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ABSTRACT
TATE H. JACKSON: Face Symmetry Assessment: Edunatiand Clinical Implications of
Expertise in Orthodontists
(Under the direction of Dr. Tung Nguyen)

The accurate assessment of face symmetry is negéssthe development of a
dentofacial diagnosis in orthodontics. The enhares#rof this ability is an important component
of dental education, and an understanding of indiai differences in perception of face
symmetry between patients and providers is needl&atilitate successful treatment.
Orthodontic residents and faculty, dental studeggsgral dentists, and control participants
completed a series of tasks to assess face symnetigments were made on pairs of upright
faces (similar to the longitudinal assessment ot@iraphic patient records), inverted faces, and
dot patterns. Participants completed questionnaggarding clinical practice, education level,
and self-confidence ratings for symmetry assessatahties. Orthodontists showed expertise
compared to controls (p<0.001), while dentists stebwo advantage compared to controls.
Orthodontists performed better than dentists, h@wneaa only the most difficult face symmetry
judgments (p=0.006). For both orthodontists andigsy accuracy increased significantly when
assessing symmetry in upright vs. inverted face®.7t p=0.001; t=2.7, p=0.02). Residents
showed a significant advantage in assessing fanengyry compared to control participants
(p=0.002), while faculty members were better onlyhie most difficult face symmetry
judgments compared to controls (p<0.001), and dlstidents showed no advantage over

controls. Both residents and faculty members wetiebable to assess their own performance

than other groups. The diagnostic skill of face syetry assessment appears to be determined by



more than just experience over time and may beestity) the testing effect, and accurate self-
assessment may be one important benchmark ofaliskdl acquisition. Orthodontists show
expertise in assessing face symmetry comparedtkolégpersons and general dentists and are
more accurate when judging upright than inverteg$a\When using longitudinal photographic
records to assess changing face symmetry, orthstioate likely to be incorrect in less than
15% of cases, suggesting assistance from somaamdditechnology is infrequently needed for

diagnosis.
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1. Introduction

A comprehensive diagnosis necessitates more tishmgspection of the teeth and oral
cavity, and includes facial form analysis for synim@nd proportions. The close inspection of a
patient’s face for significant or subtle asymmesryecommended throughout all fields of
dentistry to identify problems ranging from minatteetic concerns to severe pathologic
problems. Faces are ubiquitous visual stimuli, and are thotmbe perceived using
specialized processes in the braBoth neuroimaging and behavioral research indictitat the
perception of face symmetry is a process thatssmdit from the perception of symmetry in non-
face objects, such as mouths or téefiiccordingly, the diagnostic assessment of face
symmetry is a perceptual process that is uniqueraoed to other visual-spatial tasks in

dentistry and should be investigated both for fdit and because of its clinical significance.

The specific aims of the first papéijnical Skill Acquisition: Test-Enhanced Learning
of Symmetry Assessment in Dental Education, were to 1) explore whether dental professionals
do, in fact, demonstrate expertise in assessirggdanmetry and to 2) characterize the nature
and development of this ability in the hopes obmiing both pre- and post-doctoral education
in dentistry. The aims of the second manusc@ptical Implications of Face Symmetry
Assessment Abilities: Diagnostic Skill Using Longitudinal Patient Photographs, were to
determine if orthodontists posses expertise insaasg face symmetry compared to general
dentists and laypersons and to explore the nafutesoability with the hope of informing

clinical practice and patient communication.
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2.1 INTRODUCTION

Successful dentistry requires the accurate diagmd®ral health problems and the
formulation of a treatment plan before finally rendg care to the patierit.is this final step, the
delivery of clinical care, which has been the priynfacus of research exploring the spatial
reasoning and perceptual abilities of dentistsderdal students. A large number of studies have
attempted to correlate performance on varying geoes and motor tests with the ability to
perform manual and operative procedures in a @irsetting®° Other investigations have
focused on visual skills in the context of new tealogy or diagnostic schem&s* Fewer
studies have focused on perceptual ability aloreekesy component of diagnosis or on how

visual perception change over the course of demtatation and experiente?’

A comprehensive diagnosis necessitates more tishmgspection of the teeth and oral
cavity, and includes facial form analysis for syntim@nd proportions. The close inspection of a
patient’s face for significant or subtle asymmesryecommended throughout all fields of
dentistry to identify problems ranging from minaitleetic concerns to severe pathologic
problemst™ Faces are ubiquitous visual stimuli, and are thotmbe perceived using
specialized processes in the braBoth neuroimaging and behavioral research indictitat the
perception of face symmetry is a process thatssmdit from the perception of symmetry in non-
face objects, such as mouths or téefiiccordingly, the diagnostic assessment of face
symmetry is a perceptual process that is uniqueraoed to other visual-spatial tasks in

dentistry and has been investigated both for #gs dnd because of its clinical significance.

A recent study in which participants were askedbjectively compare asymmetry

between different individuals’ faces suggests titodontists and oral and maxillofacial



surgeons might judge facial symmetry more accurdkein other group® This study is
suggestive, but leaves room for alternative exglana due to the nature of the stimuli and
tasks. Specifically, the faces that were usediasiBthad pathologic deviations from normal
symmetry and from normal proportions. Since theigaants were asked to rate how the faces
differed in terms of deformity from normal rathéah in symmetry explicitly, the role of
symmetry in their judgment was not clear. Anotimestigation related to the perception of face
symmetry similarly reports dental expertise bufexsffrom the fact that participants were asked
to rate attractiveness rather than symmetry itS€linally, a study using simulated “three-
dimensional” face stimuli suggests that orthoddsitad oral surgeons show no meaningful
advantage in judging face symmetry when comparéalymersons® Importantly, none of these
investigations were designed to explore expertpdiatly, but rather preferences and thresholds
for the detection of problems. In short, currenitience is equivocal at best as to whether dental

professionals actually possess expertise in asgefgie symmetry compared to laypersons.

