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Abstract

In common with other countries, Canada can no longer afford current levels of

government-funded health and dental care. Federal and provincial dental budgets are

being significantly curtailed; other thi¡d-party payment systems are actively promoting

cost-containment and quality assurance. Unless dentistry adopts proactive responses to

such changes, external regulatory systems will undoubtedly be imposed on the profession,

especially for orthodontic and other elective services. Objective systems to categorize

malocclusion severity and prioritize orthodontic service needs as well as treatment

difficulty are therefore mandatory to ensure the equitable distribution of such funding.

Faced with similar fiscal constraints, ffiily European countries have adopted various

occlusal indices for these purposes. However, they have yet to be widely accepted or

tested on the North American continent.

The purpose of this study 'was to investigate the ability of ¡po malocclusion

indices, the Dental Aesthetic Index (DAI) and the Peer Assessment Rating (PAR index),

to determine stratified leveis of malocclusion severity and treatment difficulty. A

representative sample of nventy-one pre-treatment study models from Aboriginal patients

with various Class tr malocclusions were solicited from the records of orthodontists in

Winnipeg (Manitoba) and Thunder Bay (Ontario). These casts were scored by fifty-one

examiners, comprised of f,rve experienced orthodontists, seventeen general dentists and

twenty-nine hygienists, using the DAI and PAR index. As well, the 'expert' orthodontists

rated the 'périeived diff,rculty of treatment' for each case. The data were analyzed with



univariate and multivariate staústical analyses. Results showed no significant difference

among the th¡ee examining groups (p>0.05). Both indices were able to determine/predict

malocclusion severity levels, based on results from discriminant function analysis

0<0.05). Consensus subjective opinion was substantial with respect to treatment

difficulty (Cohen's Kappa--0.79), although resuits from further discriminant analysis

were inconclusive (p>0.05). The ability of both indices to determine/predict treatment

difficulty indicated that malocclusion severity and treatment difficulty are related but

distinct entities.

l_1
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Introduction

The urgent need to evaluate malocclusion indices is evident, as underscored by

the existing literature, which will be reviewed under the following topics:

1.

2.

3.

Health Ca¡e Reform

Historical Development of Malocclusion Indices

Recent Malocclusion Indices

o Index of Orthodontic Treatment Need
o Peer Assessment Rating Index
o Dental Aesthetic Index

1. Health Care Reform

In the L994 State of the Union Address, health care reform was placed at the top

of the domestic policy agenda flMeil, 1994; Ciark, 1990). Although the proposals, which

would have altered health care organization, finance and delivery were eventually

quashed, private market forces continue to transform the United States health care system

@amiano et a\.,1992; Capllouto, 1995). This transformalion, driven by profit-seeking

corporations, health insurers, cost-conscious governments and fundamental economic

forces has resulted in the emergence of managed care programs, increased competition

among health care providers and reduced costs (Grembowski et al., 1991; Douglas,

199s).

Health ca¡e in Canada has also come under scrutiny, with comments and debates

being found in scholarly publications (Evans, 1992), the media (Rachliss and Kushner,



a/-

IggZ) and abroad (Shugars et a1.,1991). Attention has focused on Canada's publicly

financed system of heaith care benefits. Unfortunately, the costs of dental care are rarely

included in these discussions. Unlike medicine, which is publicly funded in Canada,

direct public financing of dental services is not universal and varies from provision of

services for the Aboriginal peoples to diverse programs contributing toward dental care

for children, the indigent and elderiy (Leake et al., 1993).

Within Canada, there are approximately 450,000 Aboriginal people eligible for

public funded dental care under the Non-Insured Health Benefits Program of the Medical

Services Branch of the federal government (Bedford and Davey, 1993). Atthough

orthodontic treatment is included, certain pre-requisites and restrictions appiy, as

indicated in Appendix A. Governments, encumbered by an increasing debt load can no

longer keep pace with the increasing demand and costs of dental and health care. In the

heatth field, numerous cost-cutting measures have been implemented. Budgets for dental

care, including orthodontics, have been significantly curtailed (Wenn, 1994). Faced with

similar fiscal constraints, many European countries have adopted some form of managed

care, using malocclusion indices to determine occlusal severity and prioritized treatment

needs (Cooper, 1994). Given these iimitations, treatment difficulty becomes another

variable of concern for allocation of funds (De Guzman et al., i995).

Economic forces are driving health care reform. Their potential impact on

provision of orthodontic (dental) care to insured groups necessitates the evaluation of

current techniques used to determine malocclusion severity and allotment of funds for the

remuneration'of services rendered.



2. Ilistorical Development of Malocclusion Indices

Oral health data are crucial to determine the treatment needs and manpower

supply for a population. In this era of fiscal constraint and accountabiliry, the urgency

of such data cannot be overstated. Numerous indices have been devised to facilitate such

evaluations, for example the Community Periodonfal lndex of T¡eatment Need (Ainamo

et al., L982; Page and Morrison, 1994), but their reliabiiity and validiry remain central

issues. Such concerns apply specifically to indices developed to evaluate and measure

malocclusion severiry, as well as prioritize treatment needs and determine quality of ca¡e

(Richmond and Andrews, 1993; Shaw et al., i995).

Malocclusion is not a single disease entity. Its complexity hampers objective

assessments (Foster and Menezes, 1976). A logicai solution is to compare any

malocclusion to some "gold standard" or "ideal occlusion", although even this simplistic

evaluation proves difficult (Berg, 1991). Numerous authors, using various parameters,

have attempted to def,rne "ideal standards of occlusion" with no consensus being reached

(Hellman, 1921; Andrews, 1972; Ramfiord and Ash, 1983; Mohl et aL.,1988). These

models are, however, too complex for routine assessments. To accommodate this

dilemma, malocclusion can be subdivided into a number of components and then

measured to simplify their assessment (Carlos and Ast, 1966). This "index" approach,

endorsed by the V/orld Health Organization (1966) resulted in criteria specific to the

definition of occlusai indices (Appendix B). Concerns were expressed for an appropriate

model that was not specific to epidemiologic studies (Salzmann, 1968, 1969; Summers,

l97I). SubseQuently, Shaw et al., (1991) defined the properties listed in Table 1.2.7 as



those required for an ideal malocciusion index.

Table 1-.2.1 hoperties of an ldeal Occlusal Index (Shaw et al., l99L)

L reliable in use

2. valid,

3. sensitive to the needs of the patient

4. acceptable to both the public and profession

5. administratively simple to learn and use

6. sensitive tbroughout the scale

7. amenable to statistical analysis

8. require a minimum of judgement

9. able to detect a shift in group conditions

The ea¡liest indices developed to record malocclusion were qualitative, descriptive

and devised mainly for epidemiologic purposes. Table 1.2.2 summarizes notable indices,

authors and malocclusion assessment criteria.

Based on antero-posterior tooth relationships, Angle's (1899) definition of

malocclusion fypes is widely accepted by the dentai profession, despite numerous

criticisms (Iago, 1974; Gravely and Johnson, 1974;Katz et al., 1990). For exampie,

several authors have noted that Angle disregards tooth relationships relative to facial

profile and evaluates three-dimensional malocclusions as two-dimensional deviations

(Case, 1905; ö"*"y, 1915; Hellman, lg20). The Angle classif,rcation system, therefore,
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appears unsuitable to determine malocclusion severity, treatment priority and

effectiveness, even though it remains the primary method of orthodontist communication

(Ackerman and Proffit, 1969; Katz, 1992a). Other investigators subsequently developed

more precise classification systems to address these deficiencies (Stallard, 1932; McCall,

1944; Sclar e, 1945;Fisk, 1960). None has become widely accepted.

Alternative classification systems were devised to accommodate three-dimensional

arch shape as well as differential skeletal and dental discrepancies (Proff,rt and Ackerman,

1973). Unfortunaæly, they merely provide morphologic descriptions or are too complex

for use as an epidemiologic tool @jörk et al., 1964). A simplified version has, however,

been devised by the Federation Dentaire Internationale (FDI) Commission on

Classification and Statistics for Oral Conditions (COCSTOC) (Baume et al., 1973).

From 1973 to 1976, this technique was modifîed by the World Health Organization

(WHO), leading to the finai version being published as the WHO/FDI Basic Methodþr

Recording Malocchtsion @rzroukov et al., 1979). Comprised of three general

measurement categories: dental, intra-arch and inter-arch, it has mainly been used to

estimate populational orthodontic treatment requirements (Solow and Helm, 1968; Helm

1 968 ; Ingerv all, I 97 4; Lavelle, I97 6 ; Magnusson, 197 6).

With the evolution of qualitative methods to record malocclusion, researchers

arbitrarily chose and evaluated symptoms in an all-or-none manner relying on single

morphologic variables (Stallard, 1932; ll;/cCall, 1944; Sclare, 1945; Helm, 1968). In

contrast, Fisk (1960) attempted to define specific malocclusion attributes using frequency

distribution patterns, whereas Björk and the FDI developed carefully defined criteria @aume



Table I.2.2 Qualitative Methods for Recording Malocclusion

Angle (1899) Classification of molar relationship devised as a prescription for treatment.
Stallard (1932) The general denlal stafus, including some malocclusion symptonìs, was

recorded.
No definition of the various symptoms was specified.

McCaIl (lg4/.) Malocclusion symptoms recorded i¡clude: molar relationship, posterior
crossbite, anterior crowding, rotated furcisors, excessive overbite, labial or
lingual version, tooth displacement, constriction of arches.

No definition of these symptoms was specified.
Symptoms were recorded in "all-or-none" manner.

Sclare (194Ð Specif,rc malocclusion symptoms were recorded, which include Angle's
crowding, superior protrusion with incisor crowdiag, superior constriction
without i¡cisor crowding, labial prominence of cani¡es, lingually placed
incisors, rotated incisors, crossbite, open bite and close bite.

No definition of these symptoms was specified.
Symptoms were recorded in an "all-or-none" mânner.

Fisk (1-960) Dental age was used for grouping patients:
Three planes of space were considered:
1. Anterior posterior relationship: Angle's classification, anterior crossbite,

overjet (mm), negative overjet (mm).
2. Transverse relationship: Posterior crossbite (maxillary teeth biting

buccally or lingually).
3. Vertical relationship: open bite (mm), overbite (mm).
Additional measurements include labiolingual spread (Draker, 1960), spacing,

therapeutic extractions, post-natal defects, congenital defects, mutilation,
congenital absence, supernumerary teeth.

Björk, Krebs, and Objective registration of malocclusion symptoms based on detailed definitions.
Solow (1964) Data obtained could be analyzed by comFuters.

Three parts:
1. Anomalies in the dentition: Tooth anomalies, abnormal eruption,

malalignment of individual teeth.
2. Occlusional anomalies: Deviations in the positional relationship between

the upper and lower dental arches in the sagittal, vertical, and transverse
planes.

3. Deviation in space conditions: Spacing or crowding.
Proffit and Ackerman S-step procedure of assessing malocclusion (no definite criteria for assessment

(1973) was given):
1. Alignment: ideal, crowding, spaciag, mutilated.
2. Profile: mandibular prominence, mandibular recession, lip proñle relative

to nose ¿¡d çhin (convex, straight, concave).

3. Crossbite: relationship of the dental arches in the tranwerse plane, as

indicated by buccolingual relationship of posterior teeth.

4. Angle classification: relationship of the dental arches in the sagittal plane.

5. Bite depth: relationship of the dental arches in the verfical plane, as

. indicated by the presence or absence ofanterior open bite, anterior deep

bite, posterior open bite, and posterior collapse bite.



(Table 1.2.2 - Cont'd)

WHO/FDI (lg7g) Five Major groups of items were recorded with (well-defiaed recording
criteria):

1. Gross anomalies.
2. Dentition: absent teeth, supernumerary, malformed incisor, ectopic

eruption.
3. Space conditions: diastema, crowding, spacing.
4. Occlusion:

a. Incisal segment: maxillary overjet, mandibular overjet, crossbite,
overbite, open bite, midline shift.

b. Lateral segment: anteroposterior relations, open bite, posterior
crossbite.

5. Orthodontic treatment need judged subjectively: not necessary, doubtful,
necessary, urgent.

(adapted from Tang and Wei, 1993)
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et al., lg73). As none of these methods provided reliable assays, quantitative techniques

(Table 1.2.3) were developed to address the deficiencies.

Early attempts to establish quantitative techniques to measure malocclusion were

limited in scope, evaluating teeth as "in correct occlusion or maloccluded" (Massler and

Frankel, 1951) or measuring tooth displacement on a 0 to 2 scale (Van Kirk and Pennel,

1959). Subsequently, the Handicapping Labiolingual Deviation Index (Draker, 1960, 1967)

defined nine oral conditions. These were scored and weighted differentially, with higher

scores reflecting a more severe malocclusion. Unfortunately, this index 
.could 

not

distinguish "handicapping" from "non-handicapping" malocclusions based on the clinical

judgements of orthodontists as the "gold standard" (Carlos, 1970). Draker (i970), however,

argued that "such an evaluation constitutes an error... because it treats objective

measurements and subjective judgements as manifestations of the same substance" (p. Á7).

Fletcher (1963) states that clinicaljudgement is fallible and orthodontic specialists are often

inconsistent when independently rating casts as either "handicapping" or "non-

handicapping".

The Occlusal Feature Index (Poulton and Aaronson, 1961), based on only four

occlusal features (Table L2.3) is considered incomplete due to the exclusion of several

important traits, whereas the Eastman Aesthetic Index, although derived from eleven

measured occlusal variables, did not gain wide acceptance (Howitt et al., 1967; see Table

1.2.3). In 1965, the American Association of Orthodontists (AAO) and the Council on

Orthodontic. lealth Care (COHC) defined criteria for establishing a "handicapping

malocclusion index". As a result, the specifics on the Treatment Priority Index (TPI) were



Table 1.2.3 - Quantitative Methods for Recording Malocclusion

Massler and Frankel (1951)

Malalignment Index
Vankirk and Pennell (1959)

Ilandicapping Labiolingual
Deviation Index (IILDÐ
Draker (1960)

Occlusal Feature Index (OFI)
Poutlon and Aarorson
(1967)

Eastnan Esthetic Inde¡r (EEÐ
Howitt, Stricker, Henderson
(te67)

Treahnent Priority Index
(TPI) Grainger (196Ð

Ilandicapping Malocdusion
Assessment Record (II]VIAÐ
Salznann (1968)

Count the number of teeth displaced or rotated.
Assessment of tooth displacement and rotation is qualitative

--- all or none.
Tooth displacement and rotation were measured.
Tooth rotation defined quantitatively: < 1.5 mm or ) 1.5 mm.

