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Variations in how orthodontics is practiced are widely acknowledged but infiequently studied. 

These differences are commonly accepted as reflections of the "art of dentisey". An alternative view holds 

that such variations identiQ aspects of the specialty where there is disagreement conceming the most 

effective approach to the treatment for malocclusions. 

Increasing dernands for quality assurance pose a serious threat to dental seMce providen- This is 

particularly relevant to the provision of orthodontic services, For instance, whereas the early provision of 

orthodontic services is conventionally assumed to improve the resolution of Class II malocclusions, more 

recent evidence suggests that little advantage is to be gahed by early intervention (Tulloch et al 1997). 

The progressive provision of services by non-specialist providers previously considered the 

exclusive domain of the orthodontic specialist is not the principal market threat, however, but their quality 

assurances. The potential impact of these threats may be illusûated when a provider (specialist or 

generalist) fails to identiQ a m e  Class III maiocclusion, e-g. where the mandible is rotated d o m  and back 

to a moderate Class Il relationship. If the provider then applies a Class II hctional appliance to such a 

camouflaged Class [II malocclusion, the outcome will exacerbate rather than resolve the skeletal anomaly 

(Woodside 1998). Similar concerns apply to the use of conventional tünctional appliances in cases 

characterized by excessive Iower anterior face height, since they may potentially induce M e r  increases in 

Iower face height, increased downward and backward mandibular rotation and anterior open bite (Woodside 

1998). Clearly such market threats will only be resolved by strategic development to improve the quality 

assurances of patient assessments (diagnosis) prior to tfeatment planning. 

In order to examine the consistency of orthodontic care, the pretreatment dental records 

(radiographs, study models, and photos) of four patients representative of the range of Class 11 division 1 

malocclusions were examined by two p u p s  of specialists and then checked against theü Handicapping 

Labiolingual Index (HLD). The fint group of 42 specialist. used both the dental aesthetic index (DAI) and 

a ten-point visual-analog (Likert-type) sale, to assess the treatment dificulty of the cases. The sefond 

group of 24 1 volunteer specidists simply assessed these cases against the Likert-type s d e .  results net 



only showed significant variation in case-assessments between different specialists, but also signifiant 

contras& depending on the index used for theu assesment, These conflicts were illustrated by Case #4, 

where both the mean analog (6.0) and the DAI (32.4) scores, indicated that the malocclusion was not severe 

enough to wanant treatment. By contrast the HLD Index (55) indicated Case #4 had a severe malocclusion 

(with a palatatly impinging overbite, > 9mm severe ove jet, and a posterior bilateral crossbite)- 

The data therefore indicated that assessments of orthodontic treatment difficultv mav be too 

comr>Iex for consistent assessments bv simvlistic indices- 



INTRODUCTION 

Contents 

This section is divided into two main areas: 

Section 1 - Introduction to Indices 

1.1 indices in Orthodonties 
1.2 Types of Indices 
1.3 Validity, Reliability and Weighting of Indices 
1.4 Why use Indices? 
1.5 Why discrepancies in the provision of healthcare (including orthodontic) 

services pose significant market threats. 

Section 2 - Literature Review 

1.6 The principal threats to the specialist orthodontic market 
1.7 The need to pnorize orthodontic service complexity 
1.8 Case evaluations on the Dental Aesthetic index (DAI) 
1.9 The need for guidelines to constrain the appropriate provision of  

orthodontic s e ~ c e s  
1.10 Malocclusion assessments 

1 -9A Occlusal Factors 
1 -9B Aesthetic Factors 
1.9C Functional Factors 

1.1 1 Variations in the evaluation of Class II maiocclusions 
1.12 Purpose of the Study 



LNTRODUCTION AND LITERATURE REVIEW 

Section 5 - htrodurtion of Indices 

1.0 Indices in Ortbodontics 

As researchers push the boundaries of the known uito the reaim of the unknown, the area of 

epidemiology with respect to orthodontics, has become an increasingly Unportant area of study. It behooves 

the present day orthodontic clinical researcher to assess the criteria that have become the foundations of 

treatment planning in orthodontics and extract the crucial elements and incorporate them h o  a manageable 

epidemiological index derived fkom the aiready existing treatment pianning indices. 

There have been many Herculean attempts to condense the knowledge and judgement of an 

experienced orthodontin into five categories of indices; epidemiological, treatment need, treatment success, 

treatment complexity, subjective quantitative assesment. The pivotal problem is how to assess case 

dificulty. More research is needed since adequate data regarding the reliability and validity of currently 

available indices does not exist in North America at this t h e  (Wheeler1993). 

Al1 indices have deficiencies because they are basically occlusal indices and do not take into 

account the patient's skeletal characteristics, age, sex, race, growth patterns and many other fàctors which 

would make the index too unwieldy to use in a clinical screening of a large number of potential patients 

(Profit & Ackennan, 1973)- 

1.1 Types of Indices 

The most important requirement of any index is that it allows diable intra- and inter-examiner 

assessments of a malocclusion (Otuyemi and Jones, 1995). The criteria identified for evaluating indices 

includes; validity, reliability, modifiable, simplicity, comprehensive, priontited, usefiil, psycho-social 

(Wheeler, t 993). The following is a review of the five types of indices and the potential methods which 

have been developed of assessing and grading malocclusion: 



Table 1.1 

TYPE 

Dento- Facial Index (DFI) 
(Elsasser, 1953; Pelton, & 

Elsasser, 1953) 

Index of Tmth Position (ITP) 
(Massler & Frankel, 195 1) 

Malalignment Index (MI) 
(Van Kirk & Pennell. 1959) 

Occlusal Feature Index (OFI) 
(PouIton & Aaronson, 196 1) 

An Objective Method of 
Epidemiological Registration of 
Malocclusion 
(Bjork, Krebs & Solow, 1964) 

"FDI" Commission on 
Classification and Statistics for 
Oral Conditions (COCSTOC) 
(Baume et al, 1973) 

Quantitative Assessment of the 
Occlusal Features 
(Kinaan & Burke, 198 1) 

METHOD 

Dentofacial Morphome!rïc 
measurements 

Quantitative measurements based 
on individual teeth as unit. of 
occlusion and recorded as 
"maloccluded" or "al ignea" 

Each arch was divided into three 
segments; two posterior and one 
anterior. A score OC; 
'0' = ideal alignment 
' 1 ' = minor mdalignment 
'2' = major rnalalignment 
Population studies. Most 
important feahues of occiusion; 
lower anterior crowding, cuspal 
interdigitation, vertical overbite, 
horizontal ove jet, 
Reliabfe in a validation study with 
reasonable inter- 
examiner reliability and good 
correlation with treatment need 

567 symptoms which allowed 
the data to be analysed by a 
cornputer. Based on in three main 
criteria; 

1 .13 anomalies in the 
dentition 

b) anomalies in the occlusion 
c) deviations in space conditions 
Records three categories of 
occlusal features; dental 
anomalies intra-arch and inter- 
arch relations. FDI system is used 
to describe individual tooth 
malrelations 

Each arch was divided into three 
segments; two posterior, and one 
anterior. Measures five main 
occlusal features for 
epidemiological studies; ovejet, 
overbite, posterior crossbite, 
buccal segment crowdhg, inciser 
segment alignment 

AnthropologicaI studies 

Unreliable (no indication of  
relative severity) 

Unreliable (did not take into 
account the reiationship between 
the upper and lower teeth in 
occlusion) 

Subjective (scores were allocated 
on a scale of 0-9; where 'O' = 

'normal' occlusion) 

Unwieldy and too compiex for 
clinical use 

Designed for clinical examination 
of patients with a fùll complement 
of permanent teeth (excluding 
thùd molars) 

Four instruments were required to 
aid in the intra-oral measmement 
of the occlusal feanues 



Table 1.2 iNDICES OF TREATMENT NEED 

TYPE 
Handicapping Labio-Lingual 
Deviation Index (HLDI) 
(Draker, 1960) 

Treatment Pnority Index (TPO 
(Grainger, 1967) 

Handicapping Malocclusion 
Assessrnent Record (HMAR) 
(Salzman, 1968) 

'Summers' Occlusal Index (SOI) 
(Summers, 1 97 1 

Matched-Pair Similarity 
Technique 
(Freer, 1972) 

Swedish Index for Need of 
Orthodontic Treatment 
(Linder-Aronson, 1974; Ingervall 
& Ronnerman, 1975) 

Nowegian Index 
(Norges, 1986) 

Index of Orthodontic Treatment 
Need (IOTN) 
(Brook & Shaw, (1989) 

METHOD 
No special equipment necessary 
Presence or absence of specified 
criteria was noted and score& 
cleft palate, trauma-related 
malocclusions, ovejet, 
labioluigual spread (severe 
displacement of teeth) 

375 twelve year oid children hm 
tiuee Ontario communities. 
Defmed seven "syndromes" of 
malocclusion. Five grades of 
treatment need were determined 
based on 10 criteria of 
malocclusion 
Endorsed by the AAO and the 
ADA. No need for a millimetre 
guage, therefore fewer cIerical 
emrs 

One of the most diable and valid 
indices of treatment need. Two 
divisions and seven syndromes 
described using the Occiusal 
index 

Population wais divided into two 
groups. 40 attn'butes were 
measured with a score of 'near 
perfect' to 'extreme 
maiocclusion' 

initially designed to designate 
dental health and aesthetic 
Impairment Eventually a 
morphological and a fiuictional 
index were added 
Four categories of matment need 
tkom 'very great need' to 'Iittle or 
no need' 
Rank malocclusion based on 
occlusal traits for dental health 
and aesthetic impairment 
Incorporated a Dental Health 
Component @HC) and an 
Aesthetic Component (AC). 

D ISADVANTAGES 
Does not account for missing, 
irnpacted or spacing between 
teeth. Ignores transverse 
discrepancies such as midline 
deviations and cross-bites- 
Component weightings are 
subjective. 

Does not acco%t for spacing, 
midline deviations, arch 
asymmeay, missing teeth due to 
trauma or caries. Lack of mixed 
dentition anaiysis. Cannot be 
applied to cases with missing first 
molars- 
Subjective componen t 
weightings. C a ~ o t  be used in the 
rnixcd dentition- No intermediate 
severity levels, Poorest levels of 
reliability and validity 
Criticized for being time- 
consuming and a cumbersome 
scoring systern. Faiis to score 
misshg teeth other than upper 
incison. Penalizes cases with a 
fiil1 unit pre-or pst-normal molar 
relation although they do not 
cause static or fiuictional occlusal 
interferences 
Inadequate theoretical bais 

Vague and arbitrary grade 
divisions lead to Iow levels of 

-- - 

Based on morphological and 
fiinctional indices 

Criticized due to lack of ability to 
assess dento-facial imbalance in 
the antereposterior plane 



Dental Aesthetic Index (DAI) 
(Cons, Jemy & Kahou& 1986) 

Standardized Continuum of 
Aesthetic Need (SCAN) 
(Evans & Shaw, 1987) 

California Modified Index 
(CalMod) ( Parker, 1998) 

aesthetic fàctors/psychosocial 
handicap, Used as an 
epidemiological tool and accepted 
by the WHO, Ten d e r i a  
included to assess aesthetic 
impairment- 

Based on perception of dental 
aesthetics in the U.K. ushg ten 
photographs m4h a scale h m  1 
(attractive) to IO (unattractive). 
Simple to use with a high level of 
reliability even when used by 
non-dental personnel 
If any of the five conditions is 
ptesent, the score column is 
rnarked with an 'x" and there is 
no need to score m e r ;  clefi 
palate, deep impinging overbite, 
crossbite of individual anterior 
teeth, severe traumatic deviations, 
ove jet greater than 9mm with 
incompetent lips or reverse 
ove jet greater than 3.5mm with 
reported masticatory and speech 
difficulties- 

~riticized due to its Failure to 
assess other Unportant aesthetic 
anomalies such as: dental midline 
discrepimcy, traumatic deep 
overbite, buccal cross-bite, open- 
bite, inability to assess mixed 
dentition cases 

Criticïzed for using only a two- 
diunensional guide (photos) with 
an mndficient d o g u e  of dental 
aesthetics (only ten photos), and 
the photographic view itself may 
affect the perception of dental 
attractiveness 
Has been tested in the courts in 
California twice. A "lawsuit" 
driven index, 



Table 1 3  INDICES OF TREATMENT SUCCESS 

TYPE 
Emciency of Orthodontic 
Treatment (Eismann, 1974) 

Grading Orthodontic Treatment 
(Gottlieb, 1975) 

Critical Evaluation of 
Orthodontic Treatment 
(Berg, 1979) 

Peer Assessment Rating (PAR 
Index) (Richmond & Shaw, 1 992) 

METHOD 
Based on fifieen morphological 
criteria Points were assigned with 
more severe conditions rating a 
hifier score 
Based on ten accepted criteria for 
orthdontic correction, 
'Percentage achievement' was 
obtaind for each factor which 
required correction 

Skeletal and dental outcome 
criteria included; sagittal, vertical, 
transverse occIusion, aiignrnent, 
axial inclination, apical 
resorption. First attempt to 
incorporate iatrogenic tooth 
damage into an index of treatrnent 
outcome 

Based on five criteria; upper and 
lower anterior contact point 
displacement, right and tefi 
buccal occlusion in three planes 
of space, ove jet, overbite, dental 
centreline relation. Percentage 
PAR score change is reiiable 
providing a quantitative and 
reproducible measure of 
treatment success, High reliability 
when used by non-dental 
personnel 

DISADVANTACES 
Subjective nature of the allocation 
of points 

Method of grading was biased 
towards improvement with five 
points allotted for fiil1 CO-on 
of a feature but only one point 
deducted for worsening of the 
condition 
Inadequate theoretical basis 

Criticized for failuig to assess 
axial inclination of anterior teeth 
post-treatment, for only 
measuring static tooth position, 
ignoring dynamic occlusion, 
facial aesthetics, iatrogenic 
decalcification, root resorption, 
and periodontal breakdown 



Table 1.4 INDlCES OF TREATMENT COMPLEXlTY 

TYPE 
Index of Complexity Outcome 
and Need (ICON) 
(Richmond, t 999) 

METHOD 
Based on expert opinion of 97 
practicing specialist orthodontists 
h m  9 comtries. For use 
clinicaily or on  midy models, For 
use in clinical govemance, audit, 
research and decision making, 
Five weighted components t a h g  
approximately 1 minute to 
answer, aesthetic component 
(1O-W. upp- arch 
crowding/spacing and impacted 
teeth, crossbite, hcisor open bite, 
incisor overbite, buccal segment 

DISADVANTAGES 
Inadequate theoretical basis. Has 
not been vdidated. 

Table 1.5 SUBJECTIVE QUANTITATIVE ASSESSMENTS 

TYPE 1 METHOD 
Likert (Visual - Analog) Scale 1 A IO-point Laen-type (Analog) 

scale used for assessrnent of 
treatment difficulty, anchored by 
the statements ''very dificuit" 
(10) and "relatively simplew (0) 
with 7 4  representing moderately 
difficult to slightly complex 
Simple and effective way to 
assess the complexity or treatment 
need for orthodontics.Most 
commonly used method of 
assesshg; treatment need 

DISADVANTAGES 
Subjective method of evaluation 



1 2  Validity, Reliability and Weigbting of Indices 

The primary method of validation of indices has k e n  to compare the scores derived fiom the 

index king tested with the traditional subjective quantitative assesment by orthodontists using the Likert 

(Visual-Analog) Scale (Bagozzi & Phillips, 1982). This method has been criticized by some authors 

(Carlos, 1970; Buchanan, 199 1) who felt that the judgement of the clinician is not independent of the index 

being evaluated, and by other researchcrs (Jarvinen & Vaataja 1987) as more or less arbitrv calculations 

because knowtedge of the consequemes of untreated maiocciusion remains hadequate. 

Various weightings are given to each of the criteria in the index king  tested in order to reflect the 

orthodontists' experience and contemporary clinical opinions. These weightings can be varied which gives 

the index flexibility with respect to geographic variations and clinical tmining of the orthodontists using the 

index. This method of giving certain criteria greater priority has been criticized by some authors ( Foster & 

Menezes, 1976) due to the fact that the basis on which the weightings were assigned was subjective creathg 

a hierarchy of dental anomalies which warranted treatment more so than others- 

1 3  W hy Use indices? 

Increasing demands for quality assurance (Le- service accountability, cost-effectiveness, etc-) firom 

an increasingly informeci, educated (either via secondary school education or by television advenisements), 

and image-conscious, Iitigious public may pose a serious conflict to the tiiture deiivery of dental services by 

the dental profession. Marked discrepancies h the provision of orthodontic services either between different 

speciaIists or specialists and generalists are, however. no longer consistent with the growing demands for 

the transparent accountability from the public. This includes the provision of orthodontic services, 

illustrated by an opinion that 'the inexorable unfavorable patient response h m  excessive use by 

inadequatety trained orthodontists and unqualified pediatrïc dentists and general practitioners, has produced 

a wave of frustration and backlash to fiinctional (orthodontic) appliances in many quarters" (Graber, 1997). 

