the severity of mty given 

malocclusion [see Appendir C for an example of the data collection fom used]. 

AU the responses from the Orthodontists were kept confidentid to avoid potential 

bis. This was accomplished with a pre-organized number identification as a means of 

identiwng and matching each Orthodontist's responses to the questions, with only the 

principal investigator having access to the information. 

Each Orthodontist was also asked to answer a senes of questions relative to th& 

professional background (e-g., education, practice dernographics). Collation of this 

information was intended to evaluate the potential impact of assessor agdexperience on 



the malocclusion seventy assessments [sa Appendk D for an example of the data 

collection form used]. 

3.2.1 Assessltiertts by Ortkodbntic Graduaîe Slr<dents 

The same cases were subsequently scored via an objective treatment-need index, 

the Dental Aesthetic Index (DAI), by the Graduate Orthodontie Students fiom the 

University of Manitoba (n = 6). Subsequently, the mean DAI score was calculatecl for 

each case. These assessments were again held during two sessions, separated by a four 

week interval, to evaluate the consistency of the evaluations [see Amendix E for an 

example of the DAI data collection form]. 

3.I.I.a TIte Dental Aesthetic Index 

The DAI is specificdly designed to masure dental esthetics (Cons ef.al., 1986) 

relative to societal-defined appearance noms, Le., the index is designed to delineate 

esthetic conditions that are potentially psychosocially handicapping. The DAI then links 

the clinical and esthetic component mathematically to produce a single score that 

combines theû component attributes. 

The esthetic component of the DAI is based on the public perceptions of the dental 

esthetics denved fiom 200 photographs of occlusal configurations. These were selected by 

a disproportionate, stratified random sarnpling procedure from a larger sarnple of 1,337 

study models, collected in an earlier study (Ast eral., 1965). The 1,337 study models 

represented a probability sample of half a million New York State high school students 

aged 1 5-1 8 years. The disproportionate, stratified random sampling procedure that 

selected the 200 photographs used as 'stimuli', ensured that even the most extreme cases 

were represented. As approxhately 2,000 adolescents and adults participateci in the 

esthetic rating of the '200 stimuli', each showing a fiill-face view and both right and leA 



profile views, their assessment was considered to be representative of the North American 

'nom'. 

Subsequently, forty nine potential anatomic rneasurements of their study models 

were reviewed by an international cornmittee to define those that assessed the important 

occlusal traits. These selected measurements then served for the development of an 

orthodontic index for each patient (Baume et.al., 1973). The public's rating of the dental 

esthetics of each 'stimulus' was subsequently statisticdly related to anatomic rneanirements 

yielding a series of 10 anatomic parameten derived tiom their study models. 

Subsequently these data were subjected to regression analysis, where the derived 

coefficients indicated the weightings to each of the 10 component measurements of the 

index, Le. the DAI comprises the sum of 10 weighted component rneasurements denved 

fiom the maxillary and mandibular study models of each case plus a constant (Cons eral., 

1986). The DAI then combines occlusai, esthetic and physical parameters as a single 

score. 

Originally developed to define the permanent dentition (Cons et-al., 1986), the 

DAI may be adapted for mixed dentition assessments by counting the number of missing 

incison, canines and premolars required in the regression equation, provided the space 

fiom a recently exfoliated deciduous tooth is not scored as missing, when it appears that 

there will be a permanent successor (WHO in press). 

Subsequent to defining the DAI score for a patient, the placement on a s d e  

determines where the cases falls between the most and least socially acceptable dental 

appearance, i.e., the firther a DAI score is placed along a continuum of dental appearance 

between 13 (the most socially acceptable) and 100 (the least sociaily acceptable), the more 

likely the occlusal condition is socially and physically handicapping (Cons et.aL, 1986). 

The DAI score then defines a series of decision points along a 1-100 scale each indicative 

of a seventy assessment that equates to Orthodontist's assessments of treatment-need, as 

illustrated in Table 3.1. 
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Table 3.1 DAI Score Interpntations Relative to Orthodontic Treatment-ad 

DAI score 
25 or lower 

26-3 0 

30-35 

36 or higher 

Orthodontic service inference 
NormaVslight malocclusion: no/slight treatment- 

need 

Definite malocclusion; treatment elective 

Severe malocclusion; treatment highly desirable 

Very severdhandicap ping maiocclusion; 
treatment mandatory 

Although a DAI score of 36 may then be defined as the threshold that discriminates 

between handicapping and non-handicapping malocclusions (Jemy et.al., 1992), these 

thresholds rnay be varied for publicly or pnvately fiinded programs, to equate the resource 

availability with the most cost-effective delivery of orthodontic services. The potential 

fiexibility is essentially concentrated in the intermediate malocclusion severity levels @AI 

scores 0-3 6), although other threshold scores may obviousiy be applied dependhg on 

the avadability ofresources (knny & Corn, 1993). 

3-1-1.b Reliability of the DAI 

In a shidy where the DAI scores were computed for 9 models by 13 1 auxiliaries, 

the high reliabiiity of the DAI scores were subsequently confirmed by concordance and 

Intraclass Correlation statistical tests (Spencer ef.al., 1992). Similarly, the reliability of five 

dental awciliaries to determine the DAI scores on 33 rnodels has been s h o w  for two trials 

(Cons et.af., 1986). Although deep overbites that impinge on soft tissue, as well as other 

gross anomalies, were excluded components measured in the DAI score, they can be 

readily recognîzed b y auxiliaries and referred for further O rthodontic specialist 

consultation. Therefore, the reliability ufthe DAI score is well esiddished 



3.l.l.c Vaiidity of the DAI 

The validity of the DAI score for the assessrnent of orthodontic treatment-need has 

been confirmeci by both U.S. and internationai studies. For instance, two studies have 

shown that the DAI scores were significantly associated with perceptions of orthodontic 

treatment-need by students and their parents (Spencer e t d ,  1992; Cons el.& 1986). 

Another study has shown that 88% agreement between decisions of Orthodontists relative 

to the DAI scores in the orthodontic treatment-need assessments of a sarnple comprising 

1,33 7 handicapping rnaloccIusion study wts   MY et .d ,  1 992). Further evidence of 

support for the DAI index stems fiom its approvd by both the US Indian Hedth 

Service and KU0 for both individuai and epidemiologicai assessments of orthodontic 

treatment-need 

3.2 Data evaluation 

The information obtained fiom the Orthodontists' subjective assessments and 

Graduate students' DAI scores was subsequently used to evaluate the potential 

application of the DAI for the NIHB dental program. The validity testing was essentially 

undertaken to determine the ability of the DAI to detect maiocclusion seventy and to 

assess the orthodontic treatment-need of the sample. Subsequent statistical analysis 

revealed four critical DAI components were more statistidly relevant in evaluating the 

seMce need. These components were statistidly re-weighted, resulting in the 

development of the modified-DAI. Validity testing of the modified-DAI was then repeated 

to determine the impact on the orthodontic treatment-need of the sarnple. 

After data were collated into a spreadsheet, they were verified for accuracy and 

consistency prior to their statistical analysis by a battery of univariate and multivariate 



techniques (based on the biostatistical advice from Dr. T. Hassard) to test two nuU 

hypotheses: 

i) The DAI is u n d e  tu deiermine malocclusion severity. 
ü) me DAI is unable fo determine treatmeni-need 

These hypotheses were then tested by the following analyses: 

1) Intra and inter-examiner reliability study for the subjective Orthodontists' assessment 
(malocclusion severity) and the objective DAI scores assessments of the same cases by 
the Graduate Orthodontic students were evaluated by computation of the Intraclass 
Correlation Coefficient (ICC). This technique was used to evaluate assessment 
reliability for the thirty-eight cases and the repeat evaluations of five randody selected 
cases from the original sarnple. 

2) Pearson correlation coefficients were computed to determine the conpence between 
the mean DAI scores and the mean orthodontic group maiocclusion severity 
assessment for each case based on the total sarnple, as well as the permanent and mixed 
dentition subsarnples. 

3) To test the ability of the DAI to discem orthodontic treatment-need, logistic 
regression analysis of the DAI scores was used to obtain the cut-off scores to 
discriminate the approved from the non-approved wes.  The NJHB 
treatment-need categorization was evaluated in a 2x2 matrix table relative to their DAI 
scores. This matrix table in tum proved invaluable for the assessment of DAI accuracy 
for treatment-need evaluations via the investigation oc sensitivity, specificity, false 
positive and negative fiactions, accuracy of the test and the likelihood ratio of a 
positive and negative test. This again was computed for the total sarnple, as well as 
separately for the permanent and mked dentition subsamples. 

4) In addition, logistic regression of the standard-DAI was used to determine which 
components were more critical than others in evaluating orthodontic treatment-need. 
Subsequently, these components were re-weighted to reflect their relative importance in 
the treatment-need evaluations and the cases re-scored in accordance with their revised 
weightings. Caiculation of a new treatment-need cutsff point and a similar 2x2 matrix 
investigation was then instigated to evduate the ability of the modified-DAI to discern 
orthodontic treatment-need for the total sample, as wel1 as the permanent and mixed 
dentition subsamples. 

Essentially, therefore, the intent of this study was to devise a more rational 
mechanism to discriminate between those who should/should not be provided with NïHB- 
fùnded orthodontic services. 
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The results are presented as a series of discrete sections, prior to defining their over-dl 

CO nclusions. 

4.0.0 Demographiu of the Participating Orthodontists 

The demographic information reflezthg the Orthodontists' participating in this 

study was obtained fiorn a questionnaire (see Appendir D) completed by participant. 

Graduation frorn dental school ranged from 1958 to 1989 with a group mean of 1975. The 

graduation h m  a post-graduate orthodontie program ranged from 1966 to 1994 with a 

group mean of 1978, indicating a range of experience as a certified Orthodontist ranging 

from two to thirty years with a mean of eighteen years. 

At the time of this study, the number of patient care hours provided per week by 

the participants ranged fiom twelve to thirty eight with a group rnean of twenty-eight and 

one-half From the twelve participants that responded to the question regarding the 

number of new case starts within the year pnor to the study, a range of fi@ to four 

hundred was noted with a group mean of one hundred and eighty one. Finally, the group 

means for the four patient sub-group categories were calculated. These average5 reflect 

the relative percent of patients treated within each sub-group and are as follows: 

Children (< 10 p. of age) = 14% 

Adolescents (10 - 16 yn. of age) = 60.40% 

Adults (> 16 yrs. of age) = 20.25% 

Cases involving Orthognathic surgery = 5% 

These data indicated that the experience and case loads of the Manitoba Orthodontists 

participating in this study were analogous to those in other Canadian regions. 



4.0.1 Orthodontrrts' Prioritia of the Ocdusil, Functiond and Esthetic Componeotr 
in Assessing Maiocdusion Severity 

Each Orthodontist was asked to indicate the numerical prionty of the occlusal, 

fictional and esthetic components important to them when evaluating the severity of a 

malocclusion. An example of the questionnaire is provideci in Appendir C. The group 

mean for each of the components was calculated with the results listed in descending order 

of prionty in Table 4.1 . 