Tooth rotation def,rned quantitatively: ( 45" or ) 45o.
Measurements include cleft palate (all or none), traumatic

deviations (all or none), overjet (mm), overbite (mm),
mandibular protrusion (mm), anterior open bite (rrm),
and labiolingual spread (a measurement of tooth displacement
in mm).

Measurements i¡clude lower anterior crowding, cuspal interdigi-
tation, vertical overbite, and horizontal overjet.

Occlusal features measured and scored accordi.ng to defined criteria.
Eleven weighted and defined occlusal measurements:
(1) overjet, (2) reverse overjet, (3) overbite, (4) open bite, (5)

number of teeth crowded out of the arch, (6) largest labio-
lingual deviation of one tooth from the arch, (7) number of
rotated teeth, (8) severity of the rotations, (9) mandibular
i¡cisor alignment, (i0) diastemas, (11) anterior fractures.

Patient's subjective evaluation of their own oral and facial
appearance.

Eleven weighted and defined measurements: (1) upper anterior
segment oveq-et, (2) lower anterior segment overjet, (3) over
bite of upper anterior over lower anterior, (4) anterior open
bite, (5) congenital absence of incisors, (6) distal molar
relation, (8) posterior crossbite (maximally teeth buccal to
normal), (10) tooth displacement, (11) gross ¿¡qmelies.

Seven malocclusion syndromes were defined: (1) maxillary
expansion syndrome, (2) overbite, (3) retrognathism, (4) open
bite, (5) prognatism, (6) maxillary collapse syndrome, (7)
congenitally missing i¡cisor.

Weighted measurements consisting of three parts:

1. lntra-arch deviation - missing teeth, crowdi¡g, rotation, spacing.

2. Interarch deviation - overjet, overbite, crossbite, open bite,
mesiodistal deviation.

3. Six handicapping dentofacial deformities: (1) facial and oral
clefts, (2) lower lip palatal to maxillary incisors, (3) occlusal
interference, (4) functional jaw limitation (5) facial asymmetry,
(6) speech impairment.

This part can only be assessed on live patients.
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(Table 1.2.3 - Cont'd)

Occhsal Index (OI) Nine weighted and defined measurements: (1) molar relation, (2) overbite,
Summers (1971) (3) ove{et, (4) posterior crossbite, (5) posterior open bite, (6) tooth

displacement, (7) midline relations, (8) maxillary median diastema, (9)
congeniølly maxillary incisors.

Seven malocclusion syndromes and two divisions defined:
Division I:
1. Ove{et and open bite.
2. Distal molar relation, overjet, overbite, posterior crossbite, midline

diastema, and midline deviation.
3. Congenitally missing maxillary incisors.
4. Tooth displacement (actual and potential).
5. Posterior open bite.
Division II:
6. Mesial molar relation, overjet, overbite, posterior crossbite, midline

diastema, and midline deviation.
7. Mesial molar relation, mixed dentition analysis (potential tooth

displacement), and tooth displacement.
Different scoring schemes and forms for different stages of dental develop-

ment: decidous dentition, mixed dentition, and permanent dentition.

(adapted from Tang and Wei, 1993)
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published, following modifications to the Malocclusion Severity Index developed by

Grainger (T967). Based on the most common malocclusion types, six prerequisites were

used to determine a handicapping malocclusion: (1) unacceptable aesthetics, (2) significant

reduction in masticatory function, (3) a traumatic condition which predisposes to tissue

destruction (periodontal disease or caries), (4) speech impairment, (5) lack of occlusal

stability and (6) gross or traumatic defects (e.g. cleft palate). On the basis of these

parameters, defined characteristics were recorded on a 1 to 10 scale. The reliability of the

TPI has been confirmed by numerous investigators (Popovitch and Thompson, 1971; Scivier

et al., 1974; /Jbino et al., 1978; I ewis et al., 1982), although lack of a mixed dentition

analysis was a concern (Turner, 1983, 1990). Also the values recorded in the mixed

dentition stage could not predict the severity of malocclusion manifested in the permanent

dentition (Ghafari et al., 1989). Nevertheless, the TPI is a useful epidemiologic tool for

assessing malocclusion severity (Carlos, 1970; Kelly and Harvey,1977).

The Handicapping Malocclusion Assessment Record (Iil\4AR) was endorsed by the

AAO and AAD as a tool for assessing the severity of handicapping malocclusion (Salzmann,

1968). Although designed to identifi occlusal conditions which interfere with oral health

or general well being, its validity and reliability have been subjected to scant investigation

(Allen, 1970; Caveney, 1976). Such criticisms cannot be applied to the Occlusal Index (OI)

(Summers, l97I). Although based on Grainger's TPI, it accommodates different age groups

and dental development incorporating nine specific measured and weighted traits (Table

t.2.3).

A number of investigators have compared the relative validity, intra- and inter-
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reliability of various malocclusion indices (Tang and Wei, 1993). For instance, insignificant

inter-examiner variability at the 7o/o level has been reported for the OI and TPI (F{ermanson

and Grewe,1970), while the IilVfAR., OI and TPI are all highly reproducible (Grewe and

Hagan, 1972; Summers, 1972). Ilowever, no index has proved superior to others when

compared to the gold "clinical judgement" standard, although the OI appears to correlate best

with clinical standards determined by subjective orthodontic assessment (Turner, 1990).

The OI has been the index of choice in recent studies, even though it cannot account

for early permanent molar loss (Pickering and Ytg, 1974) or subjective tooth displacement

scores (Gray and Demirjian, 1977 Turner, 1983; Elderton and Clark, 1984). The OI also

tends to underestimate orthodontic treatment needs (Tang, 1994) and penalize cases with

disto- or mesio-occlusion (Buchanan et al., 1993) Despite reservations, the OI offers

acceptable reliability and validity relative to other indices, although several recent initiatives

have been introduced to overcome these deficiencies.

3. Recent Malocclusion fndices

A resurgence of interest in developing valid and reliable malocclusion assessments

has occurred in several countries due to changing economic climates. Although several

indices have been developed, none as yet has been accepted universally.

Index of Orthodontíc Treatment Need (IOT|9

The Index of Orthodontic Treatment Need is based on the belief that the main

benefits of órfhodontic treatment are related to improved aesthetics, increased social-

psychological well-being and dental health (Shaw et al., 1980; Shaw, 1980). This index
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ranks malocclusion in terms of the significance of various occlusal traits for an individual's

dental health and perceived aesthetic impairment, with the intention of identifying those

persons most likely to benefit from orthodontic treatment (Shaw et al., 1995). The index

incorporates a dental health component (DHC) and an aesthetic component (AC), with the

DHC defined by five grades -- grade I reflecting "no treatment need" and grade 5 indicating

"great treatment need". The AC of the IOTN consists of a 1O-point scale derived from a

series of t0 photographs rated for attractiveness by laypersons. Both examiner and patient

independently select an appropriate value for overall dental attractiveness which is closest

to one of the photographs. The derived value gives an indication of perceived treatment

needs on the basis of aesthetic impairment and, by inference, any socio-psychological need

for treatment (Evans and Shaw, 1987).

Initial evaluation ofthe IOTN on a random 222 sample aged 1I to 12 years indicated

inter- and intra-examiner agreement was "substantial to almost perfect" with Kappa values

of 0.78 to 0.84 for the dental health component. The correlation coeffrcient for the aesthetic

component was quite high between the orthodontists (0.71 to 0.87) but extremely variable

when compared to the patients' perceptions (0.29 to 0.73). This was attributed to the fact

that a layperson, in the absence of a side view, may not notice, or find a large overjet

particularly displeasing @rook and Shaw, 1989). Shaw et al. (199I) gauged the extent to

which the index reflected common professional opinion using a panel of 74 professionals.

The reproducibility of the index was "almost perfect" with a Kappa score of 0.83 for the

DHC and "substantial" agreement was indicated for the AC (Kappa :0.72).

The IOTN has been evaluated in institutionalu;ed situations (O'Brien et al., 1993) and
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as a public health tool for assessing treatment needs in large population groups (So and

Tang, 1993;Lur;:' et al., 1994; Wang et al., 1994). Results indicate that modifications are

required to determine treatment requirements (Richmond et al., 1994b). AJthough the IOTN

score is significantly correlated with children's and parents' orthodontic concerns, results

from patients with a low awareness of their own oral appearance are significantly less

(Birkeland et al., 1994). Information gained from the IOTN in a clinical situation does not

differ significantly f¡om that obtained from diagnostic models, however, there was poor

agreement for the aesthetic component scored from photographs, when compared with scores

recorded clinically or from models (Buchanan et al., 1993).

Although not tested extensively, the IOTN appears to offer a reproducible technique

for evaluating the dental and aesthetic components of malocclusion, but validity of the index

tends to be quite variable (Richmond et al., I995b). Green and O'Brien (199a) offered a

cautionary note with respect to the IOTN: after suggestions that orthodontic treatment should

only be provided to patients whose malocclusion is allocated a certain IOTN score, it then

changes from being an ordered classification of treatment need to a diagnostic tool. If the

IOTN is used to restrict orthodontic treatment allocation, the inherent error of the

measurement needs to be investigated.

Dentøl Aesthetic Index (DAÐ

The DAI is an orthodontic index based on public perceptions of dental aesthetics in

the USA. It is a regression equation linking the relative social acceptability of dental

appearance to ihe objective, physical measurements of ten occlusal traits (Cons and Jenny,

1994). Each measurement is multiplied by a specific weight (regression coefücient), the
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products are summed and then added to a constant to give an individual DAI score. The

detailed conventions and procedures for scoring the DAI, as described in the Guídelinesfor

Using the DAI (Jenny and Cons., 1988) is provided in Appendix C.

In 1979, the State of the Art Workshop on Psychological Aspects of Craniofacial

Malformations called for research on methods to quantify psychosocial information and

development of methods to identify the interrelationship between craniofacial morphology

and psychosocial evolution. This announcement provided the impetus for the research

leading to the development and publication of the Dental Aesthetic Index (Jenny and

Proshelq 1986: Cons el al., 1986; Jenny and Cons, 1988). On the basis of a representative

sample of 1,413 subjects from a population of half a million adolescents (15-18 years), Ast

and co-workers (i965) determined that 95o/o of this group had some degree of malocclusion.

From this archive of models, Cons e/ al (1978) selected 1,337 casts which were

assessed and measured as suggested by the FDI's COCSTOC (Baume et al., 1973).

Percentage distributions were calculated for all the occlusal traits associated with

malocclusion. Proshek and co-workers (1979) subsequently identified 18 occlusal patterns

and combinations of traits. Again from this sample of 1,337 models, two random samples

of i00 casts were identified and an instrument to measure public perceptions of the social

acceptability of occlusal conditions was constructed (Jenny et a|.,1980). The development

of the Social Acceptability Scale of Occlusal Conditions (SASOC) included presenting

photographs of the representative subsample of 200 dental casts to a sample of students

(n:880) and their parents (n:403) as well as 66 orthodontists. Responses to the

photographic' stimuli were measured via a set of semantic differential items, e.g.
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desirable/undesirable; good/bad; happy/sad; dirty/clean; beautiful/ugly. Stylized masks

in the shape of lips surrounded the teeth in the photograph eliminating non-essential parts

ofthe cast and neutralizing effects of racial and soft tissue features. Each stimulus presented

a frontal view as well as right and left lateral views of the teeth in occlusion. Following

exposure to the photographic stimuli, data from the three groups (student, parent, expert) was

assessed using a variety of statistical tests (Cronback's Alpha, Spearman's and Pearson's

correlation). The authors concluded that the SASOC scores did in fact reflect general

appearance norms that were widely held throughout North American society (Jenny et al.,

1983). Subsequently, mean scores from these stimuli for social acceptability were linked by

factor analysis and stepwise regression procedures to the occlusal trait measurements for

each of the 100 study casts. The resulting regression equation yielded ten occlusal

measurements with corresponding weights (regression coefücients). These subsequently

became the Dental Aesthetic Index L

To validate this index, a parallel procedure was performed using the second sample

of 100 casts. The results were subjected to a double cross-validation procedure. The

statistical analyses produced a refined regression equation, which became the Standard DAI

(See schematic diagram in Appendix D for development of the DAI). A DAI score is

obtained by measuring defined occlusal traits and inserting the measurements into the DAI

equation. Placing the DAI score along a continuum (0:most socially acceptable to 1O0:least

acceptable) determines acceptability with respect to dental appearance --- the further a DAI

score falls ftorit an acceptable norm, the more likely the malocclusion may contribute to

psychological-or social dysfunction.
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It has been suggested that different societies vary in their preference for dento-facial

characteristics and might be expected to view dental aesthetics differently than the general

United States population (Tedesco et al., 1983). Several studies using the previously

described methodology and photographic stimuli determined that perceptions of social

acceptability of occlusal conditions in other cultures and countries are similar to Native

American US students (Cons et al., L983, 1989). Appendix E presents the correlation values

from these studies as well as the data from later investigations of ethnic groups in Latvia,

Japan, China and several other Asian populations (Ansai et al., L993).

The data generated from such diverse groups, both culturally and geographically,

suggest norms for dental aesthetics in other populations are sufficiently analogous for use

of theDAI without modification ( Cons el al., 1994). Based on the assessment of 1,337

models, combinations of occlusal traits that yielded high DAI scores have been found by

orthodontists to be in greater need for orthodontic treatment (Cons et al., 1991). Using

Angle's classification,95o/o of this sample had some degree of malocclusion with a mean

DAf score of 28.16; whereas the orthodontists judged only 14o/o to have a handicapping

malocclusion with a mean DAI score of 38.49, thus providing a numerical indication of the

contrasting definitions of malocclusion. Katz (1992a,b) also provided evidence of the

inability of orthodontists to arrive at a consensus on malocclusion when using Angles'

principles. In a practical sense, the use of Angles' classification may result in treatment

needs being overestimated --- a fact which could be of particular interest in a public funded

orthodontic program with limited financial resources @inchuse and Rinchuse, 1989).

For a inalocclusion index to be effective it must be able to distinguish subjects with
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the highest scores and priority for treatment, from those with lower scores and less urgent

need for treatment. Therefore, a meaningful cut-off point along the index scale should be

determined (Sa.lzmana 1968;Baumeet aL.,1973, Estioko et a|.,1994). Using the subjective

opinion of two orthodontists, a clinical determination was made on the previously used

models regarding the presence or absence of a handicapping malocclusion. A consensus

decision determined that l4%o of the sample had handicapping malocclusions in need of

treatment, corresponding to a score of 36 with the DAJ (Jenny et al., 1992)

Subsequently, cut-off points were determined identifying less severe categories of

malocclusion. Based on consensus clinical judgement, DA-I scores less than 25 indicate

minor anomalies; scores 26 to 30 indicate a definite malocclusion; scores from 32 to 35

have a severe malocclusion; and scores 36 or higher have the most severe or handicapping

malocclusions (Jenny and Cons, 1993). Although these severity levels have been identified,

there is little evidence of its applicability in the literature (Keay et a|.,1993).