The aims of the current study were to 1) explonetiver dental professionals do, in fact,
demonstrate expertise in assessing face symmaedrioa) characterize the nature and
development of this ability. In an effort to ovenee the limitations of previous research and to
address the first aim, we used visual cognitiotstdesigned specifically for the task of
evaluating face symmetry assessment. To addresetioad aim, we compared performance on
these tasks across dental students, orthodoniitergs, orthodontic faculty members, and
untrained controls. With an understanding of if &woel expertise in face symmetry assessment

can be developed, curricula and methodology inaledtucation may be improved.



2.2 MATERIALS AND METHODS

Participants

This study was deemed exempt from IRB review byQffece of Human Research
Ethics at the University of North Carolina at Chiag#l and approved as an addendum to an
ongoing study by the Institutional Review Boardafke University. Participants with face
symmetry training were recruited from the DeparttradrOrthodontics at the University of
North Carolina School of Dentistry (UNC). Residewtse all from the Department of
Orthodontics (n=16, 5 female, mean age=30.65 y&i»s2.94) in various stages of the three-
year program (6 in first year, 5 in second yean third year) that includes formal didactic
training (a total of two lecture hours) and praaitiexperience in assessing facial symmetry
(during treatment planning for each of ~100 pati¢r&ated over the course of the program). Full
and part-time faculty members were recruited framDepartment of Orthodontics at UNC
(n=15, 3 female, mean age=57.31, SD=11.46). Tlusmreported an average of 27.4 years of
clinical practice (SD=12.45 years). Dental studefaisr each in their second, third, and fourth
years of training, (n=12, 6 female, mean age=2648;2.58) were also recruited from the UNC
School of Dentistry. All dental students had reediminimal training in face symmetry
assessment via textbook readings and online tegchadules as a part of the pre-doctoral
orthodontics curriculum. Orthodontic residentshodontic faculty, and dental students were all

compensated $10/hour for their time.

Control participants without symmetry training weeeruited from two sources: non-
professional laypersons from the Duke Universitsnominity (non-professionals) and TSA

officers employed at Raleigh-Durham Internationapért. Non-professionals represent a



population from which dental professionals mightleeeloped since pre-professional study is
required to matriculate to dental school. Non-pssienals (n=23, 13 female age=20.87 years,
SD=4.5) were compensated with course credit or addhour for their participation. TSA
officers represent a population that is know toehamhanced visual cognition abilities unrelated
to face symmetry assessmentThe TSA officers (n=10, 2 female, age=42.33 ye8F-10.20)
were not directly compensated since their data weltected during normal working hours as
part of their employment. Their participation wasnpletely voluntary and confidential (see
Biggs et al for details}* Two additional participants in the TSA group ame én the Duke
student group had overall face accuracy scoreddhaivo standard deviations below the mean
overall face accuracy score for all participants] their data were excluded from all analyses.
All participants confirmed 20/20 vision or the ugfecorrective lenses at the time of data

collection.

Apparatus

Data were acquired in three separate locatiomgyudentical protocols and
environments: orthodontic resident, orthodontiaifag and dental student data were collected at
the UNC School of Dentistry, Duke student data vesidéected at Duke University in the Visual
Cognition Laboratory, and TSA officer data werelectied at Raleigh-Durham International
Airport in a private testing room. The experimerswyun in a dimly lit room; participants at
Duke and UNC viewed the experiments on a Dell mgpcomputer with a 20-inch CRT
monitor, and participants at RDU viewed the experits on Dell Vostro 260 computers and
23.6-inch computer displays that were adjustedI|qmagticipants were presented with stimuli of
the same physical size. Participants were seai@diawing distance of approximately 57 cm

with no head restraint. Stimuli were presentedrasgonses were recorded using MATLAB
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(The MathWorks, Natick, MA) using the Psychophysio®lbox (Version 3.0.8, Brainard, 1997,
Pelli, 1997; Kleiner, Brainard, & Pelli, 2007). €stionnaire data were collected using the

Quialtrics Research Suite (Qualtrics Labs, Inc., 201

Procedures and Stimuli

All participants completed three visual cognitiasks related to symmetry and presented
in a blocked design; order was counterbalancedsaatb participants and tasks. Each task began
with a series of practice trials that were immealiafollowed by the experimental segment
during which trial-by-trial accuracy and responsestwere recorded. At the start of each trial, a
fixation cross was presented for 500ms, followedHgystimulus. Participants responded to each

trial with one of two possible keys, and no feedbaas provided.

Task 1: Symmetry assessment of upright faces

Participants assessed symmetry in 96 trials dfbpfaces by making a two-alternative
forced-choice judgment between two versions ofstiiae face presented side by side (see Figure
2.1A). Stimuli were presented on a black backgroand the participant was instructed to press
the ‘'z’ key if the face on the left appeared momametric and the ‘/’ key if the face on the right
appeared more symmetric. Stimuli were displayetherscreen until the participant responded.
Trials were counter-balanced for each participartbavhether the right or left face was more
symmetric. Stimuli consisted of black-and-white fagvaphs of faces of sixteen (8 female)
Caucasian individuals morphed to varying levelasyfimmetry while preserving averaged
proportions (see Rhodes, Proffit, Grady, & Sumik%98 for details on stimuli generatio).
Veridical hairstylesi(e. the hairstyles from the unaltered faces) were taaiad for all versions

of each face by editing the original stimuli seinfr Rhodes using Adobe® Photoshop



Elements18. This modification was made so that the hair cawdtibe used as a cue to
symmetry. Four versions of each face, varying mmetry were used: the veridical face, the
face with perfect symmetry, the face with symmaeatigreased 50% from the veridical, and the
face with symmetry decreased 50% from the veridiak Figure 2.2). By pairing each face
version with all the iterations of that face, sbspible pairings were created (veridical with
perfect symmetry, veridical with high symmetry, idezal with low symmetry, high symmetry
with perfect symmetry, high symmetry with low symmyeand low symmetry with perfect
symmetry). These stimuli were presented at randotarms of both the levels of symmetry
being compared and the individual’s face that wseduParticipants viewed all possible pairings

of each face over the course of Task 1.

Task 2: Symmetry assessment of inverted faces

This task was identical to Task 1, but all stinnire presented upside-down. The
sequence of presentation was randomized sepafaisiyTask 1. Faces were presented upside-
down both because clinicians often view patients\way when administering care and because

inverted faces are processed by different cognitieehanisms compared to upright fates.

