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Introduction  
Anterior open bite malocclusion can be treated non-surgically using fixed appliances, clear 
aligners, or TADs. Proponents of clear aligners and TADs often attribute bite closure to molar 
intrusion and counterclockwise rotation of the mandibular plane. These changes may be 
supported by superimpositions. However, the process of creating a superimposition is subjective, 
and therefore may be influenced by practitioner bias.  
Methods 
The initial and final lateral cephalograms from 30 adult anterior openbite patients were used in 
this study. Ten of these patients were treated with fixed appliances, 10 with clear aligners, and 10 
with temporary anchorage devices (TADs). We asked six orthodontic graduate students and six 
orthodontic practitioners to complete superimpositions using these radiographs in three separate 
sessions. In the first session, the raters were told that all patients received treatment with fixed 
appliances only. In the second session, the raters were told that all patients were treated with 
clear aligners only, and at the third session, they were told all patients were treated with fixed 
appliances and TADs. Superimpositions were performed using Dolphin software, and each 
superimposition was saved as a PDF image. Change in the mandibular plane was the primary 
outcome and was assessed categorically (closed, no change, opened). Cephalometric values were 
measured and used to investigate the dental and skeletal changes associated with treatment.  
Results 
Although the raters demonstrated a slight tendency toward the mandibular plane closing or 
staying the same when told the treatment was clear aligners or TADs, these differences were not 
statistically significant. A high degree of intra- and inter- rater variability in the mandibular plane 
change was present from all 3 superimposition sessions. The measurements from the lateral 
cephs showed significant changes for overbite and for incisor vertical and angular movements.  
Almost no change was observed in anterior facial height, mandibular plane angle, or vertical 
movement of the 1st molars.  
Conclusions 
A significant amount of superimposition bias was not observed in this study. However, there was 
considerable intra- and inter-rater reliability. This suggests that the same initial and final cephs 
may be interpreted very differently, based on the subjective superimposition of the raters.  
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Introduction and literature review 

  Anterior open bite (AOB) is a condition where there is no contact between the upper and 

lower incisors when the posterior teeth are in occlusion. This vertical discrepancy can be related 

to, or caused by: growth, habits (i.e. digit sucking or tongue posture), respiratory issues, 

neuromuscular issues, condylar changes, or any combination of these (Cangialosi, 1984; Ng et 

al., 2008). Patients with an AOB primarily of dentoalveolar nature exhibit relatively normal 

facial proportions but intruded incisors. Patients with an AOB of skeletal etiology may present 

with an increased mandibular plane angle, gonial angle and anterior facial height, decreased 

posterior facial height, and divergent cephalometric planes. Facially, these factors often lead to a 

dolichofacial appearance (Cangialosi, 1984; Subtelny and Sakuda, 1964; Lopez-Gavito, et al., 

1985; Nahoum, et al., 1972). Due to the multifactorial etiology and high relapse potential, AOB 

treatment continues to be one of the most challenging malocclusions for successful orthodontic 

treatment (Cangialosi, 1984).  

 Several non-surgical methods have been used for the treatment of AOB. Standard fixed 

appliances and elastics can be used to extrude incisors or be paired with premolar or molar 

extractions to allow greater retraction and lingual tipping of the incisors through the “drawbridge 

effect” (Aras, 2002; Freitas, et al., 2018; Janson, et al., 2006). The Multiloop Edgewise Archwire 

(MEAW) technique, developed by Kim in 1987, has also shown successful treatment of AOB 

(Kim, 1987; Kim, et al., 2000; Chang and Moon, 1999).  

In some cases, temporary anchorage devices, such as mini-screws and mini-plates, may 

be used with the goal to intrude the posterior teeth (Nanda, 2005; Kuroda et al., 2007). Several 

studies have utilized bone-borne anchorage through mini-screws or mini-plates to achieve 

posterior intrusion and decreased facial height due to increased rotation of the mandible (Freitas, 
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et al., 2018; Sherwood, et al., 2002; Scheffler, et al., 2014; Deguchi, et al., 2011). However, 

according to a recent systematic review, there is currently only weak evidence suggesting that 

molar intrusion with TADs may cause mandibular counterclockwise autorotation (Alsafadi, et 

al., 2016). 