The DAI has been described as an orthodontic index which is grounded in socially

defined aesthetic norrns, responding to the need for inclusion of psychological factors in the

assessment of malocclusion (Cons et al., 1994).It has been incorporated into the Oral Data

Collection Instrument used by the WHO. There is international interest in its use as a

screening tool for eligibility of subsidized orthodontic care and Indian Health Services

(U.S.A.) has also shown an interest in its ability to assess unmet needs and prioritize

treatment (Jenny et aL.,1991, 1993).

Although the DAI shows promise as an occlusal index, it is not without faults, e.g.

original and follow-up evaluations were based on a population sample that had only
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permanent dentition. Further investigation is also required in the area of determining cut-off

points on the DAI scale as well as the possibility that the DAI may over or underestimate

treatment need before it can be used carte blanche by administrators of publicly funded

orthodontic programs to ensure impartial allocation of treatment and monies.

Peer Assessment Ratíng Index (PAR índex)

In an attempt to overcome the deficiencies of previous indices, Richmond el a/

(1992a, b) developed the Peer Assessment Rating to measure malocclusion severity and

treatment success. The concept is to assign a score to the various occlusal traits which make

up a malocclusion, as defined by the PAR index, i.e. maxillary and mandibular anterior

alignment, buccal occlusion, overjet, overbite and midline discrepancy. A score of zero

indicates perfect alignment with increasing scores, rarely beyond 50, pointing toward

increasing levels of malocclusion severity. Shaw, et al (199i) have refined these

measurements, with PAR scores of less than 10 indicating a malocclusion that deviates

slightly from normal, scores of 11 to 20 have a moderate malocclusion, with scores greater

than20 having substantial malocclusion. A description and detailed conventions of the PAR

index, as described by Richmond et al (L992a), are provided in Appendix F.

Development of the index included a number of orthodontists, British Orthodontic

Standards lV'orking Party, evaluating over 200 dental casts, representing a wide spectrum

of malocclusions. Group consensus determined the individual features which would be

assessed to obtain an estimate of the degree of malalignment expressed in any given

occlusion. TÈe reliability of the PAR index was tested using four calibrated examiners

evaluating a stratified subsample of 38 cases. The Intraclass Correlation Coefficient of
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Reliability showed excellent intra- and inter-examiner reliability, R>0.95 and R:0.91

respectively (Fleiss et al., I979).

Validation of the PAR index utilized the subjective consensus opinion of numerous

experts compared against the objective measurements of the index. Apanel of 74 dentists

evaluated and reached a consensus opinion on the degree of malocclusion severity presented

by 272 cases. Statistical manipulation determined malocclusion component weights

reflecting British orthodontic opinion. Subsequent analysis indicated associations between

orthodontic opinions and PAR scores to be high (r: 0.85, p< .001) as was intra- and inter-

examiner reliability for the weighted index (r: 0.93). However, a poor level of agreement

existed between examiners for subjective assessments of deviations from normal, indicating

the difüculties associated with orthodontic judgement and determination of malocclusion

severity (Richmond et al.,1992a).

Application of the PAR index to both pre-treatment and post-treatment study casts

has been used to determine improvement and standard oftreatment (Richmond et al., 1992c).

Expression of the degree of improvement resulting from treatment is related to a numerical

change in the weighted PAR score and consensus orthodontic opinion (Richmond et al.,

1992b). Using the PAR index and a nine-point scale from "markedly worse" to "slightly

improved" occlusions, inter-examiner agreement was only moderate.

Using the PAR index, several studies assessing the results of treatment in England,

Wales and Norway have indicated that treatment standards were high, in terms of dento-

occlusal change, but effectiveness of treatment was influenced by education, experience and

choice of appliãnce (Richmond et al., I992b; O'Brien et al., T993; Richmond and Andrews,
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lgg3). Furthermore, other studies investigating treatment effects of removable appliances

determined less than adequate results occurred (Gravely, 1989; Shaw et al., 1991,;

Richmond et al., 1993a). Kerr and Buchanan (i993) suggest removable appliances could

result in "improved" or "greatly improved" cases, if predetermined criteria are used in case

selection. Richmond (1993) has suggested the PAR index for "performance feedback" to

improve quality of care, similar to the clinical audit in medicine (Grol et al., 1985; Burke and

Wilson, 1994). Fox (1993) suggests the PAR index is useful in reviewing one's own patients

to provide valuable information for further personal development. Other investigations

found that the PAR index can be used to evaluate treatment results as well as long term,

post-retention changes (Otuyemi and Jones, 1995; O'Bri en et a|.,1995).

The PAR index is an occlusal index developed to measure malocclusion severity and

effectiveness of treatment. It has undergone extensive evaluation in Europe and has been

adopted for use by a number of dental agencies and hospitals. However, its validity is based

on consensus opinion of British dentists, perhaps limiting its use in North America. De

Guzman et al (1995) investigated the validity of the PAR index with respect to American

orthodontic opinion. Weightings were subsequently derived for the PAR index, making it

possible to calculate PAR scores reflecting malocclusion severity based on North American

orthodontic opinion and providing a "starting point" for the assessment of malocclusion

severity and orthodontic treatment standards in North America utilizing an occlusal index.

Current Study

As shown by this literature review, the DAI and PAR index are the most acceptable

indices to quantiff malocclusion. The present study was therefore undertaken to evaluate
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their application to a range of Angle Class II, Division I malocclusions. This information

is critical. Whereas such indices are widely accepted in Europe, they have yet to gain wide

acceptance in North America (Shaw et a1.,1995). Although the AAO does not officially

recognize any malocclusion index, nineteen states use various indices as determinants for

publicly funded orthodontic treatment (Bowers, 1991). Obviously, some form of a reliable,

objective technique for allocating orthodontic treatment is crucial. For instance, the

provision of orthodontic services in publicly funded programs is becoming a concern with

increased demand and treatment needs as well as limited financial resources (Freer and

Olive, 1976; Spencer and Lewis, 1988). For example, 25o/o of Aboriginal children between

the ages of 6 and 12 years exhibit a malocclusion directly associated with reported

dissatisfaction with appearance (Leake, 1992). Third-party insurance corporations have also

expressed concerns about rising costs and quality of care (Antkowiak and Kuthy, 1993). The

assessment of malocclusion severity, treatment need and difficulty is necessary to ensure

fairness and equity in establishing eligibility and remuneration for treatment. Unfortunately,

this study indicates the need for further development before objective assessments of

treatment need and difficulty can be evaluated objectively from study models.
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Materials and Methods

This study was based on twenty-one carefully selected pre-treatment orthodontic

casts evaluated by fifty-one examiners from three different groups. Their malocclusion

severity was assessed using both the DAI and PAR indices. In addition, potential

treatment difficulties were determined by a three. point subjective scale. The prime

objective of this study is to evaluate techniques to discriminate malocclusion severity as

well as levels of treatment difficulty based on orthodontic study models. In order to

facilitate appreciation of this study, details of the indices are included in Appendices C and

F.

The Sample of Study Casts and Examiners

Study Cøsts:

A large number of pre-treatment study casts were solicited from orthodontists in

Winnipeg (Manitoba) and Thunder Bay (Ontario). A sample of 21 sets of diagnostic study

models was then obtained by the application of the following selection criteria: (i)

Aboriginal patients, (ii) Class II Division I molar and incisal malocclusion and (iii) models

with good surface detail and no apparent distortion. The resulting sample included eleven

females (age range: 9Y 8M to I7y 3M) and ten males (age range: tOY 2M to l7Y 8M). All

had been approved for comprehensive orlhodontic treatment by the Medical Services

Branches in their respective jurisdictions.

The original study casts were duplicated by fabricating silicone rubber pressure

moulds made from 2.0 mm mouthguard material* using a Biostar" machinet. They were

* Great Lakes Ortho Ltd

Tonawanda, N.Y.



subsequently trimmed to orthodontic specifications.

to each cast by an independent observer using

Saunders and Trapp, 1994).

Examínerc:

24

Identification numbers were assigned

a random numbers table @awson-

. Fifty-one examiners agreed to participate in this investigation. They comprised

three groups, depending on their qualifications:

Group 1 - "expert group" - five orthodontists who graduated from the University of

Manitoba, Graduate Orthodontic Program.

Group 2 - "auxiliary group" - twenty nine senior hygiene students in their f,rnal months

of training at the School of Dental Hygiene, University of Manitoba.

Group 3 - "general dentist group" - seventeen general practitioners GP's with 1 to 20

years in practice.

Scoring of the Casts with the PAR Index and DAI

Prior to the scoring of the casts, each participant was supplied with an

"Instructional Manual" and protocol for scoring the casts using the DAI and PAR index

(see Appendix G). On a separate occasion, demonstrations, practise sessions and further

instructions were provided for the participants. Each group scored their casts under

standardized conditions, but on separate occasions, allowing the chief investigator to be

available for questions and interpretation during the actual scoring procedure.

t series I I . 1977 -1987 .

Great Lakes Ortho Products I¡c.
Bufalo, N.Y.
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Ranking of the Casts

Following the scoring of the casts with the occlusal indices, the "expert group"

was asked to give a subjective opinion on each cast with respect to its degree of

treatment difficulty. Choices of easy (1), moderately diff,rcult (2) or difficult (3) were

recorded on a three point numerical scale (Appendix G).

Data Analysis

The dat¿ was collected and analyzed using a SPSS " computer program for

V/indowst. After appropriate tests of dat¿ validity and consistency (homogeneity of

variance), univariate and multivariate statistical techniques were applied to test the null

hypotheses:

i) there is no difference between examiner groups

ii) neither the PAR index nor DAI is able to determine malocclusion severity

iii) neither the PAR index nor DAI is able to determine treatment difficulty

The analyses comprised the following:

1. The intra-examiner reliability was evaluated using a paired t-test; inter-
examiner reliability was assessed with ANOVA.

2. The mean scores, standard deviations and standard errors for each variable

f SPSS Inc.

Chicago, Il
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in the PAR index and DAI were calculated for each individual Group and
compared using a one way ANOVA.

3. The total mean scores and standard deviations were calculated for the
FAR index and DAI for each individual Group. These daÍa were then
subjected to univariate and multivariate homogeneity of variance tests and
MANOVA

4. The ability of the PAR and DAI to determine malocclusion severity was
analyzed with stepwise discriminant function analyses.

5. Intra- and inter-examiner reliability with respect to subjective opinion of
treatment difficulty was assessed with Cohen's Kappa statistic.

6. The associations between objective assessments of malocclusion severity
and the subjective treatment difficulties were analyzed, with stepwise
discriminant function analyses.
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Results

The aim of this section is to assess the efficacy of the DAI and PAR index with

respect to determination and prediction of malocclusion severity as well as treatment

difficulty. In an effort to provide a coherent presentation of the results, they are listed

as a series of subsections with all tables and figures foliowing:

n Examiner reliability

c Determination of scores for the variables

o Determination of scores for the casts

n Determination of malocclusion severity

¡ Dete¡mination of treatment difficulty

Examiner Reliability

The differences between the duplicate scores for the DAI and PAR index were

calculated for each of the three Groups of examiners. A paired t-test applied to each

group found no significant difference between measurements þ > 0.05). Analysis of

variance based on repeat scores by 6 different group examiners, selected at random also

showed no signif,rcant inter-examiner variability þ > 0.05). The reproducibility of

measurements fo¡ the DAI and PAR index was therefore assessed as satisfactory based

on statistical analyses of the differences between repJicated scores.

Determination of Scores for Variables

The means, standard deviations and standard errors calculated for each variable

in the DAI and PAR index are listed in Tables 3.I and 3.2. Generally, these data
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showed marked variability. This is evidenced by the size of the respective standard

deviations relative to the means. Nevertheless, no apparent difference in scoring patterns

could be detected between the three Groups, i.e. the means and standard deviations were

quite similar, particularly with the DAI scores. Although Group 1 (experts) appeared

to rate cases higher PAR indices, analysis of variance indicated no significant differences

(p > 0.05) between Groups I, 2 and 3 for either the PAR or DAI variables. These

trends (Figures 3.1 through 3.6) show a tendency for Group I (expert) to score cases

slightly higher values using the PAR index, followed by Group 3 (G.P.) and Group 2

(auxiiiary). This pattern is repeated with the DAI variable "overjet measurement", but

not with the "buccal occlusion" variable. Therefore, there is no particular pattern which

differentiates the scoring of the 3 individual groups of examiners. This is conf,rrmed by

univariate analyses of the PAR and DAI variances, which showed no significant

differences between the observations recorded by the examiners in Group 1, Group 2 or

Group 3.

Determination of PAR and DAI Scores for Casts

The means, standard deviations and 95 % conftdence intervals calculated for the

DAI and PAR index, for each Group (expert, auxiliary and G.P), are listed in Table 3.3.

Histograms of the PAR and DAI scores for each Group (Figures 3.7 through 3.14)

demonstrate scores which approximate normal (Gaussian) distributions. These data, and

examination of scatterpiots representing examiner scores for the DAI and PAR index

parameters, justified theparticipation of all examiners, i.e., no outliers (examiners) were

excluded from any Group. Some values for the DAI and PAR index appeã to stand out
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from the rest of the sample, although expert statistical consultation indicated no further

data manipulation was required prior to their continued analysis.

After subjecting both the DAI and PAR index scores to univariate homogeneity

of variance tests, no significant differences among the three Groups were evident G) :

0.16 - 0.14). Furthermore, multivariate tests of homogeneity confirmed these trends þ

> 0.05). Multivariate analysis of variance indicated no significant differences among

Group 1, Group 2 and Group 3 with p > 0.001 and a Wilk's Lambda calculation of

0.45.

These analyses therefore determined that there were no significant differences

existed between the 3 Groups with respect to the DAI and PAR index scores.

Consequentiy, the data from the three groups were subsequently pooled prior to their

stepwise multipie regression and discriminant function analyses.

Deterrnination of Malocclusion Severity

The DAI and PAR index threshold scores used to classify malocclusion severity

are presented in Tabie 3.4. Iin accord with PAR index protocol, right and left buccal

occlusion variabies were combined prior to analysis.

Table 3.4 PAR and DAI scores for malocclusion severity levels as defined by
Shaw ¿/ aI. (1991); Jenny and Cons (1993).

Malocclusion Severity Levels

Mild Moderate Severe

PAR Score <15 16 to 24 >25

DAI Score <25 26 to 34 >35

Based on previous ANOVA results, the PAR index and DAI scores from the
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individual Groups were pooled and subsequently subjected to (i) stepwise multiple

regression and (ii) discriminant function analyses.

