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CLASS II ETIOLOGY AND ITS EFFECT ON TREATMENT APPROACH AND 
OUTCOME 

By 

David O. Mansour 
 

May 2010 
 

Chair: Calogero Dolce 
Major: Dental Sciences 
 

Managing a patient with class II malocclusion has been an ongoing discussion in 

orthodontics. The issues are in regards to timing and treatment approach. The 

Randomized Clinical Trial (RCT) done at the University of Florida (UF) showed there 

were no significant skeletal differences between patients treated in two phases versus 

one phase. Some claim that these results do not correlate to the clinical setting. 

Purpose: The aim of this study is to determine if orthodontists agree within themselves 

and each other about the etiology, timing and difficulty of treating patients with a class II 

malocclusion. Methods: This is a retrospective study, with the patient sample derived 

from the UF class II study mentioned above. The records were sent to 8 orthodontists, 

who diagnosed the patients. Within the group of patients, duplicate records of 18 

patients were dispersed. Results: The orthodontists decided that there was both a 

skeletal and dental component to the patient’s malocclusion 47.5% of the time.  They 

felt that the mandible would be the arch they would treat 38% of the time.  Overall, the 

raters were consistent within themselves 65% of the time when determining what type 

of malocclusion the patients possessed, 60% of the time when deciding which arch was 
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at fault when a skeletal imbalance was noted and 81% of the time when determining 

need for immediate orthodontic treatment.  The raters were consistent 33% and 77% of 

the time in regards to determining case difficulty and phase-2 treatment need, 

respectively.  There was a small but significant correlation between the consistency of 

the orthodontist’s responses and the PAR score.  Conclusions:  When analyzing the 

duplicate sample of 18 patients, the orthodontists felt that there was both a skeletal and 

dental component to the malocclusion a majority of the time.  The mandible was most 

commonly chosen as the arch that would be treated.  It was also found that the higher 

the PAR score, the more consistent the orthodontists were in there diagnoses of the 

case, this was a relatively low correlation however.  The intra-rater agreement was 

moderate when determining the etiology of each malocclusion.  Due to this insufficient 

intra-rater agreement, inter-rater agreement was not calculated and it was therefore 

impossible to accomplish one of the original goals of comparing treatment outcomes 

between patients after the etiology of the class II malocclusion was determined. 

 



 

CHAPTER 1 
INTRODUCTION 

Many factors go into the decision making process for determining the etiology, 

diagnosis, prognosis and treatment planning of patients with class II malocclusion.  

Many factors are very subjective.  A class II malocclusion can originate from 

discrepancies in the skeleton, dentition or both.  The clinician determines if the cause of 

the imbalance in the maxillary arch, mandibular arch or both.  For many years it was 

widely accepted that if a class II patient had a skeletal imbalance, it could be corrected 

in the mixed dentition with “early” or phase-1 treatment and then complete the dental 

correction during phase-2 treatment after all the teeth had erupted.  There is little doubt 

that phase-1 treatment is important for correction of certain orthodontic problems that 

could cause further harm such as crossbites, impinging overbites, severe crowding or 

disfiguring malocclusions, but clinicians continue to disagree on treatment timing and 

approach with patients with a class II malocclusion even though these questions have 

been studied with well controlled randomized clinical trials (RCTs).  These studies 

concluded that there are benefits to early treatment but there is no long term skeletal 

effect. 1-3 

RCTs are considered by many 4 to be the “gold standard” of clinical research so 

the class II trials should answer the questions that practitioners have on how we ought 

to approach treatment of a patient with a class II malocclusion.  Many clinicians, 

however, continue to perform “early” treatment in order to achieve what they believe is a 

unique orthopedic effect.  Several commentaries have questioned the validity of the 

class II trials completed at these academic institutions. 5,6  One argument raised is that 

clinical decisions are not made randomly so the randomization of subjects into the 
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phase 1 treatment groups, which was done in these studies, is not a valid study design. 