As clear aligner therapy continues to rise in popularity, several case series have reported 

that open bite closure and treatment effects are similar to that achieved by fixed appliances 

(Guarneri et al., 2013; Schupp, et al., 2010; Garnett et al., 2019). It is thought the double 

thickness of the aligner plastic on the occlusal surfaces, in combination with the force of 

mastication, are able to produce an intrusive force on the posterior dentition (Guarneri et al., 

2013; Boyd, 2007). Another advantage is the ability to virtually plan treatment and produce 

isolated and selective tooth movement, reducing the incidence of unwanted incisor extrusion 

(Boyd, 2008). However, recent studies have shown AOB correction with clear aligners is 

primarily achieved through incisor extrusion (Khosravi, et al., 2017), with no significant 

differences in the magnitude of overbite correction or changes in mandibular plane angle when 

compared to fixed appliances (Garnett, et al., 2019). 

Typically, dental and skeletal treatment changes are assessed by the superimposition of 

pre- and post-treatment lateral cephalometric radiographs. Identifiable points are marked, and 

landmarks are traced (Bjork and Skieller, 1983; Bjork and Skeiller, 1977; Melsen 1974; Enlow, 

1964; Buchang, 1986; Doppel, 1994; Nielsen, 1989). While many of these landmarks are stable, 

there are still errors due to projection and identificaiton (Baumrind and Frantz, 1971). 

Practitioner bias may also be introduced when completing manual superimpositions due to the 

knowledge of the treatment provided and the anticipated dental and skeletal changes as a 
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manifestation of the Pygmalian, or Rosenthal, effect which refers to a person’s expectations 

influencing performance (Rosenthal 1994).  

While case reports demonstrate mandibular plane closure due to molar intrusion, a 

systematic review reports less convincing findings, suggesting that practitioner bias may be 

impacting the interpretation of results (Alsafadi, et al., 2016). The purpose of this study is to 

evaluate bias in manual cephalometric superimposition when assessors are aware of the type of 

treatment provided. This was accomplished by having assessors perform repeat superimpositions 

on the same set of 30 patients, but deceptively informing them that the patients were treated with 

different techniques at each of three superimposition sessions. Cephalometric values were also 

used to investigate the dental and skeletal changes associated with treatment.  

 

Material and Methods  

This study was approved by the University of Washington Human Subjects Division IRB 

and informed consent was obtained from all participants prior to gathering data. Twelve 

participants were recruited from June 2020 to July 2020 at the University of Washington to 

include 6 practitioners and 6 graduate orthodontics students. A power calculation was used to 

detect differences in the proportion of superimpositions indicating mandibular plane closure 

when participants are informed that treatment involved clear aligners or TADs, compared to 

conventional fixed appliances. With a sample of 30 radiographs and 12 examiners, the power 

was at least 80% to detect a 25% difference in cases with closure of the mandibular plane angle. 

Increasing the number of participants further would only have a small effect on the power.  

Inclusion criteria for the participants included: practitioners must have been graduates of 

an accredited orthodontic program and have been in practice for >5 years and orthodontic 
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graduate students must have completed the cephalometrics course and be in their second or third 

year of residency. Anyone who was aware of the goals of this study was excluded from 

participation.  

The lateral cephalometric radiographs were selected from records housed at the 

University of Washington Department of Orthodontics. Thirty pairs of de-identified radiographs 

were selected based on the following inclusion criteria: (1) all patients 18 years or older (2) good 

quality pre and post treatment radiographs; (3) millimetric ruler available on both x-rays to 

calibrate magnification; (4) 10 patients treated with clear aligners; (5) 10 patients treated with 

fixed appliances only; (6) 10 patients treated with TADs. Radiographs were excluded if the 

patient underwent orthognathic surgery or were of poor quality. 