Resuits of the multiple regression analyses for the DAI are shown in Table 3.5

and results for the PAR index are shown in Table 3.8. Variables with significant

influence on malocclusion severity are indicated (*), as well as the multiple correlation

coefficient (R2 : 0.57 (DAD and 0.56 (PAR)). Both R2 values indicate moderately good

relationships between the individual variables and malocclusion severity for both indices.

Subsequently, the data were scrutinized using discriminant function analyses

which confirm the results of the multiple regression analyses. The optimal variables for

determining malocclusion severity were derived from mathematical equations (functions)

for both the DAI and PAR indices (Tables 3.6 and 3.9. Variables which were not

significant discriminators were eliminated from the equation and do not appear in

subsequent tables. The results of the discriminant function analysis showed both indices

were capable of distinguishing mild, moderate and severe maiocclusions as indicated by

the three distinct groupings within the scatterplots (Figures 3.15 and 3.16).

Furthermore, results of the classification analysis (Tables 3.7 and 3.10) indicate

that93.27% and96.65% of the cases (mild, moderate, severe) were correctly grouped

by the DAI and PAR indices respectively. However, 56.50% of the mild cases were

incorrectiy predicted/placed into the moderate category using the DAI. As reviewed in

the Discussion, the trend is toward a liberal rather than conservative esetimate of

malocclusion severity. A chi-square test calculated on these tables confirmed the

appropriateness of case placement/categorization (p < 0.05).
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Deterrnination of Treatment Difficulty

Treatment difficulty was assessed by the "expert" Group as easy, moderately

difficult or difficult, based on subjective opinion, and given a numerical score from 1

(easy) to 3 (diff,rcult). Cohen's Kappa statistic indicated that intra- and inter-examiner

agreement varied from moderate to substantial. This has previously been noted by

Landis and Koch (1977), and illustrated in Tables 3.ll and 3.12. Interestingly, all

examiners with the exception of examiner number 5 exhibited substantial inter-examiner

agreement. This fact is difhcult to explain. One might speculate, however, that it is due

to any one of the factors reviewed in the Discussion.

Pooled DAI and PAR index scores for treatment difficulty were then individually

subjected to (i) stepwise multiple regression and (ii) discriminant function analyses.

Results of the multþle regression analyses for the DAI are shown in Table 3.13 and

results for the PAR index are shown in Table 3.16. Variables with signif,rcant influence

on treatment difficulty are indicated (*), as well as the multiple correlation coeff,rcient

(R2 - 0.32 @AÐ and 0.22 (PAR)). These R2 values indicate that only fair relationships

exist between the individual DAI variables and the giobal treatment difficulty assessment.

In contrast, a poor relationship exists between PAR variables and the global treatment

difficulty assessment.

Subsequently, the data were scrutinized using discriminant function analysis.

These analyses confirmed the previous results of the multiple regression analyses. Of

note, is the fa'ct that the variable, largest mandibular irregularity, does not appear in

Tables 3.13 and 3.14 as it was eliminated from both the regression analysis and
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discriminant analysis. Thus indicating its non-contribution as a predictor/discriminator

of teatment difñcult. The optimal variables for determining treatment difficulty derived

from mathematical equations (functions) for both the DAI and PAR index (Iables 3.14

and 3.17) showed that the DAI is better able to "discriminate" levels of treatment

difñculry as indicated by the cluster effect shown in Figure 3.17 , whereas the PAR index

is not as discriminating, evidenced by the "shot-gun" effect seen in Figure 3.18.

Furthermore, results of the classification analyses (Tabies 3.15 and 3.18) indicated

that 82.8 % of the cases are correctly classified with respect to treatment difficulty when

using the DAI variables, whereas only 70.4% of the cases are correctly categorized with

the PAR index variables. Of note with the PAR index is that 48.8% of the diff,rcult cases

have been assessed as moderately difficult whereas 63.0% of the easy cases were

categorized as moderately difficult. A chi-square test calculated on these tables confirms

the appropriateness of case placement/categonzation þ < 0.05).

$rrmm¿¡y of Results

The main findings of this study can therefore be summarized in point form:

o intra- and inter-examiner reliability for both indices was assessed as

satisfactory after statistical analysis of repeat scores.

. univariate and multivariate analysis of variance showed no significant
differences between examiner Groups.

o based on the pooled data, discriminant function analyses showed that both the
DAI and PAR index were able to discriminate between mild, moderate and severe
malocclusions.

o intral and inter-examiner agreement with respect to subjective opinion of
featment difficulty was assessed as moderate to substantial following application
of Cohen's Kappa statistic.



JJ

Thble 3.1 - Means and standard deviations of DAI component variables
Groupl : experts; Group 2: aunlianes; Group 3 : GP's.

* measurements as per DAI protocol, Appendix C

Group 1 Group 2 Group 3

ì:Str,.iDêü:

missing teeth 0.62 1.43 0.63 1.34 0.62 1.43

crowding r.56 0.69 1.53 0.72 r.66 0.76

spacmg 0.15 0.46 0.32 0.61 0.19 0.51

diastema 0.t2 0.38 0.24 0.63 0.28 0.61

largest maxillary
anterior
irregularity

3.40 t.62 3.83 r.82 3.36 1.70

largest
mandibular
anterior
irregularity

2.36 1.64 2.48 i.61 2.21 r.62

buccal occiusion 1.43 0.75 t.23 0.81 1.15 0.84

overjet 6.87 2.52 6.40 2.27 6.87 2.45

open bite 0.05 0.26 0.06 0.71 0.24 0.85
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Table 3.2 - Means and standard deviations of PAR component variables
Group I : experts; Group 2: aunlianes; Group 3 : GP's.

* Measurements âs per PAR protocol, Appendix R

Group 1 Group 2 Group 3

lVIêân..,', ,Sh,::Ðêv.,:

maxillary
anterior segment

5.10 3.03 5.85 3.25 6.10 3.72

mandibular
anterior segment

3.40 2.63 4.15 3.30 4.04 3.67

right buccal
occlusion

r.43 0.75 t.23 0.81 1.15 0.84

left buccal
occlusion

r.22 0.82 1.04 0.85 1.05 0.83

overjet 2.31 r.07 2.02 1.08 2.19 1.18

open bite 0.08 0.33 0.04 0.30 0.08 0.33

overbite 1.35 0.82 1.16 0.79 1. 11 0.79

centre line 0.55 0.65 0.34 0.50 0.42 0.55
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X'igure 3.1 - DAI Buccal Occlusion + I Standard Deviation
Group I : expert; Group 2: auxiliary; Group 3 = Gp's
N: Group variable measurements
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[igure 3.2 - DAI Overjet Measure * I Standard Deviation
Group I = expert; Group 2 = auxiliary; Group 3 : Gp's
N: Group variable measurements
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Figure 3.3 - DAJ Pooled Group Mean * I Standard Deviation' Group I : expert; Group 2: auxiliary; Group 3 : Gp's
N: Group variable measurements
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Figure 3.4 - PAR Buccal Occlusion * I Standard Deviation
Group I : expert; Group 2 = auxiliary; Group 3 = Gp's
N: Group variable measurements
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Figure 3.5 - PAR Overjet Score * I Standard Deviation
Group I : expert; Group 2: auxiliary; Group 3 : Gp's
N: Group variable measurements
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Figure 3.6 - PAR Pooled Group Mean + I Standard Deviation
Group I : expert; Group 2: auxiliary; Group 3 = Gp's
N: Group variable measurements
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Table 3.3 - Me¿ns, standard deviations and 95% confîdence interval in brackets for DAI and pAR index
Group 1 = experts; Group 2 : auxiliaries; and Group 3 : Gp's

PAR

Means, Standard Deviations and (952o C.I.)

DAI

No significant difference among the 3 Groups; p = > 0.001 for both the DAI and pAR index.

Grouþ,1

30.8 + 9.1
(28.e - 32.6)

43.4 + 10.4
(4t.s -4s.6)

,,Grou,þ,,2

2I.I + 8.4
(26.4 -28.0)

42.7 + I0.I
(4r.9 - 43.6)

Gioup,3

28.7 + 9.1
(27.8 - 29.6)

43.5 + 11.1
(42.s - 44.6)

È(o
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Table 3.5 - DAI Stepwise Multiple Regression Model
Dependent variable - DAI, malocclusion severity levels
Jenny and Cons (1993); Table 3.4.

(Rt : 0.5O
* Components with signifÏcant influence on malocclusion severity.

missing teeth 0.0000 *

crowding 0.0000 *

spacmg 0.0000 *

largest maxillary irregularity 0.0000 *

largest mandibular irregularity 0.0000 *

bucca-l occlusion 0.0000 *

over-jet measurement 0.0000 "
diastema 0.0002

open-bite measurement 0.0369
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Table 3.6 - DAI Discriminant Function Analyses/Malocclusion Severity
Groups - mild, moderate, severe malocclusion
Jenny and Cons (1993); Table 3.4.
Variables : DAI components.

Table 3.7 - DAI Classification Results for Group Membership
Group 1 : mild malocclusion
Group 2 : moderate malocclusion,
Group 3 : severe malocclusion
Cases : components of the DAI.

: : : : : : : : : : 
Ì 

: 
i 

: r - r : . : i i , ì : : r : : : i : i | , : . : : : . : : : : : : : : : , : : : : : : : , ì : : : : : : : : ' - : : : .

'i,:ilViffiis:iL U*',.:i'

overjet measurement .79 0.0000

buccal occlusion .66 0.0000

largest anterior maxillary inegularity .54 0.0000

missing teeth .50 0.0000

crowding /11-+t 0.0000

largest anterior mandibular irregularity .46 0.0000

spaclng .43 0.0000

diastema .43 0.0000

Actual Group No. of Cases Predicted Group Membership
'r:i:i

!! .4,
'.,3

I 23 10

45.5%
1,3

56.6%
0

0.0%

2 2r0 1

0.5Vo

160
76.2%

49
23.3%

3 896 0
0.0%

t3
t.5%

883
98.5%

Percent of cases correctly classifTed: 93.27V0 (p < .0Ð
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Discriminant Function Analysis
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Table 3.8 - PAR Stepwise Multiple Regression Model
Dependent Variatble - DAI, malocciusion severity ievels
Shaw er al. (I99I); Table 3.4

(Rt = 0.57)
* components with significant influence on malocclusion severity

upper anterior aiignment 0.0000 *

overjet score 0.0000 *

overbite score 0.0000 *

midline 0.0000 x

buccai occlusion 0.0000 *

upper right alignment 0.0198

upper left alignment 0.0179

lower anterior alignment 0.2238

iower right alignment 0.4t94

lower left alignment 0.4146
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Table 3.9 - PAR Discriminant Function Analysis/Malocclusion Severity
Groups : mild, moderate, severe malocclusion
Shaw et aI. (I99I); Table 3.4
Variables : PAR components

Table 3.10 - PAR Classification Results for Group Membership
Group I : mild malocclusion
Group 2 : moderate malocclusion;
Group 3 : severe malocclusion
Cases : components of the PAR index.

overjet score .79 0.0000

upper anterior alignment .62 0.0000

buccal occlusion .53 0.0000

overbite .48 0.0000

centre-line .45 0.0000

Actual Group No. of Cases Predicted Group Membership

i:ii
'i!!:!!!:ììf!:!!ì:A

3

1 40 35
8l.5Vo

5

12.5%
0

0.0%

2 t7r 0.3
t.8%

1.46

85.4%
22

12.9%

3 92s 0
0.0%

8

0.9%
917

99.r%

Percent of cases correctly classified: 96.65Vo (p < .0Ð
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Tabte 3.11 - Kappa values for "expert" examiners subjective assessment of treatment

difficulty.

Table 3.L2 - Interpretation of Kappa Values (Landis and Koch, 1977)

Observer

I
::.n.. 

' 3
t,:,,'t,1:t:4,

:;ii.ii5.':.'

Observer

1

)

J

4

5

0.12 0.68

0.76

0.64

0.66

0.74

0.72

0.72

0.68

0.76

0.53

0.61

0.53

0.55

0.76

Poor < 0.00

Slight 0.00 - 0.20

Fair 0.21 - 0.40

Moderate 0.41 - 0.60

Substantial 0.61 - 0.80

Almost Perfect > 0.80
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Table 3.13 - DAI Stepwise Multiple Regression Model
Dependent variable DAI
Treatment diff,rculty levels defined as easy, moderately diff,rcult, and
diff,rcult.

(R2 : 0.32)
* Components with significant influence on treatment difficulty.

missing teeth 0.0000 *

largest maxillary anterior irregularity 0.0000 x

buccal occlusion 0.0000 x

open bite 0.0000 *

spacing 0.0000 *

crowding 0.0000 f

overjet 0.0000 *

diastema 0.0000 *
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Table 3.L4 - DAI Discriminant Function Analysis/Treatment Difficulty
Groups : *ry, moderately diff,rcult, and difficult
Variables : DAI Components

Table 3.L5 - DAI Classihcation Results for Treatment Diff,rculty
Group 1 : easy; Group 2 : moderately difficult; Group 3 : difficult
Cases : components of the DAI

buccal occlusion .77 0.0000

missing teeth .68 0.0000

largest anterior maxillary irregularity .55 0.0000

spaclng .52 0.0000

open bite .49 0.0000

overjet .47 0.0000

crowding .46 0.0000

diastema .46 0.0000

Actual Group No. of Cases Predicted Group Membership

iìl....'¡.
!!:!::!5! ::!::!::!t!:!:::ii:!i::!:
:!!!!:!aj :!::i: !!!!i t:::

I 54 36
66.7%

17

3r.5%
I

t.9%

2 7t0 9

I.3Vo
644

90.7%
57

8.0%

J 36s 0
0.0%

110

30.t%
255

69.9%

Percent of cases cortectly classified: 82.82Vo (p < .0Ð
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Table 3.16 - PAR Stepwise Multiple Regression Model.
Dependent variable PAR
Treatment difficulty levels def,rned as easy, moderately difficult and difficuit.

buccal occlusion 0.0000 *

upper anterior alignment 0.0000 x

centre-line 0.0000 *

overbite 0.0002 *

ovedet 0.0092 *

(R2 = 0.22)
* Components with signifTcant influence on treatment diffrculty



6T

Table 3.17 - PAR Discriminant Function Analysis/Treatment Difficulty
Groups : %sy, moderately diff,rcult and diff,rcult
Variables : PAR components

Table 3.18 - PAR Classification Results for Treatment Diffrcuity
Group 1 : easy; Group 2 : moderately difficuit; Group 3 : difficult
Cases : components of the PAR index.