Table 4.1 

Pnoritized list of occlusal, fùnctional and esthetic components in mdocclusion 

severity assessments. 

Prionty Rank 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Parameter 
ove jet 
rnaxillary and mandibular anterior segment irregularity 
buccal segment occlusion 
overbite 
buccal segment crowdinglspacing 
centric relation-centric occlusion discrepancy 
frontal facial asymmetxy 
relationship of the dental midlines to the facial midline 
nasolabid angle 
soft tissue facial angle 
relationship of dental midlines 
upper and lower Iip prominence relative to Burstone's 
profile line 
arnount of upper incisor reveled on smiling 
interlabial gap at rest 
vertical facial thirds 
throat length 
lower anterior face height ratio 
patient's perception of orthodontie treatment-need 
impact of the malocclusion on speechlmastication 
over-al1 dental heal th 



Whereas the ranks listed 1-5 were analogous to the components meaçured in the 

DAI index (see Appendir E), those iisted 18-20 were additionai components identifjing a 

need for fiiture consideration. 

4.0.2 Orthodontists' Evaluatioo of Mrilocdusion Seventy 

Each Orthodontists' subjective assessments of malocclusion severity for each of the 

38 cases in this study are sumrnarized in Table 4.2. As the mean Anaiog scores ranged 

fiom 1.50 to 6.94, the case sarnple was derived from a wide range of malocclusion 

severities with their normal distribution being indicated by the congruence between the 

sample mean (3.45) and median (3.40). The average standard deviation calailated for each 

of the cases ranged fiom 0.25 (case No. 20) to 1.79 (case No. 9), with a mean standard 

deviation of 0.97. 

The variation in individual case assessments between the various orthodontie 

specialists was a major concem. For instance, whereas the mean sample score ranged from 

3.18 to 3 -50 for the first 15 Orthodontist assessors, that of 5.84 for the 16th Orthodontist 

was statistically anomalous (see Table 13, 4.4; Figure 4.2). Statistically this was not a 

concem, since exclusion of this 'anomalous' assessor exerted Iittle impact on the total 

rnean sample score (Le., mean sample score of 3.48 based on al1 the assessors, relative to 

3.3 2 from the first 1 5 assessors). However, since the malocclusion categories of the 1 6th 

Orthodontist were inconsistent with the other assessors, they emphasized the need for a 

more objective system This was further underscored by the assessments of Orthodontist 

#16, who categorized 10 of the malocclusions included in this study (26%) as very severe, 

whereas Orthodontist #1 assigned only one malocclusion (3%) to this category. Such 

inmnsistencies did not apply to the total case sample, however, in that dl but one of the 

orthodontists categorized case #20 as very severe and case #2 as mild to moderately 

swere malocclusions. Therefore, although the Intraclass Correlation Coefficient of 0.97 

(p<O.OS) indicates a very high lwel of inter-examiner agreement and reliability (Fleiss, 



1990)( interdner  variance = 0.40; random error of chance = 0.59), the lack of 

congruence with the malocclusion severity status assigned to each case and the political 

implications of variations in subjective orthodontic severity assessments, suggests that the 

need for a more objective system of categorization cannot be overstated. 

Figure 4.1 Orthodontists' Mean Scores 
Total Case Sample 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Orthodontist Evaluator 

4.1.0 DAI Evduation of Maiocdusion Seve~ty 

Evaluations of malocclusion severity for the total case sample are summarized in 

Table 4.5. As the DAI case scores ranged fiom 25.50 to 68.00, they confirmed the wide 

array of malocclusion severities included in the study, whereas congmence between the 

total sample mean and median DAI scores (39.21 and 39.35 respectively) indicated their 

normal (non-skewed) distribution. Based on the similanties between total sarnple means 

and standard deviations fiom each of the assesson (see Tdle 4.3, 4 6; figure 4.2, 43), 

the DAI scores provideci more consistent assessrnents than those baseci on the Analog 

scores. This was confirrned by their Intraclass Correlation Coefficient of 0.99 (p<O.OS), 



indicating an extremely high level of inter-examiner agreement (inter-examiner variance = 

0.05; random error of chance = 1 -5 1)(Fleiss, 1 990). 

Figure 4.2 DAI Mean Score Assessments 
Total Case Sarnpfe 

1 2 3 4 5 6 

DAI Evaluator 

Figure 4.3 DAI Scores of 3 Evaluators 
T-1 C a c  Sanpie 



4.1.1 The Evaluation of DAI Component Scores 

The mean DAI-component scores for each of the cases was caidated and 

surnmarized in Table 4.7. Each of the d u e s  represents the raw data provideci by the 

Graduate Orthodontie students with subsequent weightings for each of the components 

being applied as per the standard-DAI equation (see Appendir E). Analysis of these 

component values fbrther exemplified the malocclusion diversity and severity of the cases 

included in this study (sec Table 4.8). For instance, the number of missing teeth ranged 

nom zero (most cases) to 2 (one case), whereas crowding in the incisal segments extended 

from zero to both incisd segments. Sirnilarly, incisai segment spacing ranged from none to 

1.33 incisai segments, whereas measurements of the rnaxillary central incisor diastema 

extended fkom zero to 1.50 millimeters (one case). The largest maxillary anterior 

irregularity ranged fkom 1.17 rnillimeters to 6.67 millimeters, whereas the largest 

mandibular anterior irregularity extended £tom 0.17 to 4.33 rnillimeters. Moreover, the 

upper extremes in rnaxillary (8.33 rnillimeters) and mandibular (6.17 millirneters) ovejet 

illustrated that both Angle Class II and Class III dental maiocclusions were represented in 

the case sample. An extreme anterior vertical overbite of 4.83 millimeters indicated that at 

least one severe anterior openbite case was represented within the study sarnple. In 

addition, the anteroposterior molar relationship value of zero (Angle Class 1 molar 

relationship) and 1.83 extreme (tendency to full cusp Angle Class II or III molar 

relationship) fùrther confinned the sarnple diversity. For fiirther illustration, see Tables 

4.8,4.9 and Figures 4.4 to 4.10. 



Figure 4.4 MEAN DALCOMPONENT SCORES 
Hmbsrof M k r i n g  Teeth 

Figure 4.5 MEAN DAI-COMPONENT SCORES 
Rumcc of Crowdcd Incisai Segments 



Figure 4.6 MEAN DAI-COMPONEW SCORES 

Figure 4.7 MEAN DAI-COMPONENT SCORES 



Figure 4.8 MEAN DAI-COMPONEN7' SCORES 

Figure 4.9 MEAN DAI-COMPONENT SCORES 
Mefior Mudlbub Owr)ct 



Figure 4.10 MEAN DAI-COMPONENT SCORES 



To test the ability of the DAI to discern varying degrees of malocclusion severity, 

cornparison of the Orthodontists' case assessment were compared to the DAI scores for 

each case. The cornparisons were completed using the mean group DAI and 

Orthodontists' assessment scores for each of the thirty eight cases. In addition, fùrther 

Pearson correlation analysis was carried out separately for the rnixed and permanent 

dentitions subsamples taken from the original case sample. 

4.2.0 DAI Assessments of Malocdusion Severity Relative to Their Analog 
Scores Assigneci by the Orthodontists 

The DAI scores for each case were evaiuated to determine their relative 

malocclusion severity assessments compared to those derived from the Orthodontists' 

Analog scores. For instance, the Pearson correlation coefficient (r) determined between 

the mean DAI and Analog scores for each of the thirty eight cases (see Figure 4 . I I )  

provided a O.92r value, indicative of a strong correlation between these two parameters. 

Moreover, analyses of these parameters for the mked (Figure 412; Table 4.2) and 

permanent dentition (Figure 13) subsarnples indicated moderate and high correlation 

values (r = 0.66; r = 0.94 respectively), although the small sample size may have 

contnbuted to the low correlation coefficient obtained for the mixed dentition cases. This 

assertion requires fùrther study, due to the potential advantages of interceptive 

orthodontic services as an option to reduce overail NIHB program expenditures. 



Figure 4.1 1 - DAI vs. Orthodontists' 
Assusment of Miilocclusion Scnrity 
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Figure 4.12 - DAI vs. Orthodontists' 
Mixcd Dcntitioa Only 

5 - 
O 
R 

4 H 
O 
D 
O 3 
N 
T 
I 2.  s 
T 
S 

1 I 

2S 30 35 40 45 50 

DAI 

r30.66 



Figure 4-13 - DAI vs. Orthodontists' 
Permanent Dentition Ody 

I 

25 30 35 40 45 50 55 60 65 70 

DAI 

r = 0.94 

In order to evaluate the potential application of the DAI to discriminate those that 

should/should not be provided with orthodontic services, the dculation of a DAI score to 

reflect a treatment-need ait-off point was first determined. Using the cut-off score as a 

guide to the DAI-defined orthodontic treatment-need, a 2x2 matrix table cornparison of 

the DAI versus NIHB assessments of treatment-need was completed. This cornparison 

was not ody determined for the total case sample, but also the permanent and mixed 

dentition subsamples. As thirty cases were approved and eight cases not approved by 

NMB for orthodontic seMces in the total w e  sample (see Tàbie 4.21, a list of guidelines 

have been developed (Matthews e t d ,  1995) to evaluate the 2x2 matrk table results, as 

listed in Table 4.10. 



Table 4.10 Criteria Guideiine for a Test of Acceptable Cl in id  Performance 
(Mathews et&, 1995) 

Sensitivity + Specificity = 160+ 
Accuracy = %O+% 
False Positive Fraction = < 20% 
False Negative Fraction = < 20% 
Likelihood Ratio of a Positive Test = > 1.0 
Likelihood Rntio of a Negative Test = < 1.0 

To test the ability of the DAI to assess orthodontic treatrnent-need, a DAI cut-off 

score was first determined via logistic regression analysis. The calculations associated with 

this cut-off score provides the highest degree of accuracy when evaluating the DAI'S 

analysis of treatment-need versus the NMB selection of cases for orthodontic treatment. 

These results are summarized in Table 4.1 1. This showed that a 30.03 DAI cut-off score 

was the threshold for orthodontic service-need, Le., cases scores below this threshold 

indicated no service-need, while scores greater than or equal to 30.03 indicated a 

progressive service-need. 

As illustrated in Figure 4.14, matrix table analysis indicated an acceptable (87%) 

level of assessment accuracy for the DAI in the total case sample, although the fdse 

positive (0.50) fiaction was unacceptably high, indicating that high orthodontic service- 

need evaluated by the DAI assessment would have led to umecessary services. By 

contrast, matrut table analysis of the permanent dentition subsample (Figrrre 4.25) 

indicated a greater level of assessment accuracy (94%) relative to that for the total sample; 

this was also confirmed by the likelihood ratio of a positive (3.00) and negative (0.00) test. 