Pre- and post-treatment radiographs were imported into Dolphin Imaging software 

(version 11.0; Dolphin Imaging and Management 

Solutions, Chatsworth, California). The following 

landmarks were identified by two calibrated examiners: 

A point, ANS, anatomical gnathion, articulare, B point, 

basion, bridge of the nose, condylion, constructed 

gonion, gonion, menton, mid ramus, nasion, orbitale, 

PNS, PT point, porion, ramus point, ruler point 1, ruler 

point 2, soft tissue glabella, soft tissue A point, soft 

tissue B point, soft tissue gnathion, soft tissue nasion, 

soft tissue pogonion, sella, sigmoid notch, soft tissue 

menton, stomion inferius, stomion superious, upper and 

lower lip, subnasale, throat point, tip of nose, L6 mesial, 

Cephalometric measurements 
SNA (°) 
SNB (°) 
MP - SN (°) 
Anterior Face Height (NaMe) (mm) 
Posterior Facial Height (mm) 
U1 - NA (°) 
U1 - NA (mm) 
L1 - NB (°) 
L1 - NB (mm) 
IMPA (L1-MP) (°) 
Overbite (mm) 
Overjet (mm) 
U6 - PP (UPDH) (mm) 
L6 - MP (LPDH) (mm) 
U1 - PP (UADH) (mm) 
L1 - MP (LADH) (mm) 

Figure 1. Cephalometric measurements 
collected for initial and final tracings 
from 30 pairs of radiographs 
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distal and occlusal; U6 mesial, distal, and occlusal; L1 root, tip, labial and lingual gingival 

borders; U1 root, tip, labial and lingual gingival borders. The cephalometric measurements listed 

in Figure 1 were automatically calculated for both time periods with the Dolphin Imaging 

software based on a custom analysis designed for this study. 

One investigator made master line tracings using existing landmarks of all 30 selected  

pairs of pre- and post-treatment radiographs. The 30 tracings were duplicated into three sets, 

each of which included 5 duplicate tracings to assess intra-rater reliability, for a total of 35 

tracings per set. The sets were labeled A, B, and C, and the order of the 35 tracings was 

randomized within each set. Each participant was randomly assigned a set order of either ABC, 

BAC, ACB, CAB, BCA, CBA. The participants had three separate tracing sessions, all about one 

month apart. At each tracing session the participant was asked to complete one set (A, B, or C) 

of all 35 manual superimpositions using the Tracing Superimposition feature on the Dolphin 

Imaging software. The investigator pulled up each pair of tracings and asked the participant to 

complete the superimposition. Then, the investigator would save a PDF image of the completed 

superimposition. 

For the first tracing session, consent was obtained from the participants and they were 

deceptively informed about the purpose of the study. Specifically, they were told, “This study is 

being conducted to evaluate the reliability of manual superimposition methods.” They also were 

told that all patients were adults and received treatment with fixed appliances only. At this 

session, the participants also filled out a short survey to collect demographic information as well 

as information on their preferred reference structures for completing superimpositions. For the 

second tracing session, the participants were told all adult patients received treatment with clear 

aligners only. For the third and final session the participants were told all adult patients received 
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treatment that included fixed appliances and TADs. The participants were informed some 

duplicated cephs were included in each session to assess intra-rater reliability.  

The change in mandibular plane angle was considered to be the primary outcome 

measurement. Comparison was made between the participants’ three tracing sessions. The 

change in mandibular plane angle was evaluated categorically by assessing if the mandibular 

plane angle opened, closed, or stayed the same when looking at the completed superimposition 

of the initial and final tracing (Figure 2). 

 
The PDF images of each completed superimposition were evaluated and scored based on 

the change in the mandibular plane angle. A score of 1 was given if the mandibular plane 

opened, -1 if the mandibular plane closed, and 0 if the mandibular plane angle stayed the same. 

The criteria that was used to assess the change in mandibular plane was the anterior portion of 

Closed No change Opened 
sdf 

Figure 2. Example of closed, opened, and no change in mandibular plane angle on the same patient from one rater’s three 
separate tracing sessions. Initial tracing is in black, final tracing is in green. 
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the lower mandibular border. If that area of the superimposition had clear separation of the lines, 

the mandibular plane was determined to be opened or closed. If the entire mandibular lower 

borders were parallel, the mandibular plane angle was assessed to be the same. All 1,260 PDF 

images were ranked in this manner, which included the duplicate patients that were used to 

assess intra-rater reliability. However, only the participants’ first encounter with a duplicate was 

used for the analysis of the overall results. The second encounter with the duplicate was only 

used for assessment of intra-rater reliability.   

A counts table was created from the rankings to evaluate the overall results. The 30 

patients in each session were divided by their actual treatment method, then the number of 

open/closed/no change were added. Totals for each of these categories were calculated per 

session, per rater, and per actual treatment type (Appendix 2). 