Percent of cases correctly classified: 70.4lVo (p < .0Ð

buccal occiusion .76 0.0000

upper anterior alignment .73 0.0000

centre-line .69 0.0000

overbite .63 0.0000

overjet .61 0.0000

Actual Group No. of Cases Predicted Group Membership

l : .:.::ii

1 54 18

33.3Vo
34

63.0%
2

3.7 %

2 718 1

0.r%
596

83.0%
121

1,6.9%

3 367 0
0.0%

179
48.8%

188
5r.2%
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Discussion

The numerous parameters within this study necessitate discussion of the null

hypotheses under the following subsections:

D Examiner Groups

! Malocclusion Severity

I Treatment Difficulty

1. Exeminer Groups

This section of the study was designed to test the ability of three Groups of

examiners, with different levels of knowledge and expertise, to apply the DAI and PAR

index measurement criteria to an Aboriginal sample of pre-treatment orthodontic casts.

Following univariate and multivariate statistical analyses of results showed the first null

hypothesis could not be rejected, i.e. there were no differences between examiner groups.

The reproducibility of measurements for both indices were also considered satisfactory

after statistical analyses of the replicated scores.

The use of indices to assess malocclusion is primarily intended to ensure

interpretive uniformity (Helm, I977a,b; So and T*9, 1993), although this will lead to

limited advancement if they are unreliable (Shaw et al., 1991). In this context

reproducib¡W.o. reliability is defined as the ability of an index to reproduce the original

scores when a subject is re-examined by the same or different examiners (Fleiss et al.,
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1979). Such reliability is important, particularly if study cast evaluations are undert¿ken

by two or more observers. Participating examiners must therefore be trained to provide

consistent judgements (Richmond et al., 1995a): (i) to reduce systematic bias or etrors

and (ii) to minimize variation between examiners (Newcombe, 1994). In this study,

examiner training (standardization) prior to assessment of the casts minimized random

error and variation, while monitoring (calibration) the examiners during the course of the

survey served to minimize the potentiai impact of systematic errors.

Fleiss (1990) suggested certain examiners may require retraining or excluding to

obtain consistency in evaluation. These concerns are not confined to orthodontics, for

instance, Downer et al. (1979) found inter-examiner differences for decayed teeth

exceeded the differences between the samples under study, whereas inter-examiner

reliability for periodontal indices was even worse. Moreover, after training 22 dental

officers, Mitropoulos and Downer (1987) found four in the group that failed to reach

satisfactory agreement for scoring decayed surfaces. Even with retraining, Turner (1990)

determined that some examiners cannot reach acceptable levels of standardization to

assess malocclusions. Thus, it would seem likeiy that some examiners, despite their

clinical qualifications, have difficulty learning to apply indices reliably. Some individuals

in any group of examiners may also require extra training to calibrate consistently.

While the auxiliaries (Group 2) required minimal extra review with dental terminology,

teaching the index presented no particular problems. In the early stages, training the

experts (Group 1) proved slightly more problematic as they tended to have differing

preconceived ideas as to what and how malocclusion should be assessed, whereas the
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general dentists (Group 3) were more amenable to instruction. The results of the

calibration exercise in this study indicate that all Groups could be trained to use both

indices reliably, i.e. possession of an orthodontic qualification has no impact on the

ability to score models.

Helm (I977a,b) questioned examiner reliability when subjective weightings were

added to malocclusion assessments. In this study, statistical analyses on the unweighted

individual variables of the DAI and PAR index showed that although some variation was

present between the means for the Groups as no significant differences could be observed

þ > 0.05). Similarly, differences exist between the total mean scores for the DAI and

PAR index for the three Groups (Table 3.3 and Figures 3.1 - 3.6). However,

multivariate analysis of variance showed no signif,rcant difference between the three

groups (p : 0.001). Based on these analyses, the decision was made not to exclude any

examiners. This is in agreement with Pipkin (1984) who wrote that "an isolated

measurement which stands out...from the rest of the sample is known as an outlier and

will...have an effect in small samples of grossly distorting the mean and variance. If the

outlier is more than *5 x standard deviation away from the mean of the rest of the

sample, then it is probably safe to exclude it...make [it] plain when you have done this,

and be wary of doing it in small samples" (p.15). Based on this statement, one could

argue that some evaluators should perhaps have been excluded, given the values observed

in the tail positions of the histograms (Figures 3.7 to 3.14). However, several authors

suggest cautio¡ when contemplating omitting data points from a statistical analysis

because they "spoil" a pretty pattern (Pipkin, 1984; Glantz, 1992; Dawson-Saunders and
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Trapp, 1994). In this study, these values were not attributed to clerical etror, so

therefore may have arisen due to an error of measurement or more likeiy, as has been

suggested by some statisticians "for no apparent reason" (Begg, L966; Jacobson, 1990).

Another trend in the data was the consistently lower scores of the auxiliaries,

followed by the general dentists, with higher scores being assessed by the experts

(orthodontists). This phenomenon has been noted by other researchers (Albino et al.,

1978; Richmond et a|.,1995a). One might speculate that the auxiliaries had too little

knowledge or expertise to perceive some problems, whereas the experts may have over-

compensated for some measurements...or more likely, become complacent and used

subjective judgement as opposed to an objective measurement. For example, the

auxiliary might have tended to err on the conservative side when measuring overjet or

tooth dispiacement, whiie the expert tended to become less vigiiant with time and "eye-

ball" some measurements, resulting in over-estimation of scores. Nevertheless, the data

indicate that in general, persons with varying levels of expertise are capable of applying

occlusal indices with reasonable consistency and reliability.

It has been suggested that employing reliably trained and calibrated personnel to

apply occlusal indices could have economic advantages for public funded programs and

third party payment agencies (Neenan et a1.,1993). Richmond et al. (1993c, 1995a)

have shown that it is possible to teach non-dentally trained personnel and general dentists

to apply the PAR index with a high degree of reliability. Cons et aI. (1986) have also

determined that general dentists and dental assistants can, after training, measure the DAI

reliably on study models. From its inception, the PAR index has proved to be a highly
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reproducible index when used by trained operators @ichmond,I992a,b). Numerous

studies have tested the reliabiliry of operators when using the PAR index and have found,

on average, intra-class correlation co-efficients (ICC) ranging from 0.83 to 0.98 (Fox,

1993; Ken et al., 1993; Buchaûan et al., 1993; Turbill et al., 1994; Otuyemi and Jones,

1995; DeGuzman et a\.,1995). Fleiss (1990) has suggested that ICC values greater than

0.80 represent almost perfect agreement among the examiners. The DAI, although not

tested extensively, has also proved to have satisfactory intra- and inter-examiner

reliability (Jenny et a1.,1983; Keay et aL.,1993; Ansai et a1.,1993;I-obb et aL.,1994).

Both the DAI and PAR index are simple to use in the measurement of occlusal

traits (Keay et al., 1993). Concerns arose about the complexity of the PAR index with

increased risk of measurement error (Bahiraei, 1995), although the resuits compare

favourably with previous studies. These findings also contradict those of Turner (1990),

who concluded that no index can be used consistently by personnel untrained or with

limited experience in orthodontics.

2. Malocclusion Severity

The purpose of this study was also to investigate the abilities of the DAI and PAR

index to quantify malocclusion severity. Essentially malocclusion severity was classif,red

as mild, moderate or severe based on the scores def,rned by Jenny and Cons (1993) for

the DAI and Shaw et al. (1991) and Richmond et al. (1993b) for the PAR index (Table

3.4). Moreover, when multiple regression and discriminant function analyses were

applied to the àata, the results of this study showed that the second null hypothesis must

be rejected and the alternate hypothsis accepted, i.e. both the DAI and PAR index are
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able to distinguish various degrees of malocclusion severity.

A number of scoring systems and indices have been developed for the objective

assessmentof malocclusions @raker, 1960; Grainger, 1967; Salzmann, 1968; Summers,

I97I). Profht and Ackermm (1973) have argued that without pertinent radiographic

information, complex judgements are oversimplified. However, H:an et al. (199I) have

found that 54.g% of treatment decisions are based on study models alone, whereas

Atchison et al. (1991) showed that orthodontists are75% sure of their diagnosis before

reviewing radiographs. DeGuzman et al. (1995) has also found that the addition of

cephalometric radiographs do not alter expert diagnoses. Therefore, on the basis of the

literature, no radiographs were included in this study.

Any index should reflect the characteristics of a given disorder (Summers, L97l).

Therefore, maiocclusion indices shouid therefore reflect the severity of the occlusion to

determine the priority for treatment (Tang and Wei, 1993). Concerns about the validity

of such measures primarily express the degree to which scores reflect the clinical

judgements of orthodontists (Draker, 1970; Helm, l977a,b). "Objective" indices may

also intoduce silent but pertinent subjective components which bias the data (Proffit and

Ackerman, 1973).

The validity of an index is defined in terms of its ability to measure what it

intends to measure (Summers, I97I). In clinical studies, validation is frequently

established by soliciting the subjective opinion of knowledgeable "experts". Carios

(1970) has argued that this procedure is imperfect, because clinicai decisions are based

on the same information obtained from an index --- i.e. the two are not independent.
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Draker (1970) also suggests that clinicat judgement is not without problems, as "experts"'

intrinsic criteria may form unknown variables which impact on clinical decisions. The

prevalent climate of dental opinion may also influence judgement (Newcombe, 1994) and

clinical decisions made by experts may vary considerably (McCreery and Truelove,

1991). Variations in decision making are a result of risk assessment and evaluating

treatment outcomes, with differences essentiaiiy arising from perceptual variation and

judgemental variaúon (Kay and Nuttall, 1995). Nevertheless, the criteria used by

orthodontists to judge the need for treatment remain unclear (Phillips et al., 1994). It

is generally believed that treatment need determinations depend upon the recognition of

aesthetic and occlusal variation as well as the beliefs and suppositions held with respect

to implications of any variation noted (Prahl-Anderson et al., 7979; Albino et al., 1982;

Tedesco et al., 1983; Phillips et al., 1994). Parents'and patients'awareness of

orthodontic problems and agreement with orthodontic opinion are also major determinants

(Espeland et al., i993; Peitilä and Peitilä, 1994; Tuominen et aL.,1994).

The long term implications of malocclusion are poorly understood (Shaw et al.,

1991), so it would be surprising if expert examiners were uniform in determining

Featment need, since no fum diagnostic criteria are established. In practice, dentists and

orthodontists exercise professional judgement. A number of studies indicate such

judgement is inconsistent between examiners (Freer et al., 1973; Bowden and Davies,

1975; O'Bri en et a|.,1989; Richm ond,, I992a; Richmond et al. ,1995a). However, other

investigations 
.have 

presented evidence to suggest subjective (expert) opinion of the

severity of malocclusion correlates closely with objective indices (Lewis et al., 1,982;
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Shaw et al., 1991; Richmond et al.,1992a; Jenny et a1.,1992; Turbill et a1.,1994;

Younis et a|.,1995; DeGuzman et aL.,1995).

Considering the restrictions of third-party funding for orthodontics, an equitable

system of prioritizing cases is desirable. Shaw et al. (1995) feel that the specialty itself

should develop the guidelines or index because until one is accepted and used by the

profession, distortions of the need and demand for orthodontic treatment will continue

(Richmond et al., 1994a). Any index of malocclusion severity and treatment need

should, however, be related to the consensus view of cliniciars, i.e. the DAI and PAR

index (Jenny et aL.,1993; Richmond et al., 1995b). Although it was not the intent of

this study to investigate the validity of the DAI or PAR index with respect to orthodontic

opinion, the criticisms require further elaboration.

For an index to be truly effecúve, malocclusions must be categorized into groups,

according to urgency and need for treatment (Salzmann, 1969; Baume et al., 1973).

Individuals with greatest featment need can then be assigned priority when resources are

limited. Similarly, individuals with minimal treatment need can be safeguarded from

potential risks (Shaw, 1981). Jenny and Cons (1993) as well as Shaw er aI. (1991) and

Richmond et al. (1993b) developed "cut-off" scores in the DAI and PAR index

(respectively) which would determine various levels of malocclusion severity for

treatment allocation. Based upon this literature, the pooled data from this study was

classified and divided into three malocclusion Groups, i.e. mild, moderate or severe

(Table 3.4).

Following multiple regression analyses, results for both the DAI and PAR index
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identified those components having significant correlation and influence on malocclusion

severity (Tables 3.5 and 3.8). These outcome analyses compare favourably with

previous studies (Cons et a1.,1986; Jenny and Cons, 1988; Richmond et al., 1992a;

DeGuzman et al., 1995). The fact that diastema and open-bite, components of the DAI,

were not identified as having significant influence on malocclusion severity was likely

due to the sample selection, i.e. few subjects were identified as having these

characteristics. Similarly, upper and lower buccal alignment as well as lower anterior

alignment, components of the PAR index, had no signif,rcant influence on malocclusion

severity. This phenomena has been noted by other investigators (Brook and Shaw, 1989;

Richmond et al., 1992a). Several studies have found that demand for orthodontic

treatment stems largely from visibleaesthetic concerns (Stricker et aL.,1979; Espeland

and Stenvik, 1991; Espeland et a1.,1993). This could suggest that posterior buccal

alignment and lower anteriors have little aesthetic value and therefore do no necessarily

influence malocclusion severity. Of note is that 56% and 57% of the variation

determining malocclusion severity levels is expiained by the DAI and PAR index

components. Slightly less than half the variation is unexplained, due to perceptual

differences of the examiners --- or as has been suggested, several facto¡s remain

unidentified which are required to predict malocclusion severity levels (DeGuzman et al.,

i995).

Examination of the discriminant function analyses confirm the regression analyses

results, as well as indicating which components of the DAI and PAR index are best able

to discriminate malocclusion severity and their priority (Table 3.6 and 3.9). The
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component overjet was entered first for both indices. This is in agreement with several

investigators who found that extreme overjet had the greatest effect on dental appearance

(I{elm et al., 1986; Gosney, 1986; Graber and Lucker, 1980). This was followed by the

addition of buccal occlusion and maxillary anterior irregularity, for both indices.

Horowitz et al. (1971) as well as Ingervall and Hedegañ (1974) found that conspicuous

crowding and irregular alignment affected perceptions of dental appearance in

adolescents. Although no evidence exists in the literature, buccal relationships may

affect malocclusion severity due to the influence of mandibula¡ position on overjet and

facial features.

Discriminant function analyses determine which components of the indices best

discriminate ¿Lmong mild, moderate and severe malocclusions. The classification analyses

confirms/checks the "goodness" of the discriminant functions (Norman and Streiner,

1986). The results indicate that overalL93% of the DAI cases and97% of the PAR

cases are correctly classified into the mild, moderate or severe malocclusion categories.