Although they are considered the “gold standard” for establishing treatment efficacy, the 

validity of RCTs and whether or not one can directly correlate their findings to the “real 

world” has been challenged in the past. The author points out that there is much 

individual variation in terms of response to treatment and states that it is the 

responsibility of clinicians to identify the patients that can be affected positively by the 

proposed treatment plan.  In other words, practitioners must be able to categorize 

different patients with a class II malocclusion based on its etiology and then make the 

appropriate treatment decision.   

Clinicians are faced with making diagnosis and treatment planning decisions with 

every patient and there are various reasons why practitioners will choose one treatment 

modality over another.  Some may have strong personal beliefs about appropriate 

treatment, while others may not be up to date with current literature and finally there can 

be inconsistent reports in the literature.  It can be difficult to be consistent with each 

other and within ourselves, especially with the vast amount of literature that is published 

in the field of orthodontics each year.  Baumrind et al 7,8 completed a study which 

addressed the agreement between orthodontists when it comes to the decision of 

whether or not to extract teeth on patients and found the clinicians in his study agreed 

with each other almost 66% of the time.  Lee et al 9 completed a project where intra-

rater and inter-rater agreement between 10 orthodontists treatment planning 60 cases 

was assessed.  They found that the intra-rater agreement was moderate and the inter-

rater agreement was poor.  It appears likely that when clinicians diagnose a complex 

problem such as a class II malocclusion, consistency may be a concern.  The purpose 
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of this study was to determine if orthodontists from around the country could agree on 

the phenotype of the class II malocclusion and the treatment approach of a patient. 

 



 

CHAPTER 2 
MATERIALS AND METHODS 

Data Sample 

This study was retrospective in design using the patients that were treated in a 

previous longitudinal, RCT completed at the University of Florida. 2  The study was 

designed to determine the effectiveness of treating patients with a class II malocclusion 

via early treatment with a bionator or headgear/biteplane.  An observation group was 

included as well to compare data with the treatment groups.  A total of 277 patients 

began the study with 95 in the bionator group, 100 in the headgear/biteplane group and 

82 in the observation group.  The two treatment groups were comprised of 40% females 

and the observation group was 36% female.  Average age for the headgear/biteplane, 

bionator, and control groups were 9.7, 9.6, and 9.5, respectively.  Inclusion criteria 

featured patients with at least ½ cusp class II molar bilaterally or greater than ½ cusp 

class II molar unilaterally.  The patients also required fully erupted 1st molars, positive 

overjet and overbite, no more than 3 permanent canines or premolars and good overall 

dental and general health.   

For the current study, orthodontic records of 159 patients were sent to 8 

orthodontists at various academic institutions throughout the United States.  Only 159 of 

the 277 patients were used due to the marginal quality of the initial records of some of 

the subjects.  Within the set of 159 patients, the records of 18 patients were duplicated 

and peppered throughout the sample randomly.  Peer Assessment Rating (PAR) scores 

were calculated on all of the patients in the study according to methods previously 

described. 10 The PAR is a scoring system which rates the difficulty of a case based on 

specific criteria. 11  The pre-treatment and post-treatment scores were calculated for all 
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subjects  and based on the pre-treatment PAR scores; the duplicate patients were 

distributed in order to ensure there was an equal distribution of low, moderate and high 

PAR scores.  Furthermore, the sample of 18 duplicate patients was similar to the total 

group in terms of SNA, SNB and ANB.  The only measure that was significantly different 

was FMA where standard deviation, minimum and maximum values are less extreme 

for the duplicate sample when compared to the total group.  The records consisted of 

intra-oral and extra-oral photos, panoramic, lateral cephalometric and hand-wrist 

radiographs and photos of plaster models.  The records were arranged on a 

PowerPoint® presentation, loaded onto a password protected flash drive and mailed to 

the different orthodontists.  Along with the records, a questionnaire was sent to be filled 

out on each patient.  Each practitioner received the questionnaires and flash drive and 

then was instructed to contact me via email for the password in order to begin.  The 

questionnaire, which can be seen in Table 2-1, included questions aimed at pinpointing 

the etiology of the class II malocclusion and whether or not “early” treatment was 

necessary in the eyes of the examiner.  