Although the lack of adequate training by general practitioners in diagnosis and treatment planning is 

particularly relevant to the provision of îùnctional appliances (Chate, 1994), this pmblem also embraces 

other orthodontic services such as space maintainers (Brothwell 1997). For instance, whereas the e d y  



provision of orthodontic services is conventionally assumed to hprove the tesolution of Class II 

malocclusions, more recent evidence suggests that little advantage is to be gained by early intervention 

(TuIloch, Profitt & Philips. 1997). Varhble post-retention outcornes (Blake & Bibby, 1998) are also 

serious threats to the provision of quality orthdontic services (Mekose & Millet, 1998). although these 

rnay be resolved by reducing the marked variations in retention protocols (Proffit & Fields, 1993; Graber & 

Vanarsdall, 1994)- Meticulous strategic planning will therefore be mandatory to maintain fiinire market 

erowth for onhodontic sem-ces, especiaiiy in view of the marked variation in these threats across different - 
locales (Richmond & Daniels, 19%)- 

The provision of orthodontic services was considemi previously as the exclusive domain of those 

with advanced training, for example, orthdontic specialists (Moyers, 1990). However, it is not the 

progressive provision of such services by non-specialists that is perceived as a "market threat"; but the lack 

of quality assurances (Moyers, 1990). The potential impact of these threats may be illustrated when a 

provider (specialist or generalist) fails to identiQ a m e  CIass III malocclusion, e.g. where the mandible is 

rotated down and back to a moderate Class II relationship. If the provider then applies a Class [I fùnctional 

appliance to such a camouflaged Class II malocclusion, the outcome will exacerbate rather than resolve the 

skeletal anomaly (Woodside, 1998). Similar concenis apply to the use of conventional hctional 

appliances and cervical pull headgear in cases characterized by excessive lower anterior face height, since 

they rnay potentially induce M e r  increases in lower face height, increased downward and backward 

mandibular rotation and anterior open bite (Woodside, 1998)- Clearly such orthodontic failures will only be 

resolved by strategic development of diagnostic protocols to improve the quality assurances of patient 

assessrnents (diagnosis) prior to treatment planning. 

In order to appteciate the importance of these market threats, regional discrepancies in the 

provision of orthodontic services will fust be reviewed, followed by a discussion of the principle threats to 

the specialist orthodontic market. These are then followed by consideration of the need to pionze 

orthodontic service complexity and the utility of clinical evidence-based guidelines to constrain the 

provision of inappropriate services. This thesis is primarily centered on Class II malocclusions, although 

the market threats apply to services for al1 fonns of malocclusion. 
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1.4 Why discrepancies in the provision of bealtherrc (including orthodontie) services pose 

signifiant market thrcats? 

The most serious threats to the orthodontic market are the resült of the wide discrepancies in the 

provision of services (Antkowiak & Knuty, 1993; Richmond & Daniels, 1 W8a; Woodside, 1 W8), since 

rnatching epidemiological data in support of the differential prevalences in maloccIusions are Iimited 

(lacobson & Lemartsson, 1996; Proffit, Fields & Moray, 1998; Sheats et al,. 1998a). Such concems are 

not unique to orthodonties, but are generic to other dental markets (Bailit & Che ,  t 98 1; Gotowka & Clive. 

1988; Grembowski, Milgrom & Fiset, 1990a; Bader & Shugars, 1995a; Kostopoulou et ai-. 1997), in 

addition to surgical deliveries (Wemberg, 1987), tonsillectomies (Lewis, 1980) and hysterectomies (Roos, 

1984), hospital (e.g. admission rates) (Knickrnan & Foltz. 1984; Grembowski, Milgrom & Fiset 1990a) and 

physician visits (Chassin, Kosecoff & Park, 1 989). Numerous hypotheses have been advanced to account 

for these discrepancies in the provision of health care services. These generally center around either patient 

(e-g. disease prevalence, socioeconomic characteristics, etc.) or provider characteristics (e-g. specialists or 

generalists providing the service). Un formatel y, relatively few s tudies have been undertaken to evaiuate 

the clinical aspects of these discrepancies or their differential service outcornes (Roos, Roos & HenteleR 

1977; Leape et al.. 1990)- Moreover, the principal concems tend to center on the provision of excessive 

services by some providers, rather than the under servicing by others (Chassin 1997), although the latter 

may be equally reprehensible. 

Strategic development to accommodate these concerns is however, complicated by the tendency 

for service excesses to be provided by outlier groups (Leape et ai., 1990), although these anomalies usually 

become evident only when they are retrospectively assessed by "expert" panels (Roos, Roos & Henteleff, 

1977). These concerns are particularly relevant to the provision of orthdontic services, although a ment 

British study considered there was no justification for singling out outliers for speciai audits due to the lack 

of objective methods to assay service quality (Turbill, Richmond & Wright 1998). Nevertheless, if spikt 

criteria of an " ideal occlusion" are applied to defme orthodontic service need. approximately 97% of the 

population would be defined in need (Jago, 1974). The provision of such service volumes would be 

difficult to rationalize, however, since resources will never be suscient to provide unlimited demands, 



regardless of their mode of financing. These concerm are M e r  underscored by discrepancies benveen 

traditional methods to assess the needs for orthodontic services, For instance7 based on the 5-point d e  of 

the Sweden National Board of Health and Welfare, 64 % for one child population sampIe were identified to 

be "in need of' orthodontic services (Basder-Zeltman, Kretschmer & Goz 1998), whereas when the 

Treatment Priority Index was applied to a similarly aged but different sample, 38% were "in need of' such 

services (ügur er al,. f998). As such discrepancies cannot be rationalized by epidemiological data., the 

need to devise scientifically supported clinical guidelines to de fine the most cost-effective services for 

specific occlusal discrepancies cannot be overstated. For instance, even when orthodontic service 

expenditures are entirely covered by state-benefits, a recent review of 1584 adolescents (15-16 years of 

age) showed that the provision oforthodontic services were not solely determined by the degree of 

malocclusion, but also the dental attendance record of the mother, in addition to other factors (Breistein dk 

Burden. 1 998). 

Marked discrepancies in the provision of healthcare (including orthodontic) services may 

alternatively reflect professional uncertainties regarding the most appropriate services to provide for 

particular conditions (We~berg, 1987; Liou & Huang, 1998; Davies, Turner & Sandy, 1998). Ptop~nents 

of bis "uncertainty hypothesis" maintain that reasonable specialist and non-speciaiist providers may be 

anticipated to arrive at different conclusions regarding the provision of orthodontic services in absence of 

accurate comparative data on their effectiveness. This hypothesis also impIies that, whereas specialist and 

non-specialist providers may agree on the indications for orthodontic services that are clearly appropriate 

and on those that are clearly inappropriate, there are significant conûoversies for the large middle gray area 

But whereas this uncertainty hypothesis may explain wide discrepancies in the provision of orthodontic 

services that fa11 withïn this gray area, there is no consensus whether the greatest source of uncertainty (e-g- 

premolar extraction) relates to the precision of the diagnosis or the outcome of a particular service 

(Ribarevski et ai.. 1996). 

Existing evidence is, however, most consistent with a diserential "enthusiasm" hypothesis. This 

contends that discrepancies in the provision of services pnmarily reflect variations in the ptevalence of 

providers who are "enthusiasts" about particular services or service groups (Chassin, KosecofF& Park, 
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1987; Leape, Park & Solomon, 1989). Although the supportive data primatily telate to the provision of 

surgical services (Leape, Park & Solomon, 1989), there is a general consensus that such enthusiasm rnay 

originate fiom local training (e-g. continuhg education courses), in which a particular authority 

communicates hisher enthusiasm to the audience, Convened "enthusiastsn rnay then convince hisiher 

referral base conceming the potential advantages of such services, which rnay then be reflected by large 

discrepancies in their Iocal provision. Moreover, services are even more susceptible to such "enthusiasm" 

when specialists are not required, since then primary providers (generalists) both evaluate the service need 

and subsequently provide the service (Chassin, 1993 b). 

Whereas these hypotheses furnish potentially usefbl explanations for discrepancies in the provision 

of orthodontic services by different providers, their eventual impact will depend on the variable and 

differential weighted primary determinants. (Table 1-6) 

Table 1.6 Causes of small/large a m  variatioas in orthodontic services 

Cause Potential Immct 

Malocclusion prevalence Differential orthodontic service rates may be 
correlated with variations in malocclusion 
prevalence in the local area 

Access to specialist services Variation in specialist service access for an 
area rnay be a h c t i o n  of their orthodontic 
service demands 

Chical judgement Unique practice styles of di fferent 
communities rnay correlate with the supplies 
of specific services 

Quaiity of care Lack of appropriate care by one class of providers may result in 
increased demands for others to rectify the service outcome 

Patient behaviour Local communities may have inherent characteristics that influence 
(how and when) their demands for specific orthodontic services 

Random Srnall populations with apparently anatogous occlusal 
discrepancies rnay experience random demands for specific 
services. 

Fees Fees vary in different areas of the country and between nual 
versus utt>an areas 

Advertising The type of  advertising whether it is by the local provincial 
orthodontic association or by the Canadian Orthdontic 
Association, or the intemal advertking which is done by the 
individual practice. 

(Adapted tiom Chassin 1993a, Parchman 1995) 



In view of complex interactions between such market detenninants generally two basic formais 

are evident. The fust is generally designed CO detemine if significant discrepancies actually exist, with the 

prirnary objective to ascertain whether they are greater than expected by chance (Folland & Stano, 1990)- 

The second type of study is designed to evaluate the basic causes of provider discrepancies, mainly 

centering on the relationships between dependent and independent determinants of service need. The 

advantages of this latter type of study are illustrated by &ta h m  New England, which ïndicated that the 

provision of surgical services is a functïon of the number and type of specialists in the area (Wennbeqg, 

Barnes & Zubkoff. 1982). Although analogous data apply to the provision of orthodontic services (Pietila 

et al.. 1997), little data is available conceming the differential provision of orthodontic services by non- 

specialists. Moreover, the interpretation of data fiom these studies tend to be compromised by significant 

methodoiogical and statistical deficiencies, that are difficult to resolve (Table 1.7). 

Table 1.7 Methoâological and sîatisticril design concerns for studies on  service discrepancies 

Sample mix 

Statistical versus clinical significance 

Case mix adjustment 

Stability of rates 

Potential deficiencv Center of controversv 
Definition of small area 1s data for the provision of orthodontie senices 

reiated to a coherent catchment area? 
Population at rîsk 1s the population used to constnict the orthodontic 

service rate mly  representative of the population at 
primary risk? (Le. do the simples comprise the 
diverse socioeconomic proportions characteristic of 
the community?) 
Are there enough srnaII areas included in the analysis 
to detect significant differences in orthodontic service 
provisions? 
1s the variation in the provision of orthodontic 
services clinically significant? 
1s the a d j m e n t  for the underlying malocclusion 
prevalence and orthodontic service demand 
appropriate? 
Are the observed variations in the provision of 
orthodontic services stable over t h e ?  

(Adapted fiom Chassin, 1993a) 

The most logical strategic response to these factors which impact on the provision of orthodontic 

services involves the development of evidence-based clinical practice guidelines to defuie the most 

appropnate orthodontic service for specific malocclusions. Progress in this regard has, however, been 
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lamentably slow in cornparison with many medicai conditions (Bader & Shugars, 1995). Yet if they are 

not devised by the profession, they will clearly be developed and imposed on service delivery by some (e.g+ 

govenunent or insurance) third-party. In order to underscore the need for such guidelines, the most serious 

threats to the provision of quality orlhodontic services are reviewed- 

Section 2 - Literature Review 

1.5 The principal threaîs to the specialist orthodontic market 

Potential threats fiom the continued specialist manpower education are relatively insignificant 

compared to those following the progressive adoption of market-dnven healthcare reforms (managed care 

and preferred provider options, etc.) by private (e-g. insurance) and pubtic (e-g. govenunent) institutions. 

For instance, thud-party payments have become increasingiy important economically for patients, providers 

and the insurance industry, due to spiralling dental service costs, i.e. eligibility for private dental insurance 

benefits in the U.S. have increased fiom 4.5 million dollars (1967) to 100 million dollars (1985) (Furino & 

Douglas. 1990). As most private third Party basic dental insurance benefits have been broadened to 

include contn-butions for specialty (e.g. orthodontic) services, the potential impact of the recently 

introduced Arnerican heafthcare reforms on the orthodontic market cannot be overtstated (Grembowski & 

Conrad 1984). These threats are particularly relevant to specialists, since the consmint of specialist 

refeml systems is such an integral component of these refonns (Block, 1997; Dugal, 1997; Scutchfield, Lee - 
& Patton, 1997; Bramson, Noskin & Ruesch, 1998). Moreover, these concem are particularly relevant to 

the provision of orthodontic services, due to the Iack of an objective system to distinguish between the 

services provided by specialists as opposed to non-specialists (Graber, Rakosi & Petrovic, 1997)- 

Recent reductions in the general population of dental caries prevalence is a subtle, but significant, 

threat to the demand for dental (including orthodontic) services, This reflects the growing realization that 

socioeconomic improvements are pnmarily responsible for these changes, rather than the provision of 

dental services (Sheiham, 1997). As a result, third-party indemnity progranis are unlikely to allocate 

additional resources for the provision of dental (e.g. orihodontic) services, without more evidence for their 



inherent benefits. But if the provision of orthdontic services increasingIy becornes the domain of 

generalists, due to their lower service fees, then the potentiaI market threat will be theü inadequate quality 

assurances. 

Discrepancies in the perceived need for orthodontic services between different (specialist or 

generalist) providers are, however, potentiaily more serious factors (Birkeland, Boe & Wisth, 1996; Sheats 

ez al.. 1998a), due to theü inferred inconsistent initial patient assessments (Le. diagnoses). These concerns 

were recentiy underscoreci by comparisons of the orthodontic service needs based on the assessments of 240 

casts by 97 orthodontists fiom 9 European countries (Richmond & Daniels, 1998a)- These data indicated 

that the country of origin and method of payment were primary determinants of the providers' prescribing 

behaviors, rather than the specific orthodontic needs of patients (Richmond & Daniets, 1998a). This 

inevitably leads to the suspicion that significant discrepancies between the European and North American 

requkement for specialist orthdontic services primmily refiect the differential availability of specialist 

service access and prionties assigned to the public's discretionary h d s  (Richmond & O'Brien, 1996) 

rather than differences in the prevalence of maiocclusions. 

Such epidemiological comparisons are, however, M e r  compromised by national and regional 

d iscrepancies in healthcare (including orthdontic) service fees. For instance, since al l healthcare providers 

tend to maximize theu incomes by adjusting theü work pattern, then marked discrepancies in the provision 

of orthodontic services may reflect the higher case-loads required to compensate the low service fees in fee- 

for-service payment systerns (Grytten, Holst, Gtytten, 1 992). Similarly, the increased provision of 

orthodontic services by non-specialist providers may be a fùnction of their reduced case load for other 

conventional dental services: a trend that rnay be exacerbated in the fùhue (Grytten, Holst, Grytten, 1992). 

A general lack of understanding on how clhicians diagnose and plan orthdontic services for theü 

patients is a M e r  problem. For instance, following upon the suggestion that a pmblem-based approach 

would facilitate the evaluation of medical records (Weed, 1969), a similar system has been devised for the 

provision of orthodontic services based on five major characteristics of a malocclusion (Ackerman Bt 

hoffit, 1969). Essentially, this comprised synttiesiç of the Angle (1 899) classification with a Venn diagram 

to improve analysis of the interrelationships between dependence on snidy models for initial case 
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assessments (Atchison, Luke & White, 1 99 1 ; Han et al,, 199 1 ) are therefore alanning, suice they may be 

responsible for some of the unacceptable discrepancies in the orthodontic services provided to homoIogous 

groups of patients. These discrepancies are illustratecl by data derived h m  the examination of pretreatment 

records of 148 subjects by 5 orthdontic specialists (Baurnrind et al., 19%), where disagreements in theu 

classifications were reponed for 29% of the adult subjects and 27% of the adolescents. Moreover, these 

orthodontists failed to agree either to extract or not to extract teeth as part of the orthodontic services for 

more than one third of the patients, in addition, one or more of the specialIsts believed that nugery was 

probably or defmitely the most appropriate service for 29% of the aduits and 23 % of the adolescents, 

although the initial criteria for sample selection specifically exctuded the need for orthognathic surgery- 

These concerns were further underscored by a more recent study, where 39 orthdontic specialists 

evaluated pretreatment records (study models, radiographs, photographs etc.) for 6 patients (Luke, Atchison 

& White, 1998). In addition to surprising variations in their classifications of maxillary and mandibular 

molar relationships, significant discrepancies were reported for their assessments of crowding or spacing 

and overbite. These data therefore underscored the fact that some of the orthodontists included in this shidy 

not only failed to provide precise assessments, but their discrepancies would have resulted in either 

incorrect or inappropriate service (i.e. the 39 orthodontists included in this study recommended 39 different 

forms of services for the 6 patient sample) (Luke, Atchison & White, 1998). Cleariy, inconsistent initiai 

assessments of potential orthodontic patients comprise fiuidamental market threats. 

1.6 The ne& to priorize orthodontic service complexity 

A more objective system is therefore necessary not only to standardize the initial patient 

assessrnent, but also to priorize their orthdontic service needs with particular emphasis on the distinction 

between those which could be provided more eeectively by specialists as opposed to generalists. Since 

orthodontics cannot be transformed fiom an "art" to a "science" without such a system, the significance 

of this dilemma cannot be overstated. 

Data derived fiom 52 Florida schoolchildren illustrate the deficiencies of the present system 

(Hammond, 1996), since they indicated that assessments for some variables (e.g posterior cross bites, 



acceptable rnandibular anterior crowding, tacial convexity, overbite, overjet and molar classification) were 

more reliable than others (e-g. mâ~iIla~y/mandibular anteroposterior position, incisor exposwe, interlabial 

gap and maxillary overcrowding) (Hammond, 1996). Such deficiencies should be sought to be improved in 

this era of transparent accountability, since varying assessments of specific diagnostic parameters 

compromise the diagnostic process. 

Marked regional disparities in the provision of orthodontic services, without supportive 

epidemiological data on their differential service ne&, M e r  exacerbate these concerns. They not only 

point to unacceptable inconsistencies in the initial orthdontic assessment (Le, diagnosis) (Moyers & 

Bookstein, 1979), but also in the subsequent treament planning and predicted service outcornes (Riolo, 

Moyers & Ten Hoeve, 1988). 

A number of indices have k e n  developed over time in an effort to improve initial assessments, 

amongst others, the Index of Orthodontic Treatment Need (IOTN) (Shaw et a!.. 1992) and the Peer 

Assessment Record (Richmond et al,, 1992) to descrii the malocclusion. There are many potential 

advantages for these indices, including the: 

identification of the orthodontic service need 

prediction of potential service difficulty (e.g. complexity), i.e, the discrimination between 

cases requixing specialist fkom non-specialist services. 