Task 3: Symmetry detection in dot patterns

Participants judged whether a dot pattern predesdea centered image on a black
background was perfectly symmetric about its valaxis (see Figure 2.1B). Each dot image
was displayed for 2000ms, after which participamtse asked to make a response using the ‘Z’
key to indicate that the dot pattern was symmaeinit the ‘/’ key to indicate that the dot pattern
was not symmetric. The 2000ms display time was t@dkintain consistency with a previously

used experimental protoc8iStimuli were 18 dot patterns based on the bodepet of animal



with bilaterally symmetric bodies (see Evans, Weatte & Cheng, 2000 for detailé).Each
pattern was presented in random order in both bpagd inverted conditions for a total of 36

trials.

Immediately following the completion of all visuaisks, each participant completed a
web-based questionnaire that asked about demogragbbimation, strategies employed during
symmetry assessment, and subjective confidenceatelfs for the tasks completed using the
Royal College of Physicians Confidence Rating St&lResidents, faculty, and dental students
were asked whether the patient is most frequemttight or inverted when they assess face
symmetry clinically and about duration of trainiogclinical practice. Non-professionals and

TSA officers were asked whether they had any tngiior experience in symmetry assessment.
2.3 RESULTS

Descriptive statistics for accuracy, response tiamel confidence ratings for each task
may be found in Table 2.1. Normality of data wevafamed using Q-Q plots and homogeneity
of variance was confirmed using Levene’s test. Aacy and response times were compared
among groups using one-way analysis of varianceTakey’'s HSD. Paired t-tests or Wilcoxon
Signed Rank tests (for confidence ratings) were tigenake within subject comparisons;

statistical significance was set at p=0.05.

Orthodontic residents showed a statistically sigaift advantage in judging face
symmetry overall (F=4.9, p=0.002) and in both uptidg-=4.0, p=0.006) and inverted (F=3.7,
p=0.009) face conditions compared to both non-pémals and TSA officers (Tukey’'s HSD
p<0.05 for all comparisons). Accuracy did not vaignificantly among residents in different

years within their program. Neither orthodonticutig nor dental students showed a significant



difference in accuracy for assessing symmetryaeedawhether upright or inverted, when
compared to non-professionals or TSA officershimmost difficult trials (those in which the
differences in symmetry between faces were smabggtperfect symmetry compared to high
symmetry; see Figure 2.2), orthodontic faculty sedw significant advantage in accuracy

(F=6.6, p<0.001) over both non-professionals (p30ahd TSA officers (p=0.05).

There was a significant difference in response tawverall (F=9.5 p<0.001), and for both
upright (F=8.6, p<0.001) and inverted (F=5.5, p8Q)Xaces between orthodontic residents and
faculty compared to non-professionals (p<0.02 foc@nparisons), but not between orthodontic
residents and faculty compared to TSA officers. {gavfessionals took less time to judge
symmetry than residents, faculty, or TSA officéreere were no other differences in response

time among any groups.

There were no statistically significant differenaesiccuracy or response time for dot

stimuli among any of the groups as expected far¢bntrol task.

Orthodontic residents and faculty also both regbcenfidence ratings for each task that
mirrored their performance. For example, these ggaaspectively showed significant within-
subject differences in accuracy between uprightdamnd dot patterns (t=10.0, p<0.001; t=6.0,
p<0.001). Likewise, there were statistically sigraht differences in confidence ratings for
residents between upright faces and dots (z=3@3002) and for faculty between upright faces
and dots (z=2.9, p=0.004). The other participaatigs did not show the same consistent

association of confidence with accuracy (see FigueA, C).
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All but six total participants - two each in thesiadent, faculty, and dental student groups
- responded that when they assess face symmatigatly, the patient is in an upright position.

No non-professionals or TSA officers reported tiragnor experience in judging face symmetry.
2.5 DISCUSSION

Our results seem to defy the common sense logidlie ability to assess face symmetry
would simply continue to improve with increasedrtiiag and practice over time, and research
peripherally related to our study is equivocal@#/hether previous experience with visual
diagnosis provides an advantage in accuracy otetetask3™™’ Why do faculty members with
decades of experience not outperform dental stedeimd have minimal training? Across
orthodontic faculty, residents, and dental studehtre were no significant differences in face
symmetry assessment abilities (see figure 2.3Ajadh orthodontic residents demonstrated a
clear advantage in assessing face symmetry ovainet controls while orthodontic faculty
showed an advantage only in the most difficult saaad dental students showed no advantage
compared to controls. It appears that experiemmeeainay not be enough to develop robust
expertise in face symmetry assessment. In the absd#rongitudinal data following individuals
from pre-doctoral studies, to a graduate residgmogram, and then to a faculty position,
examining each of our experimental groups in secgi€loes give some insight to the apparent
nature of face symmetry assessment as an abilityhaw it might best be enhanced as a clinical

skill.
Dental Students

Participants in the dental student group did tetistically differentiate themselves in

accuracy from any other group. They were neithéeb&an untrained controls nor worse than

11



orthodontic faculty with decades of clinical experce. One might suggest that this lack of
difference is a product of inadequate statisticavgr, but we show significant differences in this
study between groups with fewer participants. Adyagxplanation might be that dental student
performance simply lies near the center of a comtim. They have training in face symmetry
assessment but almost no practical experience h8e dental students are more accurate than
non-professionals and TSA officers (see figure 2,®At less accurate than residents, these

differences are not large enough to be statisyicadjnificant.

Residents

Supporting the idea that face symmetry assessrbéity follows pattern of subtle
change, residents did not statistically outperfdental students in accuracy. Yet they show
robust expertise when compared to untrained cantWidhy did the residents demonstrate clear
expertise compared to controls while other grougsdt? One possibility is that motivation bias
affected resident performance: they were simplyngyarder. Since the experimental
assessment of face symmetry took place with no tiomstraints, one might expect to see
participants who are trying harder take more timeach trial. In fact, residents did take more
time to assess face symmetry than non-professicamadsthe residents were more accurate.
Response time between residents and TSA officesever, was nearly identical, and residents
still were significantly more accurate (see Figi2eé3A, 2.3B). So, the increased response time
that residents showed compared to non-professiclogis not appear to be significant

confounder. Instead, their performance appears théresult of some real advantage.