However, whiie the PAR index correctiy predicted the individual malocclusion levels

90% of the time, the DAI incorrectly predicted mild malocclusions in 56% of the cases

(Tables 3.7 and 3.10). This has impiications for publicly funded programs in that mild

malocclusions may be classif,red as moderate, thereby increasing demand and depleting

resources. This is in agreement with Keay et al. (1993) who found that the DAI

correctly predicts a high proportion of those cases requiring treatment (86%), but

overestimates.the numbers requiring treatment (54%). The fact that the DAI heavily

weights maxillary anterior irregularities may result in the index being overly sensitive to
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minor displacements of individual teeth --- a fact which requires further investigation.

Based on the present study, the DAI and PAR index are likely to include nearly

all of those cases requiring treatment, but at the cost of over-estimation for the DAI

assessment. If malocclusion indices are to be used to determine orthodontic treatment

allocation, the inherent error of the measurement should be considered. V/hen the

direction of the error is evaluated for the DAI, it is in ailocating treatment to those cases

who may not require treatment. In the presence of reduced f,ranances, the over-

estimation of malocclusion severity may rapidly deplete resources. More importantly,

reliance on the DAI and PAR index, may deny orthodontic treatment to patients truly in

need.

3. Treatment Difficulty

The last part of this study was designed to investigate the ability of the DAI and

PAR index to determine treatment realtive to malocclusion severity. But, following

muþle regression, discriminant function and classification analyses, the results showed

that the third null hypothesis could not be rejected, i.e. both the DAI and PAR index a¡e

unable to distinguish treatment diff,rculty.

As the cost of health and dental services continues to rise, it becomes increasingly

important to develop significant barometers to determine the adequacy of the health care

system (Furino and Douglas, 1990; Caplan and Weintraub, 1993). The ability of an

index to reflect treatment difficulty is therefore an important requirement for decisions

made regarding public or third party allocations to reimburse orthodontic care.

Arguably, fees should be assigned to reflect the complexity of treatment (Yig et al.,
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1995) and assist in ensuring that patients a¡e treated by those with appropriate levels of

skill.

The degree of treatment difficulty arises from a problem solving process which

determines the best and least laborious form of orthodontic treatment. Difficulty may

also influence effectiveness of treatment modalities, duration of treatment and expected

outcome. Without doubt, difficulty is an important determinant of referral to tertiary

care providers relative to third-party f,rnancial restrictions.

The DAI and PAR index have primarily been used to assess malocclusion

severity. Few studies have investigated the relationship of malocclusion severity to

treatment difficulty. Rowe (1989) evaluated the relationship between malocclusion

severity and treatment difficulty after 30 orthodontists examined six pre-treatment casts.

Summers' Occlusal Index was used to measure severity while difficulty was assessed with

subjective expert opinion. Malocclusion severity and treatment difficulty were regarded

as distinct but related entities, although the components of malocclusion severity (overjet,

tooth irregularities, etc.) were not reliable predictors of treatment difficulty. In contrast,

DeGuzman et aI. (1995) found that malocclusion severity assessed by the PAR index,

displayed a strong association with perceived treatment difficulty. Moreover, five

components of malocclusion ranked in order of importance (overjet, overbite, midline,

upper anterior alignment and buccal occlusion) explained 57% of the variation in the

determination of treatment difficulty .

The results of the current study, however, suggest that severity of malocclusion

measured by"both the DAI and PAR index display relatively weak correlations with
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perceived treatment difficulty. Examination of the multiple regression analyses indicate

that the same components which determined malocclusion severity also significantly

influence treatment difficulty. However, only 32% of the variation is explained by the

DAI components and only 22% of the variation in the ranking of treatment diff,rculty is

explained by the PAR components (Tab1es 3.13 and 3.16). The results of the

discriminant function analyses confirm that these components are signif,rcant

discriminators of treatment difficulry (Tables 3.14 and 3.L7). However, their relative

importance as discriminators has slight resemblance to the malocclusion severity

discriminators. 'Oveq'et', in both indices, was the hrst discriminator for malocclusion

severity, whereas 'buccal occlusion' was the major discriminator, in both indices for

treatment difficulty. The 'ovedet' variable, however, was one of the last predictors to

be added into the analyses. The disparity between these two studies is difficult to

explain, even taking into account the different statistical analyses. Nevertheless, several

dissimilarities may explain the contradictory findings:

(Ð sample size - DeGuzman et al. (1993) used 200 pre-treatment casts
representing a wide range of malocclusions. The current study was based
on a representative sample of 21 casts presenting with a Class II Dívision
I maiocclusion. This obviously resulted in a bias toward increasing the
numbers/weighting of the buccal occlusion component for both indices.

(iÐ examiners - DeGuzman et al. (1993) had two calibrated examiners
determine the PAR scores and 11 orthodontists give subjective opinions
on featment diff,rculty. The present study had 51 examiners determine
both DAI and PAR scores and 5 orthodontists give subjective opinions on
heatment difficulry. Fewer examiners may have resulted in less variability
of the index scores and therefore a greater correlation between the index
'components for treatment difficulty and malocclusion severity.

However, the results of the current study indicate that although components of
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malocclusion severity are related to treatment difficulty, the factors do not necessarily

have the same importance as discriminators for treatment difficulty. These hndings

contrast with those of DeGuzman et al. (1995), but compare favourably with the findings

of Rowe (1989).

The ¡esults from the classification anaiysis conf,rrm the inconsistency of both

indices, particularly the PAR index, to predict treatment difficulty (Tables 3.15, 3.18).

Although the PAR index correctly classifies 70% of the casts with respect to treatment

difficulty, 66% of easy cases are classified as moderately difficult or difficult. The PAR

index also tends to underestimate the number of difficult cases by approximately 50%.

This has serious implications, if diff,rculty indices are used to reflect remuneration levels.

In addition, even though components of both indices signihcantly influence treatment

difficulty, they only account for a small percent of the variation. Indices must therefore

ignore certain facets of malocclusion which orthodontists use to assess treatment

difficulty.

Some of the factors which influence the perception of orthodontic treatment

diff,rculty may be summarized as:

(Ð operator related factors - knowledge, expertise and years of experience
(O'Brien et al., 1993)

(iÐ patient related factors - âge, sex, growth patterns, medical problems,
skeletal and soft tissue discrepancies flMeiss and Eiser, 1977)

(iiÐ treatment modalities - non-extraction/extraction, removable/fixed, non-
surgicaVsurgicai (Howes, 1960; Bishara et al., 1995)

(iv) . co-operation factors - patients/parents beliefs, attitudes, expectations
(Nanda and Kieri, 1992)
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In contrast with the inability of the DAI and PAR indices to determine treatment

difficulty, results of this study indicate moderate to substantial agreement for subjective

opinion of the "expefis" (Table 3.11 and 3.12). This is in agreement with Pietllä et aI.

(1992) who found orthodontists generally agreed on the complexity of orthodontic cases.

In contrast, there was substantial disagreement between general dentists for those cases

which orthodontists classif,red as having difficult treatment problems. This finding is in

accord with the study by Persson and Thilander (1976) who concluded that general

dentists overestimate their skills in orthodontics, compared with orthodontists' evaluation

of their own skills. Foster and Menezez (1976) also suggest that "experts" should assess

the difficulty of treatment and several others have stressed the importance of diagnostic

skills for the recognition of difficult cases (Linge, 1987; Jacobs, 1988). The

deveiopment of an index to adequately assess treatment difficuity would therefore provide

an excellent service for both patient and practitioner, as it could be used for

determination of treatment where various care-givers have different levels of expertise.

Currently, neither ttre DAI nor PAR index is able to determine treatment difficulty

with any great degree of reliability or validity as evidenced by this study. Further proof

is offered by examining individual cases used in this study. Although the consensus

"expert" opinion was not limited to the following, these cases provide a representative

sample (Figures 4.1 - 4.4):
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Case No. 224

Expert opinion on treatment diff,tculty was easy

Mean DAI score : 34
Mea¡ PAR score : 21

Case No. 7A

Expert opinion on treatment diff,rcuity was moderately difficult
Mean DAI score : 24
Mean PAR score : 34

Case No. 194

Expert opinion on treatment difficulty was difficult
Mean DAI score : 54
Mean PAR score : 51

Case No. 204

Expert opinion on treatment difficulty was moderately difficult
Mean DAI score : 23
Mean PAR score : 11

Most notable among these cases is the fact that although two cases (74 and 194)

appeâr to coincide with DAI and PAR malocclusion severity scores, whereas Cases 204

and 22A. do not. Case 204, a moderately difficult case to treat, based on "expert"

orthodontic opinion, has been given significantly lower DAI and PAR scores than Case

224 which was assessed as easily treatable. Without modification, the DAI and PAR

index are unable to consistently determine treatment difficulty.
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Figure 4.1 - Case No. 22 A
Consensus expert opinion on treatment difficulty was easy

DAI score : 34; moderate bordering on severe malocclusion
PAR score : 2l; moderate malocclusion
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Figure 4.2 -Case No. 7 A
Consensus expert opinion on treatment difficulty
DAI score = 24; moderate malocclusion
PAR score : 34. moderate bordering on severe

was moderateiy diff,rcult

malocclusion
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Figure 4.3 - Case No. 19 A
Consensus expert opinion on treatment difficulty was difficult

'DAI 
score : 54 severe malocclusion

PAR score : 51; severe malocclusion
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Figure 4.4 - Case No. 20 A
Consensus expert opinion on treatment was moderately difficult
DAI score : 23; mild malocclusion
PAR score : 1 1; mild malocclusion
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Limif¿1i6¡s of Occlusal Indices

The use of occlusal indices provides a rapid, valid and accurate method of

evaluating the dento-occlusal aspects related to malocclusion severity and treatment need.

However, such assessments have limitations. Changes in aesthetics, facial profile and

radiographic parameters are not evaluated, although there is no consensus upon methods

developed to assess facial profile and aesthetics. In addition, patterns of facial growth

are subject to individual variation. An ideal cephalometric analysis does not exist. Also,

no consensus has been achieved with respect to cephalometric goals of orthodontic

treatment. Because indices are generally applied to study casts, there is no functional

component to the analyses. Also, there is no assessment of the temporomandibular joint

in any occlusal index. However, even within the literature, an accurate definition and

diagnosis of this disorder has proved problematic (Guttu and Spektor, 1981; Dibbets and

Van der Weele, 1987,1992; V/idmer et a1.,1990). Another major disadvantage of

indexing systems is the risk of insensitivity and misjudgment of the needs of individual

patients (Green and O'Brien, 1994).

Nevertheless, until further measures are developed, the only available method of

assessing maiocciusion severity and treatment need is by using occlusal indices. These

facilitate accurate, objective assessments and minimize distortions presented by subjective

opinions of the malocclusion.

Limitations of the Study

This prèliminary investigation may present an oversimplifrcation of malocclusion

severity and Eeatment difficulty. Both are influenced by numerous factors and many are
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not only impossible to measure as discrete variables but also comprise deficiencies

inherent with the use of occlusal indices. The resuits of this study were also dependent

on the examiners and the cast sampie. Although a total of 51 examiners gives power to

the study, the small number of "experts" may have reduced the confidence level of the

responses. As well, the commitment of the examiners to the investigation must be noted.

In general, this proved satisfactory for most participants, but as with any large group,

a few were less than enthusiastic. Rater bias may also have been introduced due to

previous experience or training. Although this was anticipated, it could not be eliminated

and may have been particularly noticeable in the "expert" group as all graduated from

the same specialty program.

The sample of study casts were chosen because they represented a group of

Aboriginal patients that had been approved for orthodontic treatment. All had a

predetermined dental Class II, Division I malocclusion. This may have been reflected

in the results, i.e. a heavier weighting assigned to the buccal occlusions. A wider range

of malocclusions would have reduced this bias, although their relative assessments would

then have been too complex.

The DAI and PAR indices, as with all indices, have inherent def,rciencies.

Although both were easy to use, by combining them, the number of variables that

examiners needed to assess likely increased the measurement error due to fatigue and

time constraints during the evaluations.
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Several refinements are suggested for future investigations:

(Ð increase pre-treatment sample size to include a wider variefy of
malocclusions,

(iÐ increase the number of "expert" examiners, and solicit the subjective
opinion of GP's re: treatment difficulty and,

-....(iiÐ limit invesúgation to one malocclusion index at a time.



86

Summary and Future Investigations

Two malocclusion indices, the Dental Aesthetic Index (DAI) and Peer Assessment

Rating Index (PAR), were applied to a sample of pre-treatment orthodontic casts. The

examiners were divided into three Groups based on expertise. The study demonstrated

that non-orthodontic personnel can be trained to use occlusal indices with the same

degree of reliability as a group of orthodontists. The results also showed that both the

DAI ard PAR indices can distinguish levels of malocclusion severity, classif,red as mild,

moderate or severe, based on pre-determined cut-off points. In the case of the DAI,

however, it is at the cost of over-estimating treatment need. The results of the study

showed that inter- and intra-reliability with respect to subjective opinion on treatment

difficulty was substantial. Objective assessments of treatment difficulty using the DAI

and PAR indices however, were inconsistent. The results indicate that malocclusion

severity and treatment difficulty share many of the same index variables, but are distinct

entities, as different components account for the categorical rankings.

While much has been learned from the present study, continued investigation is

required, especially in the areas of establishing treatment need "cut-off" points and

assessing treatment difficulty , including its inherent determinants.

Intimations have been made about the poor standard of orthodontic care provided

by non-specialists. Moyers (1990) has said that this problem occurs in dentistry because

there is no other f,reld in which a large proportion of all treatment is provided by

clinicians with little training and no testing of competence. Development of an "fndex

of Treatment Difficulty" would, at the very least, ensure patients receive treatments by
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an appropriate care giver with a suitabie level of expertise, although not all specialists

are equaliy competent.

Further research into this area should include general practitioners and pediatric

dentists. An evaluation of their perceptions of maiocclusion severity and criteria used

for determining treatment difhculty would provide useful insights.. If differences exist

in relation to orthodontic opinion, the disparity between pretreatment assessments and

referral decisions may then be explained.
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I*Ð Health and Welfare Santé et Bien€tre social
Canada Canada

ORTHODONTICS
MEDICAL SERYICES BRANCH

MANITOBA REGIOI.I
EFFECTIVE IVIARCH 1, 1990

MSB will consider supporting the cost of orthodontic treatment for Registered Indians if the lollowing
conditions apply:

l. the malocclusion is severe and results in a signifrcant limitation in function;

2. all preliminary dental treatment (surgical, periodontal, restorative) has been compieted;

3. the patient's oral hygiene has been consistently good;

4. the patient has been caries-free lor a minimum period of six months;

5. the patient and the parents/guardians understand the nature of the orthodontic treatment to be
undertaken and are expected to comply with its requirements;

6. the treatment must be performed at this time; and

7. the patient is less than 18 years of age at the time of the case assessment.

