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ABSTRACT

STEPHANIE GOLUBIC RHOADS: Examining Diagnostic Tashand Establishing

Diagnostic Criteria for Dental Eruption Disorders

(Under the direction of Dr. Sylvia A. Frazier-Bowsgr
Objectives. Eruption disorders are frequently misdiagnoseadfidence and diagnostic
accuracy of Mechanical Failure of Eruption (MFE)kglosis, and Primary Failure of
Eruption (PFE) were assessed and a diagnosticras established based on
genotype:phenotype correlatiohdethods: In a nationwide survey AAO and AAPD
members, participants diagnosed 15 cases of wefigption disorderfkesults: The
diagnostic accuracies of MFE (61%), ankylosis (42800 PFE (33%) were significantly
different (P<.0001). The percentages of participaaporting confidence in diagnosing
MFE, ankylosis, and PFE were 98%, 87%, and 75%ectsely. Orthodontists were
more accurate than pediatric dentists (P<.00019uhrgenotype:phenotype study of 64
individuals, 100% with a mutation IPTH1R, and 93% of all PFE individuals exhibited
> one infraoccluded permanent first mol@onclusions: Orthodontists and pediatric
dentists over-estimate their diagnostic abilitydéouption disorders. To improve

diagnosis, we have established that an infraocdlusigpracrestal first molar is a

hallmark feature of PFE.
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1. INTRODUCTION

Eruption disorders pose a challenge for both pedidentists and
orthodontists, in diagnosis, in treatment plannary] execution of treatment mechanics.
While relatively rare, these alterations to noreraiption patterns can pose a significant
burden to a practitioner seeking to best manage awase and limit the resulting

negative side effects.

There are three main categories of eruption digerdéechanical Failure of
Eruption (MFE) is described as the failure of alomw erupt due to a physical
obstruction of its eruption pathway, such as aectyth discrepancy, pathology, or a
supernumerary tooth? Ankylosis is defined as the fusion of the cemenamihe root of
the tooth to bone, eliminating the periodontal tigant spacé.® Finally, Primary Failure
or Eruption (PFE) is described as a failure ofehgption mechanism itseliwith a clear
eruption pathway.PFE presents as infra-occlusion of the affectethteesulting in a
posterior open bite malocclusion. While each tgperuption disorder, whether
Mechanical Failure of Eruption (MFE), ankylosis,Riimary Failure of Eruption (PFE),
requires careful treatment planning and treatmptibos that are both mechanically and
technically difficult, the accurate diagnosis oésle disorders is the first and most critical
step in treating patients with these anomaliess&leguption disorders often appear
clinically similar and misdiagnosis can lead to awage treatment outcomes and

frustration by both the practitioner and patient.



In the first paperAccuracy and Confidence Level of Pediatric Dentists and
Orthodontists in the Diagnosis of Eruption Disorders, we sought to test the hypotheses
that the diagnostic accuracy and the reported dstgnconfidence for MFE, ankylosis,
and PFE are low and equal overall and that theme demographic characteristic that is
associated with improved accuracy or confidence.gpacific aims were to: 1)
determine the accuracy of ED diagnosis with currecbrds by orthodontists and
pediatric dentists and 2) assess the confidenet ¢é\participants in diagnosing and

treating eruption disorders and compare perceieafidence with actual accuracy.

The purpose of our second papestablishing the Diagnostic Criteria for
Eruption Disorders Based on Genetic and Clinical Data, was to establish definitive
criteria to differentiate and diagnose eruptiorodiers, specifically Primary Failure of
Eruption (PFE) and ankylosis. The combination géotive genetic information and
clinical data from affected individuals was utilize® establish a genotype:phenotype
correlation for PFE and by extension, an objeatiagnosis [ie determined by
associating clinical (phenotypic) features with g@n(genotypic) analysis]. Therefore,
our specific aims were to: 1) compare clinical teas identified in a genetically
characterized PFE sample set to a broader datiygatients diagnosed with PFE based
on clinical parameters only, 2) compare featureh®fPFE sample set to features
identified in a small ankylosis sample, and 3) tdgrallmark developmental and
morphological features of PFE, providing cliniciami$h greater diagnostic certainty and

subsequent improved clinical management.

Through these two investigations, we hoped to geight into the diagnostic

patterns of practitioners when faced with erupticsorders, assess the significance of the



potential diagnostic deficiencies, and contribotée improvement of the diagnostic

rubric for eruption disorders.



Accuracy and Confidence Level of Pediatric Dentists and Orthodontistsin the
Diagnosis of Dental Eruption Disorders

2.1 ABSTRACT

Introduction: Eruption disorders are often misdiagnosed andcelily mismanaged.
Methods: A nationwide survey was used to assess confidendaliagnostic accuracy
for Mechanical Failure of Eruption (MFE), ankylgséd Primary Failure of Eruption
(PFE). AAO and AAPD members (11% response ratgmised cases of eruption
disorders previously verified via genetic analymigreatment historyResults: The mean
diagnostic accuracies were 61% for MFE, 42% forybosis, and 33% for PFE.
Diagnostic accuracies were statistically differ@?.0001). Participants reporting to be
“confident” or “very confident” in diagnosing PFRnkylosis, and MFE were 98%, 87%,
and 75% respectively. Orthodontists were more ateuhan pediatric dentists
(P<.0001). Residents and recent graduates were awotgate in diagnosing MFE and
PFE than experienced cliniciar®@onclusions. The low diagnostic accuracy of eruption
disorders, particularly PFE, indicates a great rfeetnproved diagnostic tools and
updated education for practitioners. Accuracy maleflection of exposure to the
disorder in practice, opportunity to observe treaitresults, and up-to-date education on
eruption disorder research. The development of mzdgthdiagnostic techniques for
clinical distinctions among eruption disorders ddddae sought and emphasis must be
placed on family history and history of orofaciauma that may contribute to the

presentation.



2.2INTRODUCTION

A comprehensive understanding of normal dental ldpweent and tooth eruption
are fundamental to pediatric dental and orthodqurictices. The dental practitioner
must monitor the developing dentition for any déeias from the normal expected
eruption sequence, timing, and pathway. Alteratiarthe molecular pathways
underlying normal eruption can result in an eruptiisorder’ ® early detection and
management of these situations provides the basicehat a successful treatment
outcome. Misdiagnosis can lead to suboptimaltneat choices, which are often

detrimental to the overall treatment outcome.

A critical step in diagnosing eruption disordeeslin initially determining its
broad etiology. Eruption disorders may manifesa gart of a dental syndrome, such as
Cleidocranial Dysplasia or present in the abseficddious systemic diseaddt is
critical that diagnosis of these distinct eruptibsorders, which can be linked to a
specific etiology, be differentiated since each omands a different treatment modality.
Major examples of non-syndromic eruption disordectude three distinct, yet clinically
similar entities: Mechanical Failure of Eruption E®), ankylosis, and Primary Failure of
Eruption (PFE). MFE is described as the failura ¢doth to erupt due to a mechanical
obstruction of its eruption pathway, such as a,@msbther tooth, or soft tissue pressure
from a lateral tongue thrust or thumb habftOnce diagnosed, this can often be treated

successfully with the removal of the mechanicatkéme.