Investigators 

Seven of the eight investigators who participated in this study are board certified in 

the United States or the country where they received their orthodontic training.  Three of 

the investigators completed their orthodontic training at the University of Florida.  The 

three remaining investigators who trained in the United States trained at the University 

of Washington, University of Indiana and Vanderbilt University.  The two investigators 

who trained outside of the United States trained in Korea and Brazil.  These 8 

investigators currently hold teaching or adjunct faculty positions at various academic 

institutions throughout the United States. 
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Questionnaire 

Questions were written to extrapolate what each orthodontist uses in a set of 

orthodontic records to determine what the etiology of the malocclusion is and 

subsequently, how he or she would treat the case.  Respondents were told that any 

extractions of primary teeth, without the placement of appliances, was not considered 

immediate orthodontic treatment.  Any extractions of permanent teeth with or without 

the placement of appliances was considered immediate orthodontic treatment (phase-

1).  Any fixed appliances in the mixed dentition was considered immediate orthodontic 

treatment (phase-1).  Phase-2 treatment was defined as fixed appliances in the 

permanent dentition.  So, a person could have phase-2 treatment even if they had not 

had phase-1 treatment.   

Statistical Analysis 

A kappa statistic was calculated to measure intra-examiner reliability while taking 

into account the agreement occurring by chance.  The strength of agreement is slight 

when a kappa statistic is 0-0.2; fair between 0.21-0.4, moderate between 0.41-0.6, 

substantial between 0.61-0.8 and almost perfect between 0.81-1.00. 12 A Spearman 

correlation test in comparison to the PAR index was calculated to test for intra-examiner 

reliability in relation to case difficulty.   

   

15 



 

Table 2-1.  Questionnaire sent to orthodontists along with the records of 159 patients 
Subject ID #           Investigator ID #          
A. What type of 
malocclusion does this 
patient demonstrate? 

1) Skeletal 
2) Dental  
3) Both 
4) None 

B.  If you determine this 
case to have a skeletal 
imbalance, which arch 
would you treat? 

1) Maxilla 
2) Mandible 
3) Both 
4) No Treatment 

C.  Do you believe this 
patient has a malocclusion 
requiring  immediate 
orthodontic treatment? 

1) Yes 
2) If yes, why?                
3) No 

D.  How would you rate the 
difficulty of this case? 

1—2—3—4—5—6—7—8—9—10 

E.  Do you think it likely a 
phase 2 treatment would be 
necessary? 

1) Yes 
2) Maybe 
3) No 
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CHAPTER 3 
RESULTS 

The orthodontic records of 159 patients from the University of Florida class II study 

were sent and completed by the eight participating orthodontists.  The demographic 

characteristics and distribution of the patient sample has been previously described. 13 

Since there was poor agreement within (intra-rater) orthodontists in determining the 

etiology and treatment approach for each patient, the aim of the study was changed.  

The following results are based on the data which was collected from the duplicate 

patients in the sample.     

The investigators reported that a majority of the patients had a combination of 

skeletal and dental malocclusion as this answer was chosen 47.5% of the time, (Figure 

3-1).  In terms of the arch that each investigator would treat, the mandible was chosen 

38% of the time, while 37% would not treat either arch (Figure 3-2).  Difficulty ratings 

varied greatly with a score of “7” on a 10 point scale being the most commonly one 

chosen, approximately about 25% of the time, (Figure 3-3). 

The intra-rater agreement is depicted in Tables 3-1 and 3-2, based on the results 

from the duplicated patients within the sample.  Overall, the raters were consistent 

within themselves 65% of the time when determining what type of malocclusion the 

patients possessed, 60% of the time when deciding which arch was at fault when a 

skeletal imbalance was noted and 81% of the time when determining need for 

immediate orthodontic treatment.  The raters were consistent 33% and 77% of the time 

in regards to determining case difficulty and phase-2 treatment need, respectively.  The 

question regarding case difficulty was answered on a 10 point scale with 1 being the 

“easiest” case and 10 being the most “difficult.”  The raters’ answers on case difficulty 
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were within “+/- 1 point” on the difficulty scale 42% of the time and were off by more 

than “1 point” 25% of the time.  Raters 4 and 8 were least consistent of all the raters in 

any category with the question regarding case difficulty, with intra-rater agreement 

being 18%.  Raters 4 and 5 were most consistent of all the raters in any category when 

it came to determining phase-2 treatment need agreeing with themselves 100% of the 

time. 