Although the false negative hction of 0.00 indicates an excellent value, the false positive 

fiaction of 0.33 is still too high to be considered an acceptable level of false positive 

assessments of treatment-need. Furthemore, matrix table anaiysis for the mixed dentition 

subsample (Figure 4.16) indicated an unacceptable level of assessment accuracy (40%) 



relative to that for the total sample. Sirnilady the 0.67 îikelihood ratio of a positive test 

also reflected the poor ability of the DAI to indicate a positive need for orthodontic 

s e ~ c e  in cases where there was a clear service-need (assesseci by NIHB service approval 

regardless of the population being tested). By contrast, the 0.00 likelihood ratio of a 

negative test suggested that the DAI is acceptable in the determination of a negative 

service-need, regardless of the population being tested. As both the false positive (1.00) 

and negative (0.33) fiactions were particularly unacceptable, in particular the false positive 

reflected a high level of fdse service-need assessments, the need to rnodi@ the DAI index 

cannot be overstated. 

Figure 4.14 - Standard -DAI Assessrnent of 
Orthadontic Treatment-rreed 

NIH8 APPROVED 

D 
Y indicates approval 
N indicates non-approval 

Accuracy = 0.87 

Sensitivity = 0.97 
False Positive Fraction = 0.5 
Specificrty = 0.500 
False Negative Fraction = 0.03 

Likelihood Ratio of a Positive Test = 1.9 
Likelihood Ratio of a Negaüve Test = 0.67 
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Figure 415  - Standud-DAl Assassrnant of 
Orthoâontic Trsrîmant-riead 
In the Pwmanent Dentition 

NlHB APPROMD 

Y Indlcates approvai 
N Indlcates nondpproval 

sensitivity = 1.00 
False Positive Fraction = 0.3 
Speutiaty = 0.67 
False bgative Fncüon = 0.00 

Likelihood Ratio of a Positive Test = 3.0 
Likdihood Ratio of a Negative Teet = 0.0 

flgure 4.1 8 - Standard-ûAf Assessrnent ol 
Orthodondc Treatment-riecd 
In the Mlxed Dentition 

NlHB APPROVED 

smsitinty = 0.67 
False Positive Fraction = 1 .O 
Specitiàty = 0.00 
Falm Negaüve Fraction = 0.33 

Likdihood Ratio of a Positive Test = 0.6 
Likelihood Ratio of a Negative Test = 0.00 



4.4.0 The Development of the Modified-DAI and the Determination of New 
Treatment-need Cut-off Score 

Logistic regression anaiysis of the DAI components was completed to determine 

the modifications required for the standard-DAI to provide a more acceptable assessment 

of orthodontic service-need. As illustrated in Table 4.12, the results indicated that the 

following four components of the original DAI equation were principal detenninants of 

orthodontic treatment-need: 

Mandibular ove je t  

Maxillary overjet 

Vertical anterior overbite. 

Anteroposterior molar relationship. 

Moreover, the more appropriate weightings for each of the critical components 

were also denved fiom the logistic regression analysis resulting in the following modified- 

DAI formula: 

9.073877(Md overjet) + 1.6 l8226(Mx overjet) + 10.15565(Verticai overbite) + 1.856006(A-P molar 

Relationship) = Modified-DAI score 

Each case was subsequently re-scored by applying the appropriate component raw 

group-mean data values to the equation and multiplying each mean component value by 

the appropnate new weighting. The cornponent scores were subsequently summed to 

provide a modified-DAI score for each case (see Tobfe 4.13). which were then used for 

further mavix table analysis versus the NIHB status of approval. 



As demonstrated in Table 4.14, tbis analysis indicated a 9.39 modifieci-DAI cut-uff 

score was the benchmark for orthodontic seNice-need, with case scores below this 

threshold indicating no seNice-need. 

4.4.1 Evaluation of the Modified-DAI to Assess Orthodontie Treatment-need 

Based on the total case sample (Figure 4.1 7), the 90% accuracy of this threshold 

score was slightly higher than that denved fiom the standard-DAI assessments. In 

addition, the 3.73 likelihood ratio of a positive test reflected the potential ability of the 

modified-DAI to indicate a positive service-need in a condition in true need of orthodontic 

care. The 0.89 likelihood ratio of a negative test was also adequate, whereas both the false 

positive (0.25) and negative (0.07) fhctions, demonstrated improved levels of precision 

relative to the standard-DAI values. However, the level of the false positive fiaction was 

slightly higher than desired than that desired for the ideal assessment (see Toble 4.10). 

These overall findings were confirmed by repeat analyses of the case subsamples. 

For instance, analysis of the modified-DAI for assessment of orthodontic treatment-need 

in the permanent dentition subsample (figure 4.18) provided an 88% accuracy level, 

although this was slightly Iower than that derived fiom the standard-DAI assessment of 

the same subsample. The 1.39 likelihood ratio of a positive test also indicated an 

acceptable ability for the modifieci-DAI to identify a positive need for orthodontic 

treatment in conditions of true service-need, although the level was below that derived 

from the standard-DAI. By contrast, the O. 1 1 likelihood ratio of a negative test was 

slightly higher than that of the standard-DAI when refieaing a negative need for 

orthodontic treatment? regardless of the population being tested. The 0.33 false positive 

fkction was identicai to that of the standard-DAI. Similarly, the 0.07 fdse negative 

m i o n  value was comparable to that calculated for the standard-DAI. 

Assessrnent of O rthodontic service-need b y the modifieci-D AI for the mixed 

dentition subsarnple is summarized in Figure 4.19, where the index was 100% amrate  in 



the assessrnent of service-need in the mixed dentition subsample. The iikelihood ratio of a 

positive test equal to infinity aiso refiected a statisticdly perfea level of ability for the 

modified-DAI to identify a positive need for orthodontic treatment in a condition of true 

seNice-need. The 0.00 likelihood ratio of a negative test was aiso identical to the 

standard-DAI in indicating a negative need for orthodontic treatment, regardless of the 

population being testeci. Similarly, the 0.00 fdse positive fraction was also equivalent to 

the ideal values dimissed in Table 4.10 and demonstrates significant improvements 

relative to the standard-DAI. The 0.00 fdse negative fiaction was also substantially 

improved involving decisions to avoid the under-assessrnent of orthodontic treatment- 

need. 

Figure 4.17 - MOOIFIEO-OAI Assessrnent of 
Orthdontic Treatment-rieed 

NlHB APPROVED 

Y indlcates approval 
N indicotes non-approval 

Accuracy = O.YU 

SensitMty = 0.93 
False Positive Fraction = 0.2 
Specificity = 0.75 
False Negative Fraction = 0.07 

Likelihood Ratio of a Positive Test = 3.7 
Likelihood Ratio of a Negative Test = 0.89 



NiHû APPROVED 

% m M y  = 0.93 
Faise P a  Fradkri = 0.33 
S p m h t y  = 0.67 
Faîw Negathre Fraction = 0.07 

Ukelihood RatIo of a Positfve Test = 1.39 
Likeiihood Ratio of a Negative Test = 0.1 

Figure 4.19 - MOOlFlED-üAl Asccsmmt 01 
Orthadontic Tteatment-med 
In the Mixcd ûentiüon 

NlHB APPROVED 

UkhtihoodRatkofaPosiüveTaA=Infkiity 
Uksmiood Ratb of a Negaüve Test = 0.0 



Caution must be applied to the interpretation of the data derived fiom this present 

study, since other determinants impact on the orthodontic service-need, in addition to 

malocclusion swerity, e.g., oral hygiene status, restorative history. In addition, the case 

samples subrnitted to investigation were necessariiy restncted to one region of the NMB 

program, whereas slight modifications of the approvdnon-approval status criteria rnay 

have been applied in other regions. Therefore, these data are necessarily tentative, so that 

M e r  evaluations pnor to the national acceptance of the modified-DAi as an index of 

orthodontic service-need, 

Nevertheless the main feahires derived fiom this study may be summarited in 

point form: 

Subjective assessments of orthodontic service-need by practising orthodontic 

specialists are unacceptably variable to be acceptable in a publicly-hnded dental 

program. The deficiencies were primarily underscored by Orthodontist # 16, 

whose assessments were quite anomalous relative to those from the other 

Orthodontists. The need to guard against such anomalous assessments 

underscored the requirement for a more objective categorization system. 

The reliability of the orthodontic severity assessments based on the standard-DAI 

was confinned by the consistency between the various assessors. But since these 

data conflicted with the NIHB approvalhon-approvd status of the cases, some 

modification was required to provide more relevant assessments. 

Evaluations of the orthodontic swerity based on the modified-DAI, not ody 

proved to be consistent between the assessors, but aiso the categorizations of 

servianeed closely correlated with their NTHB approvalhon-approvd status. 

The relative ments of the modifieci-DAI in the categorization of service-need is 
summarized in Table 4.15 . 



TABLE 4.2 - Orthodonüsts' Evaluation of Malocclusion Seventy 

EVALUATOR 

SD range of 0.25 to 1.79 
Mean SD = 0.97 
Range of Malocclusion Severity = 1.60 - 6.94 
Mean Malocclusion Severity Score= 3.45 
Median Score = 3.40 

Cases Not Approved by MSB for orthodontie treatment = 1,3,6,8,10,12,14,16 
Mixed Dentition Cases = 1 O,l4,24,3IJf 

= NIHB not approved 
= Mixed dentition cases 



TABLE 4.3 Mean Case Score Assessments of the Orthodontist and DAI Evaluators for the Total Sample 

Mean Score and S.D. 
3.1 8 +/- 1.45 

C 

Mean Score and S.D. 
39.00 +/- 8.67 

S.D. = Standard Deviation 

S.D. = Standard Deviation 



TABLE 4.4 - Subsample Case Assessments by Orthodontists 

Sample Evaluated 

A. Total Cases 
Approved Cases 

Mean Score by 16 Ortho. 

~ o k ~ p p r o ~ d  cases 
B. Total Permanent 

Mean Score by 15 Ortho. 

3.45 +/- 0.97 
3.78 +/- 0.98 

Dentition 
Approved Cases 

3.32 +/- 0.64 
3.61 +/- 0.61 

2.1 3 +/- 0.54 
3.58 +/- 0.97 

3.85 +/- 0.99 1 3.67 +/- 0.61 
Non-Approved Cases 
C. Total Mixed 

NB. Mean scores listed wÏth their standard deviations 

2.05 +/- 0.88 
3.42 +1- 0.64 

Dentition 
Approved Cases 

No s&t i 'ca l  calculabon was completed for the non-UIHB approved 
mixed dentition subsample due to the small sample size. 