Ankylosis occurs when the cementum on the rooheftboth fuses to the bone,
eliminating the periodontal ligament sp&c&Ankylosis is most often diagnosed through

radiographic examination based largely on the aleseha visible periodontal ligament
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space but may also be based on lack of clinicallyreciable physiologic mobility and a
sharp sound noted upon percussion of the affeotstit However, any one of these
diagnostic criteria can easily be misinterpret@articularly when evaluating a two
dimensional radiograph, the appearance of PDL fusirbone can be overstated or
completely undetected. To date, there are no stiestiudies evaluating the ability to
diagnose ankylosis using a Cone Beam CT scan o$iaeyor resolution. Large field of
view CBCT scans, have an average resolution 00@l3roxels® which appears
inadequate to evaluate whether a fusion of cemeaturbone exists. The important goal
in distinguishing ankylosis from other eruption Iplems is that unlike PFE, the
ankylosed tooth can be extracted and the remateetty will likely be responsive to

orthodontic treatmeri.

Finally, first described by Proffit and Vig, PFEdsfined as a failure of the
eruption mechanism itselfwhich cannot be explained by a syndrome or a nréchk
interferencé. A hallmark of PFE is that these teeth do not resfavorably to
orthodontic traction and, in fact, attempted oribratic treatment often results in a
worsened malocclusion and increased open biteadimrtision of adjacent teeth® °
PFE presents as infra-occlusion of the affecteth tessulting in a posterior open bite
malocclusion. Typically, all teeth distal to th@sh mesially affected tooth also fail to
erupt. A diagnosis of PFE is critical as it dictatkat treatment with continuous
archwires should be avoided. Some successful tezdthas been reported by multiple
individual tooth osteotomies or selective indivititeoth extractions followed by implant

restorations to restore a functional occlusion.



Our current understanding of eruption disordersldegs strengthened by human
genetic studies which have highlighted mutationgarathyroid hormone receptor 1
(PTHIR) as a causative factor for familial cases of PPE: °A study of nine family
members revealddTH1R as an autosomal dominant mutation associatedaxtRE
phenotype. All family members with PFE had a motain thePTH1R gene in this
study, while those without PFE lacked this mutafidine PTH1R mutation that is
associated with PFE results in the formation obafanctional, truncated protein.
Haploinsufficiency appears to be the underlyingseanf PFE, in which insufficient
amounts of functional receptors are formed fromuhaffected allele. Since non-
syndromic PFE patients do not exhibit any periph&gns of the disease, it may be
hypothesized that this mutation causes a disrugiorfined to alveolar bone in the
epithelial and mesenchymal signaling pathwaysdhanhecessary for normal bone
resorption and apposition in tooth eruptfonThis information implicates genetic
mutations ilPTH1R as diagnostic of PFE and is important in the cdrtteat many
patients diagnosed with PFE by the presence ohfiroted mutation irPTH1R were
initially misdiagnosed with ankylosfs® Additionally, PFE and ankylosis preferentially
affect molars and posterior teeth, making them ewere difficult to distinguish from

one anothef.

The treatment decisions and, therefore, the suafdbhe chosen treatment, rely
heavily on accurate diagnosis of eruption disordétewever, eruption disorders often
exhibit similar radiographic and clinical preserdas, resulting in frequent misdiagnosis.
Due to the lack of distinct diagnostic criteria,mgalinicians may be less confident or

proficient in diagnosing and treating eruption dis. We propose here to determine



the practitioner’s level of confidence in eruptisorder diagnosis, as well as the actual
accuracy of diagnosis in order to assess the signite of this problem in a typical
practice. This logical first step is essentiatletermine the potential need to improve
current diagnostic methods to distinguish theserders and to reveal factors that may
facilitate a more accurate diagnosis. Furtherggtablishment of distinct diagnostic
criteria which can be obtained through appropniaterds and tests will enable confident
diagnoses and the subsequent implementation of effaetive treatment options for
each eruption disorder. Gaining any additionalnmfation about these eruption
disorders, such as reported diagnostic prevalentelpful in characterizing the

disorders and potentially offering insight into gtiioner familiarity with each diagnosis.

Our study sought to test the hypotheses that #gndstic accuracy and the
reported diagnostic confidence for MFE, ankyloars] PFE are low and equal overall
and that improved accuracy or confidence is notaexed by demographic

characteristics.



2.3MATERIALSAND METHODS

Survey Tool

This project has been reviewed and approved byJtineersity of North Carolina
Institutional Review Board (study number 11-189¥ nhationwide cross-sectional
electronic survey was developed and conducteciagjia survey developed in Qualtrics
software (Provo, UT). Questions were multiple ckaic Likert-type scale. The
participants were presented with unidentified cagesuption disorders including PFE,
MFE, and ankylosis (5 cases of each in random hrtigraoral photographs, a
panoramic radiograph, and some pertinent pati¢otriration, such as age, gender, and
history of orofacial trauma were provided. Thogeresentative cases were selected as
follows: for PFE prior verification was made thréugenetic analysis i.e. a mutation in
thePTHI1R gene; ankylosis was based on eruption disordatsaére treated
successfully with extraction of the affected toatid orthodontic treatment of the
remaining teeth; MFE was based on individuals ssefodly treated with the removal of
the mechanical interference and orthodontic treatrokthe entire dentition. The
participant was asked to diagnose each case fignhad answer options based on his or
her own clinical acumen. Participants were als@dgsk provide demographics,
including their gender, specialty, number of yeange graduating from the most recent
specialty program, practice setting, and practize. £onfidence scales (5 point scales)
were used to assess the participant’s level ofiden€e in diagnosing and treating each
type of eruption disorder with a variety of recarBlimally, the participant was asked to
estimate the number of cases that he or she diadwash PFE, MFE, and ankylosis in

his or her practice during the past year.



A pilot study was completed first, in which tenicents and faculty in the
orthodontic and pediatric dentistry departmentthefUniversity of North Carolina
School of Dentistry completed the survey to evadbhe effectiveness of the survey tool.

The survey was altered accordingly based on trabtesk provided.

The electronic survey was sent via email to alivaectaffiliate, academic, student,
and service members of the American Associatio@rttiodontists (AAO) (N=10,203)
and all active members of the American Academyaedfi&ric Dentists (AAPD)
(N=5,639). Surveys were sent directly by the AA@ #me investigators sent emails to
members of AAPD directly. No identifying informatiavas linked to the responses.
This survey was re-sent with a reminder email tihn BAO and AAPD members 3

weeks after the initial contact in hopes of inchegshe response rate.

Inclusion criteria included active members of AAOAAPD. Exclusion Criteria
include respondent refusal and non-active memideAa®\® or AAPD. Student, resident,
and retired members will be excluded from the qoastseeking information about

prevalence. Based upon number of respondentgta#d participants were excluded.

Statistical Analysis

Our statistical model makes the assumption thatmet surveys are
representative of a random sampling throughouttumtry. There were 1144
respondents included in the statistical analysisr axcluding those who did not answer
all 15 case questions, as well as retired parttgpdBased upon the distribution of
responses, practice settings of “hospital,” “sulagid healthcare plan,” and “other” were
all grouped together as “other.” The purpose ofahalysis is to assess whether the

10



respondent’s accuracy or confidence is affectethbytype of problem (MFE, Ankylosis,
PFE) adjusting for specialty, practice setting, gedrs since graduation.

The outcome variables of accuracy and confidence weated as continuous
variables. Accuracy was calculated as the numbeowéct responses to 5 scenarios
presented for each type of problem. Confidencethad.ikert-like score associated with
the confidence in diagnosing each type of problerargclinical exam + all necessary
radiographs. Since scores for all three typegablpm were available from each
respondent, the dataset was viewed as a corralatadet. Linear mixed models were
used to analyze accuracy and confidence, separbbesgructured covariance structure
between MFE, Ankylosis, and PFE was assumed. oAgh confidence scores were
skewed, mixed models are robust for non-normal datha residual analysis supported

the use of the linear mixed model. All analysesenmnducted using SAS 9.3.
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24RESULTS

The survey was delivered by the AAO and AAPD t@203,and 5,639 individuals
respectively. A total of 1,723 individuals parpiated in the survey, with 1,217
completing all 15 cases presented in the surveig. dduates to an overall response rate
of 10.8%, with 7.7% completing all case questigxcording to unpublished data from
the Loyalty Research Center, an AAO research parine average response rates for
surveys sent by the AAO to all members is betwdet3%. Our response rate falls
within this average range, although it is on thedoend possibly due to the length and to
the level of engagement required to complete tinigey. Of the total participants
included in the statistical analyses (1144), 43%evegthodontists and 57% were

pediatric dentistsThe demographics of participants are displayedaibld 1.