The kappa statistic measures the percent agreement of the investigators but takes 

the possibility of “chance” into account.  Overall, the investigators had moderate 

agreement for determining the type of malocclusion possessed by the patient, deciding 

which arch was “at fault” if a skeletal imbalance was detected and determining whether 

or not phase-2 treatment was necessary.  The kappa statistic ranged from 0.18 to 0.55 

with a mean of 0.48 for the raters determining the type of malocclusion detected, from 

0.13 to 0.60 with a mean of 0.43 for the raters determining which arch was at “fault” and 

range of 0.10-0.82 with a mean of 0.55 for the raters determining whether or not a 

phase-2 treatment was necessary.  When determining need for immediate treatment, 

the investigators had substantial agreement within themselves.  The agreement ranged 

from 0.33-0.87 with a mean of 0.62 among the raters.  When determining difficulty of 

each case, the investigators had fair agreement.  The values ranged from 0.02-0.31 

with a mean of 0.21.  Raters 4 and 8 were least consistent of all the raters in any 

category with the question regarding case difficulty with a score of 0.02 or slight 

agreement.  Raters 4 and 5 were most consistent of all the raters in any category when 

it came to determining phase-2 treatment need.  Both had perfect agreement within 

themselves in regards to this category.  Overall, the raters were most consistent with 
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determining whether or not there was an immediate need for orthodontic treatment and 

least consistent when it came to quantifying case difficulty. 

Correlation between PAR index and variability of responses was calculated and is 

displayed in Table 3-3.  Again, PAR score was used to determine case difficulty and if 

that had an effect on the decisions made by the raters.  Overall, the intra-examiner 

reliability was directly correlated with increasing PAR score.  In other words, the higher 

the PAR score, the lower the discrepancy there was between the investigators’ 

responses.  This is indicated by the negative Spearman’s correlation coefficients.  

Figure 3-4 plots PAR score versus the sum of the differences of each rater’s scores.  

The higher the PAR score indicates a more difficult case.  The higher the sum of the 

differences value, the more inconsistent the rater was on that particular patient.   

Conversely, a positive Spearman’s correlation coefficient indicates that with increasing 

PAR score the discrepancy between investigator responses also increased.  

Investigator numbers 2 and 8 had positive Spearman’s correlation coefficients while the 

other investigators were all negative.  There are no values for investigator numbers 4 

and 5 in the cells that correspond to “phase-2 treatment need” because correlation 

cannot be estimated if there is no variability in response.  Both of these investigators 

responded that all patients required phase-2 treatment.  

  

 

19 



 

 

Figure 3-1.  Type of malocclusion determined by investigators. 

 

Figure 3-2.  Arch each investigator would treat. 

 

Figure 3-3.  Level of difficulty of cases determined by investigator. 
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Table 3-1.  Intra-rater agreement comparison (Percent agreement). 
  Raters 
 Overall 1 2 3 4 5 6 7 8 

Type 65 78 62 61 67 47 61 82 65 
Arch 60 72 62 67 50 47 22 82 71 
Need 81 78 94 78 67 76 78 88 88 

Difficulty: 
Exact 
+/- 1 
>1 

 
33 
42 
25 

 
44 
44 
11 

 
20 
53 
27 

 
22 
39 
39 

 
18 
35 
47 

 
53 
24 
24 

 
44 
44 
11 

 
41 
47 
12 

 
18 
47 
35 

Phase 2 77 67 69 65 100 100 89 71 59 
 
 
 