Statistical Analysis 

 Changes from initial to final cephalometric measurements were assessed using an effect 

size calculation: |(MeanT2 - MeanT1)|/SDT1. Effect size was calculated for each measurement in 

Figure 1 for each treatment group and the overall patient group. Resulting effect sizes more than 

0.5 were considered moderate, and effect sizes greater than or equal to 1 were considered large.  

Each rater’s duplicate superimpositions were used to assess rater reliability. Cohen’s 

kappa coefficient (k) and intra-class correlation coefficient (ICC) was used to measure the intra-

rater reliability. Inter-rater variability within each session was also assessed using the ICC. 

 

Results  

 Six female orthodontic graduate students with a mean age of 29 and range of 27-32 were 

tested. Four students were in their third year and two were in their second year (These two 
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classes had all female compositions). The primary structures used for reference when completing 

their superimpositions were the cranial base at the anterior Sella. Only one graduate student said 

they referenced the cranial base using the cranial fossa structures. The mean number of days 

between their tracing sessions was 38.4 days (Table 1).  

 

Graduate students' demographics Column1 
Age 29 (27-32) 
Gender 

 

Male 0 
Female 6 

Year in Residency 
 

3 4 
2 2 

Orthodontic Program 
 

Univ. of Washington 6 
Method for Superimposition 

 

Cranial Base - Anterior sella 5 
Cranial Base - Cranial fossa structures 1   

Days between T1-T2 39.7 (34-48) 
Days between T2-T3 37.2 (32-43) 
Mean days between sessions 38.4 (33-44) 

Table 1. demographics of orthodontic graduate students that participated. 

 
 Six orthodontic practitioners with a mean age of 47 and range of 36-58 were tested. Three 

of the practitioners were male and three were female. The average number of years in practice 

was 16.5 with a range of 6-30 years. The primary structures used for reference when completing 

their superimpositions were the cranial base at the anterior sella. One practitioner said they 

referenced the cranial base using the cranial fossa structures. One practitioner said they 

referenced the Sella-Nasion line. And one practitioner said they aimed for “best fit”. The mean 

number of days between their tracing sessions was 40.3 days (Table 2).  
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Practitioners' demographics Column1 
Age 47 (36-58) 
Gender   

Male 3 
Female 3 

Years in practice 16.5 (6-30) 
Orthodontic Program   

Univ. of Washington 2 
New York University 1 
Univ. of Southern California 1 
Univ. of Tennessee 1 
Univ. of Texas School of Dentistry 1 

Method for Superimposition   
Cranial Base - Anterior sella 3 
Cranial Base - Cranial fossa structures 1 
Sella-Nasion 1 
Best Fit 1 

    
Days between T1-T2 42 (28-63) 
Days between T2-T3 38.7 (28-49) 
Mean days between sessions 40.3 (28-49) 

Table 2. demographics of orthodontic practitioners that participated. 
 

When looking at the graduate student's results for Session 1, when the raters were told the 

patients were treated with fixed appliances, 82 superimpositions were evaluated to show no 

change in the mandibular plane angle. Forty-two were shown to have opening of the mandibular 

plane angle and 56 were shown to have closure of the mandibular plane angle. In Session 2, 

when told the treatment was done with clear aligners, 80 were evaluated to show no change, 59 

closed, and 41 opened. Finally, in Session 3, when told the treatment involved TADs, 84 

superimpositions were rated to have no change, 57 closed, and 39 opened in the mandibular 

plane angle (Table 3).  
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Session1 - 

Fixed 
Session2 - 
Aligners 

Session3- 
TADs 

Graduate 
Students 
Total per 
session 

Open 42 41 39 
No Change 82 80 84 
Closed 56 59 57 

Table 3. Graduate student results from three tracing sessions and evaluation of if 
superimposition showed mandibular plane angle opening, closure, or no change. 

 
When looking at the orthodontic practitioner’s results for Session 1, 62 superimpositions 

were evaluated to show no change, 70 showed closure, and 48 showed opening of the 

mandibular plane angle. In Session 2, 67 were evaluated to show no change, 65 closed, and 48 

opened. In Session 3, 67 superimpositions were rated to have no change, 70 closed, and 43 

opened in the mandibular plane angle (Table 4).  