Diagnostic Accuracy

We first analyzed the overall accuracy in diagadsr MFE, PFE, and ankylosis
with the given records to determine whether the@Vaccuracies were high or low and
if there was a difference among the means basedl tlngatype of eruption disorder. The
unadjusted mean score for MFE was 3.04 out ofd tatses (Lower CI 2.97, Upper CI
3.10).This equates to 61% correct. The mean score foflesik was 2.12 (Lower CI
2.05, Upper CI 2.18), or 42% correct. The meanestmr PFE was 1.66 (Lower Cl 1.59,
Upper Cl 1.74), or 33% correct Table 2). There ssadistically significant difference
(P<.0001) in the accuracy of diagnosis between pastof eruption disorders, even after

adjusting for specialty, practice setting, and gesance graduation (Table 3).
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The results of a linear mixed model revealed thetd is a statistically significant
difference in the accuracy of eruption disordegdmsis between orthodontists and
pediatric dentists, with orthodontists being mareusate (F=34.9, P<.0001) (Table 4).
Specifically, orthodontists are significantly maecurate in the diagnosis of PFE and
MFE (P=.0036, <.0001), but no statistical differemxists in the diagnosis of ankylosis
(Table 5). There is no overall statistical diffezenn the accuracy of eruption disorder
diagnosis as a result of practice setting nor Wwaghattern of response for all three types
of problems affected by practice setting (P=0.2Additionally, the average accuracy was
not significantly different among the three categ®of practice setting (P=0.49). There
was no statistical difference in overall accurasyaaesult of years since graduation
(P=0.63). However, the pattern of responses watheatame for the categories used to
characterize years since graduation (P<0.002) wpEnof eruption disorder was
considered as a variable. Those residents andiahs in practice less than 10 years
were more accurate than those in practice >20 ya#ingespect to MFE and PFE
(P=.0036, .087). More experienced clinicians wheehaeen in practice >20 years were
most accurate in ankylosis diagnosis (P=.0027)leTalists all average accuracies for

each category of participant and for each erupdisarder.

Participant Confidence

When asked to estimate their confidence level aguiosing MFE, ankylosis, and
PFE, the highest median confidence levels werertegpavhen practitioners were given
the option of a clinical exam plus all necessadjagraphs. The reported mean

confidence levels (out of 5) with clinical exam aalbinecessary radiographs were 4.33
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(Lower C1 4.29, Upper CI 4.38) for MFE, 3.78 (Lower 3.72, Upper CI 3.85) for
ankylosis, and 3.14 (Lower CI 3.08, Upper CI 3.&t)PFE (Table 2). There was a
statistically significant difference between themge estimated confidence of each pair
of eruption disorder s (P<.0001), even after adjgdor specialty, practice setting, and

years since graduation. (Table 3, Fig 1)

There is also a statistically significant differerin the reported confidence in
eruption disorder diagnosis based upon specia#t§ g, P<.0001 with pediatric dentists
expressing greater confidence than orthodontistarfkylosis and PFE), practice setting
(F=2.73, P=.04 with residents expressing signifilyaiess confidence than both
academic faculty and private practice + other inBvMiagnosis), and years since
graduation (F=10.65, P=.001 with those in practit@é years exhibiting less confidence
than those in practice >20 years for MFE and lesdidence than those in practice 11-20
years for both MFE and PFE). Overall confideneagaased as years since graduation

increased (Table 4).

The reported confidence levels in treating eacpteyn disorder were somewhat
lower than the confidence of diagnosis. Participaiaporting to be “confident” or “very
confident” in the treatment of eruption disorders as follows: 90% for MFE, 69% for

ankylosis, and 39% for PFE.

Accuracy versus Confidence

There is a large disparity between the relativdidence in diagnosis and the

actual diagnostic accuracy. Ninety-eight percergasficipants reported that they were

14



“confident” or “very confident” in the diagnosis MFE. However, only 35% of the
participants diagnosed 4 or 5 of the cases coyraatil only 8% of participants diagnosed
all 5 cases correctly. When asked to estimate tugifidence level in the diagnosis of
ankylosis, 87% of participants responded “confident'very confident.” This is in
contrast to 11% of participants who correctly diaggd 4 or 5 cases correctly and only
1.5% who were correct in all 5 diagnoses of ankgldSeventy-five percent of
participants responded that they were “confidentvery confident” in PFE diagnosis.

A total of 10% of participants correctly diagnogedr 5 cases, while 0.26% were correct

in 100% of PFE diagnoses. (Figure 2)

Estimated Prevalence

The final aim of this study was to estimate thecpntage of a clinician’s practice
that is composed of patients with each eruptioordisr. This question was not answered
by those in residency or those who were retireds Was calculated by dividing the
estimated number of each disorder seen in theipegoer year by the number of new
patient exams per year. This evaluation revealaddy3% (SD 0.36) of the patients
seen in a typical practice exhibit MFE, 0.63% (SB7) exhibit ankylosis, and 0.37%

(SD 0.28) exhibit PFE.

15



2.5 DISCUSSION

Previous studies have shown that PFE is frequemiSdiagnosed as ankylosis,

resulting in improper treatment plans for the pati@his can lead to great frustration for
the treating orthodontist, referring pediatric demand for the patient who is
experiencing a worsened malocclusion and exteneéathtent time. It is important to
improve the ability of clinicians to diagnose elioptdisorders accurately. The first
logical step in this regime is to determine therent diagnostic accuracy of practicing

clinicians, as well as their perceived confidermeel in the diagnosis of these disorders.

Our study revealed that diagnostic accuracy gbteva disorders is overall very
low for MFE (61% correct), ankylosis (42% correethd PFE (33% correct). Since the
participant was given three diagnostic choicestarh case, this indicates that diagnostic
accuracy for PFE is no greater than chance. Thexetbnicians are unlikely to reliably
diagnose PFE accurately in practice. The percerthgases accurately diagnosed in a
busy practice setting is likely lower than 33% hessathe eruption disorder may go
completely unidentified survey, whereas the pg#nis were informed that an eruption
disorder existed in this survey. For comparisorppses, the percentage of occlusal
caries accurately diagnosed via visual inspectémyes from 46-92% corré&t?
Interestingly, in all three studies, dental studatiagnosed occlusal caries with the
highest sensitivity when compared to faculty, réeggaduates, and more experienced

practitioners.