Table 3-2.  Intra-rater agreement comparison (Kappa statistic). 
  Raters 
 Overall 1 2 3 4 5 6 7 8 
Type 0.48 0.55 0.33 0.35 0.33 0.18 0.46 0.30 0.47 
Arch 0.43 0.47 0.36 0.44 0.34 0.26 0.13 0.30 0.60 
Need 0.62 0.56 0.87 0.51 0.33 0.61 0.56 0.72 0.67 
Difficulty 
(weighted) 

0.21 
0.55 

0.21 
0.32 

0.05 
0.34 

0.12 
0.39 

0.02 
0.15 

0.39 
0.31 

0.34 
0.68 

0.12 
0.26 

0.02 
0.48 

Phase 2 0.55 0.42 0.39 0.55 -- -- 0.82 -0.10 0.27 
0.0 - 0.2 slight agreement 
0.2 - 0.4 fair agreement 
0.4 - 0.6 moderate agreement 
0.6 - 0.8 substantial agreement 
0.8 - 1.0 almost perfect agreement 
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Table 3-3.  Correlation of combined PAR scores and differences between responses. 

  
n 

 
∆ type 

 
∆ arch 

∆ 
immed 

∆ 
difficulty

∆ ph 2 
need 

 
∆ sum 

All 
Spearman 139 -0.05 -0.09 -0.01 -0.15 -0.10 -0.19* 

Rater 1 
Spearman 

 
18 
 

-0.28 -0.11 -0.27 -0.21 -0.46 -0.29 

Rater 2 
Spearman 

 
16 
 

0.15 0.17 -0.36 -0.17 0.34 0.15 

Rater 3 
Spearman 

 
18 
 

0.34 0.44 0.14 -0.07 -0.56* -0.11 

Rater 4 
Spearman 18 -0.16 -0.44 -0.23 0.15 

 
 
 

-0.33 

Rater 5 
Spearman 

 
17 
 

-0.08 -0.38 0.10 -0.33 
 
 
 

-0.42 

Rater 6 
Spearman 

 
18 
 

-0.38 -0.05 0.22 -0.39 0.04 -0.22 

Rater 7 
Spearman 17 -0.35 -0.35 -0.15 -0.30 0.08 

 
-0.35 
 

Rater 8 
spearman 17 0.33 -0.12 0.43 0.15 0.17 

 
0.39 
 

* test of correlation = 0,  p< 0.05 
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Figure 3-4.  Scatter plot depicting correlation between PAR score and differences   
between responses. 

 



 

CHAPTER 4 
DISCUSSION 

Recently there has been criticism on the methodology used in the completed 

RCTs on effectiveness of “early” treatment of patients with a class II malocclusion.  The 

greatest shortcoming of these RCTs was their disregard for the etiology of the class II 

malocclusion. 5, 6  As a result, the validity of the conclusions of these studies which 

showed that “early” treatment had no detectable effect on a patient’s growth pattern has 

been questioned.  

In the current study, eight orthodontists were asked to give the etiology, diagnosis 

and general treatment plan for 159 patients whose records were taken from the 

University of Florida class II study. 2  Within the sample, 18 patients were duplicated to 

assess intra-rater agreement.  The practitioners were asked to decide if the 

malocclusion was dental and/or skeletal in origin, which arch they would “treat,” would 

they treat immediately, how difficult the case was and whether or not they felt a phase-2 

treatment would be necessary.  A major finding was that the practitioners were not 

consistent within themselves (intra-rater agreement) with the etiology and treatment 

approach of the malocclusion of these patients.  Overall the practitioners had 65% 

agreement when diagnosing the type of malocclusion and 60% agreement when 

describing which arch was at “fault”.  As a result, the original plan to assess inter-rater 

agreement could not be completed. 