   
Session1 - 

Fixed 
Session2 - 
Aligners 

Session3- 
TADs 

Practitioners 
Total per session 

Open 48 48 43 
No Change 62 67 67 
Closed 70 65 70 

Table 4. Orthodontic practitioner results from three tracing sessions and evaluation of if 
superimposition showed mandibular plane angle opening, closure, or no change. 

 
When comparing graduate students to practitioners, the graduate students had 9.3% more 

instances where they showed no change in the mandibular plan in the superimpositions than the 

practitioners did. Instead, the practitioners tended to show more superimpositions with 

mandibular plane angle closure, 6.1% on average.  

In Session 2 (aligners), the graduate students showed slightly more closure of the 

mandibular plane than the other sessions. The orthodontic practitioners, though, had five less 

superimpositions in Session 2 showing mandibular plane closure than sessions 1 and 3. 

However, there were no statistically significant difference between sessions for either residents 
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(p=0.73 for comparison of Session 2 versus Session 1, p=0.78 for Session 3 versus Session 1) or 

for faculty (p=0.40 for Session 2 versus Session 1, p=0.49 for Session 3 versus Session 1), 

suggesting any changes were due to rater variability rather than true influence of rater bias. 

Even when the two groups’ results are combined, the overall results do not show any 

statistical significance between any of the sessions, (p=0.94 for Session 2 versus Session 1, 

p=0.54 for Session 3 versus Session 1). Most raters’ superimpositions showed no change in the 

mandibular plane angle, followed by closure of the mandibular plane in each session. Opening of 

the mandibular plane angle was demonstrated the least in each session and though slight, the 

trend of mandibular plane angle opening decreased over each subsequent session. Like the 

individual groups, the combined results suggest any variability was due to rater variability 

instead of rater bias (Table 5). When looking at the individual results, most raters showed a 

small trend in the expected direction of our hypothesis. One rater showed statistically significant 

differences in the opposite direction (p < 0.01). The trends were not statistically significant for 

all other raters (p > 0.05).  
  

Session1 - 
Fixed 

Session2 - 
Aligners 

Session3- TADs 

Overall 
Total per 
session 

Open 90 89 82 
No Change 144 147 151 
Closed 126 124 127 

Table 5. Combined graduate student and practitioner results from three tracing sessions and 
evaluation of if superimposition showed mandibular plane angle opening, closure, or no 
change. 

 The overall percentage of intra-examiner agreement was 68.3%. The unweighted kappa, 

based on comparing percent agreement with the expected percent agreement, had a result of 

0.50. However, this result treats all disagreements the same even though some are worse than 

others (e.g. duplicate one rated as open and duplicate two rated as closed is worse than duplicate 

one rated as open and duplicate two rated as no change), which makes reliability look worse than 
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it is. The weighted kappa statistic, which accounts for the magnitude of the disagreements, was 

0.60 which is considered moderately good (0.8 or higher is considered excellent). Inter-rater 

variability using an intra-class correlation coefficient (ICC) was 0.70, 0.62, and 0.69 for Sessions 

1, 2, and 3, respectively, indicating moderate agreement. 

 The initial mean measurements were compared for the 30 patients’ lateral cephs and used 

to evaluate how similar the patients were to each other (Table 6). The ten patients actually 

treated with TADs had the least severe open bite of the thirty patients, at only -1.6 mm vs -2.4 

and -2.3 mm. The patients treated with clear aligners had the steepest mandibular plane angle 

and patients treated with TADs had the lowest mandibular plane angle to start with.  
 

Mean T1  
Fixed Aligners TADs Overall 

SNA (°) 80.1 78.8 81.5 80.1 

SNB (°) 76.4 74.9 79.6 77.0 

MP - SN (°) 39.8 41.0 33.2 38.0 
Anterior Face Height (NaMe) 121.5 124.5 121.7 122.6 
Posterior Facial Height (mm) 45.7 45.1 50.0 47.0 

U1 - NA (°) 21.9 23.8 25.9 23.9 
U1 - NA (mm) 5.3 4.9 5.7 5.3 

L1 - NB (°) 32.5 30.2 27.6 30.1 
L1 - NB (mm) 7.6 7.4 6.2 7.1 

IMPA (L1-MP) (°) 96.4 94.3 94.8 95.2 
Overbite (mm) -2.4 -2.3 -1.6 -2.1 

Overjet (mm) 2.7 3.1 1.9 2.5 
U6 - PP (UPDH) (mm) 24.2 25.2 25.5 25.0 
L6 - MP (LPDH) (mm) 33.9 34.7 33.7 34.1 
U1 - PP (UADH) (mm) 29.2 30.8 28.7 29.6 
L1 - MP (LADH) (mm) 41.4 42.5 41.6 41.9 