The accuracies among the three eruption disoaterstatistically different from
one another. There may be many explanations fertlicome. The most intuitive

rationale is that the difference in accuracy iated to familiarity with the disorders and
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frequency that each disorder is seen in practice.eStimates indicate that MFE is seen
most often in practice (0.73%) followed by anky&).63%) and then PFE (0.37%). It
must be noted that these numbers represent esimaitihin the population of patients
who seek treatment at a pediatric dental officertrodontic office only. There may be
many cases of each eruption disorder in the gepegllation who never seek treatment
in either type of practice and, therefore, areinciuded in our estimate. Alternatively,
more of these patients with severe malocclusionsseak treatment. This group who
seeks treatment may represent a higher percentag®ple with eruption disorders than
exists in the general population. Additionally,sbere estimates offered by the
participating clinicians and are not numbers vedfby chart reviews. Therefore, the
percentages in this study provide a rough estimiatéhat one might expect to see as a
percentage of the average practice and also tcagivedication of which disorder is seen
the most and least. Existing data reports thatraibf eruption of first and second molars
is seen about 1.5% of the time in a normal popardfl Our estimates are similar to this
report because they did not differentiate betwewylasis and PFE in their study. Any
differences may also be a consequence of the faotied above. We feel confident,
however, that MFE is seen much more frequently #&8, for example and that this
mere aspect of frequency of exposure to each erugisorder is reflected in the

accuracy with which each is diagnosed.

Additionally, MFE often has an obstruction thah@table either clinically or
radiographically that can be used to explain thlerfaof the tooth to erupt. This is more
intuitive than diagnosing ankylosis or PFE, whitthdate, are most definitively

diagnosed via histological and genetic diagnog=pectively.
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The fact that orthodontists diagnose eruptionrdisis more accurately than
pediatric dentists most likely stems from the thett orthodontists are faced with
treatment of each malocclusion, while pediatrictés are taxed with the responsibility
to refer aberrant eruption patterns accompaniea fiyggested diagnosis. Orthodontists
have the opportunity to see the results of theattnent decisions based upon that
diagnosis. Orthodontists have successfully treatady cases of MFE and therefore
understand the presentation to a greater exteni iitay have also had more experiences
where failed attempts at treatment of ankylosiBIBE resulted in frustration and
obstacles, making such cases more memorable. Rediantists often do not have the
opportunity to verify their initial diagnosis witheatment results and therefore are less

accurate in the diagnosis of eruption disorders.

Interestingly, the reported confidence of paréeifs in the diagnosis of each
eruption disorder was very high overall. The estedaonfidence levels did decrease in
the same order as the accuracy, indicating thatipoamers are more confident
diagnosing disorders that appear in their practioee frequently and with which they
have greater diagnostic accuracy. However, theidemée levels were substantially
higher than the actual accuracy for each diso(gegure 2) The majority of participants
reported that they were “confident” or “very corgitt” in the diagnosis of each eruption
disorder, revealing that they are poorly assed$ien diagnostic abilities. This
overestimation of diagnostic accuracy may leadtpraicers to make confident, yet
inaccurate, diagnoses without spending time toothginly study the case and exhaust all
avenues that may improve the likelihood of makingacurate diagnosis. This can lead

to increased possibility of improper treatment niitiéa and negative consequences to
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the patient. Clinicians need to be aware that amguof eruption disorder diagnosis is

low and extra caution and diligence should be paichses such as these.

As expected, confidence increased with years girmguation and residents
exhibited the lowest confidence in every situatidowever, this increased confidence
did not translate to increased diagnostic accuracfact, those in practice longer,
exhibiting more confidence, did not diagnose euptiisorders with greater accuracy
than current residents. Current residents werealgtihe most accurate in diagnosis of
both PFE and MFE, with those in practice >30 yeatsbiting the lowest accuracy. In
the diagnosis of ankylosis, however, more expeadrdinicians were, in fact, more
accurate. This reflects the fact that cliniciansxdbaccurately gage their ability to
diagnose eruption disorders. Additionally, whilsidents and more recent graduates lack
the clinical exposure of more experienced practérs, they are likely receiving more
education on eruption disorders, particular PFantfhose who graduated more than 10
years ago. As more information is gathered abauiteim disorders, more time is
allotted to this topic in residency programs. Theme the advantage of more recent
education focused on highly researched topics, as@ruption disorders, appears to
compensate for the lack of clinical expertise. Asvmesident classes graduate after
receiving a more thorough education about erugtiearders, the hope is that the
diagnostic accuracy of this group will improve hat with experience and surpass the
diagnostic abilities of those veteran cliniciandap. With the combination of continually
advancing education and research on the topic¢lamdal experience, the diagnostic

accuracy of eruption disorders should continuertprove over time.
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After reviewing the participant responses to eaclividual case, some
generalizations can be made. When studying thensgs to the PFE cases, unilateral
PFE was diagnosed accurately about 33% of the thige bilateral cases had a higher
percentage correct (about 43%). There was onemagdycase PFE that was diagnosed
incorrectly by 98% of participants, most of whomaghosed it as MFE (Figure 3).
Therefore, the more subtle and unilateral casemare likely to be misdiagnosed.
However, this mild case exhibited a mutatiofPiftH1R and therefore would result in
much worsened occlusion if treated conventionafiptihodontic appliances. This
patient underwent genetic analysis due to a coefirfamily history of PFE,
underscoring the importance of a thorough famistdry during the initial exam to
enhance diagnostic accuracy. But since this geaattysis was completed after
treatment with a continuous archwire, the init@hsequence was indeed a significantly
worsened lateral open biteThese observations highlight the need for extreangion in
eruption disorder diagnoses, even by those witlmtbst attuned clinical acumen, as well
as a need for the development of improved diagnosthniques to avoid improper

treatment.

There was no consistent pattern noted to desdridedses where ankylosis was
diagnosed more accurately. However, ankylosis wiadiagnosed as PFE much more
frequently than it was misdiagnosed as MFE (irbatlone case). Ankylosis diagnosis

appears to be inconsistent, and largely inaccurate.

There was also no obvious pattern to determineWRIEE cases were diagnosed
most inaccurately. However, in the case in whichBMias misdiagnosed 76% of the

time (highest percentage of misdiagnosis for anfgMBEse), most participants diagnosed
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the case as PFE. Of note is the observation thet th obvious alveolar bone coverage
occlusal to the crown of the affected tooth (FigliyeBased on recent findings by our
team, a supracrestal presentation of affected teetlnallmark feature of PFE. Therefore,
the tooth without a cleared eruption pathway wilt he a tooth affected by PFE (Under

review,AJODO 2013) (Figure 5).

A limitation of this study was the use of clinigdiotographs and radiographs
alone, without a clinical exam and interview. Ana@al exam and interview may help

improve the diagnostic ability of many clinicians.

Based upon the low diagnostic accuracy of all eompdisorders, and particularly
PFE, there is a great need for improved diagnéstils and updated education for
practitioners in practice. Clinical distinctionstiveen each eruption disorder should be
sought and emphasis must be placed on the patientiew to gain insight about family
history of eruption disorders or history of derdgafacial trauma that may contribute to
the presentation of ankylosed teeth, for examptklitonally, as more information is
gathered about the cause of each eruption disdteere may be more opportunity to
discern the proper diagnosis based upon patiemh @xa a greater availability for
genetic testing to verify the eruption disordergiasis. Genetic analysis to verify PFE
may one day become a chairside tool. In the meansmple diagnostic distinctions

should be sought to prevent misdiagnosis and ingsrispatment decisions.
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2.6 CONCLUSION

. Diagnostic accuracy of eruption disorders is loahvIFE accuracy higher than
ankylosis, which is higher than PFE.

. Diagnostic confidence is much higher than actualieacy.

. Diagnostic accuracy of MFE and PFE increased $lighith recent trainees
(residents) as compared to seasoned practitioBeperienced clinicians
exhibited greater accuracy in ankylosis diagnosis.