2.07 +/- 0.58 
2.81 +/- 0.87 

TABLE 4.6 - Subsample Cases Assessments by the DAI 

2.01 +/- 0.89 
2-69 +/- 0.69 

3.1 5 +/- 0.90 2.98 +/- 0.61 

Sample Evaluated Mean DAI Scores 

A. Total Cases 
Appmved Cases 

39.35 +/- 8.75 
40.86 +/- 1.20 

Non-Approved Cases 
B. Total Permanent 

32.29 +/- 6.1 6 
39.30 +/- 8.94 

Dentition 
41.28 +/- 1 -25 

Non-Approved Cases 
C. Total Mixed 

NB. Mean DAi scores listed with their standard deviations. 

30.73 +/- 5.98 
36.97 +/- 0.64 

Dentition 
Appc~ved Cases 

No s&tistical caIcuIatratron was completed for the non-NIHB approved 
mixed dentition subsample due to the small sample size. 

36.94 +/- 0.80 



TABLE 4.5 - Standard-DAf Case Scoms 

OlALUATOR 

35 
36 
37 
38 

DAI mean score = 39.21 
DAI median score = 39.25 
DAI score range = 25.50 to 68.00 
SD range of 0.41 to 2.32 

38 
44 
28 
30 

40 
39 
29 
31 

40 
44 
30 
31 

39 
40 
29 
30 

39 
41 
30 
32 

38 
43 
30 
31 

33.20 
41.80 
29.30 
30.80 

0.89 
2.14 
0.82 
0.75 , 



TABLE 4.7 - Mean DAkomponent Scores for Each of the Cases 

Average Component Scores 

1 1 miss. lcrowdl spacel dia* Mx andMd an 1 Mx 1 Md 1 vert. 1 A 9  1 



TABLE 4.8 - ûroup Means and Ranges for Each Dîü Componen 

DAl Component Data 

t 1 1 

Spacing of the lncisal Segments 0.09 .O0 - 1.33 

Range DAl Componen 

Clowding of the Incisal Segments 

Mean Camponent Value 

1 .SO 

Largest Md Anterior Irregularity 

1 1 

terior Vertical Overbite 1 0.46 p.00 - 4.83 

0.00 - 2.00 

Mandibu lar Overjet 

1.67 0.17 - 4.33 

0.64 

Anteroposterior Molar Relationship 

0.00 - 6.17 

1 .O5 3.00- t .83 



TABLE 4.9 - Mean DAI-component Scores (Approved vs. Non-approved) 

pproved 1.66 +/- 0.39 
1,82 +1- 0.02 

Mx ant 
irreg. 

Mdant 1 Mx 
irreq. ! OJ molar 1 

1 .O4 +1- 1.59 1.20 +/- 0.72 
N.C. 1 0.11 +/- O74 

N.C. = No Cases 



Table 4.1 1 - Logistic Regression Calculation of Treatment-need Cut-off Values 
for the Standard-DAl 

In odds of appmval = -6.7925 + 0.2262 (DAI average) 
x- = 9.59 with 1 df, p < 0.002 

Cut-off point = if p > 0.50 , then "approved" 
if p < 0.50, then "not approved" 

DAI-cut-off point = 30.03 (if DAl < 30.03, probability of approval> 0.50) 

Table 4.12 - Final regression analysis indicating the most important DAI 
components and their relative weighted influence in detemining 
orthodontie treatment-need 

r 

VARIAB LE 

lntercept 

Md overjet 

ChiSquare 
. Beta = O 

4.20 

Beta 
Estimate 
-9.390925 

Probability 
Beta = O 
0.0405 

1 1 

' Vertical Ovehite 

Md = Mandibular 
Mx = Maxillary 
A-P = Anteroposterio 

Standard 
Error 

4.584672 

0.7395 
1 1 

3.75 Mx Ove je t  

I 

A-P molar rel'ti 

9.073877 

0.0527 
1 

10.1 5565 

1.61 8226 

1.856006 

27.29044 

0.8352367 

38.97771 

0.1 1 

0,9969414 

0.07 0.7944 

3.47 0.0626 



TABLE 4.13 Modified-DAJ Case Scores 

MODIFIED-OAI 
CASE SCORES 

Modified-ûAl rnean score = 20.79 
Modified-DAl score range = 5.13 to 76.66 



Table 4.14 - Logistic Regression Calculation of Treatment-need Cut-off Values 
for the Modified-DAI 

In odds of approval = -6.7925 + 0.2262 @Al average) 
x- = 9.59 with 1 df, p < 0.002 

Cut-off point = if p > 0.50 , then "approved" 
if p < 0.50, then "not approved" 

DAI-cut-off point = 9.39 (if DAI < 9.39, probability of approval> 0.50) 



TABLE 4.15 Priorlred Case Usts Based on Orthadontimts' Analog, 
Standard and Modified-ûAl Scorem 

Case OrttioScore Case Standard-üAl Case Modified-0 
20 6.94 20 68.00 20 76.66 

y] Indicates Cases Not-Approved by NIHB 
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DISCUSSION 

This study has been focused on the most appropriate allocation of scarce resources 

for orthodontic seMces within the NIHB program. As this program is pnmarily designed 

to provide to dental senices to the people of First Nations Treaty and Inuit cornmunities 

analogous to those available to other Canadians living in sirnilx locations, there are 

concerns that the provision of orthodontic services might deplete the resources for 

"essential" services. These concems are common to other third party health care 

prograrns, Le., no resources are adequate for everyone to obtain al1 the heaith care 

senices they demand (Klein., 1993). Rationhg of resources in this sense, is therefore 

inherent to the dynamics of the system, whether financed by publicly or privately-funded 

resources (Heginbotham, 1992). Although there is nothing new about health care 

rationalization, the growing level of academic and political discussion suggests that this 

topic is progressing upwards on the policy agenda. 

Akhough explicit policies for the provision of orthodontic services are preferable 

for any form of rationing, they are not the only strategic options. Left to themselves, al1 

third party health care systems wiiJ undoubtedly devise ritionhg arrangements that are 

largely implicit to those that provide them (Heginbotham, 1992). For instance, the main 

rationing mechanisms for orthodontic seMces within the NIHB dental program have 

relied on the initial gatekeeping role of generai dentists, together with the "clinical 

judgement" (professional autonorny) of both generalists and specialist dentists 

(orthodontists), buffered by prior approval assessrnent systems devised by the respective 

regional dental officers. 



These mechanisms have prllnarily serveci three hctions: 

- Who should make the rationing decisions for orthodontic s e ~ c e s ?  

- What mechanisms should be employed to mdce and irnplement such decisions, and to 

whom should they be explicit? 

- What criteria should be employed to underpin decisions? 

These are not discrete issues, since those that relate to chical fieedom define both 

the inherent detenninants of the decision maker and the mechanisms to discriminate 

between those who shouldlshould not be provided with orthodontic services. There may 

also be iterations in the policy issues. For instance, if equity is chosen as the appropriate 

criterion, then how and by whom it is to be operationalized become central issues. There 

may also be different levels of decision-making within any rationing system: 

- Macro-mechanisms associated with resource allocations to the various component 

seMces within the NIHB program, e.g. restorative versus orthodontic services or 

dental versus pharmacy services. 

- Micro-mechanisms associated with the local or regional allocation of resources for 

orthodontic services. 

These issues are the principal focus of this section, which is primarily related to 

potentid mechanisms for control of the provision of orthodontic seMces to those eligible 

for NIHB benefits. 



Five groups are potential candidates of the decision makers for the provision of 

orthodontic seMces within the NMB dentd program: 

- Govemment 

- National andor regional MHB managers 

- The dental profession 

- The First Nations Treaty and Inuit communities 

- The courts. 

5.0-0 Govemment 

There is an obvious sense in which Government is the appropriate decision-making 

body. Dental service rationing within the NIHB program is fundamentally a politicai 

exercise, Le., it involves the authoritative allocation of vaiues. In the publicly-fûnded 

MHB dental program, trade-offs are inevitable between competing objectives of public 

expenditures, although there are two important policy choices that remain undetermined 

by this necessity. 

First, the necessity for governments to make decisions about the allocation of 

publicly-fiinded resources between such secton as health, education, in.f?astru*ure, 

sanitation etc., need not extend to decisions about pnorities within the health sector. 

Second, government need not necessarily imply the Federai govemment, since transfer of 

NMB control to Tribal and Band councils may result in changes in this regard. Yet in al1 

discussions on the govemment's role in rationing, there is an important caveat, Le., the 

public (those eligible for NMB dental benefits) does not necessarily perceive politicians to 

exercise their legitimate status as decision-makers, due to the low esteem in which 

politicians are held. 



5.0.1 Nationai andor regionai MHB managers 

In the NMB dental program, Health Canada has recently formed a Dentai Care 

Advisory Cornmittee @CAC) cornprised of a diverse selection of memben who represent 

First Nations and Inuit peoples, the Canadian Dentd Association, the Dentwist 

Association of Canada, the Royal College of Dentists of Canada, the Canadian Dental 

Therapy Association and Dental Academia The role of this cornmittee is to provide advice 

and recomrnendations on: 

- Dental treatment and prwentative programshenefits provided to eligible 

clients; 

- Management and delivery of dental prograrns and benefits by the MHB; 

- Transfer of control and management of dental care programshenefits to 

eligible clients; 

- Establishment of an appropriate needs-based standard of care; 

- Recognition and application of cultural needs and differences. 

In general terms, the DCAC has tried to avoid the explicit rationing of particular 

dental services, although they may provide advice on the allocation of financial resources 

to broad areas of dental are. Although there would appear to be greater support from the 

First Nations Treaty and Inuit comrnunities if the DCAC acted as rationing decision 

makers rather than for politicians. The greatest deficiency stems from the lack of 

legitimacy which is de facto accorded by patients, the public and the news media to dental 

professionais by virtue of their direct role in providing dental care. The future viabiïity of 

rationing decisions by the DCAC may therefore be dependant upon either devising some 

mechanism of legitimation (e.g., e l d o n  or extensive pubüc consultation) or, the 

establishment of clear criteria to underpin their managerial rationing decisions. Yet such a 

role is hampered by the Iack of precise epidemiological data on the orthodontie service- 



needs of those eligible for NIHB benefits or the impact of the cuaent level of services on 

their totai orthodontic burden. 

5.0.2 The dental profession 

The dental profession has been the main player in rationing orthodontic seMces to 

those eligible for MHB benefits in sofiir as deciding what orthodontic services are 

available and who should receive them. It is clearly possible for policy makers to exploit 

this public deference to professionals in order to avoid making difficult decisions 

themselves, although such arrangements are constrained by two sorts of difficulties. The 

first is pragrnatic, in that the co-operation behveen dentists (generalists and specialists) in 

highly competitive markets may be difficult to achieve. The second is a difficulty of 

principle. For instance. if rationing is delegated to dentists there are concerns for the 

confidence of the associatecl criteria, since there is no rnechanism for d i n g  them to 

account for their decisions, i.e., there are no generally accepted criteria to discriminate 

between those that should/should not be provided with orthodontic services. Clinicians 

may decide on the bais (for instance) of perceived need or probable service effectiveness, 

but they may equaily employ concealed social judgrnents or wisffil thinking about service 

effectiveness. The paradox of the respective position of dentists and politicians is therefore 

clear : 

- Politicians constitutionally should make rationing decisions, but do not. 