Pre-authorization is required [or:

(a) orthodontic consultation and diagnostic records; and

(b) orthodontic treatment

l. comprehensive
2.limited

An lvfSB-tslue Cross Dental Form is used lor o'otaining pre-authorization of benefits and can be
lorwarded with accompanying diagnostic patients records to:

Regional Dental Oflficer
Manitoba Region
Medical Services Branch
Health and Wellare Canada
500 - 303 Main Street
WTNNIPEG, Manitoba
R3C OH{



,. aårrr*rHENSrvE oRTHoDoNTrc TREATTVTENT

The MSB-Blue Cross Dental Form lor pre-authorization must:

(a) have all sections (i.e., Parts l, 2 and 3) completed and bear the dentist's signature; 105

(b) summarize the diagnostic frndings, treatment plan and treatmenr time anticipated;

(c) indicate a comprehensive orthodontic procedure code (from MSB Fee Schedule, p. Gp-12) and
specify the total lee, including laboratory costs; and

(d) be accompanied by quality patient records that would support the request lor pre-authorization:
(i) trimmed orthodontic casts and bite registration

(ii) radiographs - panoramic frlm or full mouth series

- cephalometric frlm with tracing

(iii) photographs

(iv) a detailed case description to include the sequence of orthodontic treatment procedures,
malocclusion classihcation, skeletal/dental flactors; patient habits conrributing to malocclu-
sion: skeletal and dental midlines: lip nosition/competency: complications anticipatecJ (e.g..
rotations, periodontal, tooth size, congenital absence of, teeth, orthognatic surgery', etc.);
treaiment alternatives (e.g., prostherics, singie arch treatment) etc.

Payment

Claims are to be submitted on an MSB-BIue Cross Dental Form to Ontario Blue Cross. Reimburse-
ment is provided in three (3) equivalent instalmenrs:

- l/3 of the lee to be claimed '.vhen active treatment is iniriated (bonding, appliance insertion);

- 1/3 of the lee to be claimed trvelve months a[ter the date of initiation ol treatment; ancl

- l/3 of the lee to be claimed when active therapy is completed and the patient is placeci in
retention.

Pre-authorization is also required prior to a claim f,or the firnal one-third of tlle fee. All
pre-treatment diagnostic patient records and all post-treatment frnal diagnostic records, including
trimmed orthodontic casts. panoramic or [ull mouth series radio_eraphs and cephalometriè
radiograph with tracing. must be fiorwarded with an ñf SB-Blue Cross Dental Form lor
pre-authorization to the Regional Dental Olficer at the address above.

2. LIÌVIITED ORTHODONTIC TREATùIENT

- Examples: simple crossbite correction. closure o[ a diastema, arch expansion.

An MSB-Blue Cross Dental Form lor pre-authorization should include a brief descriprion o[ rhe
malocclusion. treatment tinre lnd oral health.status in the space provided (in Part I o[ the fbrnn).
Procedure code(s) and assigned lees (see ÌvlSB Schedule. p.GP-l1) must also be indicated.

Travel arrangements lor ìvlSB clients relerred from outlf ing communities are made by the lvf SB
Relerral Unit. telephone 982-215i. Patient eligibility lor MSB dental benef,rts can be conhrmed by
contacting the MSB dental olfrce at telephone 983-2907 or 983-6043. Prior to relerral or acceprance
of an ongoing orthodontic case being translerred betrveen pracritioners, please consult with the IvISB
dental offrce.

Note: For orthodontic cases pre-authorized prior to July ll. 1987. claims must be submitted, using an
Application lor Treatment and Dental Account Form, to the arrenrion of the Regional Dental Ofhcer
at the address above. The claims schedule and patient record submission(s) are as indicated above.
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\ilHO Requirements for an Occlusal Index (Iang and Wei, 1993)

1. Status of the group is expressed by a single number which corresponds to a relative
position on a finite scale with definite upper and lower limits; running by progressive
gradation from zero, i.e., absence of disease, to the ultimate point, i.e., disease in
terminal stage.

2. The index should be equally sensitive throughout the scale.

3. Index value should correspond closely with the clinical importance of the disease
stage it represents.

4. Index value should be amendable to statistical analysis.

5. Reproducible.

6. Requisite equipment and instruments should be practicable in actual field situation.

7. Examination procedure should require a minimum ofjudgement.

8. The index should be facile enough to permit the study of a large population without
undue cost in time or energy.

9. The index would permit the prompt detection of a shift in group conditions, for better
or for \¡/orse.

10. The index should be valid during time.
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APPEI\DD( C

The Dental Aesthetic Index: Protocol of lJsage

Missing Visible Teeth: fncisors, Canines and Premolar

Count the number of missing permanent incisors, canine and premolar teeth on the

upper and lower arches. Counting the teeth present starting at the right second premolar and

moving forward to the left second premolar. There should be 10 teeth present in each arch.

If there are less than 10 the difference is the number missing, record that number.

Ifthe spaces are close, do no count the teeth as missing. If a primary tooth is still in

position and its successor has not yet erupted, do not count the teeth as missing.

Crowding in the fncisal Segments of the Arch

Examine both upper and lower incisal segments for crowding from lateral to lateral.

Teeth may be rotated or displaced out of alignment in the arch. The number of incisal

segments (each incisal segment consists of four incisors in either the upper or lower arch)

withcrowdingrecordedas0, l,or2 (0 :nosegmentscrowded; 1: l segmentcrowded;

2:2 segments crowded). When in doubt, assign the lower score.

Do not mark the incisal segment crowded if four incisors are in proper alignment but

either or both canines are displaced.

Spacing in the fncisal Segment

Examine both the upper and lower incisal segments for spacing from lateral to lateral.

If one or more incisor teeth have proximal surfaces without any interdental contact the
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segment is recorded as having space. The number of incisal segments in both arches with

spacingisrecorded as either 1, I or 2(0:no segments crowded; I : 1 segment crowded;

2 = 2 segments crowded). When in doubt assign the lower score.

Diastema

A midline diastema is defined as the space, in millimetres, between the two

permanent maxillary incisors. This measurement can be made at any level between the

mesial surlaces of the central incisors and should be recorded to the nearest whole

millimetre.

Largest Anterior Irregularity on the Upper (maxillary) Arch

Irregularities may be either rotations out of, or displacement from, normal alignment.

Measure the site of the greatest irregularity between adjacent teeth using the ruler provided.

It is placed into contact with the labial surface of the most lingually displaced or rotated

incisor while it is held parallel to the occlusal plane and at right angles to the normal arch

line. The irregularity in millimetres can then be recorded to the nearest whole millimetre.

If there is sufficient space for all four incisors in the normal alignment but some are rotated

or displaced do not mark that segment as crowded but record the largest irregularity.

Irregularities at the distal of the lateral incisors should also be considered, if present.

Largest Anterior Irregularity on the Lower (mandibular) Arch

Measurement is the same as on the upper arch except that it is made on the lower

(mandibular) aich The greatest irregularity between adjacent teeth on the lower arch is

located and measured as described above for the upper teeth.
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Anterior Maxillary Overj et

Measurement of the horizontal relation of the incisors is made with the teeth in

centric occlusion. Record only the largest maxillary overjet with a metric ruler to the nearest

whole millimetre from the labio-incisal edge of the most prominent upper incisor to the

labial surface of the corresponding lower incisor holding the instrument parallel to the

occlusal plane. This trait is not recorded if all upper incisors are missing or in lingual

crossbite.

Anterior Mandibular Overjet (mandibular protrusion)

Record this trait when any lower incisor protrudes anteriorly, or labially, to the

opposing upper incisor, i.e. it is in crossbite. Record the larqest mandibular overjet

(mandibular protrusion) or crossbite of any of the incisors in the lower arch to the nearest

whole millimetre. Measure in the same manner as described for anterior maxillary overjet.

Do not mark the tooth as a mandibular overjet if a lower incisor is rotated so that one part

of the incisal edge is in crossbite.

Vertical Anterior Openbite

If there is a lack of vertical overlap between any of the opposing pairs of incisors

(openbite) the amount of openbite is measured with a metric ruler to the nearest whole

millimetre.

Anterior-posterior Molar Relation

This ássessment is most often based on the relation of the permanent upper and lower

first molars. If the assessment cannot be based on the first molars because one or both are
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absent, not fully erupted, or misshaped because of extensive decay or fillings, the relations

of the perrnanent canines and premolaÍ are assessed.

The right and left sides with the teeth in occlusion and only the larsest deviation from

the normal molar relation is recorded. Score as follows:

0 : normal molar relation

I : lower first molar on either side is 1/2 cusp either mesial or distal to the upper first molar

2 : lower first molar on either side is one full cusp or more either mesial or distal to the

upper first molar. When in doubt assign the lower score.
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The Standard DAI: its components, their actual and rounded regression
coeflicients (rvcights) and its constant (Cons et alr1994)

DAf components Regression Coefücients
Actual Rounded
weights weights

l. Number of missing teeth (incisors, canines and pre-
molars in both arches)

2. Assessment of crowding in the incisal segments:
O:no segments crowded, I = I segment crowded,
2:2 segments crowded

3. Assessment of spacing in the incisal segments:
O:no segments spaced, l=l segment spaced,
2:2 segments spaced

4. Measurement of midline diastema in millimetres

5. Largest anterior irregulariry, maxilla, in millimetres

6. Largest anterior irregularity, mandible, in millimetres

7. Measurement of anterior maxillary oveq'et in
millimetres

8. Measurement of anterior mandibula¡ ove¡'et in
millimetres

9. Measurement of vertical anterior openbite in
millimet¡es

I 0. Assessment of antero-posterior molar relation,
largest deviation from normal either left or right,
O=normal, I = I /2 cusp either mesial or distal,
2=one full cusp or more either mesial or distal

I l. Constant

5.76

LI5

1.3 I

3.13

1.34

0.7 5

t.62

3.68

3.69

2.69

13.36

J

I

I

3

t3



Comparison Perception of Dental Aesthetics
SASOC

Internntionally

1965

1337

Study Models

Develop and Test
Pre-SASOC I

(N> looo)

t97s
COCSTOC

Measurements

APPENDIX D
Schema Development of SASOC,
(adapted from Cons et al., 1986)

Develop and Test
Pre-SASOC II

(N = 400)

DAI, Related Studies

Comparison
Native American DAI

Standard DAI

Double
Cross

Validation

DAI II
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P < 0.0001 for all of the above correlations
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0.89

Japan
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0.96

0.88
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Nat Amer
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0 .83
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0

Singaporean
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0.81
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0
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0.96

0.94

0.8?

APPENDIX E

0 .83

0.92

l.00

0.89

0 .95

0,95

0.90

0.95

0.8?

0.86

0.98

0.96

0.94

1.00

0.98

0.85

0.98

0.93

0

0.93

.98

I

0.94

,00

0.96

0.96

1.00

u)
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APPENDIX F
The PAR Index: Protocol of Usage

The concept is to assign to various occlusal traits which make up a malocclusion. The
individual scores are summed to obtain an overall total, representing the degree a case
deviates f¡om normal alignment and occlusion. The score of zero would indicate good
alignment and higher scores (rarely beyond fifty) indicating increased levels of
irregularity. The overall score is recorded in the pre- and post-treatment dental casts.
The difference between these scores represents the degree of improvement as a resuit of
orthodontic intervention and active treatment. There are hve components of the PAR
Index (Table A1)

Table 41, Components of the PAR Index

Upper and lower anterior segments

Left and right buccal occlusions

Overjet

Overbite

Centerlile

Anterior Segms¡ts
Scores are recorded for both upper and lower anterior segments. The ¡ecording zone is
from the mesial of the canine on one side to the mesial of the canine on the opposite
side. The occlusal features recorded are crowding, spacing and impacted teeth (Table
A2). Displacements are recorded as the shortest distance between contact points of
adjacent teeth in relation to the occlusal plane. The greater the contact point
displacement, the greater the score.

Table A2 Displacement Scores

1.

2.

5.

4.

5.

Score
0
1

2
J

4

5

Discrepancy
0mmtolmm
1.1 mm to 2 mm
2. lmmto4mm
4. lmmto8mm
greater than 8 mm

impacted teeth (space < 4.0 mm)
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An impacted tooth is recorded if the space between two adjacent teeth is less than or
equal to 4 mm. Impacted and/or ectopic incisors and canines are recorded in the
anterior segment. Scores for the displacements are added to give an overall score for
the anterior segment.

If there is potential crowding in the mixed dentition, average mesio-distal widths are
used to calculate the space deficiency (Table A3). If the space remaining for an
unerupted tooth is 4mm or less an impaction is recorded.

Table A3 Mixed dentition crowding assessment using average mesio-distal widths

Upper
canine
lst premolar
2nd premolar

Lower
çenine
lst premolar

8mm
7mm
7mm

7mm
7mm

Total : 22 mm (impaction ( : 18 mm)

Total : 21 mm (impaction ( : 17 mm)

Buccal occlusion
The buccal occlusion is recorded for both left and right sides. The fit of the teeth is
scored in all three planes of space. The recording zone is from the canine to the last
molar, either f,rrst, second or third. All discrepancies are recorded when the teeth are
in occlusion. The antero-posterior, verticai and transverse are summed for each buccal
segment (Table A4).

Overjet
Positive oveûet as well as teeth in crossbite are recorded (Tabte A5). The recording
zone includes all incisor teeth. The most prominent aspect of any incisor is recorded to
the labial aspect of the incisal edge. When recording the overjet, the ruler is held
parallel to the occlusal plane and radial to the line of the arch. It is not uncommon to
see two upper laterals in crossbite as well as increased overjet on the central incisors.
In this situation, if the overjet were 4 mm, the score would be 3 for the crossbite and 1

for the positiye overjet, 4 in total.



tt6

Table A4 Buccal occluion assessments

a) Antero-posterior
Score
0
1

J

b) Vertical
0
1

0
I
2
J

4

Temporary developmental stages and submerging deciduous teeth are excluded.

c) Transverse

Discrepancy
Good interdigitation Class I, II and III
Less than halfunit discrepancy
Half a unit discrepancy (cusp to cusp)

No open bite
l¿teral open bite on at least two teeth greater than 2 mm

No crossbite
Crossbite tendency
Single tooth in crossbite
More than one tooth in crossbite
More than one tooth i¡ scissorbite (complete crossbite)

Table A5 Overjet measurements

a) Overjet
Score
0
1

2
J

4

b) Anterior crossbites
Score
0
I
2
5

4

Discrepancy
Ito3mm
3.1 to 5 rnm
5.1 to 7 mm
7.1 to 9 mm
greater than 9 mm

Discrepancy
no discrepancy
one or more teeth edge to edge
one single tooth in crossbite
two teeth in crossbite
more than two teeth in crossbite
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Overbite
Records the vertical overlap or open bite of the anterior teeth. Overbite is recorded in
relation to the coverage of the lower incisors or the degree of open bite (table A6). The
recording zone includes the lateral incisors.