Unfortunately, the significance of these index scores remains controversial, without a gotd standard to 

define the orthodontic service need (De Guzman et al., 1995). In addition, assessments of orthodontic 

service needs depend on many parameters other than the initial diagnostic evaluations (e-g- service 

objectives, lirnited or extensive, national service complexities, appliance designs, patient cooperation, 

growth pattern, payment systems, providers' abilities, etc.). Since these inter-related parameters are 

difficult to incorporate hto a single index (Richmond et aL, 1997), the Amencan Orthdontic Association 

has yet to recognize their intrinsic value. 

There are, however a number of inherent reservations for the devetopment of such an index. 

These include dificulties in defining service complexity, especially since mild a d o r  severe malocclusions 

may require services that are either simple and/or very cornplex. Moreover, the Index of Orthodontic 



Treatment Need (10TN) score is an hadequate assay for service complexity, since this index essentially 

grades the anticipated disadvantages of leaving malocclusions without orthodontic services (Otuyemi & 

Jones, 1995). The Peer Assessrnent Rating (PAR) index is similarly imperfect, since the score essentially 

provides an index of change resulting h m  the orthodontic senrices (Otuyemi & Jones, 1995). Both fonns 

of index are, however, reiatively easy to use and their scores are hct ions of maIocclusion severity. 

Unfortunateiy they offer no indication of the complexity of the services required to resotve a malocclusion 

(Hohan, Nelson & Powers, 1998). 

Although an Index of Orthociontic Treatment Complexity (IOTC) would conceptually offer many 

potential benefits, including the discrimination between services provided by speciaIists and non-specialists, 

there are atso a nurnber of potential disadvantages. For instance, such assessments may change with 

advances in orthodontic service technology (Holman, NeIson & Powers, 1998). In addition, there are many 

patient (e-g- service objective, growth potential, compliance, general and oral health) and provider (e-g. 

specialist and non-specialist) determinants of treatment complexity, in addition to the malocclusion itself, 

which are dificult to incorporate into a single index (Ohiyemi & Jones, 1995). There are also concerns for 

the distinction behveen ideal and optimal services, where optimal is defhed as the most appropnate that can 

be reaiistical ly delivered for a specific individual patient (Richmond et al., t 997). There are therefore 

concerns whether the IOTC should be primarily directed to the provision of ideal or optimal services for a 

patient. This is a particular concem for epiderniological studies designed to compare the orthodontic 

service needs for specific populations, since the derived data are dificult to interpret if the pfimary ideal or 

optimal goals cannot be distinguished (Otuyemi & Jones, 1995). 

This then begs the question how research should progress, when the real concern is to identify 

specific cases whose diagnosis and treatment planning should be perfomed by skilled and experienced 

orthodontic specialists. This important and fûndamental concern not only relates to the provision of 

orthodontic services, but is equally devant to the provision of many other healthcare services. Cases that 

rnay require services for longer periods than other must be distinguished h m  those that are tnily cornplex- 

For instance. a service may take longer than anticipated due to poor patient compliance, but this should not 

be taken as an index of genuine complexity (TuhiIl, Richmond & Wright, 1996). 



The c m  of the problem. therefore, centers on the diihction between complexity and severity. 

Although severity c m  up to a point, be measured by the PAR index 60m study casts alone, this index does 

not necessarily help identim the complexity of a case, For instance, well aligned cases with either palatal 

canines or poor quality first molars will be scored low by the PAR Index but are amongst the most difficult 

cases for the provision of orthodontic services. Paradoxically, if the canine case were more crowded then 

the PAR Index would be increased, although l e s  expertise would be required, due to potential resolution of 

the malocclusion by permanent and deciduous canine extraction, If logistical, medicai, resource and social 

deterrninants are included, the role of the PAR lndex to delineate complexity will be fiirther diminished 

(Turbill, Richmond & Wright, 1996). 

ClearIy clinical guidelines are imperative to distinguish between cases that are truly complex (i.e. 

should be treated by a skiiled and experienced specialist) and those that could be serviced by either 

specialist or non-specialist providers (Turûill, Richmond & Wright, I996). 

1.7 Case evaluatioas based on tbe Dental Aaestbetic lndex (DAI) 

The DAI score was selected for this study, due to the growing acceptance of this index in the 

orthodontic Iiterature. tnitially derived fiom a regression equation luiking objective measurements of ten 

occlusal traits to theü relative social dental aesthetic acceptability (Cons & lenny, I994), the development 

of tfiis index was based on the percentage distribution for maIocclusal traits exhibited by 1,337 study casts 

fiom a New York Caucasian adolescent population (Cons, Mruthyunjay & Pollard, 1978), which led to the 

identification of 18 occlusal patterns (Proshek, 3 e ~ y  & Cons, 1979). Subsequently, two tandom 100 cast 

sub-sarnples were selected fiom the original sample and assessed relative to the Social Acceptability Scale 

of Occlusal Conditions (SASOC): an instrument to define the public's perception of aesthetic acceptability 

(Jenny et al-, 1980)- The SASOC score was designed by presenting stylized lip masking of the lateral and 

Frontal photographs of the 200 dental cast subset to a group of evaluators comprising midents (n = 880), 

their parents (n = 403) and Orthodontists (n = 66). They were asked to subjectively rate these photographs 

using such polar adjectives as beautifWugly, desirable/undesuable, etc. and these data were then subjected 

to uni- and rnulti-variate statistical analysis. The mean scores obtauied h m  these evaluations were 



subsequently linked by factor anaiysis and stepwise multipte regression to the occlusal traits for the 

subsample group. The resulting regrwsion equation then identifieci the weightings that should be applied to 

these ten occiusal traits to reflect their respective dental aesthetic significance. The application of the DAI 

to define a maIocclusion involves placement of the score relative to a continuum, anchored by "On = 

"most socially acceptable" and ' 100" = "least acceptableu. These scores were initially based on 

Caucasian adolescents fiom the United States (Asf Cons & Carlos. 1965), and subsequent applications of 

this index to Native Americans (Corn et aL. 1983; 1989). in addition to etbnic samples h m  Sapan, China 

and other Asian couniries (Ansai et al.. 1993; Cons et al.. 1994; Cons & lenny, 1994) have confirmed the 

reliability of the index scores. 

Subsequent applications of the DAI scores to priorize the need for orthodontic services required the 

establishment of meaningfbl cut-off points on the priori- continuum. This was achieved f?om the 

subjective consensus of two orthodontic evaluators on the 200 study cast subset of the original sample, 

where threshoId scores 36 or higher were deemed to reflect the differential need for orthodontic services 

(Jcnny er al.. 1992). This DAI assessment of service need has been subsequently confvmed by the 

subjective evaIuation of others (n = 10 orthodontists), where a 74% agreement was achieved for threshold 

scores of 32.5 (Keay & Taler, 1993). These data also showed that the DM was sufficientiy sensitive (r = 

0.92) for the prediction of orthodontic service need, although the low positive predictive power for the 

scores (r = 0.60) suggested that the service need tended to be over-estimated, This has since been 

confirmed by a more recent study (Caisley, 1993, dthough few other tests for validity have been reported 

in the Iiterature (Keay & Taler, 1993). 

Nevertheless, the reliability of the DAI was considered sufficient to be incorporateci into the Oral 

Data Collection Instrument by the W O ,  although some inherent deficiencies were noted. For instance, the 

crowding or spacing components of a malocclusion are scored on a dichotomous sa l e  (i-e. present or 

absent) and confined to the incisor region (Le. excluding such discrepancies in the remaining teeth). The 

DAI was phari ly based on study casts comprising permanent teeth, so that some modifications are 

required to evaluate mued dentitions (e.g. a recently exfoliated deciduous tooth space should not be scored 

as rnissing if the permanent replacement will soon empt into the location (lemy and Cons, 1996). As such 
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evaluations of eruption status require experienced clinical judgements, a dental auxiliary or nondental 

personnel may be precluded fiom performing their DAI assesment, ïhe fact that the DAI does not 

embrace missing molars, impacted teeth or posterior crossbites and the vaiidity of cut-off points requires 

further study, this index is not without some deficiencies. But since other indices exhibit even greater 

deficiencies (Richmond & Andrews, 1993; Tang & Wei, 1993; Shaw et al,. 1995). 

f -8 The need for guideliaes to constrain the iuapproprüte provbioa oîorthodontic services 

Strategies to initiate the development of evidence-based guidelines for the provision of orthodontic 

services are more complex than traditionally envisageci. These concerns should have been anticipated, since 

a review of dental insurance claims for a 1.35 million child population aged 5 and 15 years over the 

1986187 penod in the United States of Amecica showed chat the provision of cornprehensive orthdontic 

services ranged frorn 1 1.6% in the MidWest region to 5% in Alaska and Hawaii (Antkowiak & Knutty. 

1 993), w ithout analogous epidemio Iogical support for suc h regional discrepancies in malocclusion 

prevalence. Similar concerns were eiicited for the range of orthodontic service utilization within individual 

States in the United States of Amenca, which extended fiom 143% (Washington) to 3% (Hawaii) 

(Antkowiak & Knutty, 1993). 

The alternative notion is that these discrepancies are aspects of speciaity orthodontic practice, 

where significant uncertainties persist for the most appropriate services for particular malocclusions. 

Advocates of this latter view contend that if two specialist orthdontists consistently provide either different 

services or different timing for a service for patients with similar rnalocctusions, then one must be providing 

less effective services than the other, unless ail services lead to equivalent outcornes across the potential 

range. Viewed fiom another perspective, discrepancies in s e ~ c e  provisions for patients with analogous 

malocclusions most likely reflect difficulties in their diagnosis and treatment planning. Clearly, there is an 

urgent need to devise clinical guidelines to provide more consistent orthodontic services (i-e. to improve 

their quality assurance), particularly the distinction between services provided by specialists rather than 

non-specialists. 



1.9 Malocclusion puscJsments 

Although the objective of this study was to compare the independent evaluations of envisaged 

marnent dificulty by two methods of assessment, the notion of an objective index to quanti@ the deviation 

of an occlusion tkom normal is controversial- This priman'ly reflects the multiple components that variably 

contribute to craniofacial form (Foster & Menezes, 1976)- The hct that maiocclusions comprise deviations 

tiom accepted ideals, rather than specific diseases or abnotmalities, m e r  compounds this dilemma 

Objective craniofacial evaluations therefore depend on the combined assessments of the conmbutory 

occlusal, aesthetic and fiinctional components. 

1.9A Occlusal Factors 

Despite many attempts to define " ideal occlusions" no general consensus has yet 

emerged (Hellman, 192 1 ; Carlos & Ast, 1966; Andrews, 1972; Ramfjord & Ash, 1983; Mohl et 

al., 1988). Nevertheless, the occlusal components of maIocclusion severity are obviously 

important, although they are only weakIy correlated with temporomandibular disorders (Homp, 

Melsen & Terp, 1987; Helm & Petersen, 1989; Davies et ai.. 199 1 ; Pullinger, Seligman & 

Gornbein, 1993). Clearly, assessments of occiusal parameters are not the sole determinonts of 

orthodontic service complexity. 

1.9B Aesthetic Factors 

Since a person may be disqualified from full social acceptance when hisher physical 

attributes deviate too far fiom conventional n o m  (Burstone, 1958; Shaw, Reed & Dawe, 1985; 

Kenealy, Fmde & Shaw. 1989; Albino et aL, 199 1 ), aesthetic criteria are integral to any 

assessment of orthodontic service difficulty. 

1.9C Functional Factors 

Evduation of occlusal function may facilitatc the detection of deleterious intexferences 

resulting in occlusal trauma, aithough evaluations of mandibular hction or centric relation pmved 



too controversial to be incorporated into an index of service complexity (Ash, 1995)- 

An easier alternative method to grade malocclusion involves separate evaluations of the 

component maIocclusion deviations h m  the ideal in the form of an indexed approach. This 

approach was endorsed by the World Health Organization (1966) and contributed to the 

deveiopment of specific guidelines for the development of occlusal indices. Due to subsequent 

concerns that these guidelines were insufficiently specific for epiderniological studies (Salzmann, 

1968; Surnmers, 197 1) a Iist of ideai critena was subsequently devised for an occlusai mdex (Shaw 

er al.. 1 99 1 ): 

reliability 

validity 

acceptable to the public and the profession 

sensitive to the needs of the patient 

sensitive throughout the scale 

amenable to statistical analysis 

abIe to detect shifts in group conditions 

administratively simple for nondental personnel operation 

examination should requk minimum judgement 

These criteria were then applied to the two service dificulty assessment methods applied to the present case 

sarnple. 

1.10 Variations in the evaluation o f  Clriss II malocclusions 

Although a study based on the assessment of pretreatment records by 30 orthodontic specialists 

indicated that malocclusion severity and service difficulty are in fact discrete entities (Rowe, 1989), these 

two parameters are in fact inthately related. For instance, service difficulty is only one of many 

determinants of orthodontic service outcome (Le. others uiciude patient cooperation, specialist access [e-g. 

rural versus urban], provider type [specialist or non-specialist] and interceptive versus corrective services 

(Bergstrom et al., 1998). In addition, maiocclusion seven'ty is not necessady correlated with service 
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di fficulty, since major tooth/arch discrepancies may be primarily resolved by extradons, whereas 

complex services may be required to resoive subtle malocclusions. Class I crowded cases with the 4 

canines buccalIy blocked out of the arch, can more easily be treated with 4-Fust bicuspid extractions (taking 

into consideration the profile) than a Class II Division 1, deep bite, large ove je& which may require growth 

modification and is very dependent upon patient cornpliance with either headgear Wear or Class il elastic 

Wear, and atso depends on the age of the patient and the vagaries of differential growth patterns of males 

and females. 

Data fiom private third party indemnity programs, indicate that 55.7% of the orthdontic service 

clairns in North America are for Class II malocclusions (Antkowiak & Knutty, 1993), although diagnoses 

for this generic category are compiicated by theu six horizontal and five vertical component categories 

(Moyers et al., 1980). Such inherent complexities impact on al1 aspects of their services (Booksein & 

Moyers, 1982), although theu precise diagnosis is central to theu treatment pIanning and therefore their 

service outcornes. But the inappropriate inctease in the provision of orthodontic services by non- 

orthodontically qualified general practitioners and paedodontists of this malocclusion category will not be 

resolved until strategies have been devised to facilitate their more consistent evaluation. This is crucial for 

the development of evidence-based clinicat guidelines for the most appropriate orthodontic services for 

specific rnalocclusions. 

1.1 1 Purwse of the Study 

This study was therefore undertaken to evaluate two aspects of this dilemma: the need for 

evidence-based guidelines to improve the consistency for the diagnosis of patients with Class II 

matocclusions, and to evaluate the consistency of pretreatment record assessments for 4 patients with Class 

I I  malocclusions by orthodontic specialists. 
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MATERIALS AND METHODS 

2.0 Initial sample screening 

The growing realization that the generic Class II division 1 malocclusion category actually 

comprises numerous subcategories, although no consensus has yet been devised for theu specific 

defmitions, was the main selection aiteria for the initial sample- In order to teso!ve this dilemma for this 

study, the case records for 600 adolescent patients with Class II division 1 mdocclusions, neated in the 

Graduate Orthodontic Clinic at the University of Manitoba over the p s t  5 years were studied. Initially, 

these were a11 screened to evaluate the range of Class 11 malocclusion discrepancy contained in this simple. 

The selection criteria for this initial screening comprised the following: 

Complete A (prior to treatment), B (completion of active phase) and D (4 years post retention) 

records comprising study models for Class II malocclusions, in addition to the associated 

radiograp hs and photographs; 

Class II skeletal relationships; 

Pre-pubertal to Adolescent (age range = IO- 16 years) 

No evidence of poor cornpliance during the active treaanent phase noted Ïn  the chart- 

Their pretreatment case records were then laid out on a long table top counter and were graded 

visually by one experienced orthodontist (Dr. A, Baker), based on the following criteriz 

Degree of f h t  permanent molar disclusion; 

Degree of skeletal arch discrepancy; 

Degree of horizontal craniotacial discrepancy ; 

Degree of vertical craniofacial discrepancy. 

This initial screening process essentially resulted in four p ~ c i p a l  Class II malocclusion subcategoris 

(Table 2.1) 



Table 2.1 Descriptive summary orthe Four C h  11 division 1 subcategories 

A Grower 

B Grower 

C Non-grower 

Class 1 dental, on a Class II skeleta1 base 
Mandibukir deficiency Type II (medium 
mandibular plane angIe), short Lower Anterior 
Face Height (LAFH) 

Class II, division 1, large 0J=8mm 
deep 0B=70% palatally irnpinging, Mandibular deficiency 
Type 1 (low mandibular plane angle), short LAFH 

Class II, division 1, large OJ=9mm, 
deepOB= 1 W h  palatally irnpinging, 
Mandibular deficiency Type III, (high mandibular plane 
angle), long LAFH 

Class II, division 1, large OJ=9mm, 
moderately deep OB=4O%, 
Mandibular de ficiency Type II, (medium mandibular plane 
angle), long LAFH 

(Note: These subcategories noted in the Manitoba sample do not necessarily apply to other samples or to 

Moyer' s description of Class II division 1 subcategories.) 

Subsequently, the cases contained within each of these subcategories were M e r  scrutinued by an 

experienced orthodontist (Dr. A. Baker) based on the followuig criteria: 

Quality of "A" records; 

Absence of significant nght- and left - sided craniofàcial asynuneay; 

Absence of gross caries 

Seventy of ove jet 

Severity of crowding 

Al1 permanent teeth present (no mutilated dentitions) 

Age of the patientibone density (al1 were adolescents) 

Growednon-grower 



One experienced orthodontic specialist ultimately se4ected 2 cases h m  each of the 4 

subcategories for scmtiny, The principal objective of this final selection process was to ensure that each 

case exhibited the following characteristics: 

Class 11 dental bases 

Intact dental arches, with no history of prïor permanent tooth extraction or orthodontic 

services; 

Hlgh quaiity pretreatment records: 

Post treatment records showing hproved occlusal relationships. 