- Dentists do ration the provision of services, but they should no? 

constitutionally make such judgments. 



5.0.3 The First Nations Treaty and Inuit communities 

A more populist approach to orthodontic service rationing decisions has superficial 

attractiveness to provide legitimation for decisions whose legitimacy is not othenuise 

clear. There are, however, a number of deficiencies with this approach. For instance, if 

govemment apparently ignores substantial evidence that those eligible for MHB benefits 

would like to maintain the previous rate of resource growth allocated to dental care, it 

would seem inconsistent to concede a public voice in the rationing of such resources as 

currently dlocated. There are also uncertainties whether those eligible for NMB benefits 

wish to be involved with such decisions, since generaliy a number of researchers have 

noted the consistent desire of the public to delegate difncult decision-making to some 

other authority (Bowling et.& 1993). Finally, there is no advance way of knowing the 

criteria that would underpin rationing decisions derived from populist opinion. It is not 

impossible that non-populist approaches to public consultation can be devised, however, 

although such a process would be necessariiy unwieldy and the-consuming. 

5.0.4 The courts 

As a result of the Charter of Rights' legislation, the courts have a potential role in 

health a r e  rationing, although whether the legai obligation of the Federal Minister of 

hdian Affiirs to provide comprehensive health (including orthodontic) services to those 

eligible for NIHB benefits wuld be translated to the particuiar nghts of an individual to 

orthodontic services has yet to be tested. 



There would seem to be six principal rationing mechanisrns which could be used as 

instruments for policies to ration the provision of orthodontic services: 

- Charges 

- Primary Gare gatekeeping 

- Waiting lists 

- Professional autonomy 

- Explicit rules 

- Patient information, 

5.1.0 Charges 

Charges for orthodontic seMces applied to other jurisdictions include flat-rate 

payments, percentage costs (CO-payments or deductibles), with exceptions determined by 

specific parameters. The evidence conceming the behavioral impact of charges on patient 

demands is heavily contested, although it seems implausible to adopt the view that, ceteris 

paribus, there is no deterrent effed. There are, however, concems that such charges rnust 

closely match patients' ability to pay, which is a major concem for the First Nations Treaty 

and Inuit cornmunities, i.e., controlling the provision of orthodontic services to those 

eligible for NMB benefits by patient charges is not a strategic option. Moreover, this 

approach ignores the debate of "nght or privilege". 

5.1.1 Prima y a r e  gatekeeping 

Access to orthodontic seMces is generally controlled by general dentists, since 

they subsequentiy generate specidist referrais. This gate-keeping function seems to be 

generally accepted by those eligible for MHB benefits, although the maintenance of this 

gatekeeping ftnction relies on their good-wili, which can no longer be guaranteed in 

highly cornpetitive markets. Nevertheless, general dentists must accept some responsibility 



in only r e f d g  patients with good oral health motivation, and the like, for orthodontic 

treatrnent . 

5.1.2 Waiting lists 

Waiting lists for specialists s e ~ c e s  seem to perform several functions, not al1 

widely recognized. They serve as a buffer between demand and capacity, allow time for 

potential fùrther facial growth or permanent tooth emption, although they may also be 

useful deterrents to generalist dentists in making referrals, i.e., long waiting penod hamper 

referrais. Moreover, this may no longer be a viable option in highly cornpetitive markets, 

although waiting periods provide opportunities to ensure orthodontic senices are only 

offered to those who are motivated and have consistently good oral hygiene practices. 

5.1 3 Professional autonomy 

The professional autonomy of clinicians (specialists and generaiists) perfonns 

several fùnctions. For instance, it serves to reassure patients that orthodontic seMce 

decisions depend on dental rather than managerial critena and allows professionals to 

resist manageriai interferences in their clinicd decisions (Harrison and Pollitt, 1993). In 

addition, most patients generally accept the generalist's or specidist's word that 

orthodontic semices adare not appropriate (Aaron and Schwartz, 1993). There are also 

many political advantages of such "invisible" rationing mechanisms, although they are 

wlnerable to the withdrawal of CO-operation or bias by the profession (Harrison, 1995; 

Hamison and Pollitt, 1 997). Nwertheless, both generalists and orthodontic specialists have 

a responsibility to ensure patient cornpliance with orthodontic services, including but not 

limited to effective oral hygiene practices. 



5.1.4 Explicit rules 

It is possible to envisage the creation of specific rules about what orthodontic 

services wiil or will not be provided by the NMB dental program. From a policy-making 

perspective, however, there are concerns in terms of the legitimacy of the decision-making 

process or the criteria which underpin them, i.e., there are no scientSc guidelines to 

distinguish between those who should/should not be provided with orthodontic services. 

However, the potential application of indices to discern those who shouldl should not be 

provided with orthodontic senices is a defensible strategy when addressing the problems 

of assessrnent consistency and reliability . 

5.1 .S Patient information 

The demand for orthodontic seMces can be af5ected by the kind of information 

made available to patients, although there is little experience in using this information 

(e-g., education, video-displays) as a systematic policy to control demands. Nevertheless, 

such information may be helpful in ensuring patients have realistic expectations prior to 

embarking on a course of orthodontic services. 

There seem to be four broad criteria which might underpin orthodontic s e ~ c e  

rationing decisions within the NIHB dental program: 

- The "remie" principle 

- Efféctiveness 

- Cost-effectiveness and utility 

- Equity 



5.2.0 The "nscue" principle 

Broadly defined, the "resaien principle States that the provision of orthodontic 

seMces should be confineci to those in "tmuble", with pnonty given to those in greatest 

need. This principle is discemible in many areas of public (e.g., publicly-bded special 

interest groups) and pnvate life other than health care. It is also the defining feature of 

civilization. But although such principles are not wrong (Goodwin and W~lenski, 1 SM), 

they provide no guidance as to when to stop. The opportunity costs of the remie principle 

(how many other patients could have benefited fiom the resources devoted to orthodontic 

se~ces)  are therefore potentially extremely high. Herein lies a potential anomaly, without 

xientific criteria to define the severity of orthodontic service-need, the moa appropriate 

provision of 'rescue' services rernain arbitrary and therefore controversial. 

5.2.1 Effectiveness 

If it is at al1 possible to discem a contemporary received wisdom about desirable 

rationing criteria, effectiveness would represent 4 i.e., what is the point of providing a 

health care seMce that does not work. Unfominately, ostensibly technical formulation 

may undermine rationing decisions, in that there are no certainties, Le., what is a 

reasonable expectation of effectiveness and who is to determine this? Clearly, if 

orthodontic senices have to be discontinued due to poor patient cornpliance, such a 

seMce is ineffective. Sirnilar concems apply to orthodontic services that lead to excessive 

tooth root resorption, afthough the prediction of such anomalous reactions remains 

controversial. 

5.2.2 Cost effectiveness and cost-utility 

One way of addressing the question of probabilities and degrees of effeaiveness is 

to set them against s e ~ c e  costs, i.e., are the benefits of orthodontic services to those 

eligible for NIHB benefits compatible with their expenditures? Since at the policy-making 



level, rationing decisions entail choices between quite dEerent seMces for different 

maloccIusions, natural measures of their relative effectiveness are difllcult to find. Also 

policy-makers would have to take a nurnber of M e r  considerations into account when 

applying such a d e .  For instance, data on both the ma and effectiveness of orthodontic 

services are dynamic over tirne, so that allowances must be made to accommodate future 

advances in research and development. In addition, since most policy decisions are taken 

at the margin (rather than being zero-based), pnorizing specific orthodontic senices 

would need to reflect the cost-utilities of adjusting the supply of particular seMces 

upwards and downwards fiom the aiment lwels of services. Moreover, such policies 

would be based on the assertion that patients already receiving orthodontic services are 

the ones in whom it is likely to be most effective. But without systematic epiderniological 

data, this assertion may/may not be valid. 

Moreover, the adoption of cost-utility as a policy vehicle for orthodontic senice 

rationing decisions seems to rest upon the answers to two fundamental questions. First, is 

it desired to maximize total utility denved from orthodontic s e ~ c e  expenditures of the 

NXHB program? Such would be the effect of following the decision rule set out above, an 

eEect that would pay no attention to the distribution of such a utility within a region or 

tribal band. Second, are policy makers satisfied that it is appropriate to collapse into a 

single formula the multi-faceted phenornena of quality of life derived fiorn orthodontic 

services, whilst ignonng the utilities that the resources might denve fiom other policy 

decisions, e.g., housing, sanitation etc. (Cm-Hill, 199 1 ; Badey, 1993). Underlying such 

uncertainties, include the lack of data on the effectiveness of orthodontic services on 

patients' self-esteem and other psychological parameters. 



5.2.3 Equity 

Whereas cost-utiIity is concemed with achieving the greatest possible (expected) 

output of orthodontic utilities from particular expenditure levels, equity is mon concemed 

with the distribution of such outputs: 

- Equity implies quai  orthodontic seMces to patients with equal orthodontic needs 

(horizontal equity); and 

- Unequd s e ~ c e s  to patients with unequal needs (vertical equity). 

In order to establish an operational definition of equity (Le., one that is of use to 

policy makers), it is necessary to separate the two dimensions of the meaning. First, since 

policy makers cannot in practice be concerned with equity between individuais, the groups 

to be compareci must generally embrace gender or geographic locations. Second, is the 

policy to seek equity of inputs (resources), of processes (e.g. orthodontic services) or of 

outcomes, to be measured in terms of orthodontic health status? Since it is weli known 

that orthodontic seMces airned at individuals are unlikely to be the sole or even the main 

contributors of such outcornes &alonde, MM), such an approach might well include a 

more general attempt to produce a general orthodontic policy for the NIHB program. 

An outline of such a potential general policy is as follows: 

- Prevent or reduce the morbidity of malocclusions by the preferential institution 

of interceptive onhodontic services, although such a policy would require explicit 

guidelines when and what interceptive seMces are most appropriate for different 

~ c ~ l u s a l  conditions; 

- Consider ai1 orthodontic senices to be effective, choosing from them (in accor- 

dance with available financial resources) prionties on the basis of their ex- 

pected contribution to the equaiization (at the lowest pradicable level) of 



morbidity (this pursues vertical equity); 

- Make such prioritized orthodontic s e ~ c e s  available to al1 those eiigible for 

NIHB benefits who may be expected to benefit fiom them; 

- W~thin the above, provide seMces in their most cost-effective form at the most 

cost-effective stage, although the provision of both parameters requires further 

investigation. 