Table A6 Overbite measurements

a) Open bite
Score Discrepancy
0 No open bite
I Open bite less than and equal to I mm
2 Open bite 1.1 mm to 2 mm
3 Open bite 2.1 mm to 3 mm
4 Open bite greater than or equal to 4 mm

b) Overbite
Score Discrepancy
0 Less than or equal to one third coverage of the lower incisor
I Greater than one third but less than two thirds coverage of the lower incisor
2 Greater than two thirds coverage of the lower incisor
3 Greater than or equal to full tooth coverage

Crossbites including the canines are recorded in the anterior segment

Dental Midtine
Records the centerline in relation to the lower central incisors (Table A7). If a lower has

been extracted, the measurement is not recorded.

Table A7 Centerline assessments

Score Discrepancy
0 Coincident and up to one quarter lower incisor width
1 One quarter to one half lower i¡cisor width
2 Greater than one half lower incisor width
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Conventions for the PAR Index

General

1) All scoring is cumulative.
2) Therc is no maximal cut-off level.
3) The occlusion should be scored disregarding functional displacement as this cannot

be determined from dental casts alone.
4) The contact points between the first, second and third premolars are not recorded.

The contact points between molars are so variable. However, if severe deviations
will produce a crossbite, it will be noted in the buccal occlusions.

5) If the contact point displacement is a result of poor restorative work (restorations
or crowns), the displacement is not recorded.

6) Contact points between deciduous teeth are not recorded.

Canines

1) Where there are missing canines, displacements resulting from discrepancies
between the mesial contact point to the first premolar and the distal of the lateral
incisor should be recorded in the anterior segment.

2) Canine crossbites shouid be recorded in the anterior segment.

3) Contact points between the canines and premolars are scored as follows:
the distal contact point of the canine to the midpoint on the mesial surface of the
adjacent premolar.

Impactions
1) If a tooth is unerupted and displaced from the line of the arch either buccally or

palatally due to insufficient space, this is regarded as an impaction. However, if
the tooth is erupted and displaced, the displacement score is recorded.

Incisors
1) When recording an overjet, if the tooth falls on the line, the lower grade is

recorded.
2) If a lower incisor has been extracted or is missing, the centeriine is not recorded.

Validation
The PAR Index has been validated in accordance with cunent British orthodontic opinion
(Richmond, I992a, b) and American orthodontic opinion (DeGuzman, 1995). In light
of the views expressed by these panels of dentists, various degrees of importance have

been attached to the five components (Table A8).
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Table A8 Weightings derived for the five components of the PAR

Components
1. mx. and md. anterior segment

2. left and right buccal occl.
3. overjet
4. overbite
.5 centerline

Br. wt.
xl
x1

x6
xZ
x4

N.A. wt
x1*
x2
x5
x3
x3

The individual scores for each PAR component are multiplied by the weightings shown
and then summer to establish the overall total.

{' OnIy considers anterior segment score.
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APPE NDIX G
THE PEER ASSESSMETYT RATING (PAR) AND DENTAL AESTHETIC INDEX (DAÐ

INSTRUCTIONAL MANUAL

Although these instructions appear overwhelming, in reality, the system is very simple.

The object of the indices is to assign a score to those occlusal traits which deviate from an ideal

or normal occlusion. There are a number of components which are measured, scored and

recorded as follows:

1. Missing visible teeth

2. Crowding in the incisal segment

3. Spacing in the incisal segment

4. Diastema

5. I-argest anterior irregularify in the maxillary incisal segment

6. I-argest anterior irregularity in the mandibular incisal segment

7. Maxillary right buccal segment

8. Maxilary anterior segment

9. Maxillary left buccal segment

10. Mandibular right buccal segment

11. Mandibular anterior segment

12. Mandibular left buccal segment

13. Right buccal occlusion

14. Left buccal occlusion

15. Overjet

16. Overbite

17. Centre-line

-A1 -
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A detailed explanation of the method for measurement is provided in the following pages.

An easy reference guide is supplied with the examiners recording form.

DENTAL MEASUREMENTS REOUIRED

1. Missing Visible Teeth: Incisors. Canines and Premolars

Count the number of missing permanent incisor, cuspid, and bicuspid teeth in the

maxillary and mandibular arch. There should be 10 teeth present. If there are less than

10, the difference is the number missing. Record this number (e.g. 10 - 8 - 2;

Record 2).

If spaces are closed, do not count the teeth as missing. If a primary tooth is in

position and its successor has not yet erupted, do not count the tooth as missing.

2 Crowding in the Incisal Segments of the Arch

Examine both maxillary and mandibula¡ incisal segments for crowding. Crowding

in the incisal segment results when the space between the cuspids is insufficient to

accommodate all four incisors in normal alignment. Teeth may be rotated or displaced

out of alignment in the arch. The number rof incisal segments (each incisal segment

consists of four incisors in either the maxillary or mandibular arch) with crowding is

recorded as 0 : no segments crowded; I : L segment crowded; 2:2 segments

crowded. When in doubt assign the iower score.

Do not mark the incisal segment crowded if the four incisors are aligned, but

either or both cuspids are displaced.

-M-
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Spacing in the Incisal Segment of the Arch

Examine both mærillary and mandibular incisal segments for spacing. Spacing

in the incisal segment results when the space between the cuspids exceeds that required

to accommodate all four incisors in normal alignment. If one or more incisor teeth have

proximal surfaces without any interdental contact, the segment is recorded as having

space; 0 : no segments spaced; 1 : 1 segment spaced; 2 : 2 segments spaced. When

in doubt assign the lower number.

Diastema

A midline diastema is defined as the space, in millimeters, between the two

ma.xillary incisors. This measurement can be made at any point between the mesiai

surfaces of the central incisors and is recorded in millimeters to the nearest whole

number.

I-argest Anterior Irregularify in the Maxillary Incisal Segment

Irregularities may be either rotations out of, or displacements from, normai

alignment as seen in Figure 41. ,

BOTATION DISPI.ACEMENT

Ftcunn 41. ArcfnRron IRREcULARTTES eno Cnowonqc

4.

5.

-A.3-
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Measure the site of the greatest irregularity between adjacent teeth using a

millimeter ruler, the handle end of the Boley gauge or a tongue blade and pencil as

illustrated in Figure 42. The edge of the tongue blade is piaced parallel to the occlusal

plane and at right angles to the a¡ch and in contact with the labial surface of the most

lingual malpositioned tooth. A sharp pencil is placed on the labial surface of the

adjoining tooth and slid along that surface to mark the tongue blade which can then be

measured and recorded in mitlimeters to the nearest whoie number.

Irregularities may occur with or without crowding. If there is sufficient space for

all four incisors in normal alignment but some are rotated or displaced, do not mark that

segment as crowded but do record the largest irregularity.

F¡cunn 42. MEÄsuRrNG Innpcwanrrrrs rryTrH A RtrLEn, Bor-E.y Geucp on ToNcua
Br.eop auo Peucu,

-44-
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6. I¿rgest Anterior lrregularity in the Mandibular Anterior Segment

Measurement and recording of the greatest irregularity between adjacent teeth in

the mandibular anterior segment is performed as described previously for the maxülary

arch.

7-12. Displacement in the Buccal and Anterior Segments

Each arch is divided into three recording zones, left and right buccal and anterior

segments. Scores are recorded separately for both the maxillary and mandibular arch as

seen in Figure 43.

FICunn ^A3. TIü DTvISIoN oF THE DENTAL ARCH INTO THREE RECORDTNG ZONES.

The buccal recording zone is from the mesial of the fust permanent molar to the

distal of the cuspid. The anterior recording zone is from the mesial of one cuspid to the

mesial surface.of the contralateral cuspid.

-A5-
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impactions, collectively termed displacement scores as shown
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crowding, spacing and

below in Table A.1.

Score Discrepancy

0-1mm
1.1 -2mm
2.L-4m.m
4.1 -8mm
Greater than 8 mm
Impacted teeth

TABLE 41.. DIsrI¿CprurBNT ScORES.

The reiationship between each tooth is observed in a given segment and measured

using the same method described in section 5 and 6 using the ruler, Boley Gauge and/or

tongue depressor technique as seen previously in Figure 42. The discrepancy is given

a score which is then recorded. A tooth is judged to be impacted if the space between

two adjacent teeth is less than or equal to 4.0 mm. Impacted cuspids a¡e included in the

anterior segment score.

Buccal Occlusion Assessment

The buccai occiusion is recorded sepaíatd for the Ieft and right side and scored

in the anteroposterior, vertical and transverse planes of space with the teeth in occlusion,

as indicated in Table A2 on the following page.

0
1
)
3
4
5

L3-14.

-A6-
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Score Discrepancy

(a) Anteroposteríor

I-ess than haif-cusp discrepancy
Half-a-cusp discrepancy (cusp-to-cusp)
More than half-cusp discrepancy

(b) Vertical

No discrepancy in intercuspation
kteral open bite on at least two teeth
greåter than 2 mm

Temporary developmental stages and submerging deciduous teeth
a¡e excluded

(c) Tratuverse

No crossbite
Crossbite tendency
Single tooth in crossbite
More than one tooth in crossbite
Entire segment in crossbite

Te¡r¡ A2 Buccer, Occr.usroN AssrssÀ/ßòrr

The anteroposterior assessment is based on the relation of the permanent maxillary and

mandibular fust mola¡s, but if this is not possible, the reiation of the permanent cuspids and

bicuspids are assessed. Only the largest deviation frgm normai molar relation is recorded. The

schematic drawings in Figure A4 can be used as a scoring guide. Note the position of the

arrows on the first molars and cuspids to determine the scoring.

\rIEW OF THE TEETH FROM THE RIGHT SIDE

BACK FRONT
t I

0
1

)

0
1

0
1

2
J
4

HaIf cusp discrepancy = I More than naU cusp'discrepan cy = 2

FTCUnB A.4. ANTERo.PoSTERIoR MoLAR RELATIoN

-A7-



127

15. Overjet Measurements

Measurement of the horizontal relation of the incisors is made with the teeth in

occlusion. Record the largest ovedet to the nearest whole millimeter from the labio-

incisal edge of the most prominent maxillary incisor to the labial surface of the

corresponding mandibula¡ incisor holding the instruments parallei to the occlusal plane,

as seen in Figure 45. 
\ \\\ \ \ì

\

^\'¿' Èt----->

/H', i

/7L-/
FIGURE 45. ANTERIoR Mum¿any Ovnrpr

The positive overjet and any teeth in anterior crossbite are also noted and given

a score as indicated in Tabie 43.

Score Discrepancy /

(a) Overjet

0-3 mm
3.1-5 mm
5.1-7 mm
7.1-9 mm
Greater than 9 mm

(b) Anteríor crossbítes

0
1

2
3

4

0
1

2
3

No discrepancy
One or more teeth edge-to-edge
One single tooth in crossbite
Two teeth in crossbite

4 More than two teeth in crossbite

T,q¡ræ A3 Ovrnrpr l!{resunrn'mrr

-A8-



128

t6. OverbiteMeasurements

If there is a lack of vertical overlap (open bite) between the maxillary and

mandibuiar incisors, the amount is measured directly with a Boley gauge or ruler and

recorded to the nearest whole millimeter, as illustrated in Figure 46.

FIGURE 46. VrnrrCer, ANTRIOR OPnT Brrr

The open bite discrepancy is given a score as seen in Table A4, on the following

page. As well, the amount of overlap or overbite is noted and scored accordingly.

-A9-
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Score Discrepancy

(a) Open bíte

No open bite
Open bite less than and equal to 1 mm
Open bite 1. l-2 mm
Open bite2.1-3 mm
Open bite greater than or equal to 4 mm

(b) Overbite

I-ess than or equal to one-third coverage of
the lower incisor
Greater than one-third but less than two-
thi¡ds coverage of the lower inciso¡
Greater than two-thirds coverage of the
lower incisor
Greater than or equal to full tooth coverage

Tenr,B A4 Oy¡n¡rrs l\{Besunm¿¡eNrs

L7. Centre{ineMeasurements

The discrepancy between the maxillary and mandibular dental midlines is assessed

and scored according to Table A5.

Score Discrepancy

Coincident and up to one-quarter of lower
incisor width
One-quarter to one-half lower incisor width
Greater than one-half lower incisor width

Tmr¡ A5 Cmrrnr-uwp l!{¡asunmævrs

0
1

)
J
4

0
1

2

-A10-
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Examiner No.

APPENDIX G (con't )
PAR AND DAI SCORESIRECORDING FORM

.

Patient No.

COMPONENTS

1. Missing visible teeth.(No.)

2. Crowding in incisal segments (No. segments crowdel. - 0, 1,2)

.

3. Spacing in incisal segments (No. segments spaced - 0, I,2).

4. Diastema (mm)

5. krgest anterior irregulariry in maxillary incisai segment (mm)

6. I-argest anterior irregularily in mandibula¡ incisal segment (mm)

7-12. Displacement scores (see Table A1)

7. Maxillary Right segment
(16/1Ð_ (15/14)_ (t4t13)

8. Maxillary Anterior Segment
(L3tL2)_ (12tLL) (tt/21) QLt22)_ Q2t23)_

9. Maxillary left segment
(26/?s)_ (?st24)_ Q4t23)

i0. Mandibula¡ right segment
(46/4Ð_ (4s/4)_ (44t43)_

11. Mandibula¡ anterior segment
(43/42)_ (42t41) (4t/3t) (31/32)_ çAT)_

12. Mandibular left segment
(36t3Ð_ (3s/34)_ (34/33)

SCORE

-81 -
O\rER
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l3-L4. Buccal occlusion assessment (see Table A2)

13. Right buccal occlusion

anteroposterior

vertical

transverse

74. Left buccal occlusion

anterollostenor

vertical

transverse

Overjet measurements (see Table A3)

Actuai overjet in mm

(a) score OJ

(b) anterior crossbite score

Overbite measurements (Iable A4)

Actuai open bite in mm

(a) open bite score

(b) overbite score

Centre-line measurement Clable A5)

Based on the above assessment and your subjective opinion, please classify
this case ÈS easy, moderate, difficutt, in terms of the difficulty of the
Eeatment.

difficult

-B,2 -

15.

t6.

17.

easy moderäte