Orthodontic Faculty

12



The orthodontic faculty group’s abilities in assegdace symmetry were again
statistically indistinguishable from either derdtddents or residents. Faculty did show an
advantage compared to untrained controls, butiortlye most difficult cases. It is unexpected
that faculty members, who had on average neantgytiears of clinical experience, would not
perform better in most cases (as the residentghizah) control participants with no formal
training or experience at all. How is it possilflattresidents appear to be more adept at face
symmetry assessment than their faculty? Certainéypossibility is that their training was
different. Faculty members who were residents desagdjo may not have benefitted from the
same basic skill training as residents today. Aeioéxplanation centers on one important aspect
of residents’ current clinical education: they actively tested on their ability to assess face

symmetry.

Test-Enhanced Learning

Residents in the Department of Orthodontics at Ublldw a curriculum that includes,
from the beginning of the program, individual casesentations of routine orthodontic patients
to faculty members. Residents also present patiergsoups of orthodontists and oral surgeons
when surgical-orthodontic treatment might be reeplirIn both settings, the resident must
prepare and offer his or her assessment of thergatiface symmetry as it relates to diagnosis
and treatment planning. Attending faculty membexsficm or reject the resident’'s assessment
based on their own inspection of the patient, eithaically or using photographs. In this way,
the resident is tested repeatedly on his or hdityatm assess symmetry in a face. The resident is
given immediate feedback from the faculty membew#) serve as the authority as to whether
the resident was accurate. If the resident disagseth the faculty assessment, then he or she has

the opportunity to present countering evidences Paittern of preparation, presentation, and

13



feedback constitutes a testing situation, and dsgtige effects of testing as a learning tool are
well documented’?° Students show enhanced learning when testingeis as compared to

other effective methods of education, and moraisagl from a test with timely feedback than
simply studying or practicind **While much of the research evaluating testing as an
educational tool has focused on classroom settingsiding those in dental educatitfithe

same principle may apply in clinical learning eoviments. In fact, a recent study of medical
education methodology suggests that test-enhaeeenihg is effective not only in didactic, but
also in patient care settingsAnother study further proposes that the effed¢est-enhanced
learning on skill acquisition may be long lastfgogether, this framework of knowledge offers
the rational to suggest that the residents’ exgerf the product of test-enhanced learning rather

than simply training and repeated experience awes.t
Confidence asa Component of Expertise

Despite the fact that faculty members did not shimewobust advantage in symmetry
assessment that residents had over untrained txrioth residents and faculty members
demonstrated their expertise by accurately asgp#s@ir own abilities. As seen in Figure 2.3 (A
and C), both resident and faculty groups showede@sing confidence in their performance as
their actual performance dropped. Non-professioiiéd#\ officers, and dental students all failed
to show the same ability to consistently assess olnn performance. For example, TSA agents
rated their confidence in assessing symmetry ilgbhpface equivalent to their ability to detect
symmetry in a dot pattern despite the fact that tiecuracy scores for these two tasks were
drastically different. The ability to accuratelyfsevaluate performance is correlated with
expertise’> and our data suggest that this is indeed thewhsa it comes to assessing face
symmetry.

14



2.6 CONCLUSIONS

Implicationsfor Dental Education

Longitudinal data following individuals from presntistry, through dental school,
residency, and clinical practice is required to mdgfinitive statements regarding the relative
contributions of training, experience, and potdntiberent ability to the acquisition of clinical
skills. Until that data is available, clinical daheducation, whether pre- or post-doctoral, should

be targeted to provide more than simple repeatpdrences.

When considering the acquisition of a diagnostilt, duch as face symmetry
assessment, the effect of testing by providingcadifeedback during training may enhance
learning in a meaningful way. Accurate self-assesgns one facet expertise and may be an
important end-point for the evaluation of cliniskill acquisition. Incorporating these principles

into clinical curricula and methodology will enha@dental education.
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2.6 TABLES AND FIGURES
Table 2.1
Table 1. Accuracy (%correct), Response Time (sec.), and Confidence Scores

DDS Students Orthodontlc Orthodontic  Non- .
Residents Faculty Professionals

TSA Officers

Accuracy mean (std. dev.)
All Faces 84.11 (7.95) 86.88(3.69) 83.96(3.43) 796r34) 79.1(6.04)
Upright Faces 84.55(10.0) 88.41(3.90) 91.67 (3.97) .848(7.93) 79.79 (6.66)
Inverted Faces 83.68 (8.61) 85.35(4.38) 82.43(4.8) .6Z@&.08) 78.39 (6.21)

Dots 65.05 (10.2) 64.76 (8.94) 62.78 (11.87) 65.8277)N. 63.89 (9.07)
Response Time mean (std. dev.)
Al Faces 5.51 (2.0) 7.56 (3.17) 7.38 (2.96) 3.26 (1.46 7.68 (3.92)

Upright Faces 5.15 (2.1) 754 (2.92) 7.58(3.77) 318%) 7.74(4.44)
Inverted Faces 5.88 (2.73) 7.58 (5.07) 7.17 (3.3) BLFEL) 7.63 (3.95)

Dots 0.78 (0.45) 0.89 (0.49) 0.86 (0.3) 0.64 (0.26) {®@36)
Confidence % repsonsesindicating confidence® (n)

Upright Faces 75 (9) 100 (16) 100 (15) 91.3 (21) 70 (7)

Inverted Faces 41.7 (5) 50.1 (8) 73.4 (11) 52.1 (12) (%0

Dots 58.4 (7) 25 (4) 60 (9) 52.1(12) 70 (7)

“Royal College of Physicians Confidence Rating Scalg-uly Confident in most cases 3: Confidersdme cases 2: Satisfactory
lacking confidence 1: Not confident (responses of 8 indicate confidence)

Figure 2.1A

LEFT face is more symmatric.
RIGHT face is mors symmstric.
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Figure 2.1B