The 4 cases were chosen by the prùnary researcher and an experienced orthodontist. The identity 

of each case was then obscured to maintain patient confidentiality and avoid potential bias- They were 

subsequently duplicated, pnor to transportation to two Specialty Conventions for their independent 

evaluation of service difficuity by "volunteer" assessors, who were attendees at the two conferences. 

2.1 Pretreatment evaluation of tbe four selected cases 

The pretreament assessments of each case are considered with respect to their histories, in 

addition to evaluations of their study models, photographs, panorex and other radiographs, in addition to 

their cephalometric evaluations. The prime objective was for the reader to be fùlly conversant with each 

case, pnor to their differentiai evaluations by various specialist assessors. 

Clearly the four pretreatment cases selected for this study were uniquely different Moreover, their 

proposed treatment plans also confirm their unique differences. The following is a summary. tiom the 

original charts, of the diagnostic findings, treatment plan and "B" report tindings for each of the four cases- 



2.1.1 Case 1 

Case History - 10 year 5 month old female at 'A' records, mesomorphic, no allergies, no medical 

problerns. 

Clinical evaluation - Class 1 (Class II tendency) dental on a Class II skeletal base (retrognathic rnandible); 

ove je t  - 12 mm overbite - 50%, palatally impinging, short lower anterior face height, 

everted tower tip, upper incisor's pmtmded and prodineci, lower ïncisof s retmded and 

retrodineci., 36,46 mesidIy tipped, 35,45 not erupted, upper 55 and 65 stiI1 present, d e p  

Curve of Spee in the rnandible. 

Cephalometry 

(A) Manitoba analysis shows: 

1). Class 1 skeletal bases, 

2). Obtuse nasolabial angle, 

3). short lower anterior face height, 

4). retroclined lower incisor's 

(B) Wits Analysis = -2 (withh normal limits indicating Class T) 

List of major and minor orthodontic problems: 

12-22 have enamel hypoplasia and there are labidly tipped metal crowns on 55,65 

Mentalis hyperactivity (strong lower mentalis, strong orbicularis oris muscles) 

History of habits - lower lip bithg and nail biting. No thwnb sucking habits. 

Lips apart at rest (incompetent lips) 

Severe lower Curve of Spee 

Lack of cuspid guidance 

Oral hygiene - f& to poor 



Proposed tmtment pian for Case 1 

Phase 1: 1). Lip burnper 

2). then utility âtch to inmide the mandibular incisors 42- 32, in conjunction with a, 

3). bionator, 

4). Full banding in the mandibular arch 

Phase i1:Fuil bandbg m the rnaxiiiary arch 

Summary 'B* Report oCTmtment: 

1). Lip bumper - was used for 5 months, without obvious success in uprighting 36 and 46 

2). Utility Arch - was used for 1 1 months (July 84 - Aug 85) in conjunction with a, 

3). Bionator - which was used for 13 months (June 84 - June 85) 

4). Full fured multibanded appliances (-022 set up) were placed in the mandibular arch (Mar 85) 

5).  Full fured multibanded appliances (-022 set up) were placed in the rnaxillary arch (Aug 5 )  

6). Class II elastics were worn for 5 months 

7). Total treatment t h e  - 24 months (fned and functional phases) 



2. t .2 Case 2 

Case History - 1  3 year 2 month old male at 'A' records with fair facial aesthetics, mesomorphic, no 

medical problems, no allergies 

Clinical evaluation - Class II Division 1 dental on a Class II skeletal base, (retrognathic rnandible), 

retrognathic convex profile with short Iower anterior face height. Obtuse nasolabid 

angle, large overjet = 8 mm, overbite = 7 W ,  paiataIly impinging, narrow maxillary arch 

with posterior bilateral crossbite, severe crowding in maxilla Moderate crowding in 

mandible. 55, 85 present. Minimal attached gingiva (MAG) on the lower incisors, upper 

and lower lip eversion, proclined and promded upper incisor's. retroclined and remideci 

lower incisor's 

Cephafometry 

(A) Manitoba Analysis shows: 

1). Class II skeletal bases; 

2)- Obtuse nasolabial angle; 

3)- Short lower anterior face height; 

4)- Steep mandibular plane angle 

(B) Wits Analysis = 4 mm (indicates a Class 11 case) 

List of major and minor ortbodontic probkms: 

1). Cross bite - 16/46,65/75,26/36 

2). Lack of canine guidance 

3). Deep Curve of Spee in mandibular arch 



Proposed treatment pian for Case 2 

Extract 14.24- Maximum anchorage in the maxillary arch with Cervical Pull Headgear 

Band and bond upper and Iower 6 - 6, with quad helix soldered to 16.26; remove quad helk 

afier expansion 

Initial alignment 

Correct ovehite by bicuspid extrusion 

Retract upper cuspids individualIy 

Retract incisors with closing arches 

Ideal arches. 

Summary 'B' Report of Treatment: 

Extraction of 14.24- Maximum anchorage in the maxillary arch- 

Quad helix - 8 months 

Full fixed multibanded appiiances (.O1 8 set up) with Class II elastics ( 1 month) 

Total treatment time - 19 months 



2.13 Case 3 

Case History - 15 year 10 month old femaie at 'A' records with poor hcial aesthetics 

Chical evaluation - Class II Division I malocclusion on a Ciass II skeletai base (retrognathic mandible), 

acute nasolabial angle, two plane occlusion in rnaxilla, upright and protruded upper 

incisors, retroclined and reauded lower incisors, incompetent lips at rest with everted 

tower Iip, 1 mm slide fiom centnc relation - centrïc occlusioa, ove jet  = 9 mm, 

overbite - 1 O P ?  palatally impinging, high smile, severe crowding in rnaxillary and 

mandibular arches. Maxillary midline to le& Bolton 1.4 mm mandibular '6' excess. Steep 

mandibular plane, long lower anterior face height, severe Curve of Spee (COS) in 

mandible and Reverse Curve Of Spee (RCOS) in maxilla (due to extruded incisors). 

Cephalometry 

(A) Manitoba Analysis shows: 

1). Class 11 skeletal bases; 

2). Long lower anterior face height; 

3). Retroclined upper incisor's 

(B Wits Analysis = 5 mm (indiates a Class II case) 

List of major and minor orthodontic probkms: 

1 ). 12, and 22 Iingually positimed 

2). 33, and 43 are mesio-buccaily positioned 

3). Lack of canine guidance 



Proposed treatment plan for Case 3 

1). Extraction 14,24,34,44 

2). Align and level both arches 

3). Maximum anchorage with high pull headgear (HPHG) 

5).  Enmass closure o f  lower spaces 

6). Surgical maxiIlary ùnpaction (one-piece) and mandibular advancement- 

Summary 'B' Report of Treatment: 

Extraction of 14,24,34,44. Maximum anchotage with High-pull headgear. 

Surgery - one piece maxillary impaction and mandibular advancement, fidl multibanded appiiances 

(.O 18 setup) 

Pretreatment phase - 26 months 

Total treatment time - 37 month (3 years, 1 mont.), 

Post surgery - vertical and triangular Class II elastics for 3 months, temperomandibular joint 

problems reported 2 months post surgery 



2.1.4 Case 4 

Case History - 2 1 years 8 months, fernale, at 'A' records with kir facial aesthetics 

Clinical evaluation - Class II dental on a CIass II skeletai (mandible retrognathic, convex profile, obtuse 

nasolabial angle, upper incisor's proclined and protmded, and Iower incisor's proclined, 

severe crowding in the maxillary and mandi buiar arches, posterior bilateral crossbite of 

16/46,26/36, balancing contacts exist in laterat excursions, lack of canine guidance, f 

mm slide centric relation - centric occlusion. Temperornandibular joint sounds when 

patient eats. Overjet = 9 mm, overbite = 400/a, upper and lower arches, deep Curve of 

Spee in mandible. Normal smile line, mandible plane angle - normal or flat. Speech 

normal. 

Cephalomet ry 

(A) Manitoba Analysis shows: 

1 ). Class II skeletal bases; 

2). Obtuse nasolabial angle; 

3). Long lower anterior face height; 

4). proclined lower hcisor's 

(B) W its Analysis = O mm (within normal limits indicating a Class 1) 

List of major and minor orthodontie probkms: 

1). 12 and 22 are lingual 

2). 13 - blocked out labiaily 

3). 42 is lingually positioned 

4). 43 is mesio-labiaily positioned 

5). 35 and 45 are mesio-lingualiy positioned 



Proposed treatment pian for Case 4 

1). Band 16,26,36.46. Use crossbite elastics to correct crossbites 

2). Extract 14-24. 

3). Retract 13,23 with a removeable cuspid retraction appliance. Insert HPHG 

4). Band and bond upper and lower 6 - 6, Align arches. 

5). Anterior box elastics to maintain overbite 

Surnmary 'B' Report of Treatment: 

1). Extraction of 14 and 24, maxhim anchorage, transpalatal arch and High-pull headgear 

2). Removeable cuspid retraction appliance 

3). Crossbite correction of 16146.26136 with elastics 

4). Full multibanded appliances (.O 18 setup) and Class II elastics and anterior box elastics 

(openbite) 3 months 

rotai treabnent time - 3 1 months. 

2.2 Synopsis 

Although these cases exhibited Class II malocclusions, their pretreatment orthodontic concems were 

uniquely different. These differences are best summarized in tabular form and by superimposition of their 

cep halometric tracings. (See Apendix 1 ) 

2.2.1 Definitive pretreatment record ~ssessments 

This comparative study was therefore designed to examine the relative consistency in pretreatment 

record assessments for 4 patients aged 10 to 16 by volunteer specialist orthodontist attendees at two annual 

Orthodontie Congresses: one in Canada and the other in the United States. Whereas al1 these attendees 

were recognized orthodontic specialists, theu independent evaluations of this 4-case sample were either 

based on the respective Dental Aesthetic Index @Ai) [Canadian Congress] or Analog (Likert-type) scores 

[American Congress], whereas the HLD (CalMod) Index scores detennined by the primary investigator 



served as the "gold-standard". 

The DAI is currently considered the most appropriate index to defuie the malocclusion severity of a 

case (Cons et al., 1986; Otuyemi & Jones, 1995). The DAI score was therefore applied to evaluate the 4- 

case sample by the volunteer assessors 6om the Canadian Congress, (A sample of the DAI casescore sheet 

is listed in Appendix 2). 

2.22 The DAI scoring technique 

The DAI case scores were evaluated by 'volunteer' specialists attending only the Canadian 

Association of Orthodontists evaluations- As listed in Appendix 2, a standard protocol must be applied to 

determine the DAI score for each case, based on the sumrnation of diffetentially weighted parameters, plus 

a constant. The DAI scores were, therefore, essentially based on measurements of the pretreatment study 

models, where their higher scores s ip i@ greater difficulty in the treatment required to resolve the 

malocclusion (i.e. priorized treatment need), 

2.23 Case evaluations based on the Likert (VisuaCAnalog) Seale 

The pre-treatment orthodontic records (a+) for the same case sample were subsequently evaluated 

by another (United States of Arnerica) group of orthodontic specialist assessors These case assessments of 

malocclusion severity were based on their %sual" rnethods appf ied in the office, where their pnorization 

was defined by utilization of a 10 point Visual Analogue Scale (VAS) anchored by the tenns "mild" = 1 to 

"very severe" = 10. The validity and reliability of this VAS evaiuative system has been previously tested in 

the development of other indices (Cons, Jemy & Kohout, 1986; Bennet et al., 199 1 ; Richmond et al., 

l992a) and was used in the present study to ensure suîEïcient "volunteers" evaluated the 4-case sample 

while attending the congres. (See Appendix 3 for an example of the data collection fom). 

2.2.4 The Likert-type scoring technique 

The Likerc-type case scores were evaluated by 'votunteer' specialists attending both congresses; 

the Canadian Association of Orthodontists and American Association of Orthodontists Annual Congresses. 



This technique required each specialist to examine the records for each case and then provide an overall 

grade (1- 1 O) of service difficulty anchored by the t e m  1 = simple and 10 = very difficult. The intention 

was for each case to be assigned a grade, based on examination of theu diagnostic records, to reflect the 

degree of anticipated di6culty in the treatment plan required to resolve the malocclusion. 

2.2.5 Case evaluations b d  on tbe HDL (CaIMod) Index 

In order to evaluaîe the relative significance of the two sets of DAI and VAS case-scores, the HDL 

(CafMod) Index scores for each case was detennined by the primary ùivestigator. The HDL (CaUiIod) 

Index was selected since this modification of the Draker Handicapping Index (Draker, 1960) was prirnariiy 

developed in response to a number of lawsuits against individual States with medically necessary 

handicapping malocclusions defined by the Medicaid statutes (April, 1988) specifically described in The 

State Medicaid Manual (Part 5) of the Early Periodic Screening Diagnosis and Treaîment Program 

(EPSDT) of the department of Health Case Financing Administration (HCFA). These direct each state to 

provide orthodontic services for medically necessary handicapping malocclusions. As more States are 

under progressive pressure to ensure that they are delivering the kind of service intended under the 

Medicaid regulations, the HDL (CalMoci) index is currently accepted in the most litigationalist state 

(California). Since the HLD (CakMod) index went into officia1 use (199 I), the potential applications for 

patient screening has w i t h s t d  rigorous legal snutiny. For instance, 135,655 patients had been examined 

orally by qualified orthodontists and screened using the index by 1997 (Parker, 1998). A s  49,537 (37%) 

were assigned the CalMod Index scores of 26 or greater, they were accepted for orthodontic services, 

depending on other critena (e.g. age, particular occlusal anomaly, etc.). Although there are deficiencies in 

this index, an experienced biostatinician (Hassard, 1998) advised that the case-scores would provide 

appropriate "gold-standards" to evaluate those obtained for the same sample at the two Orthdontic 

Congresses. (See Appendix 4 for detailed description of CaiMod index assesment). 



23 Selection of Assessors 

Each "volunteef' assessor was an attendee at either the annual Canadian (DA[ score) or American 

Orthodontie Congres (VA score) and was asked to evaluate each of the 4-case sampIe independently based 

on the forms listed in the Appendices 2 and 3. This, therefore, was not a random sample of a11 potential 

orthodontie specialists who attend the North American Congresses, but was considered sufficiently 

representative to forrn an opinion of the consistency in pretreatment record assesment. In addition. each 

voiunteer was asked to comptete a summarlzed biographicai sketch to evaluate the impact of other 

parameters (e.g. location of pst-graduate training, experience etc.) on their case assessments. Ail the data 

were subsequently entered ont0 a spreadsheet to hcilitate their statistical analysis, 

2.4 Statistical analysis 

Initially, the DAI (standard and modified) and VA case scores were evaluated independently, aiter 

carefùl scrutiny to ensure accurate data transfer to the spreadsheets. Based on the evaluation of scatter plots 

of the scores for each case, the biostatistician consultation considered univariate statistical anaIysis and bar- 

graphs were rnost appropriate forms of data analysis. These were then deterrnined for the hvo assessor 

groups as a whote, but were subsequently segregated based on various aggregates (e.g, assessor experience, 

place of postgraduate training etc.). Subsequently, the plots of the two fonns of case-scores (DAI [standard 

and modified] and VA) were superimposeci, along with those derived fiom the CalMod index. The prime 

objective wax 

To dethe whether the DAI (standard or modified) or VA scores provided the most consistent 

determination of service difficulty for the k a s e  sample 

To evaluate the relationship between DAI and VA scores with those based on the CalMod 

Index 

These data were then interpreted relative to data derived fiom the case and " B" records, with the 

objective of determining the association between pretreatment case assessments and their subsequent 

service outcornes. 
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3.0 Review of the Purpose of tbe Study 

This study was prharily undertaken to evaluate the relative merits of the assessrnent of four Class 

II cases relative to their subjective VA scores compared to theu more objective DAI evaluations. Due to 

the lack of a reference gold standard to determine the relative consistency of these assessments, their 

CaIMod index was used as a substitute reference in this snidy, This index was then appiied to four (4) 

Class I I  division 1 cases by 42 Canadian orthodontists, where al1 cases were selected (a) to exceed the 

threshold of orthodontic service need and (b) to represent the range of difficulty commonly encompassed in 

a specialty office. These same four cases were then taken to the Arnerican Association of Orthodontists 

conference in Dallas, Texas on May 18- 19, 1998, where 24 1 volunteer orthodontists assessed the four cases 

using the Likert (Visuat-Analog) Scale. In order to consider the uniqueness of each case in the context of 

the study's objective, their pretreatrnent evaluations must be considered in sorne detail. 

3.1 Synopsis 

Although these cases exhibited Class 11 malocclusions, theu pretreatment orthodontic concerns 

were uniquely different. These differences are best summarized in Table 3.1 and by superimposition of their 

cephalometric tracings (See Appendix 1- Superimposed Iateral cepbs on sella-nasion). 



Table 3.1 Summarized differentirl assessments of tbt four study cases 

CASE 3 CASE 4 

1 5 ycar 10 month 13 ycar 6 month AkF 13 ycar 2 month 10 year 5 month 

Male 

Gmwth Potcntial Grower 

100% Pal Imp 40% Pal Imp Overbitc 70% Pal Imp 50% Pal Imp 

Class ü. Div 1 Dental Relationship Cl;w 1 Class IL Div 1 

Class II 

Class ri. Div 1 

Skeletal Relationship Class 11 

I Incompeient Lips Yes Yes Yes Yes 

Nasolabid Angle 1140 

Lower Anterior Face 
Height 

Lower lncisor to 
Apt-Pog 

Upper lncisor - 
Lower Incisor 

Post cross bite 

59 mm 

0.5 mm 

118" 

No 

126" 1 IO" 

No 

Moderaie 
(4-5 mm) 

Yes. B i l a i d  

Maxillary Anterior 
Crowding 

O 

1 Crowding 1 
Sevcre 8+ 

90% (No) 

Moderate 
(4-5 mm) 

lncisor exposwt 
(High smilc) 

MandibuIar Plane- 35" 
Sella-Nasion 

30% (No) +5 mm gingival 
display 1000h (Ys) 

Mandibular Plane to 2 9 9  
Frankfùn Horizontal 

Mandibular 
Deficiency Type 

+L mm gingival 
display lm (No) 



3.2. Case-assessments by tbeir Likert-type scores 

As illustrated in Table 3 2  and Figure 3.1, there were inconsistencies in the Likert scores assigned to 

the four cases between the assessors attendhg the Canadian and American Congresses. 