. Accuracy may be a reflection of the prevalencéhefdisorder in practice,
opportunity to observe the results of attemptedtinent of the disorders, and up-

to-date education on the most recent advancesiptien disorder research.
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Table 2.1: Participant Demographics
Number (Percent)

Gender
Male 718 (63%)
Female 420 (37%)
Specialty
Orthodontist 493 (43%)
Pediatric Dentist 651 (57%)
Primary Practice Setting
Academic Resident 129 (11%)
Academic Faculty 82 (7%)
Private Practice 861 (76%)
Other 69 (6%)
Y ears Since Graduation
Current Resident 129 (11%)
<5 Years 213 (19%)
5-10 Years 146 (13%)
11-20 Years 233 (20%)
21-30 Years 237 (21%)
>30 Years 186 (16%)

Table2.2: Least square mean and 95%. C.I for accuracy amiidemce in the diagnosis
of MFE, ankylosis, and PFE.

Outcome type Estimate 95% C.I.
MFE 3.04 2.97 3.10
Accuracy Ankylosis  2.12 2.05 2.18
PFE 1.66 1.59 1.74
MFE 4.33 4.29 4.38
Confidence Ankylosis  3.78 3.72 3.85
PFE 3.14 3.08 3.21

Note: Specialty, practice setting, years since gaidn were not adjusted for in this
table.
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Table 2.3: Pairwise comparison of type for accuracy and ctamice based on the model
that has four covariates of type, specialty, pcacsietting, and years since graduation

Outcome Groupl Group 2 (Group ngroup 2 SE tValue P*
Ankylosis MFE -0.92 0.05 -18.72 <.0001
Accuracy PFE 0.46 0.05 9.02 <.0001
MFE PFE 1.38 0.05 29.41 <.0001
. Ankylosis -0.55 0.03 -16.29 <.0001
Confidence PFE 0.64 0.03 19.03 <.0001
MFE PFE 1.19 0.04 33.25 <.0001

* P values were adjusted by Scheffe’s method.

Table 2.4: The results from linear mixed models showing ttece of type of
disorder, specialty, practice setting, and yearsesgraduation on overall
diagnostic accuracy and confidence

Outcome Effect Num DF Den DF F Value P

type 2 1135 454.24 <.0001

Accuracy sp'ecialty . 1 1135 349 <.0001
practice setting 3 1135 0.39 0.7581

years since graduation 1 1135 1.95 0.1627

type 2 1131 554,16 <.0001

. specialty 1 1131 16.61 <.0001
Confidence - ctice setting 3 1131 273 0.0425

years since graduation 1 1131 10.65 0.0011
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Table 2.5: Differences in Accuracy and Confidence based uppe of disorder and
specialty, primary practice setting, and yearsesgr@aduation

; Accuracy Confidence
Variab Groupl  Growp2 T
arabe roup roup Y& pitf (Gri-Gra) SE ¢ P Diff(Grl-Gr2) SE  t p
Ankylosis 0.01 0.07 020 0.8429 -0.58 0.06 -9.38 <.0001*
Speciatty Orthodontis: P;:r':gc MFE 0.19 007 292 0.0036* 043 0.04 10.01 <.0001*
PFE 0.59 007 800 <0001*  -0.32 0.07 -483 <0001
Ankylosis 0.09 017 054 05018 0.19 015 124 02161
Academic - Academic -0.05 0.16 -0.33 0.7383 0.29 0.11 2.72 0.0066*
Faculty Resident
PFE 0.06 0.18 031 0.7589 0.07 0.16 0.40 0.6370
cadomc Ankylosis 0.03 0.13 024 08136 0.03 012 026 0.7936
Praciice Settng "8 Prite+Other MFE 0.03 013 025 0.8024 0.01 0.08 0.17 0.8620
PFE 017 0.14 1.20 0.2303 -0.14 013 -1.13 0.2500
Ankyloss _-0.06 0.12 -051 06124 2016 0.11 -1.48 0.1379
Academic _ .
CMC b Vate+Other MFE 0.08 011 0.76 0.4473 -0.27 0.07 -3.71 0.0002*
Resident
PFE 0.12 013 090 0.3673 -0.21 011 -1.84 0.0562
Ankylosis 0.15 009 157 0.1158 0.01 009 016 08722
- 117 5 : *
loows  <ioms | MFE 0.11 0.09 -117 0.2435 0.15 0.06 2.40 0.0163
PFE -0.12 010 -1.12 0.2609 0.26 0.09 279 0.0053*
Ankyloss _ -0.10 0.09 -1.04 0.2990 0.09 008 1.02 03086
Years Since Graduation 11-20yrs >20yrs MFE 0.12 0.09 1.37 0.1695 -0.06 0.06 -1.06 0.2913
PFE 0.04 0.10 035 0.7262 0.12 0.09 132 0.1359
Ankylosis  -0.24 0.08 -3.01 0.0027* 0.07 0.07 0.7 0.3338
< >
10yrs 20018 g 0.23 008 292 0.0036*  -021  0.05 -4.01 <.0001*
PFE 0.15 009 1.71 0.0878 -0.14 0.08 -1.76 0.0790

* Statistically significant with P<.05
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Table 2.6: Mean accuracy

PFE (Mean/ SD) | Ankylosis(Mean/SD) | MFE (M Ean/SD)
Ortho 1.99/1.35 2.14/1.17 3.14/1.11
Pedo 1.41/1.14 2.10/1.09 2.96/1.07

Academic Resident 1.84/1.36 1.95/0.99 3.22/1.11
Academic Faculty 1.78/1.31 2.18/1.19 3.02/1.15
Private Practice 1.63/1.26 2.14/1.14 3.01/1.08
Other 1.61/1.14 2.17/1.07 2.99/1.13

Resident 1.84/1.36 1.95/0.99 3.22/1.11
<5yearsago 1.7711.25 2.04/1.08 3.18/1.09
5-10 years ago 1.58/1.24 1.95/1.05 3.02/1.10
11-20 years ago 1.61/1.26 2.15/1.09 3.03/1.11
21-30 years ago 1.65/1.25 2.23/1.18 3.02/1.04
>30 years ago 1.56/1.28 2.2711.25 2.79/1.06
Table 2.7: Mean confidence

PFE (Mean/ SD) | AnkylosistM ean/SD) | MFE (M Ean/SD)
Ortho 2.96/1.18 3.45/1.19 4.58/0.56
Pedo 3.28/1.06 4.04/0.89 4.14/0.84

Academic Resident 2.86/0.86 3.66/0.84 3.98/0.77
Academic Faculty 3.05/1.23 3.83/1.16 4.39/0.70
Private Practice 3.20/1.15 3.78/1.11 4.39/0.76
Other 3.09/1.02 3.94/0.82 4.16/0.68

Resident 2.86/0.86 3.66/0.84 3.98/0.77
<5yearsago 3.09/1.01 3.91/0.90 4.22/0.74
5-10 years ago 3.09/1.11 3.80/1.02 4.25/0.97
11-20 years ago 3.32/1.16 3.84/1.10 4.40/0.74
21-30 years ago 3.13/1.26 3.73/1.16 4.47/0.70
>30 year s ago 3.24/1.14 3.72/1.25 4.51/0.57




Fig. 2.1: Average accuracy and confidence of participanteendiagnosis of PFE,
ankylosis, and MFE.
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Figure 2.2: Comparison between accuracy and confidence ldyenticipants
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Figure 2.3: Patient exhibiting PFE that is confirmed via genahalysis to reveal a
mutation inPTH1R. This case was misdiagnosed by 98% of participartse surveyA,

Clinical Photographs
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Figure 2.4: MFE case that was most frequently misdiagnosed §8% of participants).
A, Clinical Photographs

Figure 2.4: B, Panoramic film which illustrates the alveolar baelusal to the crown
of the lower right first molar. This is paramouatexcluding a diagnosis of PFE.
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Figure5: Decision tree for diagnosis and treatment of eauptiisorders. Modified fror
Rhoads et. al. AJODO 2013 to include treatment consideratic