Example stimuli and instructions presented to pigdints for (A) Tasks 1 and 2 and (B) Task 3.
The face stimuli of Tasks 1 and 2 were presentéld mo time constraints, whereas the dot
patterns used in Task 3 were presented for 200fwiewed by the instructions screen that

remained until response).
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Figure 2.2

Low Symmetry Veridical Image High Symmetry Perfect Symmetry

Least Symmetric P> Most Symmetric

Example of face stimuli showing four morphed vemsiof one individual’s face: the actual face
(veridical), a version 50% less symmetric (low syetiry), a version 50% more symmetric (high

symmetry), and a version with perfect symmetry.teNtbat the hairstyle for each version of the

face is the identical, veridical hairstyle.
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Figure 2.3 A

Accuracy for Symmetry Tasks

B Uptight Faces
Inverted Faces
100+ [CDot Patterns

90

Mean Accuracy (% Correct)

Resident Faculty Dental Mon- TSA Officer
Student  Professional

Group

Mean accuracy scores for each symmetry task (Yecrpby group. Error bars represent 95%

confidence intervals.
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Figure 2.3B

Response Time for Symmetry Tasks

(] Upright Faces
B Inverted Faces
129 [1Dot Patterns

Mean Response Time (seconds)

Crtho Ortho Faculty  Dental Non- T3A Officer
Resident Student  Professzional
Group

Mean response time for each symmetry task (secdaydgijoup. Error bars represent 95%
confidence intervals. Note that only dot pattesksahad a restricted presentation time of

2000ms.
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Figure 2.3C

Confidence Ratings for Symimetry Tasks

Bl Upright Faces
Ml Inverted Faces
100 (Dot Pattems

30

601

Responses Indicating Confidence (%o)

Ortho  Ortho Faculty  Dental Hon- THA Officer
Resident Student  Professionals
Group

Proportion of responses indicating confidence smhesymmetry task by group. Royal College
of Physicians Confidence Rating Scale — Respomsksaiting confidence: 4) Fully confident in
most cases 3) Confident in some cases; Responsexlimating confidence: 2) Satisfactory but

lacking confidence 1) Not confident
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3.1 INTRODUCTION

Symmetry is an important biologically-based defeant of facial attractivenes$8 and
assessment of symmetry in a patient’s face is pawatrto the development of a complete
dentofacial diagnosis. In an era of modern orthtiderwhen the soft-tissue paradigm and
patient perception often dictate the success afrtrent outcomes, it is not acceptable for the
orthodontist to simply identify problems and protedth treatment.An understanding of
individual differences in perception of face symmetcross orthodontists, their patients, and
other providers of dental care is needed to fatdicommunication among these groups and to
ensure optimal treatment results. To these endsnteesearch has attempted to establish
thresholds for the perception of a problem in feyg@metry in different professional and non-

professional groups.

Huisinga-Fischer and co-workers asked participamtbjectively compare asymmetry
between different individuals’ facé& Their results suggest that orthodontists and sungje
might judge facial symmetry more accurately thdreogroups but leave room for alternative
explanations due to the nature of the stimuli @astts. Specifically, the face stimuli they used
had pathologic deviations from normal symmetry &inch normal proportions, and the
participants were asked to rate how the facesrditfen terms of deformity from normal rather
than in symmetry explicitly. Accordingly, the rad& symmetry in the participant’s judgment was
unclear. Another study related the perception o€ fsymmetry suffers from the fact that

participants rated attractiveness rather than symyritself*°

Finally, a study using virtual
“three-dimensional” face stimuli suggested thatlevtiiresholds for the perception of an

asymmetric nose or chin exist, orthodontists amad surgeons show no meaningful advantage in
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judging face symmetry when compared to layper$ditds important to note that none of these

studies were designed to investigate expertisaaitiypl

Of equal importance to the threshold for detectiba problem is an understanding of the
orthodontist’s perceptual ability in general andefation to the patient. Are orthodontists
experts at assessing face symmetry? To date, th@adaequivocal at best because studies have
not been adequately designed to answer that qnetit” °If an orthodontist is better at
judging face symmetry than the patient, then hehermay confidently help the patient decide if
treatment is warranted. If the orthodontist is Ioetter at assessing face symmetry, then treatment
outcomes as viewed by the patient may not meat goails. With the availability of three-
dimensional imaging of facial surfaces, which akofar the exact quantification of facial
symmetry?” *8understanding perceptual differences actually beypme increasingly relevant.
If an orthodontist understands his or her abilitreselation to the patient, he or she may better

be able to determine when the use of such techpadageeded to assist in diagnosis.

The aims of this study were to determine if orthatttis posses expertise in assessing
face symmetry and to explore the nature of thistghvith the hope of informing clinical
practice and patient communication. To accomph&sé goals, we compared performance on
symmetry judgment tasks across orthodontists, gédentists, and control participants with no

training in face symmetry assessment.
3.2 MATERIALS AND METHODS
Participants

This study was considered exempt from IRB reviewihgyOffice of Human Research
Ethics at the University of North Carolina at Chiag#l and approved as an addition to a
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separate ongoing study by the Institutional RevBaard of Duke University. Orthodontists
(n=31, 8 female, mean age=43.5 years, SD=15.8) weeraited from the University of North
Carolina at Chapel Hill School of Dentistry (UNG)daincluded residents in various stages of
the three-year program as well as full and paretfaculty members. The faculty participants
reported an average of 27.4 years of clinical pra¢SD=12.45). General dentists were also
recruited from the UNC School of Dentistry and ud#d residents and faculty members (n=12,
3 female, mean age=53.1 years, SD=13.2). Orthodloegdidents, orthodontic faculty, and

general dentists were all compensated $10/houhér time.