Table 3.2 Relative differences in Canadian/American voluateer Likert-type case scores 

Number of Volunteer 
Asse!wors 

42 Canadian 

241 American 

42 Canadian 

241 American 

42 Canadian 

241 American 

42 Canadian 

241 American 

SD = standard deviation; SE = standard enor, CV = coefficient of variation 



Figure 3.1 Relative differenca in Canadian/Amcrian voluntcer Likcrt-type case scores 

1 2 3 4 

Case 



Table 3 3  Mean f: one standard deviation Likert scores assignmcnts applied to the four cases at 

the Canadian Congres 

CASE 

Table 3.4 Mean 5 one standard deviation Likert scores assignments 

applied to the four cases rit the American Congress 

CASE 

1 

MEAN - SD 

4.97 

MEAN 

7-06 



3.3 Caseassessments by their DAI scores 

Table 3.5 Relative differences in Canadian volunteer D A I  case scores 

Figure 3.2 Differcntial D A I  case-scores 

r 

Case 

Case Median 

t 

2 

3 

4 

CV SE Number of 

Volun teer Assesso n 

42 Canadian 

42 Canadian 

42 Canadian 

42 Canadian 

Mean SD 

13.085 

8.400 

1 1.752 

10382 

35-48 

33.55 

. - 
36.17 

32.36 

0.558 

0.447 

0.529 

0.497 

3.6 17 

3.898 

3 -42 

3 -222 

35 

3 3 

36 

3 2 



Table 3.6 Mean 5 one standard devhtion DAI scores assignments applicd to the four cases at the 

Canadian Congtess 

3.4 Correlation Between Scores 

Frorn the results obtained at the Canadian Association of Orthodontists meeting where 42 

orthodontists evaIuated the four (4) cases, case No. 3 was given the higtiest mean DAI score of 363, with 

case No. 1 coming in as the second most difficult with a mean DAI score of 3 5.5, Case No. 2 came in thud 

with a mean DAI score of 33 -6. and Case No.4 came in fourth as the Ieast diffmIt with the mean DAI score 

of 32.4. (See Fig. 33)  

The results corn the 42 Canadian orthodontists when using the Visual-Analog scale also indicated 

that case No.3 was the most difficult with a Visual-Analog mean score of 7.8, and case No.4 as the second 

most dificult with a Visual-Analog mean score of 7.3. The third most dificult was Case No. 1 with a 

Visual-Analog score of 6.9 and the lest most difficult case was No. 2 with a Visual-Anaiog score of 6.8 

(See Fig. 3.4). 

The results from the American Association of Orthodontists where 241 vofunteer specialists 

assessed a subsample of 4 cases indicated that case No. 3 was the most di fficult with a Visual-Analog mean 

score of 7.3, followed by case No. 1 as the second most difficult with a Visual-Analog mean score of 7.1 - 
Case No. 4 was the third most difficult case with a Visual-Analog score of 6.0 and Case No. 3 was the least 

dificuit with a Visual-Analog score of 5.6 (See Fig. 3.5). 

Case 

1 

2 

M a n  - SD 

3 1-86 

30.65 

Mean 

35-48 

3335 

3 

Mean + SD 

38.65 

36.45 

36.17 32.74 39.60 



When comparing the sarne Likert (Visual-Analog) scores for the same four cases h m  both the 

Canadian and the Amencan orthodontists, case No, 3 is scored by both groups as the most difficult case. 

The Canadian orthodontists mean Likert score was 7.8 and the American orthodontists mean Likert score 

was 7.3 (See Fig. 3.5). 

When comparing the results of both the DAI and the Visuaf-Analog scores to the CALMOD Index, 

both Case 2 and 4 score much higher on the CALMOD and wouid have been considered the Ieast difficult 

by the k t  two indices. Both case No. 2 and 4 scored Iow on the Vkd-Anaiog scaIe- Case No2 wouid 

have been considered a borderline case using the DAI index wîth a mean DAI score of 33.6. Case No. 4 had 

a mean DAI score of 32.4 and would not have made the cut-off score using the DAI index- (See Fig. 3.6) 



Figure 3 3  

MEAN DAI SCORE 

DAI SCORE 

2 3 

CASE 

DAI Scores 
(CU t*ff=33) 

Fig. 3.3: The scores fiom the Canadian Association of Orthodontists Conference indicated that case NO. 3 

was the most difficult with the highest mean DAI score of 362, and Case No.4 as the least difficult with the 

mean DAI score of 32.4. 



Fig. 3-4: The results fiom the Canadian Association of Orttiodontists Conference when using the Visual- 

Analog scale also indicated that Case No.3 was the most difficult with a Visual-Analog mean score of 7.8, 

which correlates to the DAI score results. 

Case No.4 was scored as the second most difficuit *th a Visual-Analog mean score of 7 3  and the 

least most difficuit case was Case No. 2 with a Visual-Analog score of 6.8. 



Figure 35 

COMPARISON OF THE MEAN VALUE 42 CAO AND 241 M O  ORTHOOONllST 
USlNG THE LIKERT SCALE 

ANAL 
9 

3 

CASE 

Fig. 3.5: A cornparison of the scores of the Likert (Visual-Analog) for the same four cases by both the 

Canadian and the American orthodontists, indicated that case No. 3 was scoted by both groups as the most 

difficult case. The Canadian orthodontists mean Likert score was 7.8 and the American orthodontists mean 

Likert score was 7.3 



Figure 3.6 

MEAN ANALOG SCALE COMPARE0 TO MEAN DAI SCORE 
AND THE HLD IND€X (CALMOD) 

l Analog Scaie (1 -1 0)  CASE . DAI Scores (cut-o+33) 

O HLD Index (CalMod) (cut- 
off=26) . - - 

Fig. 3.6: A cornparison of the results of both the DAI and the Visual-Analog scores to the CALMOD index 

indicated that Case 4 scored much higher on the CALMOD Index. Case No. 4 had a mean DAI score of 

32.4 and would not have made the cut-off score using the DAI index, whereas it would be automathlly 

accepted for treatment according to the CALMOD Index, 



3.5 Statistical Anatysis 

The mean, standard deviation, standard error, median and correlation o f  variance was calculated 

for the Canadian orthodontists ushg the DAI index and the Likert (if-A) scale, and aIso for the Arnerican 

using the Likert (V-A) sale (See tables 32,33,3.4).  

Using the Pearson Correlation Coefficient analysis, it indicates that the= is no significant 

difference ( p = -0069) b e m n  the scores o f  the Canadian or American votunteer orthodontists when usbg 

the DAI index. or the Likert-Andog Scaie, (See Table 3.7,3.8,3.9). 

Table 3.7 Canadian Dental Aestbetic Index @A9 Scores 

ICANADA DAl SCORES 

Table 3.8 Canadiaa Likert (Visual-Analog) Scores 

I 

CASE 

i 

2 

3 

4 

1 CANADA LIKERT SCORES 

CASE MEAN ST  DEV ST ERROR 

1 6-9 1 1.797 0277  

_ MEAN 

35.48 

33.55 

36.17 

32.36 

ST DEV 

3.617 

2.898 

3.428 

3 -222 

CORRVAR 

13,085 

8.400 

1 1-752 

10.382 

ST ERROR 

0.558 

0.447 

0.529 

0.497 

MEDiAN 

35 

3 3 

36 

32 



Table 3.9 American Likcrî (Visual-Anrlog) Scons 

1 U.S. LIKERT SCORES 

Table 3.10 A list of the DAI parameters and tbeir mean and standard deviation 

, CASE 

1 

2 

3 

4 

DAI PARAMETERS SCORES 

PARIMETERS I 

I I I I I I 

MEAN 

7.06 

5 -59 

ST 
DEV 

CORR 
VAR 

STDEV 

2,093 

2,939 

SPACING r-- 
Ah" IRREG MAX I 

STERROR 

0.135 

0,125 

7.30 

MOLAR REL I 

O. 128 

0,138 

1,986 

MEDiAN 

8 

6 

5.97 2,141 

CORRVAR 

43  80 

3 -759 

8 

6 

3 -942 

4.582 



Table 3.1 1 DilTerential crise-ranks bucd on Likcrt and DAI scorts 

Canadian Likerk American Likert 
pp - -  

Canadian DAI 

Case 

Table 3.12 Differential case ranks based on Median Likert and DAI scores 

Case American Likert Canadian Likert Canadian DAI 



Table 3.13 Proportion (%) oîassessom outsiüe range of mean 2 ISD Likert and DAI case scores 

Assessrnent 

Cm- Likert 

Am Likert 

Can. DAI 

Case 

1 

2 

3 

4 

1 

2 

3 

4 

1 

7 
LI 

3 

4 

Beiow range 

11.8 

O 

9-4 

8.8 

11.1 

3 2  

14.5 

9.3 

11.1 

7.7 

17.6 

Above mage 

11.8 

1 0.5 

2 1-9 

14.7 

53 

5 -9 

6.8 

8.8 

5.6 

O 

5.9 

11.4 

Toial Misdiagnoses 

23.6 

10.5 

3 1.3 

23 -5 

16.4 

9.1 

2 1.3 

18.1 

16.7 

7.7 

23 -5 

Average 

22 

16 

17 8.6 20.0 i 



Table 3.14 Variation in PJscssor training and experknce (O!) 

3.6 Implications of insensitivity of  Likert and DAI assays 

Due to the l6-î2% of assessors that 'mis-categorized' the four cases, consideration must be given 

as to the implications of these 'errors'. The logical approach is to review the treatment plans and B-records 

of the four cases, Treatment plans of 4 cases: 

Case 1 Non-extraction, Iip bumper, bionator, full futed muftibanded 

appliances 

Case 2 14,24, maximum anchorage, quad helix, hl1 fixed multibanded appliances 

Case 3 Extract 14,24,34, maximum anchorage, surgery-one-piece maxi l lq  impaction and 

mandibular advancement, f i I l  multibanded appliances 

Case 4 Extract 14,24, maximum anchorage, Transpdatal &ch, High Pull Headgear 

Assessmen t 

Can. DAI 

Total Misdiagnoses 

17.7 

I l 2  

t 3.9 

f 6.7 

Average 

14.9 

Belon range 

11.8 

8.4 

5.6 

13.9 

Case 

1 

2 

3 

4 

Above range 

5.9 

2.8 

8 3  

2.8 



B records of Case 1 Class I molar and canine, O j  = - 2 mm, OB = 2û%, midhes coincident 

B records of Case 2 Class II molars, Class 1 canine, 0 J  = - 2 mm, OB = 5%, mandibular midline, 2 

mm to the Left 

B records of Case 3 Class 1 molars, Class I canines, 0j = - 2 mm, OB = 20%, midlines coincident, 

decreased interlabial gap, decreased lowet anterior face height 

B records of Case 4 Class II molars, t / 2  cusp Cïass II canhes, OJ = - 4 mm, OB = 20%. 

mandibular midline = 2 mm to L, increased lower anterior fkce height 

Review of the evidence listed above shows that although a satisfactory outcome emerged for each case, 

there were also some Iess than ideal results. 

There was no significant difierence between the 43 volunteer orthodontists when cornparkg the 

region of the country in which they practice or the University 6rom which they graduated- The volunteer 

orthodontists from the Canadian conference practiced in 6 provinces in Canada, (induding; Nova Scotia, 

Ontario, Manitoba, Saskatchewan, Alberta and British Columbia) and graduated nom 1 1 different specialty 

prograrns, most of them in Canada and some 60m the United States or abroad. (See Table 3.15). 



Table 3.15 University of Graduation of the CAO Orthodontist Attendees 

Universitv of Graduation Number ?A of Toîal 

U of Manitoba 16 372% 

U of Alberta I I  25.6% 

U of Toronto 5 1 1.6% 

U of Western Ontario 4 9.3% 

U of Minnesota 2 4.7% 

Other 5 1 1.6% 

Total : 43 100.0% 

("Othe?' - includes the Universities of Comecticu& Montreal, Pretoria, St- Louis, Washington). 

The 24 1 volunteet orthodontists attending the American conference graduated firom a total of 136 

different specialty programs fiom 26 countries around the world, The orthodontists who Iived in the U.S. 

practiced in 27 States including; Alabama, Arizona, Arkansas, California, Colorado, Connecticut, Georgia, 

1 Ilinois, Indiana, Iowa, Kenhtcky, Louisiana, Massachusetts, Missouri, Michigan, New York North 

Carolina, North Dakota, Ohio, Oklahoma, Penmylvania, South Dakota, Texas, Tennessee, Utah, Virginia, 

and Washington, D.C. (See TabIe 3-16). 



Table 3.16 Country of Ongin of the M O  Otthodontist Attendees 

Countrv of OriPin Number O/. of Total 

United States 88 36.5% 

Mexico 30 1 2,4% 

Brazil 25 102Y0 

Japan 14 5 -7% 

United Kuigdom 12 5,1% 

Germany 7 29% 

Columbia 7 2.9% 

France 5 22% 

Sweden 5 22% 

Canada 3 22% 

Awtralia 5 23% 

1 taly 5 22x0 

Argent ha 4 1 -5% 

Korea 4 1.5% 

PortugaI 4 1-5'36 

Other 21 8.8% 

Total: 241 1 00.0% 

("Othef' includes the countries of Belgium, China, Finland, Norway, Peni, South Afnca, Spain, 
Switzerland, Taiwan, Turkey, Venezuela, and five 'No Answer'). 

3.7 Years in Practicneaching 

There is no correlation between the years in practicdteaching for the Canadian orîhodontists when 

iooking at their respective scores for Cases 1-4 using the DAI index (See Figures; 3.7,3.8,3.9,3.10) or the 

Likert (V-A) scale (See Figures; 3.1 1,3.12,3.13,3.14). 



There is a b  no correlation behveen the years in practice/teaching for the orthodontists who 

attended the American Association of Orthodontists Congress when looking at their respective scores for 

Cases 1 -4 ushg the L ikert (V-A) scale (k Figures, 3.1 5,3.16,3.I 7,3.18). 

3.8 Year of Graduation 

For the Canadian Association of Orthodontists Conference, volunteer onhodontists, the year of 

graduation included the years between 1960-20, with three operators graduating prior to t WO,9 

operators graduating between 1 970- 1 980, 1 O operators graduating behveen 1980- 1990 and 20 operators 

graduating between 1990-2000 (See Fig. 3.19). 

For the CAO volunteer onhodontists in Practicfleaching, only 2 operators had over 30 yean of 

experience, 7 operators had between 20-25 years of experience, 3 operators had between 15-20 years of 

experience, 5 operators had between 10-1 5 years of experience, 3 operators had between 5- 10 years of 

experience, and 20 operators had less than 5 years of experience (See Fig. 320). 

For the American Association of Orthodontists volunteer orthodontists, the year of graduation 

inchded from 1955-2000. with only 2 operators graduating prior to 1960, and the majority of the operators 

graduated between the years 1980-1 990 (See Fig. 3 2  1). 

For the AAO volunteer orthodontists, years in practicdteaching, onty 2 operators had more than 40 

years of experience, and the majority of the operators had between 5-15 years of experience (See Fig. 

3 -22). 



Figure 3.7 

DAI SCORES 

1 O 15 20 25 30 35 

CAO ORTHOOONnSTS YEARS PUACTITEACH 

Fig. 3.7: Case 1 - Dental Aesthetic Index scores versus years ofpractice/teachuig 

experience of the 43 orthodontists who attended the Canadian Association Conference. No significant 

difference (p < .02). Scores may be superïmposed, givhg some dots higher significance. 



Figure 3.8 

CASE 2 

DAI SCORES 

O 5 1 O 15 20 25 30 35 

CAO ORl'llODMmSTS YEARS PRACTftEACH 

Fig. 3.8: Case 2 - Dental Aesthetic Index scores versus years of practicelteaching experience of the 43 

orthodontists who attended the Canadian Association Conference. No significant difference (p -= -02). 

Scores rnay be superimposed, giving some dots higher significance. 



Figure 3.9 

DAi SCORES 

CAO ORW000WnSfS Y€ARS PRACTlTEACH 

Fig. 3.9: Case 3 - Dental Aesthetic Index scores venus years o f  practicdteaching experience of the 43 

orthodontists who attended the Canadian Association Conference. No significant difference (p C -02)- 

Scores may be superimposeci, giving some dots higher significance. 



Figure 3.10 

CASE 4 

DAI SCORES 

Fig. 3.10: Case 4 - Dental Aesthetic Index scores versus years of practice/teaching 

experience of the 43 orttiodontists who anended the Canadian Association Conference. 

No significant difference (p < -02). Scores may be supetimposed, giving some dots higher 

significance. 



CASE 1 

10 15 20 25 

CAO ORTHOOOMllSfS YEARS PRACTflEACH 

Fig. 3.1 1: Case I - Likert Visual-Analog scores versus years of practice/teaching experience of 

the 43 orthodontists who attended the Canadian Association Conference- No significant 

difference (p < .02). Scores may be superimposed, giving some dots higher significance. 



Figure 3.12 

CASE 2 

LIKERT SCORES 

O 5 10 15 20 25 30 35 

CAO ORTHOOONTISTS YEMS PRACTTrUCH 

Fig. 3.12: Case 2 - Likert Visual-Analog scores versus years of practice/teaching experience of 

the 43 orthodontists who attended the Canadian Association Conference. No significant 

difference (p < -02). Scores may be superûnposed, giving some dots higher significance. 