Clinical problem : eruption disorders with infraocclusion of 2 1 tooth

Problem Diaghosis Treatment Decisions
solving
The eruption pathway is Yes Mechanical failure Remove barrier to eruption
not clear, i.e, alveolar bone, |—> of eruption > and treat entire dentition
adjacent teeth, cysts, etc.
, No Extract ankylosed tooth and

Ankylosis I

Affected permanent NO/7 treat remaining dentition
1t molars
l Yes % Segmental AW to treat
anterior teeth. Add posterior

History of trauma teeth sequentially until

Primary failure of eruption
or pathology |y, ¥ P ™| intrusion is noted. Single
N tooth osteotomies or
v 'O ;
restorations may help close
3
Ankylosis

Family history posterior open bite

l Ye
No
Confi q ot Observation; most educated
onfirmed mutation ) )
in PTH1R NO, Idiopathic failure of eruption _| diagnosis based on other
common features. More

or Primary failure of eruption

research needed
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Establishing the Diagnostic Criteria for Eruption Disorders Based on Genetic and
Clinical Data

3.1ABSTRACT
Introduction: Proper diagnosis and management of eruptionrdstices remains
challenging but is critical to a functional occlusi The objective of this study is to
establish definitive criteria to differentiate atidgnose eruption disorders, specifically
Primary Failure of Eruption (PFE) and ankylosiMethods: Sixty-four affected
individuals were placed into 3 Cohorts: PFE diagaakrough confirmed presence of
PTHI1R mutation (N=11), PFE diagnosed based upon climicedria (N=47), and
ankylosis diagnosed based upon clinical criterim@NThese groups were assessed to
identify clinical features that differentiate PFRdaankylosisResults: Ninety-three
percent of individuals in the PFE Genetic and €hhiCohorts (N=58) and 100% in the
Genetic PFE Cohort present with at least one isfriaigled permanent first molar.
Additionally, a novel functionaPTH1R mutation, 1092delG, was identified and linked to
PFE in the primary dentitioil€onclusion: An infraocluded, supracrestal first molar is a
hallmark feature of PFE, which often presents wwitlolvement of both arches,
permanent or primary dentition, uni- or bilaterfieation, infraoccluded ® premolar
and/or 3? molar, and multiple affected adjacent teeth. @sults further suggest that
PFE and ankylosis may be clinically indistinguisleabithout knowledge of prior

trauma, treatment history, genetic information loliteration of the PDL space.
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3.2INTRODUCTION

The process of eruption in the human dentitiocomplex and remains poorly
understood. While advances in molecular biologyehacreased our understanding of
the mechanisms underlying human dental eruptianclinical correlations remain
elusive. Consequently, our understanding of @waps based on multiple, yet differing
theories that are both controversial and ill-supguhr Eruption disorders therefore create
a rare and unique diagnostic challenge for gematists seeking to monitor the dental
development of their patients; but it is particlyaomplex for the orthodontist and
pediatric dentist who are tasked with the manage¢wieihese patients. The gestalt of
this challenge is a lack of definitive clinical dreostic criteria to distinguish between
different types of eruption disorders and/or défeiate them from idiopathic delayed
dental development.

Disturbances in dental eruption can occur for nr@agons. Among these are
two very different clinical problems that form tbentral basis of this report, Primary
Failure of Eruption (PFE; OMIM: 125350) and ankytogAnkylosis is histologically
defined as the fusion of cementum to bone in &t leae area lacking a periodontal
ligament spac&*® The resultant occlusion exhibits a tooth thasesao erupt, drift, or
move despite normal adolescent growth or orthoddrdction. In contrast to ankylosis,
PFE doesot include a fusion of the cementum to the bonejsuatarked by a
disturbance in the eruption mechanism itself capainon-ankylosed tooth to fail to fully
or partially erupf’ In fact, surgeons extracting teeth diagnosed &rfte that the tooth
is mobile within the socket, further differentiajithese teeth from ankylosed téeffim

Turvey, personal communication, 12/3/2012). PFE indially described based upon its
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clinical appearance. This description of PFE rem#he most comprehensive diagnostic
indicator to date and includes the following featuirit primarily affects posterior teeth;
affects all teeth posterior to the most anteriaffgcted tooth; occlusion manifests as a
lateral open bite; and teeth do not respond favtaborthodontic force$. A common
clinical dilemma is distinguishing PFE from ankyks mainly because both disorders
carry a similar clinical appearance and developaldate. In fact, there is some
evidence that PFE is often misdiagnosed as anlsyiodi is important, however to
recognize that ankylosis and PFE dictate distimgetttnent modalities and inaccurate
diagnosis could significantly alter the treatmamtcess. The misdiagnosis and
mismanagement of either eruption disorder couldltés inappropriate and extended
treatment, significant financial burdens, patieostration, and an inferior occlusal
condition.

The fact remains that PFE is a rare, yet handicgpgisorder in which the
treatment options are unclear and unpredictable féw treatment options that exist at
this time to improve the occlusion of a patientibking PFE include small segmental
osteotomies and prosthetic restoration of the stoiif > However, no treatment or very
limited esthetic treatment is often the best ophenause treatment orthodontically with
a continuous archwire, even after extracting thetreeverely affected tooth, results in
exacerbation of the lateral open bite by intrusibthe adjacent teeth and frequent
resultant ankylosis of the affected te&th! This is in contrast to ankylosis, which can be
successfully treated by extraction of the ankylasedh and subsequent orthodontic

movement of all other teeth. Thus, misdiagnosiBE and treatment with a continuous
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archwire can actually lead to an inferior occlusault, providing a significant disservice
to the patient.

It is expected that the uncertainty surroundingpon disorder diagnosis will
diminish with the increasing application of geneti@lysis in this field. Unlike the
limited clinical indicators discussed above, gemahalysis of specific genes offers an
objective measure of the presence of pathologyceRestudies revealed that a genetic
mutation in thdPTH1R gene (associated with bone homeostasis) is atawiased with
PFE. The mutation is present in multiple membersonfie families who exhibit PFE®

B-173nd we

916 1t has previously been reported that 10-40% d B&ses are familiél
anticipate that this estimate will increase as nietearned about the genetic makeup of
those patients diagnosed with PFE. The potentrad figenetic diagnosis of PFE or other
dental disorders illustrates a huge step forwamsiablishing a definitive and objective
diagnosis of PFE in patients who are exhibitingichl characteristics of the disorder.
Although genetic “testing” is not currently availatior use in clinical practice for most
dental disorders, it is in early phases of developinfor use in the diagnosis of PFE and
will possibly act as a chairside diagnostic teghim future. Logical first steps in
developing this diagnostic rubric are to documant then associate the clinical features
of PFE with the associated genetic mutations.