Control participants without symmetry training weeeruited from two sources: non-
professional laypersons from the Duke Universitsnominity (non-professionals) and TSA
officers employed at Raleigh-Durham Internationapart. Non-professionals represent a
population of laypersons without any known spegisial skills. Non-professionals (n=23, 13
female age=20.87 years, SD=4.5) were compensatbcwirse credit or paid $10/hour for their
participation. TSA officers represent a populatioat is known to have enhanced visual
cognition abilities unrelated to face symmetry assgent®* The TSA officers (n=10, 2 female,
age=42.33 years, SD=10.20) were not directly corsgtex as their data were collected during
normal working hours as part of their employmerirtieipation in this study by the TSA
officers was entirely confidential and voluntafyTwo additional participants in the TSA group
and one in the non-professional group had ovesia# faccuracy scores that fell two standard
deviations below the mean overall face accuracyesio all participants, and their data were
excluded from all analyses. All participants camigd 20/20 vision or the use of corrective

lenses at the time of data collection.

Apparatus
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Data were acquired in three separate locatiomsgyudentical protocols and
environments: orthodontic resident, orthodontiafgag and general dentist data were collected
at the UNC School of Dentistry, Duke student da¢sencollected at Duke University in the
Visual Cognition Laboratory, and TSA officer datare collected at Raleigh-Durham
International Airport in a private testing room.eféxperiment was run in a dimly lit room;
participants at Duke and UNC viewed the experimenta Dell Inspiron computer with a 20-
inch CRT monitor, and participants at RDU viewed é&xperiments on Dell Vostro 260
computers and 23.6-inch computer displays that wépested so all participants were presented
with stimuli of the same physical size. Particigawere seated at a viewing distance of
approximately 57 cm with no head restraint. Stinmére presented and responses were recorded
using MATLAB (The MathWorks, Natick, MA) using thesychophysics Toolbox (Version
3.0.8, Brainard, 1997; Pelli, 1997; Kleiner, Brauha& Pelli, 2007). Questionnaire data were

collected using the Qualtrics Research Suite (QoalLabs, Inc., 2012).

Procedures and Stimuli

All participants completed three visual cognitiasks related to symmetry and presented
in a blocked design; order was counterbalancedsaalb participants and tasks. Each task began
with a series of practice trials, which were imnagelly followed by the experimental segment
during which trial-by-trial accuracy and responseetwere recorded. At the start of each trial, a
fixation cross was presented for 500ms, followedHhgystimulus. Participants responded to each

trial with one of two possible keys, and no feedbaas provided.

Task 1: Symmetry assessment of upright faces
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Participants assessed symmetry in 96 trials obhipfaces by making a two-alternative
forced-choice judgment between two versions ofstrae face presented side by side (see Figure
3.1A). Stimuli were presented on a black backgroand the participant was instructed to press
the ‘'z’ key if the face on the left appeared momasietric and the ‘/’ key if the face on the right
appeared more symmetric. Stimuli were presentetithetparticipant responded. Trials were
counter-balanced for each participant as to whetteeright or left face was more symmetric.
Stimuli consisted of black-and-white photograph$asks of sixteen (8 female) Caucasian
individuals morphed to varying levels of asymmetiyile preserving averaged proportions (see
Rhodes, Proffit, Grady, & Sumich, 1998 for detaifsstimuli generatiord®Veridical hairstyles
(i.e. the unaltered hairstyle) were maintained for alisions of each face by editing the original
stimuli set from Rhodes using Adobe® Photoshop Elsil0® so that the hair could not be
used as a cue to symmetry. Four versions of eaeh varying in symmetry were used: the
veridical (original) face, the face with perfecthayetry, the face with symmetry increased 50%
from the veridical, and the face with symmetry @éased 50% from the veridical (See Figure
3.2). By pairing each face version with all theatens of that face, six possible pairings were
created (veridical with perfect symmetry, veridieadh high symmetry, veridical with low
symmetry, high symmetry with perfect symmetry, hsgimmetry with low symmetry, and low
symmetry with perfect symmetry). These stimuli weresented at random in terms of both the
levels of symmetry being compared and the indiididace that was used. Participants viewed

all possible pairings of each face during Task 1.

Task 2: Symmetry assessment of inverted faces

This task was identical to Task 1, but all stinmaire presented upside-down. The
sequence of presentation was randomized sepafaigiylask 1.
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Task 3: Symmetry detection in dot patterns

Participants judged whether a dot pattern preseagedcentered image on a black
background was perfectly symmetric about its valaxis (see Figure 3.1B). Each dot image
was displayed for 2000ms, after which participamtse asked to make a response using the ‘Z’
key to indicate that the dot pattern was symmaeinit the ‘/’ key to indicate that the dot pattern
was not symmetric. The 2000ms display time was ts@daintain consistency with a previously
used experimental protoc8iStimuli were 18 dot patterns based on the bodyepattof animal
with bilaterally symmetric bodies (see Evans, Weatte & Cheng, 2000 for detail).Each
pattern was presented in random order in both bpagd inverted conditions for a total of 36

trials.

Immediately following the completion of all visuaisks, each participant completed a
web-based questionnaire that asked about demogragpbimation, strategies employed during
symmetry assessment, and subjective confidenceatelfs for the tasks completed using the
Royal College of Physicians Confidence Rating S&@rthodontists and general dentists were
asked whether the patient is most often upriglmegrted when they assess face symmetry
clinically and about duration of training or clialgpractice. Non-professionals and TSA officers

were asked whether they had any training or expegién symmetry assessment.
3.3 RESULTS

Descriptive statistics for accuracy, response tiamel confidence ratings for each task
may be found in Table 3.1. Normality of data wasfomed using Q-Q plots and homogeneity
of variance between groups was confirmed using hes’s test. Accuracy and response times

were compared among groups using one-way analiyseariance and Tukey’s HSD. Within
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subject comparisons were made using paired t-bedtdlcoxon signed rank tests (for

confidence ratings); statistical significance wesa p=0.05.

Orthodontists showed a statistically significant@atage in judging face symmetry
overall (F=6.6, p=0.001) and in both upright (F55%90.001) and inverted (F=4.8, p=0.004)
face conditions compared to both non-professioaads TSA officers (Tukey's HSD p<0.05 for
all comparisons), but not compared to general dentizeneral dentists did not show a
significant difference in accuracy overall for assag symmetry in faces, whether upright or
inverted, when compared to non-professionals or d8igers. In the most difficult trials (those
in which the differences in symmetry between fagese smalleste.g. perfect symmetry
compared to high symmetry), orthodontists showsigjificant advantage (F=9.2, p<0.001)
over general dentists (p=0.01) as well as bothprofessionals (p<0.001) and TSA officers

(p=0.002).