 

 

Table 6. Summary of mean T1 measurements for 30 patients. 
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Large effect sizes were seen across all the groups for change in overbite. U1-NA and L1-

NB had large effect sizes for the clear aligner group. L1-NB and IMPA had large effect sizes for 

the TADs treatment group. Several dental categories showed moderate changes as well, most 

notably, vertical change measurements of U1 and L1 had near moderate change in all categories 

except L1-MP in the aligners group. No skeletal categories or vertical molar categories showed 

moderate or large effect size outcomes (Table 7).  

Table 7. Effect size calculation for cephalometric measurements. 

 

Discussion 

In this study, graduate students and orthodontic practitioners were asked to complete 

superimpositions on the same group of 30 patients at three time points. Deception was employed 

to blind them from the actual goals of the study, and we expected that the superimpositions they 

produced would be biased by the treatment information provided to them. Surprisingly, we saw 

    Fixed Aligners TADs Overall 
SNA (°) 0.2 0.3 0.2 0.2 

SNB (°) 0.1 0.2 0.1 0.0 

MP - SN (°) 0.0 0.0 0.1 0.1 
Anterior Face Height (NaMe) 0.0 0.0 0.0 0.0 
Posterior Facial Height (mm) 0.0 0.1 0.0 0.0 

U1 - NA (°) 0.1 1.0 0.4 0.4 
U1 - NA (mm) 0.1 0.6 0.1 0.2 

L1 - NB (°) 0.5 0.9 1.1 0.8 
L1 - NB (mm) 0.1 0.5 0.5 0.4 

IMPA (L1-MP) (°) 0.5 0.6 0.9 0.7 
Overbite (mm) 3.4 1.8 2.2 2.2 

Overjet (mm) 0.2 0.5 0.3 0.1 
U6 - PP (UPDH) (mm) 0.1 0.1 0.0 0.0 
L6 - MP (LPDH) (mm) 0.1 0.1 0.1 0.0 
U1 - PP (UADH) (mm) 0.5 0.5 0.3 0.4 
L1 - MP (LADH) (mm) 0.3 0.1 0.4 0.3 
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very little evidence of bias, which may have been explained by some of the study parameters. 

For instance, the raters were not asked to form any conclusions about the findings or validity of 

their completed superimpositions. The raters also were not involved with the treatment of the 

patients. Therefore, it is possible that our raters expressed less bias than might have been 

expected if the superimpositions were performed by raters who had strong interests in 

demonstrating specific dental and skeletal changes. Instead, our raters were told that the study 

was investigating superimposition reliability, and therefore may have been trying to complete the 

superimpositions as “correctly” as possible, based on their education and experience. In 

retrospect, implementing an aspect of self-evaluation of the raters’ superimpositions and 

expected outcomes for each treatment method, or conducting a study testing proponents/non-

proponents of clear aligners and TADs for molar intrusion and mandibular plane closure might 

allow us to better evaluate this potential bias.  

Though the results of this study did not show any statistically significant bias, some 

interesting anecdotal observations were made during the tracing sessions. One rater stated, “This 

superimposition could be done differently depending on what you think the treatment results 

were.” This statement illustrates how superimpositions do not have a single answer but are a 

judgment call that can be manipulated within a range of what may be considered acceptable. This 

statement also suggests a subjective bias may in fact exist but was not demonstrated in our 

results due to not having the raters evaluate or interpret their own superimpositions.   

Another observation was made during the third tracing session, when the raters were told 

the patients were all treated with TADs. The majority of the raters expressed, “This group is a lot 

harder to superimpose!” The raters interpreted the task to be more challenging when they thought 

the patients were treated with TADs, and their superimpositions may not have demonstrated the 
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effects they were expecting. Again, however, since the raters were not asked to evaluate their 

superimpositions, the true reason for the raters’ perceived difficulty was not fully explored. Also, 

since the raters were under the impression they were being asked to focus on cephalometric 

reliability rather than treatment outcomes, their superimposition bias may have been 

underestimated.   