In this report we seek to take advantage of a unapiaset to establish clinical
diagnostic criteria that distinguish PFE from otbasption disorders, particularly
ankylosis. The combination of objective genetioimation and clinical data from

affected individuals can be utilized to establigfeaotype-phenotype correlation for PFE

and by extension, an objective diagnosis [ie datezthby associating clinical
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(phenotypic) features with genetic (genotypic) gsia]. We therefore compare clinical
features identified in the genetically charactatizample set to a broader dataset of
patients diagnosed with PFE based on clinical patars only. The resultant
developmental and morphological features identifireishdividuals exhibiting obvious
clinical characteristics of PFE and harboring aggemmutation irPTH1R will represent
a hallmark of the condition, providing clinicianstlivgreater diagnostic certainty and

subsequent improved clinical management.
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3.3MATERIALSAND METHODS

A dataset of 64 patients with eruption disorders w@llected at the University of
North Carolina at Chapel Hill over several yearsisTdataset consists of patients of the
University of North Carolina at Chapel Hill Gradadrthodontic Clinic, Faculty
Practice, and various private practices (sentdosaltation and recommendations from
faculty at the University of the University of NorCarolina). After phenotypic review
using radiographs and/or clinical photos, individuaere placed into 3 categories:
patients definitively diagnosed with PFE throughegec analysis which revealed a
mutation inPTH1R (N=11) [Genetic PFE Cohort], patients diagnoseith \WIFE based
upon clinical records alone (N=47) [Clinical PFEHOd], and patients diagnosed with
ankylosis based upon clinical criteria (N=6) [Ctial Ankylosis Cohort]. All records
were evaluated by 3 separate investigators anceiagmat in diagnosis and feature
identification was confirmed for all cases. Thaseuded in the ankylosis cohort had a
confirmed history of trauma or were treated witlrastion of the affected tooth/teeth
and exhibited successful orthodontic treatmenhefremaining teeth. All other cases
were diagnosed as PFE based upon clinician acumetary of unsuccessful orthodontic
treatment, or genetic analysis.

Of the 58 individuals diagnosed with PFE, 27 undemingenetic (mutational)
analysis (previously described); a mutation or payphism inPTH1R was identified in
11 individuals and an unclassified non-functionayke nucleotide polymorphism (SNP)
in PTH1R was identified in the remaining 16. These 11 imimals comprise the Genetic
PFE Cohort, while patients with SNPs were groupeal the Clinical PFE Cohort.

Mutational analysis was performed as follows: DNAsvextracted and purified from
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salivary samples (Oragene, DNA Genotek, Torontdam Canada). All coding regions
of PTH1R (exons 3-16) were amplified and sequenced usiegqusly described primer
sets? Splice junctions were included in the sequencasylts by using primer sets
designed to delineate regions that the includedh@amm amount of 25 bases on intron
sequence, in addition to the exon sequences. Théfiation of sequences was
performed using HotStart polymerase chain readlasterMix (GE Healthcare Life
Sciences, NH) under the following conditions: lidume at 98C activation/premelt,
followed by 35 cycles of 30 seconds at’@melt, 30 seconds at 6G anneal, and 3
minutes at 72C extension. The polymerase chain reaction produete purified with
Exosapit (Affymetrix, CA) and sequenced at The @nsity of ### Genome Analysis
Core facility. All sequences were compared to awpePTH1R (accession
NM_000316.2) from GenBank release GRCh37- usin®tb&ST algorithm.

Clinical (phenotypic) information was reviewed fdl three cohorts to assess
clinical features of the affected individuals. Tleeords assessed included a minimum of
a panoramic radiograph for every patient, and depmetric radiographs, intraoral
periapical radiographs, and clinical photographseewsed when available. The following
information was gathered for all three cohorts:

1) Unilateral or bilateral presentation of infraocahacteeth

2) Arch involved (affected teeth present in the maxithandible, or both)

3) Teeth presenting with infraocclusion (at least preanolar, first molar, second
molar)

4) Location of affected teeth in alveolar ridge (supestal or infracrestal).“’s

molars were excluded from evaluation, as were stoawolars in young patients
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who would not be expected to have second molapenfiaccording to normal
dental eruption timing

5) Presence or absence of root anomalies, includiagriggion

6) Presence or absence of any other abnormal or ndtewindings, including
specific descriptions

7) Record types provided

Additionally, the following information was includevhen available and applicable:
1) PFE Type I or Il (determined by the degree of amupdf the second molars, as
discussed below)
2) Age
3) Presence of Class lll dental or skeletal relatigngthetermined by high quality
clinical photos and/or cephalometric radiograph thearly demonstrates a
skeletal Class Il relationship were required. Thpatients lacking these records

were classified as indeterminable.)

For the Clinical PFE and Genetic PFE Cohorts, thssdication of PFE was
recorded as Type | or Il as previously describeth@literature: ’ These types are
distinguished based upon the timing of onset aacethre presentation. Briefly, Type 1
PFE is characterized by a progressive posterion bge, in which all teeth distal to the
most mesial infra-occluded tooth are affected amdat erupt into occlusion. Type 2
PFE exhibits greater eruption potential, althouglhisadequate, for the more distal
teeth, such as second molars. Comparison of thien disorders based upon the three
cohorts was completed in order to identify simdad distinguishing characteristics. The
Genetic PFE Cohort provides an objective basidassdy the associated clinical
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features. Therefore, the following comparisons weeele: clinical features of the
Genetic PFE Cohort with the Clinical PFE and Chhignkylosis Cohorts based upon

the attributes listed above.
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34RESULTS

Twenty-four of the 58 total PFE patients had adermation available. The
average age of the patients in this dataset fochvage was recorded was 12 years, 9
months with a range of 6 years, 2 months to 18syeamonths.

Previously identified mutations in tiH1R gene in addition to a novel mutation
in PTH1R, (1092 del G, which results in a frameshift anelnpature termination of the
PTH1R protein) formed the basis of the Genetic Cohdttis novel mutation, associated
with the clinical finding of infraoccluded primatgeth, was discovered in a small nuclear
family (N=2). The index case was a 7 years, 9 m®otd male who exhibited PFE
affection of the permanent and primary teeth inftmen of a right lateral posterior open
bite and mild Class Il skeletal malocclusion. (g 1)

Establishment of Genotype: Phenotype Correlation

We evaluated a subset of cases with eruption &that included both clinical
and genetic data in order to establish a genotjie@gtype correlation. Table |
summarizes the number and percentage of patieots iantire sample (N=64) who
exhibit various clinical features. SpecificalliiegtGenetic Cohort (N=11) was examined
for clinical characteristics of PFE. Since indvadls in the Genetic Cohort exhibit a
confirmed mutation ifPTH1R, hallmark features consistent with PFE are outlibased
upon this dataset. Our phenotypic analysis primasing radiographs and clinical
photographs reveals the following:

Six of 11 individuals present with affected teethlaterally, while 5 of 11
illustrate a bilateral presentation of infraocclddeeth. A great majority of patients (10

of 11 or 90.2%) exhibit infraoccluded teeth in btk maxilla and mandible. One
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patient has affected teeth in the mandible onlyleAst one premolar is affected in 8 of
11 (72.7%) of patients and at least one secondreoteverely affected in 7 of 11
(63.6%) of the patients. This, however, may be ratevestimation, due to the early
dental age of some patients, prohibiting the secoaldr eruption potential from being
truly evaluated. Of particular significance is fimeing that 100% of patients have an
affected permanent first molar. The one individuasenting in the mixed dentition is
noted to have all primary molars on the right aféec The affected teeth in each dental
guadrant are adjacent to one another.

In the Genetic PFE Cohort, 100% of patients hasepsacrestal presentation of
affected teeth. Supracrestal was defined by a cetelglcleared eruption pathway, with
no alveolar bone noted occlusal to the affectethtobhere are no instances of
individuals in this group with exclusively infractal affected teeth, although 2 patients
have one ectopically placed second molar which mesnafracrestal (excluding second
and third molars when age and developmental spracdude their eruption). Further, 4
of 11 individuals exhibit characteristics of Typ®EE, in which the second molar is at
least as severely affected as the first permanefdrnSix of 11 present as Type 2 PFE,
in which the second molar retains more eruptiveabdpy than the first molar, though
still remaining infraoccluded. One individual iEleterminable due to an early dental
developmental age without the eruption of the sdcunlar at the time of records.