There was a significant difference in response taverall (F=7.2, p<0.001), and for
both upright (F=7.9, p<0.001) and inverted (F=$70.005) faces between orthodontists and
general dentists compared to non-professionalsgifakHSD p<0.02 for all comparisons), but
not between orthodontists and general dentists aoeddo TSA officers. Non-professionals
took less time to judge symmetry than orthodontgmeral dentists, or TSA officers. There

were no other differences in response time amogg@esups.

There were no statistically significant differenaesiccuracy or response time for dot

stimuli among any of the groups.

Orthodontists showed within-subject differenceadouracy between each pair of tasks:

upright vs. inverted faces (t=3.7, p=0.001), uprigices vs. dot patterns (t=10.7, p<0.001),
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inverted faces vs. dot patterns (t=10.6, p<0.0G&neral dentists also showed an advantage in

accuracy for upright vs. inverted faces (t=2.7, p20.

Orthodontists also demonstrated significant diffiess in confidence ratings for each
pair of tasks: upright vs. inverted faces (z=4&).001), upright faces vs. dot patterns (z=4.3,
p<0.001), inverted faces vs. dot patterns (z=2:5,@l). No other groups showed significant

differences in confidence ratings for all pairgasks.

All but four participants in the orthodontist gro(p=31) and two in the general dentist
group (n=12) reported clinically assessing symmeitit the patient upright. No non-

professionals or TSA officers reported trainingegperience in judging face symmetry.

3.4 DISCUSSION

Orthodontic Expertise

Our results indicate that orthodontists show arcéglvantage in assessing face symmetry
compared to laypersons, and an advantage overajelestists in the most difficult cases. One
might suggest that the orthodontists’ enhancedp®aidnce is the result of motivation bias; they
were simply trying harder because this was an ewalu of a skill that they knew they should
possess. An appraisal of response time rules atiptissibility (see Figure 3.3B). Orthodontists
took longer, on average, to respond when judging &ymmetry than non-professionals. TSA
officers took just as long as orthodontists, howeaad they were significantly worse at
assessing symmetry. Despite the fact that they $apkficantly longer to respond, the TSA
officer group’s accuracy matched that of the noofgssionals. In short, increased response time,
which is a logical indicator of motivation, doest mguate to greater accuracy. Orthodontists
truly appear to have an enhanced skill.
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Faces as Special Visual Stimuli

It is important to note, however, that all partanps, whether orthodontists, general
dentists, or untrained controls, showed accuracyescthat indicate some aptitude in judging
face symmetry. Even the lowest mean accuracy sfof8.4% (see Table 3.1) represents a real
increase above the 50% score one might expectifaodom chance alone given that the face
symmetry tasks all included only two possible reses. That all of our participants showed
some skill may be due to the nature of faces amdtonans tend to perceive them. Faces are
ubiquitous visual stimuli, and behavioral and n@maging research has indicated that they are
processed by special cognitive mechanisms in tai@ lvhich provide an advantage in
perceptual abilities when it comes to looking al amaluating faces (for a review see Kanwisher
et al 2006Y. Face symmetry also is likely to be governed byigp@rocesses which provide a
perceptual advantage compared to the inspectisgmimetry in non-face objects, such as dot

patterns or teeth.” 3
Inverted Faces and Symmetry Assessment

One aspect of face symmetry processing thatiistefest to orthodontists and general
dentists is that the orientation of the face whanmeetry is judged appears to have a significant
effect. Both orthodontists and general dentisteeveggnificantly better at assessing symmetry in
upright faces compared to inverted faces. Thisifigdupports research that when a face is
inverted, it is not fully processed by the usualna¢pathways of the brain that provide a
perceptual advantade®® *it may be clinically meaningful that orthodontistisd general
dentists are better at judging symmetry when a ia@right. When administering dental care,

the patient is often reclined, and their face \@nted. Our data support the recommendation that
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the patient should be upright when face symmetasgessed in order to achieve maximum
accuracy. Interestingly, all but four orthodontiatsl two general dentists reported that their
routine clinical practice included assessment o fsymmetry with the patient upright rather

than inverted.
Implicationsfor Clinical Practice

It is important to remark that the clinical settiiog which our data are most applicable
involves the longitudinal comparison of patientaets when they are being monitored for a
progressive asymmetric deformity. Our experimedésign, comparing two versions of the
same person’s face, is most similar to the clingzaivity of comparing accurate standardized

photographic records taken over time for diagngatiposes.

In an era when surface-scanning 3D technology alline computer-assisted assessment
of face symmetry and changes in it over fitn&our data may also be an aid to understanding
when technology such as this is needed. In a gattiwhich a patient’s records are being
compared over time, our data suggests that orthmd®mill correctly identify symmetry in 87%
of the cases, if the faces are viewed in an uppghttion using accurate photographs. So,
perhaps less than 15% of these situations redquerait of additional tools, such as surface 3D

superimpositions, to identify progressive aberraiom face symmetry.

Recent studies using 3D laser surface scanning&sithe overall asymmetry in
normally developing child and adolescent facestme on average from 8% - 68% with
standard deviations as high as nearly £49%: *> *interestingly, our study used stimuli that
varied the symmetry of the whole face from 50% Esgametric than the true face to perfect

symmetry. Accordingly, the stimuli we used provaleeasonable representation of the range of
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asymmetry encountered in clinical practice, anddata give further insight to the nature of face

symmetry judgment both by clinicians and laypersons

The relative skill of all participants in our stublgs implications for patient
communication. Providers should be aware that facesinique visual stimdfiand that judging
symmetry in faces is a perceptual process distinot other tasks to evaluate dentofacial
esthetics. While orthodontists are experts at &yoemetry assessment, patients are likely to
posses some inherent skill as well. Similarly, odibntists are only better at judging face
symmetry than general dentists in difficult casesur study, this difference became evident
when the dissimilarity between stimuli was only=@@change in overall face symmetry (see
Figure 3.2). Orthodontists may use this evidenca faamework for understanding the

perceptual abilities of both patients and colleaguigh whom they communicate.