Heaith care (including orthodontic service) rationing is therefore a diacuit policy 

field, both technically, conceptually and politically. Older implicit approaches to rationing, 

e-g., the exercise of professionai autonomy, are more politicaily cornfortable than the 

expliàt type of approach envisaged in this thesis. Yet advocates of implicit rationing 

(Hoffenberg, 1992) must answer the question whether the retum to previous cnteria is 

feasible in a context where not only policy-makers, but professions, are corning 

increasingly under public scnitiny. The need for guidelines for the provision and 

maintenance of orthodontic seMces cannot be overstated, although the appropriate body 

to control their development and implernentation currently remaiw problematic. 



To enable a thorough discussion of the Results obtained 6om this study, the materiai wili 

be discuued under the following headings: 

Ortho&n~'Assessment of Mdocclwion Severity 
DAI Assessrnent of Malocclusion S-ty 

DAIAssessment of Treutment-need 
Use @the Modried-DAAI in Atbliefunndinng Assessmenis 
Lim*tafr*ons ofthe Cument Study 

To accept conclusions eom the data relative to rnaloccIusion seventy assessments, 

relies on the prernise that the Orthodontist's subjective evaluations of malocclusion 

severity comprise independent vaiidating criteria of the standard-DAI index to discern 

maiocclusion seventy. This method has been described by Carlos (1970) as inadequate, 

since clinical judgment may have no inherent vaiidity. However, as a malocclusion 

comprises a variation from the accepted "nom" rather than a disease aate, no rigid 

cntena are available to outline the definition of a malocclusion. Until a more "objective" 

mode of evaiuation bewmes available, the method of subjective clinician evaluation will 

predorninate despite the potential for biased assessments. Ideally, the level of intra- 

reliability and inter-examiner agreement must be hi& with a low possibility of random 

chance effecting the subjective opini~n values. As was demonstrateci by the Intraclass 

Correlation Coefficient analysis, the reliability of the participating Orthodontists' 

evduations of maiocclusion seventy was high in this study (0.97, peO.OS), well above the 

minimum acceptable limit of 0.80 as suggested by Fleiss (1990). Nevertheless, such 

statistical data cannot obscure the anomalous evaluations denved fiom observer #16 in 

this shidy. 



Freer etal. (1973) examineci this issue of intra and i n t e r d e r  reliability and 

agreement between ten orthodontists. They assessecl malocclusion severity levels on the 

sarne ninety-eight sets of study models and repeated their assessments one month later. 

The results indicated that the mean scores derived by the ten examiners for each of the 

study models between the first and second examination sessions were generally close. In 

addition, the product-moment correlation coefficients, reflecting the intra-examiner 

reliability over the two evaiuating sessions, were very high among al1 sets of examiners, ie. 

the coefficients ranged from 0.71 to 0.93. This indicated that little variation in intra- 

examiner scoring occurred between the two time penods, although there was a tendency 

to score slightly lower at the second session, ie. subjective assessments may Vary with the 

experïence of the assessor. 

To evduate the potential application of the standard-DAI to mess varying 

degrees of mdocclusion severity, a sample of pre-treatment orthodontie cases with a wide 

range of malocclusion severity was assessed by both the standard-DAI and Manitoba 

Orthodontists. The group data for each mode of assessrnent was then used for 

scattergraph cornparison on a case-by-case basis (sec Figures 4. II, 4.I2,4.23). 

Following scattergraph comparisons and calculations of the Pearson's correlation 

coefficients for ail thirty-eight cases, a high degree of congruence (r = 0.92) was found to 

exkt between the Orthodontists' and standard-DAI evaluations of maiocclusion severity. 

These results tended to conflict with the results of Keay eral. (1993) fiom a similar study, 

where only a moderate (r = 0.64) degree of congruence was identified. One of the 

important factors that may have impacted on such variances in correlation coefficients 

between the two studies stem from the difference in inter-examiner agreement levels found 



among the Orthodontists' subjective evaiuations. The m e n t  shtdy indicated high ICC 

values, whereas a lower degree of inter-examiner agreement was noted in the Keay etai. 

study. Although the mean case scores were used in both studies, the subjective case 

wessments for each of the cases in the Keay et.aL study exhibited a wide range of values 

between the four evaluating Orthodontists. This wide assessrnent range by a small number 

of evaluators may have skewed the mean case values relative to that derived from the 

Iarger evaluator sarnple, thereby contributhg to their lower degree of congruence relative 

to the DAI case scores, 

Analysis of the five cases in the mixed dentition scbsample resulted in a moderate 

degree of congruence (r = 0.66) between the standard-DM and Orthodontists' 

malocclusion severity assessments, significantly lower than that found with the total case 

sample. One of the main contributors to the correlation coefficient value of this subsarnple 

analysis was Case # 14. 

In the mixed dentition subsarnple, case # 14 appeared to be the pnmary cause of the 

large reduction in correlation coefficient value relative to that for the total sample. Case 

#14 (Figure 5.1) was a fourteen year old six month fernale exhibiting an Angle Class II 

moderately crowded dentition with both mandibulu primary second molars retained and 

no succedaneus second premolars. Due to the lack of probable eruption of permanent 

teeth to replace these primary molars, the DAI was scored as two teeth missing, thereby 

dramatically increasing the total DAI score to indicate a more severe malocclusion. 

Although the Onhodontists may identify the agenesis of the permanent premolars as a 

wncwn, the presence of the primary molars in a favorable occlusai relationship with 

radiographicaily adequate alveolar support most likely reduced their estimation of the 

maiocclusion severity. 
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Fig 5.1 Case #14 Study Models and Panoramic Radiograph 



The abiiity of the standard-DAI to discem véuying degrees of malocdusion 

severity for the mixed dentition was a h  evaluated in a study by Keay et-al. in 1993. In 

that study, seventy mixed dentition cases were assesseci by both the standardDAI and the 

subjective opinions of four Orthodontists, resulting in a Pearson correlation coefficient 

value of r = 0.62. This moderate value reflected the analogous degrees of congxuence as 

discemed from the present study. 

The scattergraph evaluation of the thirty-three case permanent dentition 

subsample revealed a strong correlation coefficient value (r = 0.94). This refiected a 

slightly higher Ievel of agreement than those found between the standard-DAI and 

Orthodontists' evaiuations of the total sample. This contrasts with the correlation 

computed for the permanent dentition subsample in the study by Keay et.aL (1993) in 

which the thirty-five case subsample analyzed provided only a moderate (r = 0.68) level of 

congruence. In cornmon with the total case sample andysis, the low level of inter- 

examiner agreement may have primarily contributed to the moderate derived correlation 

value. This, therefore, underscored the need to replace the subjective assessments of 

individual assessors by a more objective approach. 

5.5.0 The Determination of a Treatment-need Cut-off Score 

Pnor to evaiuating the abiiity of the standard-DAI to discem orthodontic 

treatment-need, a DAI cut-on score was established to demarcate treatment-need. Using 

logistic regression analysis of the standard-DAI scores relative to the previously 

established MHB bench mark for treatment-need, a 30.03 cut-off score indicated a high 

degree of acairacy in evaluating the treatment-need. 



The methods used to detamine treatment-need cut-off scores are f ~ r l y  standard 

throughout the dental literature, involving the subjective opinion fiom a group of dental 

hedth 'experts' regarding the severity of a maloccIusion and whether the extent of the 

malocclusion warrants treatment. Historically, the detennination for orthodontic 

treatment-need have been made either as a result of mean group data evaluations 

(Richmond et-ai., 1995; Richmond et-ai., 1994), or on a consensus basis arnong a group 

of orthodontists (Jemy et-d,  1993). Wth both methods, no objective critena were 

identified as a guide when evaluating the need for orthodontic are.  Such ill-defined 

criteria may have been one of the contnbuting factors to the large range of intra and inter- 

examiner agreement noted in the Richmond etd.  study (1994), in which the intra- 

examiner kappa values ranged fiom 0.54 to 0.97 for the seventy-four examiners. The 

interexaminer kappa values ranged From 0.36 to 0.52, indicative of oniy fair levels of 

evaluator agreement (Landis and Koch, 1977). 

Two rnethods have been cited in the literature to determine cut-off scores 

involving the DAI. In a study by Jenny e t d .  (1993), the determination of orthodontic 

treatment-need was made from a consensus between two Orthodontists. Once again, no 

objective cnteria were available for guideline purposes. The subsequent consensus 

agreement for the 1,306 untreated cases was then subjected to cross tabulation with the 

DAI scores for each case at the 90th 86th 80th 75th 70th and 65th percentaes, 

resulting in a DAI score at the 86th percentile of 36 or greater determineci as being 

handicapping according to the DAI. In another study, a DAI cut-off score of 32.5 was 

based on a variety of studies evaluating the distribution of severity scores and cumulative 

frequency distribution of the DAI scores (Keay et.& 1993), although the actual 

caiculation of the score was not outlined. 

The functional need for orthodontic treatment may only be assessed in absolute 

tenns with accurate information regarding the long-terrn effects of malocclusion. Currently 

this infornation is unavailable. However, in the absence of clear evidence, it would seem 



reasonable to introduce an index to enable a uniform approach to assess treatment-need. 

If such an index is used, a cut-off score should be both reliable and valid. As no "disease 

state" marker currently exists in orthodonties to define treatment-need, a secondary 

validation process must be incorporateci. The methods for determination of a vdid cut-off 

point share on cornmon weak-Iink; no guideline cnteria has been established to define a 

handicapping malocclusion. The m e n t  study has attempted to eliminate this potentid 

problem by using cases previously categorized by a publiciy-funded hedth program, where 

orthodontic treatment-need was discemed from guideiine criteria. By using these NIHB 

cases, not only is a more objective yardstick used to determine appropriate DAI actsff 

scores for treatrnent-need, but the existing policies at NIHB may also be tested for 

consistency. 

5.5.1 The Ability of the Standard-DAI to Assess Orthodontic Treatrnent-need on 
the Total Case Sample, Permanent and Mised Dentition Subsamples 

To test the ability of the standard-DAI to assess orthodontic treatment-need for 

the totai case sample, permanent and rnixed dentition subsarnples, the 30.03 DAI cut-off 

score was used as a benchmark for orthodontic treatment-need, based on the 2x2 matrix 

table analysis of the DAI-determined venus the NIHB-detennined need for onhodontic 

treatment. Figures 5.2 and 5.3 underscore the extent of the problem in the identification 

of greatest treatment-need for orthodontic cases submitted to NIHB. 