Figure 3.13 

CASE 3 
LIKERT SCORES 

Fig. 3.13: Case 3 - Likert Visual-Analog scores versus years of practice/teaching expefience of 

the 43 orthodontists who attended the Canadian Association Conference. No significant 

difference (p < .Oz). Scores may be superimposed, giving some dots higher significance. 



Figure 3.14 

CASE 4 

LlKERT SCORES 

Fig. 3.14: Case 4 - Likert Visual-Analog scores versus years of practicdteaching expenence 

of the 43 orthodontists who attended the Canadian Association Conference. N o  significant 

difference (p < .02), Scores may be superimposeci, giving some dots higher significance. 
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Figure 3-15 

UKERT SCORES 

Fig. 3.15: Case 1 - Likert Visual-Analog scores versus years of practice/teaching experïence of 

the 43 orthodontists who aâtended the American Association Conference. No significant 

difference (p < -02). Scores may be superimposeci, giving some dots higher significance. 



Figure 3.16 

CASE 2 
UKERT SCORES 

O 5 10 15 20 25 30 35 40 45 

M O  ORTHODONTISTS YEARS PRACTKEACH 

Fig. 3.16: Case 2 - Likert Visual-Analog scores versus years of practicdteaching experience of 

the 43 orthodontists who attended the Amencan Association Conference. No significant 

difference (p < -02). Scores may be superimposed, giving some dots higher significance. 



Figure 3.17 

CASE 3 

LIKERT SCORES 

M O  ORTHO WNllSTS YEARS PRACTKEACH 

Fig. 3.17: Case 3 - Likert Visual-Analog scores versus years of practice/teachïng experience of 

the 43 orthodontisr who attended the Amencan Association Conference. No significant difference 

(p < .02). Scores may be superimpose& giving some dots higher significance. 



Figure 3.18 

CASE 4 

LIKEUT SCORES 

Fig. 3.18: Case 4 - Likert Visual-Analog scores versus years of practicdteaching experience of 

the 43 orthodontists who attended the Amencan Association Conference- No significant difference 

(p c -02). Scores may be superimposed, giving some dots higher significance. 



CAO ORTHOOONTISTS 

YEAR OF GRAO 

1 3 5 7 9 Il 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 

OPERATORS 

Fig. 3.19: The above graph indicates the Year of Graduation of the orthodontists attending the 

Canadian Association o f  Orthodontists Conference. 



CAO OPERATORS 

Fig. 3.20: The above graph indicates the number of Years in Private Practice/Teaching of the orthodontists 

attending the Canadian Association of Orthoâontists Conference. 



YEAR OF GRAD 

OPERATORS 

Fig. 3.21: The above graph indicates the Year of  Graduation o f  the orthodontists attending the Amerim 

Association of Orthodontists Conference- 



M O  OPERATORS 

YEARS IN 
PRACTKEACH 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 

OPERATORS 

Fig. 3.22: The above graph indicates the number of Years in Private Practice/Teaching of the orthodontists 

attending the American Association of Orthodontists Conference. 



3.9 CalMod Indes 

The CalMod index does appear to have advanrages over the DAI and Liken (V-A) scale as it 

was able to distinguish between Case No, 3 and Case No.4, th* Case No. 4 was the more complicated case 

and was given the highest score of 55 (See Fig. 3.6). Case No. 4 according to the CalMod index is 

considered to be a severe handicappuig malocclusion according to the large ove je t  of 9mm, and would 

automatically qua1iQ for orthodontic treatment in California 

3.10 Cephalometric Records 

The cephalometric tracings of "A" and "B" cephs and theü superimposition and the Manitoba 

analysis ( the four cases were al1 children who were fiom Manitoba and lived here most of their [ives) can 

be found in Appendix 5. 

3.11 Summary 

The results of this study therefore conclusively indicate that the DAI & Likert scores cannot assute 

consistent assessments of the treatment dificulty. Furthemore. CalMod scores offer iittle additional 

benefits, as  illustrated in Fijpre 4, CalMod case scores. 

These conclusions may therefore be sumniarized by the following; the DAI, Likert and CalMod 

indices cannot assure consistent assessments of treatment difficulty 
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DISCUSSION 

4.0 Categorization of Treatment Diffiulty 

Quantitative descripton are more appropriate to defme biological phenomena (Uicluding 

individuals' healthcare service needs), than the potentially biased subjective assessments of health care 

administrators and health care specialists . Although such descriptors are particularly relevant to the 

assessrnent of orthodontic services required to resolve a malocclusion, where progress to date has been slow 

relative to many other healthcare services, e.g. services for hypertension (Moser, 1998). For instance, 

various indices have been developed to: 

O describe malocclusions (e-g. Angle, 1 899; Ballard & Wayman, 1964); 

collect epidemio togical data on maloccIusion prevalence between populations (Elsasser, 

1953; Van Kirk & Pemell, 1959; Poulton & Aaronson, 196 1); 

priorize individuals' orthodontic service needs (Draker, 1960; Grainger, 1967; Brook & 

Shaw, 1989); 

evaluate orthodontic service outcornes (Richmond et al., 1993). 

Unfortunately, assays to assess the complexity of orthodontic services required to resolve specific 

rnalocchsions have so far proved elusive, although their potential advantages are clearly apparent: 

the objective discrimination of orthodontic services that should be preferentially provided by 

specialists rather than non-specialists; 

O the reduction of contentious variations in orthodontic service types and timing (often patient 

driven) for apparently similar occ lusal discrepancies; 

the provision of objective measures to differentiate the orthodontic service fees for different 

types of rndocclusion, (Le. professional fees that are fùnctions of the required service 

complexity). 

The urgent need for a quantitative approach was underscored by the current investigation, where 

the categorization of service complexity (treatment difficulty) for four Class II cases by different specialists 

proved unacceptably inconsistent (even though case appraisals based on the DAI proved more consistent 

82  



than their subjective visual assessments)- This also raised another common problem for many other 

aspects of dentisb);: the iack of accepted clinical guidelines relative to the more than 1800 clinical 

guidelines catalogued for other healthcare services (Citmme, 1998). 

A conceptually most usefiil index would be one that defined orthodontic service complexity. 

There are many potential advantages of such an index, includhg the following: 

target the most appropriate skills to provide the most appropriate service(s) for individual 

patients 

set an appropriate thid-party service fee for specific patients 

inforni and obtain more valid consent fiom specific patients 

Inconsistent assays for service cornplexity (difficulty) required to resolve specific Class II 

rnalocclusion cases also illustrate why, 

0 the "art" of orthodontics has yet to progress to a "science" (Baumrind, 1998); 

the inabitity to predict service outcomes disappoints even experienced specialists; 

0 the fiequent need to institute unanticipated mid-course corrections to achieve the intended 

clinical objective; 

the provision of orthodontic services by non-specialists that fa11 short of the "specialists" 

standards (Woodside, 1998)- 

These are issues that clearly need further discussion. 

4.1 Imprecise Craniotcial growth predictions 

Accwate assays of the services to resolve a particular malocclusion are principally constrained by 

the inability to predict craniofacial growth changes. For instance, mandibulas growth generally grows in a 

downward and fonvard diction via posterior growth and anterior displacernent (Enlow & Harris, 1%4), 

although the rotational component is more difficult to predict (Baumrind, Korn & West, 1984; Skieller, 

Bjork & Linde-Hensen, 1984; Lesiie et al., 1998). For exampte, a Class CC dental case in the mixed 
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dentition progressing to a Class 1 dental molar relationship on Class II skeletal base with minimal ove jet, 

and rnoderate crowding in the mandible, long LAFH, There could be a number of growth scenarios, 

a) if the mandible has a vertical gfowth pattern the patient rnay end up with an openbite and more 

severe Class II skeletal, requYurg extraction of two lower k t  bicuspids, a one piece maxillary 

impaction, mandibular advancement with a vertical reduction advancement genioplasty, or 

b) if the mandible has a more horizontal growth pattern, the patient may end up with a Class IrI molar 

and uicisor relationship which would require extraction of two lower first bicuspids, a one piece 

maxi l lq  impaction and a mandibular setback, and a vertical reduction sliding genioplasty 

Therefore, depending on the direction of growth, the mandible would be treated surgically in the exact 

opposite direction, either 

a) mandible moved forward or 

b) mandible moved backward- 

If on the other hand growth is entirely favourabie, a High Pull Headgear (HPHG) is worn sufficiently 

(cornpliance issue), and the mandible grows in a more horizontal than vertical direction, just enough to 

decrease the overjet, but not too much where the incisors become Class 111, then the case may be treated 

simply with the extraction of two lower bicuspids and HPHG, and an vertical reduction advancement 

genioplasty, without the need for complicated two jaw surgery. 

Of course it would require very thoughttiil treatment planning by an orthodontist to be able to treat 

such a case and even then it is impossible to predict the fuial treatment plan and outcome of such a case due 

to the vagaries of growth. The treatrnent plan of choice, and aIso the possibility of either of the other two 

treatment plans which included complicated surgery would need to be discussed with the patient and the 

parents prior to the start of treatment. 

Growth prediction for the craniofacial skeleton as a whole elicits similar concems, since the 

magnitude and direction of growth directly impacts on the stability of the final orthodontic service outcome 

(Ricketts, 1957). For exarnple, a Class II Division I crowded case in a 1 1 year 6 month old femde in 

mixed dentition, The planned treatment is the extraction of upper fkst bicuspids and lower second 

bicuspids. At the end of 30 months of fil1 multi-banded orthodontic treatment with Class II elastics, the 



malocclusion is corrected and everything appears fuie- Years Iater, when the young lady is in her late 

20's, her right uppet jaw begins to gmw asymmetrically causing a skewing of the upper dentition, the 

rnidlines are no longer coincident with the maxillaq midline shifted 3mm to the Ieft, and a large buccai and 

anterior overjet invoIving the upper right fust molar (tooth # 16) to the upper left ïncisor (tooth #2 1). Now 

the case needs to be reevaiuated and assesseci to ensure no firruier growth will occur prior to a second phase 

of onhodontic treatment. 

Despite numemus modeIs to improve growth prediction, incIuding mesh diagrams (Moorrees & 

Lebret, 1962), grids (Johnston, 1975). arciai growth evaiuations (Ricketts, 1972)- templates (Popovich & 

Thompson, 1977). multivariate tegression methods (Bhatia, Wright & Leighton, 1979), mathematical 

formulae (Todd & Leonard, 198 l), craniofacial growti~ remains difficult to predict- For exampie, it is 

generally thought that the growth of the mandible in femaies stops just pnor to their pre-puberta1 growth 

spurt. In a Class II division 2 malocclusion in a 12 year 4 month old female with a large overjet (ovejet = 

8 mm), and an obtuse nasolabid angle. In order to improve the upper lip profile it is not recomrnended to 

extract maxillary fust bicuspids to correct the maxillary mwding or to decrease the ove jet- Yet it is 

unlikely that growth of the mandible will occur to help decrease the ove jet at this late stage of growth, 

however, if the patient is a late grower, the mandible may after the proclination of the maxillary incisors, 

rnay correct its position sufficiently that with the help of Class II elastics and sorne remaining growth of the 

mandible, the ove j e t  can be corrected without the need for a mandibular advancement- 

Even the more recent methods based on the Bayes theorem (Iverson, 1984), using statistical inference 

to estimate the Iikeiihood that a particular feature observed in a sample population will occur in the total 

population, have lirnited applications as illustrated by craniofacial growth in Class II children aged 6- 12 

years with fàvorable and unfavorable growth patterns (Rudolph, White & Sinclair, 1998), where this 

rnethod incomctly identified 17.8% of patients as "poor growers" (a child in which growth is no longer 

expected) and 5 % as good growers (a child in which a significant arnount of growth is d l 1  remainhg). 

Few studies have centered on craniofacid p w t h  in untreated Class II children, however, although 

their highly variable patterns (Bjork, 1969) are clearly different fiom "normal" subjects (Buschang et al-, 

1988). Moreover, imprecise cranioîàcial growth predictioas are mainly responsible for the difficulties in 



assaying the service complexities required to resolve Class II malocclusions (Tulloch, Proffit & Phillips, 

1997). A more ment clinical trial on the services required to treat Class 11 malocclusions underscores such 

dilemmas, since the severity of the malocclusion or the time required to resolve the malocclusion, proved 

less important to the iïnal outcome than the variable skeletal growth patterns (Tulloch, Phillips & Proffit, 

1998). Tulloch reported on data Corn 107 severe Class II pm-ents who participated in a randomized 

clinical trial and who had completed phase 2 treatment at the time of publication of the article. The trial 

was conducted in order to a m e r  two questions: "Cm you change growth?" and "Does early growth 

modification make a long-term difference?" Their conclusions were ..,"Variability in skeletal growth 

pattern appears to be a major conm'butor to varïability in treatment response." Other parameters may also 

be important determinants of service complexity, including patient cornpliance (Egolf, BeGole & Upshaw, 

1990) and chician proficiency (Tulloch, Phillips 1Yr Profit, 1998), although the assessrnent of service 

complexity required to resolve a particular malocclusion is pcimarily constrained by the imprecision of 

craniofacial growth prediction, 

4.2 Consequences of Inaccurate Predictors of orthodontic service compkxity (difficulty) 

The inability to accurately predict craniofacial growth changes is important when viewed in the contem 

of the recent economic success of North American (including Canadian) dentistry. Since this success may 

be IargeIy attributed to the increased availability of insurance benefits, dental insurers have gained an 

enormous potential to control dental (includuig orthodontic) markets. For instance, by providhg insurance 

payments for orthodontic services fiom both specialists and generalists, insurers have contnbuted to the 

relative demise of the specialty, i.e. the majority of orthodontic services are provided by non-specialists 

rather than specialists (Waldrnan, 1998). An increase of 3-7 million youngsters (between the ages of 5 and 

19 years in 30 States between the years 1987- 1995, and a decrease in the number of orthodontists during 

this t h e  would also support the idea that an increasing percentage of insurance payments are made to non- 

specialists (Waldman, 1998). Futhermore, whereas the opinion of orthodontic specialists (in common with 

those of physicians) was rareLy challenged by insurers in the past, the recent introduction of market-driven 



healthcare refonns (e.g. health maintenance organkations, preferred provider options, etc,) now threatens 

to fiuther erode their autonomy. This concern is particularly relevant to managed care plans, whose fiscal 

restraint strategies increasingly tend to testrict s e ~ k e  provisions to generalists rather than specialists. 

Professional standards of care for al1 but the wealthiest patients are thetefore increasingly deftned by 

insurers rather than the profession, as iilustraîed by the view that contemporaty orthodontics has become 

inundated in a world of managed care organizations, insurance reporting, peer review, malpractice 

insurance. " ..cornpetition h m  non-specidists in orthodontics, rIsk management and changes in the 

patientdoctor relation" (Miner & Moonees, 1993). These concerns would, however, be reduced by the 

development of rigorous assays to discriminate benveen "miid" and "severe" malocclusions. From the 

perspective of the condyle, up and fonvard growers tend to have counterclockwise changes in the c h h  

point and the dentition, and the correction of a Class 11 malocclusion can be more easily achieved. Up and 

backward growers have more clockwise changes in the position of the chin point, due to the influence of the 

teeth which have erupted venically. In the case of a child with leptoprosopia, the influence of the weak 

musculature has a significant influence on growth, causing the development of dolichocephalia or a long 

face. 

4 3  The need for "gold standardsgp 

There is an inherent dichotomy between the provision of insurance benefits for orthodontic 

services and the Iack of specified ("gold") standards for theu outcomes. Consequently. when faced 

with patient dissatistaction with theu orttiodontic services, insurers typically rely on clinically derived 

professional service standards defined by dental records and their consultants' opinions. This is a NO- 

edged sword: 

the opinions of insurers "expert's regardhg service outcomes are not only difficult to 

challenge due to the lack of peer-review standards; 

a orthodontic service standards therefore depend on those defined by good clhical practice 

rather than rigorous scientific (meta-analysis) reviews. 



As there are no "gold" standards to differentiase between: 

necessary/unnecessary orthodontic senrices 

simple/complicated orthodontic services 

(simple = removeable appliances, compIicaîed - multi-banded fixed appliances) 

satisfactoq/unsatisfactory orthodontic service outcome 

(measured by the PAR score of pre-treatrnent and pst-treatment study models) 

They are currently based on "accepted principles of professional orthdontic practicen, without 

delineating whether such standards relate to those for specialists or generalists, The inconsistent 

orthodontic case assessments beniveen specidists on the differentiation between simple (removeable 

appliances) or difficult services (multi-banded fixed appliances) required to resolve particular Class II 

malocclusions established by the present investigation then served to underscore this dilemma 

This dilemma is m e r  compounded by the American Association of Orthodontists faiIute to 

endorse an index to defme either needs or to priorize their urgency. Other dilemmas arïse from this 

deficiency, including the development of guidelines to delineate the most appropriate appliance (this may 

be impossible to achieve) or timing (early mked dentition or adult dentition) to resolve specific 

malocc lusions. Suc h deficiencies are unfortunate, since the Amencan Association of Orthodontists has, by 

inference, opted out of the development of service standards, i.e, the distinction between services that 

should be preferentially provided by specialists rather than non-specialists. The resultant "the inexorable 

unfavorable patient response tiom excessive use by Uiadequately k n e d  orthodontists and non- 

orthodontically trained paedianic dentists and general practitioners, has produced a wave of fnistration and 

backlash to fùnctionai (orthdontic) appliances in many quarters" (Graber, Rakosi & Peuovic, 1997)- 

Clearly m e r  research is required if the "art" of orthdontics is to be teplaced by scientific p~ciples .  