Orthodontists may also use our evidence as a fmaisiderstanding their own abilities.
Confidence ratings for symmetry tasks followed perfance for this group (see Figure 3.3 A,
C). That is to say that orthodontists rated théwesemost confident in the tasks for which they
were most accurate and least confident in the tablese they performed the worst. An ability to
accurately evaluate one’s own performance is aicanar of expertisé® and consistent with this
tenet, general dentists, non-professionals, and di8éers failed to show the same pattern. Our
evidence suggests that an orthodontist’s self-assast of performance is more likely to be
consistent with their actual accuracy than untiilagpersons or general dentists making the
same judgment. This finding may facilitate the rexbation of differences in face symmetry

perception between patient and provider.
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3.5 CONCLUSIONS

Orthodontists demonstrate robust expertise in asggface symmetry when compared to

laypersons, and expertise in only the most diffipudlgments compared to general dentists.

Both orthodontists and general dentists show @ifgsggnt advantage judging face

symmetry with upright compared to inverted faces.

When photographic patient records are being coegpaver time, our data suggests that

orthodontists will incorrectly identify symmetry lass than 15% of these situations.
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3.6 TABLES AND FIGURES

Table 3.1

Accuracy (% correct), Response Time (sec.), and Confidence Scores for Symmetry Tasks

General Non-
Orthodontists Dentists Professionals TSA Officers
(n=31 (n=12 (n=23 (n=10
Accuracy mean (std. dev.)
All Face: 85.5 (3.8 82.4 (5.0 79.7 (6.7 79.1 (6.0
Upright Face 87.0 (4.1 84.8 (6.8 80.8 (7.9 79.8 (6.7
Inverted Face 84.0 (4.7 80.0 (4.8 78.6 (7.1 78.4 (6.2
Dots 63.8 (10.3 61.6 (6.1 65.8 (10.8 63.9 (9.1
Response Time mean (std. dev.)
All Faces 7.5(3.0 8.5 (7.7) 3.3(1.5) 7.7(3.9
Upright Faces 7.6 (3.3 8.3 (6.6) 3.2(1.6) 7.7(4.4
Inverted Faces 7.4 (4.2 8.8 (9.3) 3.3(1.5) 7.6 (4.0
Dots 0.9 (0.40 0.8 (0.2) 0.6 (0.3) 0.9 (0.5
Confidence % repsonsesindicating confidence?®
Upright Faces 10C 91.7 91.3 70
Inverted Faces 61.c 75 52.1 50
Dots 41.¢ 66.7 52.1 70

*Royal College of Physicians Confidence Rating SedteFully confident in most cases
Confident in some cases 2: Satisfactory but lackargidence 1: Not confident (responses
or 4 indicate confidence)

Figure 3.1A

Press the z key if the LEFT face is more symmetric.

Press the / key if the RIGHT face is more symmetric.
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Figure 3.1B

Example stimuli and instructions presented to pigrdints for (A) Tasks 1 and 2 and (B) Task 3.
The face stimuli of Tasks 1 and 2 were presentéld mo time constraints, whereas the dot
patterns used in Task 3 were presented for 200fuievwed by the instructions screen that

remained until response).
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Figure 3.2

Low Symmetry Veridical Image High Symmetry Perfect Symmetry

Least Symmetric > Most Symmetric

Example of face stimuli showing four morphed vemsiof one individual’ face: the actual fac
(veridical), a version 50% less symmetric (low syetiry), a version 50% more symmetric (h

symmetry), and a version with perfect symmetry.teNibat the hairstyle for each version of

face is the identical, veridical hairsty
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Figure 3.3A

Accuracy for Symmetry Tasks

Inverted Faces
100 [l Dot Patterns

EUplight Faces

Mean Accuracy (%eCorrect)

Orthodontist  General Dentist Non-Professional THA Officer
Group

Mean accuracy scores for each symmetry task (Yecrpy group. Error bars represent 95%

confidence intervals.
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Figure 3.3B

Response Time for Symmetry Tasks

W Upsight Faces
Bl Inverted Faces
151 [CDot Pattems

Mean Response Time (seconds)

Orthodontist  General Dentist

THA Officer Dulee Student

Group

Mean response time for each symmetry task (secdaydgioup. Error bars represent 95%
confidence intervals. Note that only dot pattesksahad a restricted presentation time of

2000ms.
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Figure 3.3C

Confidence Ratings for Symmetry Tasks

[ Upright Faces
B Inverted Faces
D Dot Patterns

100

80—

60—

40

Responses Indicating Confidence (%0)

20—

Orthodontist  General Dentist Non-Professional TSA Officer

Group
Proportion of responses indicating confidence smhesymmetry task by group. Royal College
of Physicians Confidence Rating Scale — Respomsksaiting confidence: 4) Fully confident in

most cases 3) Confident in some cases; Responsexlimating confidence: 2) Satisfactory but

lacking confidence 1) Not confident
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4. CONCLUSION

Longitudinal data following individuals from preedtistry, through dental school,
residency, and clinical practice is required to edkfinitive statements regarding the relative
contributions of training, experience, and potdntiberent ability to the acquisition of clinical
skills. Until that data is available, clinical daheducation, whether pre- or post-doctoral, should
be targeted to provide more than simple repeatpdreences. When considering the acquisition
of a diagnostic skill, such as face symmetry assen§ the effect of testing by providing critical
feedback during training may enhance learningnmeaningful way. Accurate self-assessment is
one facet expertise and may be an important enat-fmi the evaluation of clinical skill
acquisition. Incorporating these principles intmicial curricula and methodology will enhance

dental education.

Orthodontists demonstrate robust expertise in asggface symmetry when compared to
laypersons, and expertise in only the most diffipudgments compared to general dentists. Both
orthodontists and general dentists show a sigmifiadvantage judging face symmetry with
upright compared to inverted faces. When photogcapétient records are being compared over
time, our data suggests that orthodontists wilbinectly identify symmetry in less than 15% of

these situations.
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