The evaluation of the total case sample indicated that the standard-DAI is 

moderately accurate in assessing the need for orthodontic treatment, with a moderately 

high level of treatment-need over-estimation. This level of assessment accuracy is an 

improvement over the 0.70 value found in the Keay e t d .  shidy (1993) based on the 

assessment of 105 pre-treatment cases. However, the sarne predilection for the treatment- 

need over-estimation prevailed. This tendency for treatrnent over-estimation was also 

found in a study by Caisley (1995), evaluating a sample of Angle Class II division 1 pre- 



treatment cases. As shown Ui Figure 5.4, Case #17 @AI score = 41 .OO) was approved 

and Case #16 @Al score = 29.70) not approved when the DAI cut-off score of 30.03 was 

used as the minimum treatment-need criteria 

The evaluation of the thirty-three cases in the permanent dentition subsarnple 

revealed a greater degree of assessment accuracy than that found in the total case sample 

and was an improvement over the 0.74 value found in the Keay et.al. study (1993) 

involving the treatment-need assessment of a thirty-five case permanent dentition 

subsarnple. Although the over-estimation of treatment-need was found in the permanent 

dentition subsample relative to the total sample, the level of 0.33 would still be deemed 

unacceptably high. Howwer, the results from this study were still lower than those found 

in the Keay et.al. study (1993). 

Matrix table analysis of the five cases in the Mxed dentition subsample indicated a 

low degree of assessment accuracy relative to that found in the total case sample, and the 

0.67 level found in the Keay et.al. study (1993) involving the treatment-need assessrnent 

of a swenty w e  rnixed dentition subsarnple. In particular, the 1.00 level of false positive 

fiaction indicated an extremely high incidence of treatrnent over-estimation, and was 

slightly higher than the value found in the Keay e t d .  study (1993). Figure 5.5 illustrates 

NMB-approved cases for the permanent (Case #20) and mixed (Case #31) dentition 

subsamples. 

A possible reason for the poor assessment acwacy and false positive fiaction 

values found in the mixed dentition subsample fiom the current study may lie in the 

standard-DAI assessments of missing teeth. As was previously discussed in Section 5.4, 

Case #14 exhibited both mandibular primary molars in good occlusion, with no 

succedaneus second premolars present. The standard-DAI would score two teeth as 

missing resulting in a total case score that surpasses the minimum of 30.03 for treatment 

approval. The NlKB critena most likely interpreted the maiocdusion as not a severe 

enough handicap, thereby denying orthodontie treatment. ûf interest is the finding that re- 



scoring of the case as hahg no teeth rnissing results in a case score below 30.03, 

refiecting the NDiB evaiuation of non-approval for truitment. Although this deficiency in 

the standard-DAI assesment is inherent to the index, the interpretation of such a dinical 

situation may reflect the scoring of that component. As an example, an expenenced 

Orthodontist may score the Iack of succedaneous teeth in the situation outlined as 

relatively insignifiant. However, a general practitioner or dentd awcillary may unwittingly 

score the situation as more serious, reflecting the current score exhibited. This degree of 

interpretation is not acceptable by the standards by the Shaw et.aL (1991) in the criteria 

for an ideal index and therefore presents a problem with the standard-DAI in it's current 

forrn. 



Figure 5.2 TheTotal Case Sarnple lllustrating the Difficulty in ldentifying the 
Greatest Treatment-need. 

Figure 5.3 The Total Case Sample Categorizes via NIHB-approval Status 



Figure 5.4 Illustrates a Case Approved (Case #17) and Not-approved 
(Case #16) via DAI Cut-off Score of 30.03. 



Figure 5.5 Illustrates NIHB-approved Cases for the Permanent (Case #20) 
and Mixed (Case #31) Dentition Subsamples. 



5.5.2 nie Abüity of  the Modificd-DAI to Assess Orthodontic Treahnent-need on 
the Totai Case Simple, Permanent and Mued Dentition Subsampla 

To detemine if any of the standard-DAI components were aitical in determinhg 

orthodontic treatment-need, logistic regression d y s i s  of the standard-DAI components 

was completed. Four critical components from the standard-DAI equation were found to 

be most important; mandibular ovejet, maxillary overjet, vertical anterior overbite and 

anteroposterior rnolar relationship. This rnodified-DAI was subsequently applied to the 

raw data scores of the appropriate components and the newly derived weightings appiied, 

witb the rnatrix table analysis of the thirty-eight cases scored with the modified-DAI 

reveaied some encouraging findings. 

The assessment acwacy of the totai, permanent and Mxed dentition groups 

increased to the levels of 0.90, 0.88 and 1 .O0 respectively. Of equd importance, was the 

level of fdse positive fiaction decrease to 0.25 and 0.33 for the total and permanent 

groups. These levels although not ideal, represent signifiant improvements. Of 

significance is the 0.00 level of fdse positive fiaction exhibited in the mixed dentition 

group. This area of irnprovement, in addition to the greatly increased level of assessment 

accuracy, provided a drastic improvement of the modified-DAI over the standard-DAI in 

the assessment of orthodontic treatment-need. The most likely contributor to this 

improvement is the elirnination of the rnissing teeth component from the standard-DAI, as 

was discussed in Section 5.2.1. 

Of interest are the four components of the modifieci-DAI regression equation and 

the diversity between their relative numerical weighting deerned most important in 

discerning orthodontic treatment-need; mandibular ovejet (9.073 877), maxillary overjet 

(1 -6 l8226), vertical antenor overbite (1 0.15 565) and anteroposterior molar relationship 

(1.856006) (Table 4.12, Section 4.4.0). The weighting emphasis placed on both the 

mandibular overjet and vertical openbite components would suggest that minor (e-g., 1+ 

millimeter) sagittal mandibular excess or anterior overbite deficiency are of sufficient 



influence to provide a modified-DAI score in excess of the minimum 9.39 ai tsf f  score 

(Table 4.14) warranthg seNice-need. The caldation of these numerid weightings was 

possibly Uifluenced by the representative malocclusion sub-types used in this investigation, 

the NIHB approvalhon-approvd status used as the dependent variable in the 

determination of the regression equation, or a combination of the two. 

Initial assessments involving the modified-DAI as an instrument to evaluate 

treatment-need in the publicly-funded health sector is encouraging. However, several 

factors should be considered prior to it's more general application. 

Al1 of the current indices, including the standard and modified-DAI, are primarily 

b a s 4  on the evaluation of dental relationships. Pertinent information such as faciai 

esthetics, patient expectations, periodontal status and psychological factors are not 

included. Facial esthetics, although somewhat subjective, have been identified as important 

factors in the psycho-social development of an individual (Albino and Tedesco, 199 1 ; 

Burstone, 1958). The standard-DAI attempts to c o ~ e c t  the public's perception of dental 

esthetic acceptability with the occlusal components of an index via a regression equation. 

However, this link did not evaluate the actual perioral soft tissue structures. 

Unfortunately, the ability to objectively measure soft tissue deviations is likely to be 

imprecise and problematic. Due to a wide variation in response, it becornes very difficult 

to estimate the psychological impact a malocclusion has on an individual. Sorne individuals 

adapt and function in a social setting quite wetl despite severe physid abemtions, while 

others are greatly distresseci by wen slight tooth crowdùig (Cohen and Jago, 1988). 

Although treatment-need indices may objectively assess variation fiom an acceptable 



occlusal nom, the impact of the anatomicai severity of malocclusion may not be directly 

proponionai to the psychological distress of patients (ûtuyemi and Jones, 1995). 

One of the concerns for any publicly-fùnded health prognvn is the fiscal wnstraints 

currently levied against these organizations. The issues of cost and population treatment- 

need mua be carefùily weighed pnor to determining treatment cut-off levels. If the NIHB 

decides to use an index, such as the modifiecl-DAI, as in instrument to decide treatment- 

need, several factors should be closely scrutinized. The cutsff levels for treatment-need 

detennined in this study, reflect a small subsample of the entire native population eligible 

for NIHB benefits. Although this study reveaied a close correlation between the existing 

NMB and modified-DAI treatment-need decision levels, the association does not 

necessarily indicate appropnate decision levels. Studies have found that Native Indians are 

as equaily aware of poor dental esthetics as other ethnic groups (Cons et.aL, 1990). In 

addition, a study by Jemy et-al. in 1991 utilized the standard-DAI in evaluating 

cornmunity levels of malocclusion seventy. When taken fiom the evaluation of 497 Native 

Amencan Indians and 1337 Cauwian Americans, these findings revealed that the Native 

Americans consist ently yielded higher standard-D AI scores indicating poorer dental 

esthetics and a greater need for orthodontie treatment. These differences in treatment-need 

should, in theory, be adjusted for the Native population, with an appropriate index ai tsf f  

score for treatment approval. Of interest is how significantly difEerent relatively small 

changes in senice-need cut-off scores can affect approval levels (see Figures 5.6, 5.7). By 

lowering the required modified-DAI cut-off score to 7.00, the total number of cases 

approved under this criteria increases to thirty-five fiom the previous level of thirty. By 

cornparison, increasing the cut-off score to 15.00 significantly decreases the total cases 

approved by the modifiedDA1 to seventeen. 

Of course, al1 of these factors must be weighed in wnjunction with the ever- 

diminishing available resowces. One possible solution involves the use of decision 

anaiysis, currently employed to an increasing extent throughout the medical field (Mavreas 



and Melsen, 1995). The process of decision andysis is not synonymous with the act of 

clinical decision making, but can and shouid provide a means for testing, improving and 

wmparing judgements that are now based on clinical intuition. By incorporating the use of 

such an analysis, curent levels of treatment benefit to costs incurred could be dete-ed 

with the resulting data indicating a possibly more effective use of fùnding. These findings 

may in tum dictate treatrnent-need levels and subsequentiy adjust index treatment ~ s f f  

scores at the appropnate levels. 



üIrdihood Ratio of a Podtivs Test = 1 .ô0 
W h w â  Ratio of a Negath Test = 0.0 

Figure 6.7 - MOMF1EO-OAl As8errmant of 
Orthodontk T rcrtment*ced 
Usîng a Cuton Score = 16.00 

NIHB APPROVED 

Wccrthood Ratb of ri Positive Test = InfinRy 
Ukelihood Ratio of a Negaüve Test = 0.4 



Although this investigation has centered on the potential application of the 

modified-DAI to d u a t e  the need for orthodontic services, there were inherent 

weaknesses. The most senous deficiency stemmed fiom the small sample size, whereas 

364 cases would have been required to obtain data at a 5% statistid confidence level. 

Although ideal, such a sarnple size was not f&ble for two reasons: The first relates to the 

number of Orthodontists wiiiing to participate as evaiuators Le., a logistical compromise 

was needed to obtain the highest number of Manitoba Orthodontists that represented the 

professionai cornmunity, while respecting the personai time of their voluntary services. 

Secondly, financiai considerations constrained the number of pre-treatment orthodontic 

records that could be feasibly duplicated. 

Although the case sample used in this study reflected a wide range of malocclusion 

severity, the number of cases within each type of malocclusion classification was 

necessarily limited. This, in conjunction with the statistical determination of the modified- 

DAI, may have resulted in the large disparity between the component weightings noted in 

the modified index, although subsequent data derived fiom another investigation showed 

this to have only a rninor impact. 