4.4 Areas requiring iurther researcb 

Although the current study showed that the DAI provides a consistent pattern of case assessrnent 

by 42 orthodontists with varying degrees of experience, the Arnerican Association of Orthodontists ( 1990) 
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stated that it "does not recognize any index, rathg ciassification or coding system as scientifically valid 

measures of the need for orthodontie treatmentn- There is stili a concem that an index cannot encompass al1 

of the factors regarding service need- 

Although the CalMod index has been tested mice in the courts in California and offers some 

benefits over the DAI and the Liken indices- Accurate assays of matment difficulty are constrained by the 

inability to predict craniofàcial growth changes- 

No index can replace an objective assesment by an orthodontist doîng a complete examination 

and thorough cephalometnc analyses to determine the exact îreatment required for each patient, Neither 

can any growth prediction graph, hand wrist radiograph, or racial statistical noms give the orthodontist an 

accurate indication of when growth will occur and to what extent it wiIl correct an A-P discrepancy, or 

worsen the malocclusion by excess vertical growth of the maxilla, causing downward an backward gowth 

of the mandible and a worsening of a Class II profile, 

Despite these Ihitations orthodontists are generally able to predict using the knowledge in the 

pubiished Iiterature and their experience and subtle hints fiom familiai comparisons. the way in which a 

particutar patient will grow and the appropriate treaanent plan for each patient. There will always be the 

exception to the rule, and the odd patient which will either not grow at d l ,  or will continue to grow far 

beyond the expected p e n d  of growth. These cases must continually be reassessed and followed up with 

annual growth rneasuremcnts and cephalometric radiographs (which is unethical by today's health 

guidelines) until the orthodontist fiels confident that growth has stowed or stopped, particulariy in a Class 

III case (in fernales 98 % of growth is complete by age 15, and 100% complete by age 18; in males - 98% 

of growth is complete by age t 8, and 100% of growth is complete by age 25), and can then proceed with 

treatrnent including surgery. Accordhg to the work of Beherents (1985) growth continues throughout life, 

although the yearly increments are small, the overall change thmugh the years is large. This m e r  

compounds the problem. Indeed, orthodonties is an "Art" stxuggling CO become a "Sciencew. The 

deteminants may not be meamrable in precise terms for years to corne. 

Therefore, any index is just another adjunct to add to the arrnamentariurr. ofthe 

orthodontist/researcher who is trying to detennine trends in populations and predict into the tüture using 
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actuarïal tables to estimate what the nurnbers of patients tequiring orthdontic treatment will be in the 

tüîure. 

4.5 Why the data frorn this investigation must be interprcted carcfully (with a pinch o f  mit) 

tn order for the orthodontistlresearcher to determine which index wili be best suited to hisfher needs, 

each index must be tested, evaluated and validated in cornparison to the other indices in order to choose an 

existing index, or if there are no existing indices which wili do the job, to develop a new index which will 

fit l fil1 the needs of the orthodonWresearcher. 
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SUMMARY AND FUTURE ~ S T I G A T I O N S  

5.0 Conclusions 

It seems that we can determine the relative severity of a malocclusion using various indices such as 

the DAI or the Liken Visual Analog (V-A) scale with some consistency, with Little variation occurring 

between orthodontistr k m  different educationai backgrounds, country of origin, and years of experience. 

Canadian orthodontists using the DAI index and the Likert Visual Analog (V-A) scale, chose Case 

3 as the most diEcuIt case, which coincided with the same case the AAO orthodontists attendees chose 

(fiom the same 4-case sample) using the Likert Visual Analog scale. 

Therefore we cari conclude that; 

1. The DAI index offers no advantages over the Likert (Visual-Analog Scale) and are therefore 

equivalent in determining îreatment difficulty 

2- The CalMod index is superior to the DAI and VAS in determining treatrnent difficulty and 

since it has also been tested in the courts twice in California, it can be relied upon for 

improved validity. 

5.1 Future Research 

1 ). A study of a group of native chiidren ftom an isolated northem community can be done to determine 

the prevalence of malocclusion amongst young adolescent and teenage children ushg the both the 

DAI and the CaIMod indices. A cornparison of the validity of the indices and their ability to predict 

the need for orthodontic treatment in the community can then be assessed, This can then be utilized 

to predict the need for orthodontic treatment in the Native population and other subgroups of the 

population in Manitoba. 



An ideal index can be developed using al1 the best features of borh the CALMOD and the 

Manitoba-Modifki DAI indices (See Appendix 6). This propsed Manitoba-Modified Index will 

consist of two parts initially and can be tested in a pilot study in order to detennine the elements for 

the firture index, Once validated, the Manitoba-Modified index can be used to detemine treafment 

need in tiiture studies. 

Part 1 - will be exactly the same as the CALMOD Index. 

The CALMOD index Is simple to use wïth various dentd anornailes autornaticaIïy 

qualiQing the orthodontic malocclusion as requuing treatrnent- It has been tested in the courts in 

California hn'ce and has stood the test of legal scrutiny. 

Part II - will consist of the M a n i t o b a - M o d i f i  DAI. 

The original DAI combines occlusal, esthetic and physical parameters as a single score. It 

has been tested extensively and has been shown to be both valid and diable when testing North 

Amencan Caucasian populations as well as sup-population sarnples, such Native Americans. I t  has 

been adopted by both the United States of America Indian HeaIth Service and the World Health 

Organization for individual and epidemiological assessments of orrhodontic treatment-need- 

3). Studies of "A, B, C, D" records of patients who have been treated in the graduate orthodontic clinic 

can be studied ushg the new Manitoba index, cornparhg the need for treatment, the difficulty of 

treatment, and the final outcome of marnent. 

4). The new Manitoba index can be used when entering existing patients into the cornputer using the 

new scanner and Ottho Vision Cornputer Program and a Manitoba Index score can be assigned to 

each case which could then be utilized for fihue cornparisons of treatment need, treatment difficulty 

and treatment outcome. It can also be used to compare trends in the level of difficulty of cases 

selected for treatment in the University of Manitoba graduate clinic, undergraduate clinic, the private 

practices of orthodontists, and other dental case providers in Manitoba . 
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Appendix 1 

Superirrparlion d the 4 pre-treatmnt cephs 



INITIAL ASSESSMENT OF S N D Y  MODELS 

UTILIZING THE 

DENTAL AESTHETIC INDEX (DAI) 

i 1 I t:::z:::l 
/4.) Diastema in mm. 1 j 3 b::::::::~ 
1 1 I L..,..,.! 

t::::::::i 
I 

7) Anterior W ü a r y  ovsrjot in mm, 



Crowding in tht IatW Segmeau dtbc A n b  

Examine both upper d lowcr Uw*il segmcriu for crowding h m  hail CO Iitml. 

Tuth may be romid or dispiasad out of digmun in the uch. The number of  intiml 

segnents (ach incisai segment consisr of four inciron in a t k  the uppa or Iowa uch) 

uith aowdins rccorded as O. 1. or 2 ( O - no segments ctowdcd. I = I segment crowded. 

2 = 2 scgnmts crowded) When in d d t ,  usign the 10- score. 

Do not d r& UIEO1( s e p a u  crowded if f i  incisors are in proper rlipncnt ôut 

cithtr or both unines u e  bisphcd 

Sprcing in the l rc i rJ  Segment 

E x M i i n b o t h t h t u p p a d ) O u i i C r h c i d ~  fwspaciq h m  h t d  to l i tad.  

If one or more incisot tcah hrvc pmxinul surfices without any intedentai contact the 









Appendix 3 

INITIAL ASSESSMENT OF STUDY MODELS UTUIIZING 
THE 

LIKERT (VISUALANALOG) SCALE 

Please evaiuate cases 1-4, using the following scaie from 1 to 10 to evduate the difficulty 
of treatment. Circle one number per case. 

Case 1 1 2 3 4 5 6 7 8 9 10 

Case 2 1 2 3 4 5 6 7 8 9 10 

Case 3 1 2 3 4 5 6 7 8 9 10 

Case 4 1 2 3 4 5 6 7 8 9 10 

(Bagozzi & Phillips, 1982) 



ASSESSMENT OF ORTHODONTIC TREATMENT MODALlTIES 
IN 

NORTH AMERICA 

The purpose of this s w e y  is to gather data conceming current trends in 
orthodontic treatment in North Amenca 

Yom marne is not requireà AI1 of your m e r s  will be tabdated aaoaymous~. 

Your t h e  and cooperation in filling out this s w e y  is greatly appreciated. 

Demograpbic Data 

Province/State/Country in which you practice 

Year of Orthodontie specialty graduation 

School of graduation 

Number of years in private orthodontic practice andor teaching 

Number of days per week in orthodontic practice 



(CALMOD) - Handkapping Labioliagual Dcviatioa (HLD) Cades* 
(You will nad this scorcshat snd a Bolcy Guage or a disposable ruler) 

Proccd u re: 
6 Position the patient's tbtth in cattric occlusion 
6 Record ai1 meanuaiients in the d e r  aven  and rwnd off to the nearrsr millimttcr (mm). 
6 ENTER SCORE 'O' IF CONDLTION IS mENT 
6 If anterior crowding and an cctopic emptim am prrsait in the anterior portion of thc mouth, scorr only the most s e v a  condition 
6 The use of a recorder (assistant) îs recommcndcd 

Conditions: HLD !Qwe 
CLEFT P U T E  DEFORMITEES 
(Indicate an "X" i f  p m t  and score no turthcr - 
DEEP IMPiNCfNC OVERBïïE when LOWER [NCISORS are Qstroying the 
SOFT TISSUE OF THE PALATE. 
(Indicafe an 'X" if prcsent and saxe no f i t n h c r j .  
CROSSBITE OF INDIVIDUAL AYTERIOR TEFM when destruction of 
SOFï TISSUE IS PRESEM 
(Indicate an "X" if prerait and soon no tirrttia) 
SEVERE ïRAUMATCC DEYUTiON!5(Eg loss o f  a premaxilla scgmcnt by bum or by acciden~ dK muit of 
ostcomyclitis: or o h  gros pathology. AITACH DESCRlPnON OF CONDmON) 
(Indicatc an *X" if present and score no fiirtha) .. 
OVERIET CRUTER TIUN 9 M W  
With INCOMPETENT LIPS or REVERSE OVERiFT greata han 3 S m  with rrportcd M I C A T O R Y  AND 
SPEECH DIFFICULTIES 
(Indicare an "X" if p m n t  and score no Mer)-.-.--.-.--.-.-- --... -. ...... -...-.- - 
OVERIIT in --- 

OVERBïïE in mtn- 

MANDIBULAR PROTUSION in mm x S =  
OPEN BITE in mm- .. r l =  

IF BOTH ANTERIOR CROWDiNG AND ECTOPIC ERUIWON ARE PRESENT IN THE 
Ah"RIOR PORTION OF THE iUObTH, SCORE ONLY THE MOST SEVERE CONDITION. 
DO NM SCORE ROTH coNDmoNs 

9. ECïOPIC ERUïTïON 
COUNT EACH TOOTH, EXCEPT 3RD MOLARS- 

10. ANTERIOR CROWDiNC 
Score one point fot MAXILLA an& one point for MANDIBLE; 
TWO P O N S  maximum for anterior crowding-' 

I 1. LABIOLINCUAL SPREAD in mm - 
1 2  PO!TïERIOR UNILATERAL CROSSBCTE ( m m  involve 

TWO or MORE ADJACENT TEIXH. one of which MUST BE A MO& Score 4 

IF A BENEFlClARY DOES NOTSCORE 26 OR ABOYE, H U N E  L W  BE ELIGIBLE 
UNDER MSB. IF MEDICAL NlECESSiTY IS D O C U M E I D  (AITACH MFORMAiiOW 
*(Parker, 19WI) 



HANDICAPPING LABIOLINUAL DEVUTION UUDEX (HLD) - SCORINC INSTRUCTIONS 

The intent of the HLD index is to m ~ w n e  the prcsaicc or absencc and the degrec of the h9idicap carscd by the componenn of the 
Index and not to d i  "malocxlusion". Al1 ~ ~ ~ S U F C ~ Q I S  ac made with a Boky Guagc (or a â i i k  nila) scalcd in 
millimaas. Absence of any conditions musr k tccocdcd by cntcring 3" (=fa to aitachcd samshccc). 
The following infomiation should hdp claRfy the catcg- on the HLD Indcr<: 

1. 

2 

3. 

4. 

SA. 

SB. 

6. 

7. 

8, 

9. 

10. 

II. 

12. 

Decp Impiogiog Ovtrk'te: Indicatc an -Y on the scorshtct whcn Iowa oiEisors m Qtioying the sofl tissue of the palsu Do 
not score any lürkr if p m t  (This condition is aulomatically considacd to bc a handicapping malocclusion withwt furiher 
scoring ) 

Scvcrc Traumatic Dtvi.tioas: Ttaumatïc dcviations arr, for example, toss of a prrmaxilla segment by bums or by accidcnf. lk 
result of ostcomyeli~. or otha gros pathology. Indicate an %" on rhc 5COCC5hcct and aiiach documentation and dcsaiption of 
condition. Do not scorc any fUnhn if prcscnr (This condition is autmna!icaIly considaed Io k a handkqping malocclusion 
without ftrthcr saring) 

Ovtrjct grn t t r  tbaa 9 mm: If the ovc ja  is grieaier uian 9 mm with inaimpctait lips or ihe reverse ovja (mandibular 
prouusion) is grrater chan 3.5 mm with ri;poctcd masticaq and speech dificultics indiorc an "X" and s c o ~  no fllrtha. If the 
reverse overja is not gratm than 3.5 nml s a x e  under #7. 

Overjet in L)filtimcters: This is riccordcd with the paient's wui in ccnmc occlusion and meanad fnnn the labial ponion of the 
lower incisors to the labial of rhe uppcr incisors. The meanirement may apply to a promrding single tooth as well as to the -le 
arch. The measurement is read and Fwnded off to the neimst millimefa and ait& on the sc~restieet 

Overbitt in Miliimctcn: A pend mark on the fmth indicating the extait of ove- fàcilitates this mcanirrmcnt It is m u r r d  
by rounding off to he neartst millimeia and enmu! on the scocshccr -Reversew ovabitc may cxist in cumin conditions d 
shwld be rneasurcd and c e c d d  

~Mandibular Pmnwion in Milliwten: Score cxactly as mcasured h m  ttK IabiaI of fhc Iowa incisor to the labial of the uppcr 
incisor. The measment in millimctas is enta#l on tfK scoreshca and muitiplied by five (5). A muse ovcrbiic. if praent 
shouid k show unda -ovcrbite" 

Open Bitc in MiIlimeten: ïhû condition is &M as the absence of occIusa1 contact in the anterior rrgiaa It is rncasured fiom 
edge Co c d g ~  in millimas. The mcasuruncnt is aitemi on the scmshat and multiplkd by four (4). In cases of pronounccd 
promion asociated with open bite. mçanuanait of& opcn bite is not always possible in those casa. a close approximation cari 
usuall y k est i&. 

Ectopic Entptioa: Count each tooth excluding hird molars. Enm the numba of tccih on the samshat and multiply by thrrt 
(3). lf condition No. 10. anterior crowding, is also prcscnt with an cctopic crupion m dic anterior @on of the mouth. score d y  
the mas1 scvcrc condition. DO NOT SCORE BOW CONDiïïONS. 

Anterior Crowdiag: Arch lcngth insufficiency musc acecd 3.5 m m  Mild diat rnay favorably to stripping w mild 
expansion proctdures arc not to k s c d  as crowdcd. Enta fivc (5) pain& cach for maxillacy and mandibular antcrior crowdkg 
If condition No. 9. cctopic emptia is also prcsait in the anterjar @on of the mouth. s m  tht most s c v a  condition. DO NOT 
SCORE BOTH CONDïi'iONS. 

Labidiagual Sprad: A Boley Guagc (or a disposable d e r )  is used m dammint the adait of dcviation fiom a n o d  d 
Where the= is only a promrded or lingually displaceci antaior tooifi the masurement should be made h m  tht incisa1 dg of that 
tooth to the normai arch Iinc (kfiawise, the iotai â i i œ  bnwtai thc most pocnrdtd tooth and the lingually displaccd anraior 
-th is meitsd. -Che labioiiigual spread probabty cornes close to a mcasurrmait of o v d l  deviacion what would have 
bem a normal arch. In the evait chat multipk anterior aowding of tath is obxrved. al1 dcviations h m  ilit nomial arch should bc 
measured for labioliagual sprcad but only the most s e v a  individd mt;rnuantnt should bt entaui on rht in&% 

Posterior Unilitmi Crolabite: This condition involva two or more a d j m t  tecùr. one of which must k a molar. ï k  nossbitt 
must bc one in which the maxillary -or tah involvcd may ci* bc both palasl a ùcHh complcitly buccal in rclrim t0 tht 
mandibular postaior tctth. The of pasmior unilatemi -bite is indicaicd ùy a score of four (4) on the samshtct. 



Appendix 5 

Pre-treatment study models are shown below 

1 2 

1-1 1 (a) 



Table Appendix 5.1: Parameten Indicating lncreased Difficulty of Treatmcat 

(Note: The 'TOTAL SCORE' is the total number of  '+' in each colurnn, where each '+' is given a score of '1'. 
I f  each of the 4 cases had an equivalent number of '+' for a specific parameter, then that parameter was 
not included. For exampie 'Class 11 Skeletal' or 'Incompetent Lips' were not included as al1 the cases 
were scored equivalently for this parameter.) 

PARAMETER 

Non/Gmwet 

Ovejet (> 5mm) 

O v d i t e  (Deep - 
Palatally hnpinging) 

Dentai Rclationship 
(Class 11) 

ANB 

Nasolabid Angle 

Lower Anterior Facc 
Height 

Post crossbite 

MaxiIlary Anterior 
Crowding 

Mandibular Anterior 
Crowding 

Gingival Display 
(High smile) 

Wits 

Mandibular Plane- 
Sella-Nasion 

TOTAL SCORE: 

CASE 1 

- 

+ 

-i- 

+ 

3 (+) 

CASE 2 

- 

+ 

+ 

+ 

+ 

+ 

- 

c f  

+ 

8 (+) 

CASE 3 

t t  

1.  