 What we did find in this study was significant variability, both within and between raters. 

While the summary data in Table 5 show only a handful of changes between the sessions, many 

more changes actually occurred, but cancelled each other out when they were totaled.    

 To put the variability in perspective, some examples were compiled. The first one 

assesses intra-rater variability between sessions. Using Session 1 (fixed appliances) as the 

baseline, we tallied the number of times each raters’ superimpositions changed for each patient 

in Session 2 (Table 8). Forty-two (29%) of the 144 superimpositions judged to have no change 

in mandibular plane angle in Session 1 were judged differently in Session 2. The 42 patients that 

changed were divided nearly in half to show open or closed mandibular plane angles in Session 

2. For patients’ superimpositions that showed opening or closing in Session 1, 23% changed in 

the second session. Most commonly, these superimpositions changed to show no change in 

mandibular plane angle rather than the extreme opposite. However, in 6 patients, the 

superimposition changed from one extreme to the other between the two sessions. 

 
 

Session 1 # Changed % Changed MP Same MP Opened MP Closed 

 Same  144 42 29% 102 19 23 
Opened 90 21 23% 17 69 4 

Closed 126 29 23% 27 2 97 
Table 8.  Intra-rater variability of mandibular plane response between Session 1 and Session 2. 

 

Session 2 
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  In the second example, the number of times a rater agreed with themselves over all three 

sessions for a particular patient was evaluated (Table 9). The highest percentage of agreement 

was 83% percent and the lowest was 43%, by each a graduate student and practitioner. The mean 

percent agreement was 63%, which is similar to the overall intra-rater agreement as well. For one 

rater, of the ten patients actually treated with clear aligners, they were in complete agreement 

with themselves for all three sessions.   

Table 9. Intra-rater agreement over all 3 sessions. 

  

 Two additional assessments of inter-rater variability were also performed. First, we 

assessed the number of patients who had at least one rater producing a superimposition showing 

mandibular plane angle opening, closing, or no change within the same session (Table 10). This 

occurred in each of the three session about 30%. In addition, we tallied the number of patients 

whose mandibular planes were superimposed to demonstrate the same treatment effect by all 12 

raters within a session (Table 10). These were assessed in each session and as a total overall. 

Only 20% of the patients across all three sessions had superimpositions agreed upon by all 12 

raters. The least agreement was in Session 2 (aligners) with 13% and the most agreement was in 

Session 1 (fixed) with 30%.  

 Graduate Students Practitioners 
Fixed (n=10) 7 4 5 8 6 4 5 8 6 7 4 5 
Aligner (n=10) 9 4 8 5 7 6 4 7 6 10 6 7 
TADs (n=10) 9 5 6 7 7 6 4 7 7 8 7 7 
Total (n=30) 25 13 19 20 20 16 13 22 19 25 17 19 
% Agree 83% 43% 63% 67% 67% 53% 43% 73% 63% 83% 57% 63% 

Table 10. Inter-rater variability and agreement 

  Session 1 Session 2 Session 3 Total 
Patient rated open/closed/no change 

by at least 1 rater (n, %) 8 (27%) 9 (30%) 8 (27%) 25 (28%) 

All raters agree on MP response (n,%) 9 (30%) 4 (13%) 5 (17%) 18 (20%) 
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In general, it appeared that if patients had clear mandibular plane opening or closing, 

based on the consensus of three of the study investigators, participants also were most likely to 

produce superimpositions consistent with these changes. On the other hand, in patients that had 

minimal changes of the mandibular plane angle, again, based on the consensus of the study three 

investigators, variability could be in either the closing or opening direction amongst the 

participants. Figures 3, 4, and 5 illustrate the variability that can be seen in resulting 

superimpositions for one patient from three different raters during a single session.   

 

 

 

 

 

Figure 3. Session 1 superimpositions from three different raters showing mandibular plane angle opening, no change, and 
closing for the same patient.  



 21 

 

 

Figure 5. Session 2 superimpositions from three different raters showing mandibular plane angle opening, no change, and 
closing for the same patient. 

Figure 4. Session 3 superimpositions from three different raters showing mandibular plane angle opening, no change, 
and closing for the same patient.  