Among the many reason for the intra-rater inconsistency was that no guidelines 

were given for the responses.  There are many factors that go into determining the 

etiology, diagnosis and treatment planning a malocclusion.  Some may focus on the 

occlusion, while other will place greater weight on the profile or cephalometric values.  
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Moreover these factors are in a continuum – i.e. molar class II can be from ¼ cusp to a 

full cusp or greater.  Given this and the fact that many of these variables are subjective, 

it is not surprising that there was moderate agreement within a rater.  Our results 

showing inconsistency in the orthodontists’ diagnosis and treatment planning has been 

seen previously in the literature.  It has been found that orthodontists are inconsistent in 

many diagnostic measures such as determining molar class, and crowding. 14, 15  We did 

find that there was more agreement in responses as the PAR score increased which is 

similar to what Lee et al. reported.  The difficult cases were easier to identify.  It is in the 

less severe cases where disagreement occurs. 

These data indicate that there is a significant amount of subjectivity when 

diagnosing the etiology of a class II malocclusion making it difficult to be consistent 

within oneself much less among each other.  There are countless variations of class II 

phenotypes of patients with a skeletal and/or dental malocclusion.  For example, a 

patient can be class I dentally with an ANB angle of 6° or class II dentally with an ANB 

of 2º.  One practitioner may like the profile of a specific patient while another practitioner 

may think he/she is mandibular retrognathic.  It is very difficult to randomize a sample 

into distinct groups when there are so many variables that make up a class II 

malocclusion.  So while it may sound idealistic to divide this sample according to 

etiology, this study has shown that orthodontists do not categorize patients consistently.   

Another factor for the within rater inconsistency many be “diagnostic 

thoroughness”. 16  This would include the time spent in thoroughly diagnosing a case, 

such as cephalometric tracing.  The cephalometric measurements were not included 

with the orthodontic records although the raters were permitted to trace the radiograph if 
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they deemed it necessary.  The lateral cephalometric radiograph is often used by a 

practitioner to determine if the etiology of the Class II malocclusion is skeletal or dental 

in origin.  It is unknown how many orthodontists trace their lateral cephalometric 

radiographs to aid in making treatment decisions.  It has been shown that a 

cephalometrics generally do not influence an orthodontists’ treatment decisions when 

added to the records. 17    Tracing a cephalogram may not influence treatment decision 

but would possibly would lead to more consistent diagnostic decisions.  

The many studies that have examined orthodontists clinical reliability both within 

and between themselves have all shown poor to moderate reliability whether it was for 

extraction/nonextraction or like this study for diagnosis and treatment planning. 7-9, 14, 18, 19  

These inconsistencies have also been attributed to diversity in training background and 

lack of established practice guidelines, i.e. there are many ways that a dental class II 

malocclusion can be corrected.  

Finally the orthodontic literature may also be a contributor to the inconsistencies.  

Clinicians may not be keeping-up the vast amount of literature that is being 

disseminated.  There are many inconsistencies in the orthodontic literature.  Beginning 

with the many case or retrospective studies which lack evidence, as described by 

Sackett et al. 4 and his colleagues, to the results from RTC may not have had the clinical 

significance that orthodontist expected.  The published results from the recently 

completed RCTs on class II treatment are for the average patient, the data also shows 

that there is a great deal of individual variation.  There have not been any studies to 

date that show a way to predict which patients will react favorably to “early” treatment in 

terms of altering a patient’s growth pattern.  This study showed that the practitioners 
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who participated were not consistent in the diagnosis of the etiology of malocclusion.  In 

regards the possibility in influencing mandibular growth, the fact remains that there have 

not been any well controlled, prospective, randomized human studies that support the 

fact that we as clinicians can permanently alter a patient’s growth pattern.   

 Some of the limitations of this study include differential interpretation of the 

questions although measures were taken to prevent this as well as the limited number 

of investigators from varying backgrounds that were able to participate.   
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CHAPTER 5 
CONCLUSION 

The results from the RCTs which have examined the effects of early treatment for 

a class II malocclusion, have been challenged with respect to the idea that 

randomization should have been completed after etiology was determined.  In this 

study, we report that practitioners had moderate agreement within themselves when 

determining the etiology, diagnosis and treatment plan of a group of patients.  They 

were more consistent in determining need for immediate treatment and phase-2 

treatment.  Intra-rater agreement improved as the PAR score increased but the 

correlation was weak. 
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