++ 

it 

+ 

+ 

t t -  

- 

++ 

u 

te 

+ 

+ 

18 (+) 

CASE 4 

u 

u 

t 

+ 

f+ 

+ 

4- 

t t  

t t  

+ 

+ 

16 (+) 



Female 
0.0.8: 3/7/73 

(A) Age: 10ySm 

(B) Age: 13y8m 

Case 1 
Overall Superimposition 



Case 1 

Regional Superimposition 

Female 
D.0.B: 3/7/73 

(A) Age: 10ySm 

(B) Age: 13y 8m 



CEPHAU)METRfC ANALYSIS 
MANITOBA II 

PATIENT'S NAME CASE 1 BlRTHDATE 3 - 7 - 73 

DATE 1 16-12-83 1 11-3-86 1 
1 ACE 1 1Oy Sm 1 13y 8m 1 

CODE 

SKELETAL 
PATTERN PRE-TX POST-TX NORMS 

m' 

NP-FEI 
I O 1  

NAP 
IO1  

SNA 
1°1 

SNB 
1-1 

ANB 
I0l 

MPSN 
IO1  

MP-FH 
I O 1  

rtYSiMt 
[mm1 

ANSMc 
N-MC [XI 

N W  

DENTAL 
PATTERN PR€-TX POST-TX NORMS 

UI-NA 1 10 1 9.5 1 4.0 I 2.0 

A 
PRE- 

U l S N  
101 

[mm] 
UI-NA 

roi  

B 
Fo!n- 

101 1 104 1 104 1102.0+8.0 

I I  1 1 I 

LI-AP 1 0.5 1 6 1 2.6+1.6 

85.9 I 3.5 

5.1 * 4.5 

82.0 I 3 3  

79.0 f 3.4 

2.9 I 1.6 

32.0 I 5.5 

25.3 k 4.7 

65-0 f 5.0 

56.57 + 0.31 

81 

4 

77 

74 

3 

35 

29.5 

59 

59 

43 

[mm1 
UI-LI 

1" 1  
LI-MP 

101 

89 

- 3 

76 

77 

- I 
36 

25 

65 

59 

103.8 + 5.6 113 

I I 
- - - -  - 

[mm[ 1 
P-NB 1 2 3 1.0 * 1.3 

107 

31 

118 

88 

[mm1 
LI-NB 

I O 1  
LI-NB 

26.6 & 3.97 

124 

% 

17 

2.5 

126.7 + 9.0 

97.6 I 7 3 

32 

7 

28.3 + 2.8 

4.8 f 2.0 



Case 2 
Overal Superirrpositim 

Male 
D.0.B: 21 /6 /73  

(A) Age: 13y 2m 
(B) Age: 15y4m 



Case 2 
Regional Superimposition 

Male 

D.0.B: 21 / 6 / 7 3  

(A) Age: 13y 2m 

(B) Age: 15y4m 



CEPHALOMETRIC ANALYSIS 
MANITOBA II 

PATIENT'S NAME CASE 2 BIRTHDATE 2 1 - 6 - 73 

AGE 

CODE 

DENTAL 

13y 2m 

SKELETAL 
PATTERN PRE-TX POST-TX NORMS 

PATTERN PRE-TX POST-TX NORMS 
( UI-SN 117 1 106 1 103.8 I 5.6 1 

15y 4m 
I 

A 
PRE- 

85.9 k 3.5 

5.1 I 4.5 

82.0 + 33 
79.0 + 3.4 
2.9 i 1.6 

32.0 I 5.5 

253 + 4.7 
65.0 -t 5.0 

56.57 I 031 

102.0 k 8.0 

I I  I 1 L 

UI-NA 1 8 1 3 1 4.0 I 2.0 

B 
m- 

85 

8 

83 

77 

6 

35 

27 

67 

53 

12 1 

NP-FH 
l"1 

SAP 
1°1 

SNA 
I"I 

SNB 
lei 

ANB 
1°1 

MPSN 
I O 1  

MP-FH 
IO1 

ANSMc 
Imml 

ANS-Mc 
N-Mt ["hl 

N W  
1°J 

m .  

UI-AP 
[mm1 

UI-NA 
Pl 

85 

10 

82 

77 

5 

34 

26 

62 

53 

114 

I I  

35 

lmml 
UI-LI 

1-1 
LI-MP 

1°1 
LI-AP 

[mm1 1 1 I 
P-NB 1 2 4 1.0 Il3 

Imm] 
L I-N B 

1°1 
LI-NB 

5 

25 

117 

9 1 

O 

5.9 + 1.7 
26.6 f 3-91 

24 

5 

110 

106 

2 

126.7 + 9.0 
97.6 + 7.2 
2-6 k 1.6 

40 

8 

283 +, 2.8 

4.8 _+ 2.0 



Case 3 

Overal Superinposition 

Fe male 
D.0.B: 1 3 / 9 / 6 6  

(A) Age: 15y 1 Om 

(B) Age: 19y 9m 



Case 3 

Regional Superimposïion 

Fe male 

D.0.B: 13 / 9  /66 

(A) Age: 15y 10m 
Age: 



CEPHALOMETIUC ANALYSIS 
MANITOBA II 

PATIENT'S NAME CASE 3 BIRTHDATE 13 - 9 - 66 

1 DATE 1 2 7 7 -  1 22-5-86 1 
AGE l 1sy10m 1 19y 9m 1 1 CODE A I P(lC- I Km-- I 

SKELETAL 
PATTERN PRE-TX POST-TX NORMS 
NP-FH 

1-1 

NAP 
I O 1  

SNA 
toi  

I I  1 1 I 

DENTAL 

80 I 85 

9 

80 

ANB 
Pl 

MP-SN 
f "1 

MP-FH 
Pl 

85.9 f 325 

6.5 

84 

5 I 5 

36.5 

33.5 

PATTERN PRE-TX POST-TX NORMS 

5.1 * 4.5 

82.0 f 3 3  

2.9 & 1.6 

U [SN 
I "1  

UI-AP 
[mm1 

Ut-NA 
1°1 

U [-NA 
[mm1 

UI-LI 
1" 1 

LI-MP 
1°1 

LI-AP 
lmm) 

40 

38 

32.0 + 5 3  

253 + 4.7 

107 

1.7 

21 

28.3 k 2.8 
- 

4.8 f 2.0 

1.0 i 13 

109 

6.5 

27 

103.8 I 5.6 

5.9 f: 1.7 

26.6 3.97 

35 

8 

3 

LI-NB 
IO1 

LI-NB 
[mmJ 

P-NB 
lmml 

4.0 f 2.0 

126.7 f 9.0 

97.6 t 72 

2.6 I 1.6 

4 

126 

93.5 

0 

27 

4 

f 

4 

117 

94 

3 



Case 4 

Oveml Superinposition 

(A) Age: 13y 6m 

(B) Age: 16y 2m 



Case 4 

Regional Superimposition 

Female 
0.0.6: 27/2/71 

(A) Age: 13y 6m 

(B) Age: 16y 2m 



CEPHALOMETRIC ANALYSIS 
MANITOBA II 

PATIENT'S NAME CASE 4 BIRTHDATE 27-2-71 

1 DATE 10-9-84 1 16-4-87 

ACE 13y 6m 16y 2m 

SKELETAL 

t CODE A 
PRE- 

PATTERN PRE-TX POST-TX NORMS 

DENTAL 

B 
POST- 

[mm1 
ANShfe 

N-Mt I"/OI 
NLA 

I O  l 

85.9 2 3.5 

5.1 +_ 4.5 

82.0 k 3 3  

79.0 + 3.4 

2.9 * 1.6 

32.0 k 5.5 

253 t 4.7 

NP-FH 
IO1 

SAP 
1-1 

SSA 
1°1 

SNB 
1°1 

ANB 
1" 1 

31 PSN 
IO1 

hl P-FH 
101 

56.9 

114 

PATTERN PRE-TX POST-TX NORMS 

88 

10 

77 

71 

6 

36 

2 1 

I I  1 1 1 

I I  1 1 1 

UI-NA 1 7 1 5 1 4.0 & 2.0 

86 

15 

77 

70 

7 

40.5 

2.5 

1 

103.8 t 5.6 U 1-SN 
Io 1 

UI-AP 
[mm1 

UI-NA 
P l  

57.7 

112 

10 1 8.5 1 5.9 A 1.7 

56.57 f 0.31 

102.0 + 8-0 

1 03 

26 

[mm1 
UI-LI 

I0I 
LI-MP 

1°1 
LI-AP 

lmml 
LI-NB 

Io I 
LI-NB 

lmml 
P-NB 

lmml 

102 

25 

110 

110 

2.5 

37 

6.5 

1.5 

26.6 + 3.97 

113 

106 

4 

36 

9 

O S  

126.7 I 9.0 

97.6 $7.2 

2.6 k 1.6 

283 + 2.8 

4.8 k 2.0 

1.0 + 13 



Appendb 6 

Part I - Manitoba M o d i f d  (MANMOD) - Handicappimg L.biolingual fkviatioa (HLD) Index* 
(You wilI nccd ihis scoreshca and a Bolcy Gu- or a d i l e  ntler) 

Proccdurc: 
Position the patientv s teeth in centrie occlusion 

+ Rtcord ail mcaaaaiiarts in the orda *en and r d  off t thc nc;rat millimaa (mm). 
+ ENTERSCORE 'O'IFCONDITIONISABSENT 
+ If anterior nowding and an ectopic eruption arc prcs~lf in Ihe antaior pthn of the mouth, sane only ihe mast severe condition 

The use of a recorder (assÎstant) is raximmendcd 

Cooditions: HLD Sewt 
CLEFT PALATE DEFORHITIES 
(Indicate an "XW if prescnt and score no fiutha .-.. -- - -  . UIII 

DEEP IMPNCiNG OYERBClF wfmi LOWER INCISORS am dcffroying uic 
sot=rnssuE OF THE PALATE. 
(Indicate an "X" if prrsent and score no fwther) 
CROSSBiTE OF CNDlVlDUAL M E R J O R  TEETH whcn destruction of 
SOFï TISSUE IS P R E S W  
(Indicate an "x" if p m t  and uwp no f i )  .. 
SEVERE TRAUMATIC DEYlATIONS(Eg loss of a p d l l a  xgmait by bum or by accidait; tht mdt of 
osteornyelitis; or ochcr gros paîhology. ATTACH DESCRIPTION OF COM)CTION) 
(Indicate an "xn if presait and s a x c  no fiiruia) 
OVERIET CRWTER THAN 9MM 
With [NCOMPETENT LIPS or REVERSE OVERJFT g r e a t ~  than 3.5mm with m p o ~ ~ d  MASTICATORY AND 
SPEECH DIFFICULTIES 
(Indicate an "x" ifpresent and score no fiutha) ,............ ............. .....-.-- - 
OVERlET in mm 
OVERBlTE in mm 
IMANDIBULAR PROTUSION in mm r 5 =  
OPEN BITE in mm-- .. s 4 =  

9. ECTOPIC ERUPllON 
COLJNT EACH TOOTH. UCCEPT 3- MOLARS- 

10. &\TERIOR CROWDiNG 
Score one point for MAXILLA andor one point for MANDIBLE; 
TWO POMTS maximum for antenor crowding-, 

1 1. LABIOLINGUAL SPREAD in mm- - 
12- POSïERIOR UNILATERAL CROSSBîTE (mus involve 

TWO or MORE ADJACENT TEFM, one of which MUST BE A MOLAIL- Score 1 

IF A BENEFICIARY DOES NOT SCORE 26 OR ABOVE, HFISHE MAY BE ELIGIBLE 
UNDER AsB. IF MEDICAL NECESW IS -D (ATTACH ~ ~ ~ 0 N ) -  
*Pan 1 - u tbt srme u tbc W O D  I s d a  (Parker. lm) 



HANDICAPPING LABIOLINUAL DEVIATION LNDEX (HLD) - SCORING MWII€UCCIONS 

The intent of the HLD Index is to mtasurc the prcscnœ or absence, and the dqyec, of the handicap cascd by the componaits of dK 
Indcx, and not to d i i  'malocclusion". Al1 measurrmaits arc m d c  with a Bdcy Chgc (or a d i i l c  nrla) scalcd in 
millimerers. Absena of any amditions must bc rcconkd by aitering "O" (=fa to intachcd smdmt). 
The following information should hclp cl*@ the categorics on the HLD [ndoc 

1. 

2, 

3. 

4. 

SA, 

SB. 

6. 

7. 

8. 

9. 

10. 

I I .  

13. 

CicR Pilate DcfwmitM: indicatc an "x" on tht xwucshccr Do not score any fiuthcf if prescnt. (This condition is 
autornatically considacd to bc a handicappmg malocclusion without fiinha scoring) 

k p  Irnpiuging Overbitc: Indic# an "x" on the scorrshtct whcn Iowa incisas arc dcmoying the sot? tissue of the palatc. Do 
not mre any fiutha if prrscnt. (This condition is autom8ticaily amsidemi to k a handicapping malocclusion without î ïmk 
=ring) 

Scvcrr Trrumitic Dcvùtiocrs: Traumatic kviations arc. for examplc, loss of a premaxitla segment by bums or by açcidaiS the 
rcrult of ostt~myelitis or ouia gross padiology. Indici# an "xw on the scorcshcet and attadi documcntatim and dcscriptim of 
condition. Do not s a x e  any fitnher if pfescnt rT)iis condition is automatically corrsidacd to be a handiqping malocclusion 
without fhha K.oring) 

Ove j e t  g m t c r  thna 9 mm: If thc overjet is graiter than 9 mm with inaimpetcnt lips or the reverse ove rja (mandibular 
proausion) is greatcr than 3.5 mm with reporred masticatory and speech difficulties. indic* an "X" and uxxe no furiher- If 
revene ove& is not grcaier than 3.5 mm saxe undcr #7. 

Ove j e t  in Miilimcttrs: This is rcanded with the paient* s mth in anmc occlusion and mcasurrd h m  the labial portion of lhe 
lower incisors to the labial of the uppa incisors. The masuunait  may appty to a p m d i n g  singk tooui as well as to ik whok 
arch. The measurunent is tead and roundal off to the ncarest millimeta and cntacb on the scorshtct 

Overbitt in Millimctcrs: A pencil mark on the umh iridicating thc oatnt of ovaiap facilitates this measuremcnt It is measurcd 
by rounding off to the nearest millimeter and aitered on the samskt "Reverse" ovabitc may aisr  in catain conditions aid 
should be measud and recorded 

,Maadibular Protrwion in hlillimciers: Score ucactly as mc;rsurrd fhnn the labial of the Iowa incisot Co the labial of thc UpW 
incisor. The measurnent in miIlimeters is aiacd on the scorrshtct and multiplied by fivc (5). A mase ovcrbitz if prrsait. 
should be shown under "ovcrbite." 

Open Bite in MiPmcien: This condition is &f& as the absen- of occlusal contact in the anteriof region It K meanirrd 
dge to dge.  in rnil~imctas. The masurement is entaed on the smreshect and multiplicd by four (4). In cases of pninound 
prouusion associafed with open bite. measurcment of the open bite is not always poaible. In those ams, a close approximation can 
usually be estirnami 

Ectopic Eruptioa: Count cach 100th. cxcluding hird molars. Enta thc number o f  tcah on thc soortshta and multiply by tfuec 
(3). If condition No. 10. anterior mwding is aIso prscnt with an cclopic aupion in the anterior portion of the mouch, Score M ~ Y  
the most xvere condition- DO NOT SCORE BOTH CONDITIONS. 

Anterior Crondiag: Arch lengch insuficicncy m u  stcccd 3.5 mm. Mild that may rtact favwably to mipping or mild 
expansion produres are not to bc scored as mwded Enter five (5) points each for maxillary and mandibular anterior crowding 
If condition No. 9, ecropic aupaon. is afso p s a i t  in anmior mon of the mouth, saxe the most wcre amdition DO NOT 
SCORE BOTH CONDlTiONS- 

Labidinguril Sprcrd: A Bolcy Guagc (or a disposable ruier) is uscd to deramùu rhc cxtait of kviation fiom a normal arck 
Where therc is only a protnidod or lingually displad antaior tooth. the mcasurrmait should bc made fiom the incisd cdge of that 
tooth to the normal arch line. Orhenvise. ihe total d h c e  bctwieai the rnost prorruded tooth and the lingually displad ~~~~01 
tooth is measund 'Ihe labiolingual sprcad probably cornes close to a mcaumnent of overall dcviation ûom whaî would have 
ben a n o d  arch In the event chat multipk antaior crowding of tcah is obsave4, al1 dcvïations h m  the n d  arch sluwld bc 
mcasured for labiolingual spmad, but only the most xvcrr individuai mcasurcmait should bc cntaed on the indar 

Pastcnor Unilaterit Crossbite: This condition involva two or a d j a ~ ~ n t  teeth. one of which must bc a d a r .  Tht cronbite 
m u s  be one in which the maxillary po%rior iecüi involvcd may ci* bc boch palatal a both complctcly buccal in dation the 
mandibular @or teah. The p m a  of ponaior unilataal crossbitc is uidicacd by a sam of four (4) on Ihe 



DENTAL COMPPONENT 

1) ANTERiOR MAXILLARY OVERJET (in mm) 

2) ANTERIOR M A N ü I B U W  OVERJET (in mm) 

3) VERTICAL ANTERIOR OPENBlTE (in mm) 

6) TOTAL SCORE 

4) ANTERO-POSTERIOR MOLAR RELATION 
NORMAL = O  
'/2 CUSP = 1 
FULL CUSP = 2 

5) CONSTANT 

Sote: The diflerential wtigbtiqp rad tbe coomat arc tentative rad wmld mecd to k Vlilidrtcd in fatarc tatiag. 

** Part II - fmm Dr. K lhnyluk's tbaù (Ihnyluk. 1998) 

VALUE 

3 

7 

WEIGHTING 

2 

4 

4 