 22 

Superimpositions allow orthodontists to identify areas in which change has occurred. 

Depending on the method used for the superimposition, these perceived changes may reflect 

differing dental or skeletal changes. Baumrind, et al. 1976 stated that visual comparisons of 

superimpositions are more sensitive than direct comparison of angular measurements due to the 

risk of measurements error with angular measurements. They are also an easy visual tool to show 

treatment outcomes. 

The concept of the lateral cephalometric superimposition implies that a single, correct 

relationship exists. However, in reality, this “true” relationship may be impossible to know. The 

act of superimposing is an act of judgement, and even under the best conditions will always 

exhibit some degree of inaccuracy, and perhaps some degree of bias. Prior to the 

superimposition, random error can arise from head positioning during image acquisition, 

landmark identification, and tracing of the cephalometric image (Baumrind, et al. 1976).  

The main errors seen in superimpositions are either rotational or translational. Rotational 

errors produce a larger portion of total error than translational errors. Baumrind, et al. 1976 and 

Gliddon, et al. 2006 both concluded that error will be increased for landmarks farther from the 

center of rotation. For example, a landmark 100 mm from the center of rotation with 1 degree of 

error will show 1.74 mm of displacement. The variability seen in the results of this study appear 

to demonstrate this trend as well. If sella is treated as the center of rotation, then menton, gonion, 

and pogonion are all the farthest landmarks and will therefore show the greatest variability in 

positional change due to rotational error (Baumrind, et al. 1976; Gliddon, et al. 2006). In turn, 

this rotational error can result in an apparent visible change in the mandibular plane angle, which 

may be used to justify that a particular technique is effective in producing its desired effect.  
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The effect size calculation for the lateral cephalometric measurements showed the 

greatest effect was on dental measurements, the largest being change in overbite across all 

categories. There were no moderate or large effect size outcomes for any skeletal measurement, 

including change in mandibular plane angle. These results support the idea that these 

appliances/treatment methods have little effect on the mandibular plane or skeletal components, 

but rather a greater effect on the dentition. In other words, non-surgical anterior open bite 

correction is largely achieved with incisor extrusion. This result has also been demonstrated in 

previous studies (Khosravi et al., 2017; Garnett et al., 2019; Alsafadi et al., 2016).  

Our study did have some limitations. First, the groups did have some initial differences, 

with the TAD group having lower MP angles. Second, the raters were not asked to evaluate their 

superimpositions, and therefore, their subjective bias was not assessed. We employed deception 

to distract the raters from our true aims, but this may have also led to the participants focusing on 

trying to complete the task “correctly”. If the participants were asked to assess their 

superimpositions, this may have led to different results. Additionally, our sample only consisted 

of non-growing patients, so these results cannot be applied to growing patients. Finally, though 

our sample size had adequate power for our study, the individual treatment groups were too 

small to make conclusions that could be applied to all patients treated with fixed appliances, 

clear aligners, or TADs. 

Though our study had some limitations, it also had some strengths. Only adult patients 

were used for the superimpositions, which removed the potential error and bias that may have 

been introduced with growth between the initial and end-of-treatment time points. Treatment 

effect size is greater in adolescent patients and will likely have skeletal change in addition to 

dental changes. Another advantage to this study is that the raters were blinded to the actual 
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treatment rendered and to the patients themselves. None of the raters treated these patients and 

were only exposed to the cephalometric tracings. Finally, this is one of the first studies to 

investigate operator bias in completing manual superimpositions.   

In adults, if many patients truly have minimal changes in their mandibular plane angle 

during treatment, then our findings would indicate that manual superimpositions of many 

patients could easily be constructed to illustrate opening or closing of the mandibular plane.  

Studies with large samples, in which landmarks are identified and then measurements are 

automatically performed using cephalometric software, should theoretically result in less biased 

findings than manual superimpositions. 

 

Conclusions  

In conclusion, we did not observe a significant amount of superimposition bias in this 

study. However, several factors may have resulted in the bias of our raters not being fully 

expressed. We did observe considerable intra- and inter-rater variability in the superimpositions, 

indicating that orthodontists might use the same tracings and come to very different conclusions 

about the effects of treatment. The correction of overbite in this relatively small sample of adult 

openbite patients seemed to have been accomplished primarily by dental movements – eg, 

extrusion and retroclination of incisors.    
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