A fùrther concem sternrned fiom the use of only Manitoba Orthodontists to 

evaluate these cases. Although these evaluations reflected the opinions of a large portion 

of the professional specialty community in one geographical region, they may not extend 

to other orthodontic colleagues in various other areas of the country. Finaily, the ability of 

the standard and modified-DAIS to assess orthodontic treatment-need was made relative 

to the pre-determîned evaluations by NIHB for Manitoba and the North West Temtones. 

Although the criteria for treatment-approval is universal for ail areas of Canada, the 

interpretation of the cnteria may Vary between the various inter-provincial NIHB centers. 

Therefore, the treatment-need status of the sarnple cases used in this study may Vary from 



one provincial NIHB office to the next. This factor could possibly reflect itself in the 

statistical ability of the standard and modifieci-DAIS to assess treatment-need. 

These deficiencies mua therefore be addressed by waluations from a much 

broader range of observers and signifiant extensions to the sample size. Nevertheless, 

data from the current study indicated: 

The modified-DAI provided a flexible objective method to discern who should/ 

should not be provided with orthodontic seMces titnded by the NIHB program. 

The index is not only simple to use, but also provides much greater evaluative 

consistency than the subjective opinions of expenenced Orthodontists. 

The modified-DAI may be useful as an initial screening tool in discerning NMB- 

approval, allowing other more involved issues (e-g., fùnctional) to be considered 

before adjudicating the case. 



Summary and Future Investigations 



SUMMARY AND FUTURE IlVWCSTIGATIONS 

This project was designed to test the ability of the DAI to objectively categorize 

and prioritize the orthodontic treatment-need of patients fiom publicly-funded resources. 

A two-stage assessment process was used to test the standard-DAI; both involved the 

assessment of thirty-eight randomly seleded pre-treatment records previously submitted 

for publicly-fiuided orthodontic treatment approval. The initial selection critena included a 

wide range of malocclusions in ~ b j e c t s  without psychological or social complications. 

The sample compnsed thirty cases approved and eight cases not approved for orthodontic 

treatment. In addition, thirty-three of the cases exhibited a permanent dentition while five 

cases exhibited a mixed dentition. 

The first stage involved the individual but structured case assessments by 75% of 

the Manitoba Orthodontists, scored on a pre-determined visual analog systern with the 

mean case scores calculated. In the second stage, six Graduate Onhodontic students fiom 

the University of Manitoba scored the sarne pre-treatment cases using the standard-DAI. 

The mean scores were then used for cornparison with the Orthodontists' assessments. 

Both the Orthodontists and the Graduate students then re-scored a subset of five original 

cases one month later to evaluate the accuracy of the assessments. 

The ability of the standard-DAI to discern v*ng degrees of maiocclusion 

severity was evaluated fiom comparison of the Orthodontists' assessment and standard- 

DAI score for each case. A high Pearson's correlation coefficient (r = 0.92) was noted 

between the Orthodontists' and standard-DAI assessment of the total case sample 

evaluated, indicating a strong ability of the standard-DAI to discem varying malocclusion 

severities. To test the ability of the standard-DAI to assess treatment-need, logistic 

regression analysis of the standardDAi scores was used to obtain the ait-off score of 

30.03 to discriminate the approved fiom the non-approved cases. Using the determined 

cut-off score, matrix table analysis of the standard-DAI versus NMB determination of 



treatment-need was calnilateci for the total case sample, as well as the permanent and 

mixed dentition subsamples. Results indicated that the standard-DAI exhibits a high 

degree of accuracy in determinhg orthodontic treatment-need for the total sample and 

permanent dentition subsamples, but at the expense of over-estimation. Analysis of the 

rnixed dentition subsample indicated a low degree accuracy assessment with an extremely 

high degree of service-need over-estimation. 

Logistic regression analysis of the standard-DAI indicated that four components 

were cntical in evaluating orthodontic treatment-need; mandibular overjet, maxillary 

overjet, vertical anterior overbite and the anteroposterior molar relationship. The 

four components were re-weighted and then applied to the raw data results with a 

subsequent new cut-off score of 9.39 being detemined. The subsequent matrix table 

analysis revealed that the modifieci-DAI improved the accuracy of the treatment-need 

results and reduced the prevalence of treatment-need over-estimation. This was 

particularly note-worthy in the mixed dentition subsample, where statistically ideal matrix 

table calculations were deterrnined. 

The results of this study have provided a small glimpse into the effectiveness an 

index has in disceming malocclusion severity and detecting the need for orthodontic 

treatment. However, fùrther investigations need to be cornpleted prior to instituting the 

modified-DAi as an instrument of orthodontic treatment-need evduation for cases 

submitted for public-fùnding. 

To ensure the modified-DAI exhibits no major weaknesses, the following testing is 

suggested : 

Evaluation of a larger sample of pre-treatment orthodontic cases encompassing 

representation of al1 malocclusion sub-types, thereby providing greater statistical 

confidence in the results obtained and confirmation of the modified-DAI 

component weightings. 



The use of only Manitoba Orthodontists in assessing malocclusion severity was 

noted as a lirniting factor in this study. Gaining assessments fiom a larger 

representative group of Orthodontists throughout the rest of Canada would be 

usehl in evaiuating the universality of the modified-DAI. 

Gaining regional NDIB evaiuation representation when evaluating the rnodified- 

DAI would provide two important pieces of information. First, the ability of the 

modified-DAI to assess the need for treatment would be determined. Secondly, the 

consistency of regional NMB evaiuations may also be reflected in such findings. 



Heath and Welfare Snte et B~en-Stre socid 
Canada 

ORTHODONTICS 
AIEDICAL SERVICES BRANCH 

MANITOBA RECION 
EFFECTIVE MARCH 1,1990 

MSB will consider supponing the cost of onhodontic treotment for Fkgistered Indians if the follo~ving 
conditions appiy: 

1. the malocclusion is severe and results in a significant limitation in function; 

2. ali preliminary dental rrexrnent (surgical, periodontal. restontive) has been complered; 

3 .  the patient's oral hygiene has been consistently good; 

4. the patient has been caries-frec for ri minimum period of six monrhs: 

5. thc pztier,: and tke pxeztz/g-crc',ions cndersrand the x!urt cf the cnhcdcrxi:: !rer!=cz! !r: k 
undertaken and are expected ro cornply with its requircrncnts: 

6. the treatment rnust be performed at this tirne; and 

7. t h s  patient is less than IS yertrs of age at the time of the case assessment. 

Pre-authorizxion is required Tor: 

(a) orthodontie consultation and diaçnost ic records: and 

(b) ort hodonric treatment 

1. comprehensive 
2. lirnited 

An MSB-Blue Cross Dena l  Form is used for obtaining pre-authorizarion of benefits and c m  be 
fowarded with accornpanying dirignosr ic patients rccords to: 

Regionri1 Dental Offrcer 
Manitoba Region 
Medical Services Branch 
Heait h and Welfare Canada 
500 - 303 Main Street 
WNNIPEG. Manitoba 
R3C OH4 



THE ASSESSMENT OF MALOCCLUSION SEVERITY 

Rater I&ntiijZcatrgon Number + 

Please examine each set of pre-treatrnent orthodontic records and 

Case Number MaloccIusion Severity 
mu - 



Case Number MaIocdusion Severity 

mu - 



PRiORITIZING THE OCCLUSAL, FUNCIlONAL AND ESTHETIC 
COMPONENTS IN ASSESSING MALOCCLUSION SEVERITY 

Please examine the following list of occ1usa13 funaionai and esthetic components, and 
nccmericallyprioii&e ( eg. 1 = niost important, 16 = Ieact important) each component's 
importance when you evaluate the severity of any given malocclusion. 

Buccal segment occiusion ( vert i d ,  t ransvene and 
antero-posterior) 

Upper and iower lip prominence relative 
tu Burstone's lip profile line ( Subnasale to 
soft tissue Pogonion) 

Vertical facial ttrirds 

M d l î u y  and Manàibular anterior segment 
VreguIan*ty ( crowdingl spacing) 

Nc~soIabial angle 

ReIatrmonship of dental nùdlines fo facial midline 

Tkroat Iengk : h e r  Antmbr Fuce Height 
Ratio 

Sofr tissue Fmiui angle ( the intemai angle formed 
between a line connecting soft tissue Nasion with soft tissue 
Pogonion, and Frankfort Horizontal) 



Çenb-ic relation - Ce&c occlrcsion discrepancy 
of greater than 2 mm 

Frontal facid asymrnw 

Buccal segment crow&ng/ spacing 

In addition, please indicate if there are any components of a malocdusion that you 
feel have been omitted from the provided list: 

Please examine the following list of major malocclusion components and numencafly 
priorithe ( eg. 2 = most important, 3 = le& important) each component's 
importance when you evaluate the severity of any given rnafoccIusion. 

Occlusal 

Functionaf 
Esthetic 



QUESTIONNAIRE ON EVALUATOR'S PROFESSIONAL PROFILE 

The responses obtained fiom this questionnaire will be used to provide a sense of the 
sphere of  orthodontie practice and the expenence of  the participants. 

You are asked to respond as accurately as possible to the questions provided. Your 
answers should reflect your time in both private practice and in a teaching/supenision 
role. If you do not wish to respond to a question, you may elect not to answer that 
question. 

Year Graduated From Denta1 School: 
Dental School Attended: 

Year Graduated From Orthodontie Program: 
Orthodontic School Attended: 

Percentage Of Patient Sub-groups You Trent: 
Childnn ( < 10 Yurs  ) Adolescents ( 10-16 Years ) 

Adulb ( > 16 Years ) Surgical Patients ( Any Age ) 

Number Of Patient-Care Hours Provided Per Week: 

Approximate Number Of New Patient Case-Starts Lut Year: 



Case # 

I 1= 1 segment spaced 1 1 b::::::::::::::::: j 

1= 1 segment cmwded 
2= 2 segments crowded 

3) Spacing in the incisal segments O= no spadng 1 

2= 2 segments spaced 
4) Diastema in mm 

................... ................... ................... ................... 
::::::::::::::::::: 

5) Largest anterior irregularity ... Maxilla in mm. 

3 

6) Lagest anterior irregularity ... Mandible in mm. 

................... ................... 
::::::::::::::::::: 

7) Anterior Maxillary ove jet in mm. 

.................. .................. 
:::::::::::::::::: 

1 

8) Anterior Mandibular overjet in mm. 

.................. ................... 
::::::::::::::::::: 

2 

9) Vertical anterior openbite in mm. 

................... ................... 
x::::::::::::::::; 

4 

10) Antero-posterior molar relation Nomal= O 

Cons et.al., 1986 

................... ................... 
::::::::::::::::::: 

4 

Il2 cusp= 1 
Full cusp= 2 

11) CONSTANT 

................... ................... 
::::::::::::::::::: 

3 

.................. .................. 
:::::::::::::::::: 

12) TOTAL SCORE ~l//lllllll!/illl/ll 
~llll//l/ 13 

................... ...-............... ................... ................... 
13 
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