We also investigated the presence or absence aftameous notable dental
features. Class Il malocclusion and/or skelet#éigoas are noted in 7 of 11 (64%) of
patients. One patient did not have adequate redorphidge the Angle classification or

skeletal pattern. Dilacerated roots are observdddhll patients. Finally, 4 of 11 (36%)
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of these patients present with at least one otbetadlanomaly, including impacted teeth
(N=3) and infraoccluded, over-retained primaryhe@=2). Figure 2 presents an
example of a patient in the Genetic Cohort illustighmany of the hallmark features of
PFE.

Features of the Clinical PFE Cohort

In the Clinical PFE Cohort (N=47), the majoritytbe cases that we reviewed
exhibit primary failure of eruption bilaterally (26 47 or 55%). Of the remaining cases
with unilateral presentation, 10 present only anl#ft and 11 present only on the right.
PFE most often presents as infraoccluded teetbtimthe maxillary and mandibular
arches (33 of 47 or 70%). In our sample, howev@atients exhibit features of PFE only
in the mandibular arch and 9 illustrate affectediteonly in the maxillary arch.
Essentially all affected teeth are supracrestapite being infraoccluded (40 of 47 or
85%). As previously noted, we excluded secondthind molars when age and
developmental status precluded their eruption. mamly, the first molar is always
supracrestal, demonstrating either a notable elegotion pathway through the bone or
presenting most often supragingivally yet belowplene of occlusion.

At least one first permanent molar is affected3mof#47 cases (91%) belonging
to the Clinical PFE Cohort. Furthermore, a secosnanent molar (31 or 66%) and at
least one premolar (30 or 64%) are very frequeatffigcted. In all 10 patients in the
mixed dentition, at least one primary tooth is etiéel. Teeth as far anterior as the canine
are affected in many patients and all affectechteeeach quadrant are adjacent to one
another. Twenty-five of 47 or 53% of the Clini€E Cohort patients have PFE type |

and 13 of 47 or 28% patients exhibit PFE type 2.tRe remaining cases (N=9), the
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classification of PFE is indeterminable, primadiye to inadequate dental development
or dental age at the time of records.

Other dental features noted in the Clinical PFEd&bimclude alterations in root
morphology (ie notably blunted or dilacerated rqdts10 or 21%) and a remarkable
prevalence of co-segregating dental anomalies asichissing teeth (second premolars,
N=3; maxillary laterals, N=1), delayed eruptionnadltiple teeth (N=6), impacted teeth
(N=7), and transposition of 2 teeth (N=2). Finaliyhigh prevalence of Class llI
malocclusion is also noted within this Cohort watkotal of 11 of 47 (23%) patients
demonstrating a Class Ill dental, and often skklegtationship. The classification could
not be determined for 21 of the patients due tdeqgaate records.

PFE versus Ankylosis

The Clinical Ankylosis Cohort (N=6) presents wamean age of 10 years, 1
month. Most cases present unilaterally, with onbf & cases presenting with bilaterally
affected teeth. Additionally, the affected teetd eonfined to 1 arch in every case. The
affected tooth or teeth are found in the maxill2 iof the cases and in the mandible in 4
of the cases. In all cases the affected toottpesraanent first molar. With the exception
of the one case that presents bilaterally (affgdtioth maxillary permanent first molars),
all other cases present as a single affected t&authlarly to teeth affected by PFE, all
but one tooth in this group of patients is suprstade Other dental features which are also
prevalent in this patient Cohort include Clasgnllocclusion (N=3), missing second

premolars (N=2), blunted roots (N=1), and ectopicioes (N=1).
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3.5DISCUSSION

The available information and technology that banutilized for the accurate
diagnosis of eruption disorders is severely lackimgdering the ability of clinicians to
make the best treatment decisions for their patiafthile definitive and objective
diagnosis through genetic analysis may one daysept the gold standard, the research
on this front remains in the nascent stages ofldpuweent. However, with rapid progress
being made in “personalized medicine,” the clin@aplicability of genetic testing for the
practicing orthodontist is likely in the near futurThe establishment of definitive
clinical criteria to aid in the diagnosis of eruptidisorders is critical for the present day.

In this study, we evaluated the clinical phenotgpendividuals in a Genetic PFE
Cohort who present with a functional mutation ia BTH1R gene. Previous studies
reveal that PFE presents as a progressive lateeal loite unable to be eliminated through
orthodontic traction which often has an associ&edilial mutation inPTH1R.! 4% 9 17.18
The genotype:phenotype correlation presented hasebased on the Genetic Cohort and
revealed that specific phenotypic characterisggsesent hallmark features of PFE since
100% of affected individuals possess these featurbsse include the involvement of
the permanent first molar and supracrestal pregentaf the affected teeth. Although
the posterior lateral open bite is a diagnostituieaof PFE, it must be noted that there
are alternative documented causes of a lateral bppensuch as manifestations of
Mechanical Failure of Eruption (MFE) (ie an unleagtICOS, lateral tongue thrust) or a
skeletal discrepancy (particularly a progressivaditaular asymmetry)? These cases
can typically be successfully treated with orthaitomechanics and/or orthognathic

surgery. Therefore, such causes of a lateral oppenmust be ruled out prior to
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consideration of a PFE diagnosis. After eliminating likelihood of MFE or skeletal
discrepancy, the presence of a lateral open hitaires a key diagnostic feature of PFE.
Nonetheless, a comparison between individuals avitiutation in théTH1R gene and
those who have not yet been genetically assessedips an additional objective
measure (ie infraoccluded first molar) that carapplied to the clinical diagnostic
regime.

Moreover, through our genetic analysis proceduesfound that the presence of
a familial 1092del G mutation inPTH1R is associated with affection of primary teeth.
This novel, functional mutation has been foundan tamily members- one of which is
currently in mixed dentition. This finding represethe first report of 8 TH1R mutation
and affection of primary teeth.

Since this was a retrospective study, investigad@sot have the ability to
complete genetic analysis on every individual ideld. This is a potential limitation of
the study because it resulted in a smaller numbBrdf patients with a confirmed
mutation inPTH1R. However, when the Genetic and Clinical PFE Cchadre
compared, no striking variations were noted betwherclinical features in the two
groups. Thus, we contend that the Genetic anddaliPFE Cohorts for practical
purposes can be analyzed as one group since amcalbsea mutation iIPTH1R does not
rule out PFE but the presence of a mutation cosfiadiagnosis of PFE. For instance, of
the patients who underwent genetic analysis, 1&ishahls analyzed harbored non-
functional single nucleotide polymorphisms (SNP&psge role in the eruption disorder is
uncertain at this time. This underscores thetfatat least one other gene is probably

responsible for the presentation of PFE. We carlode that PFE is a complex disorder
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which is most likely the outcome of genetic altemas in multiple different genes and
resultant disturbances in various molecular patlsway

The most striking feature of PFE noted in our Gien@ohort is that the first
permanent molar is always involved. This hallmag&tiire is also seen in the Clinical
PFE Cohort in the majority of individuals. Collaatly, when the Genetic and Clinical
PFE cohorts are combined, the first permanent melaifected 93% of the time. Other
hallmark clinical features associated with indiatgiharboring a mutation RTH1R, as
well as those diagnosed clinically, are a frequvdlvement of second premolar and
second molar, multiple adjacent teeth affectedipaecrestal presentation of the
infraoccluded teeth, bilateral presentation in noastes, involvement of teeth in both the
maxilla and mandible, frequent Class Il malocabmsiand a high prevalence of
concurrent dental anomalies. This, therefore, plewithe basis for a genotype:phenotype
correlation that can be applied to the diagnosisdividuals with eruption disorders who
do not have genetic data available. Our charaetion of common PFE findings is
consistent with previous reports ® *> 1" ¥Evidence of substantial variability in
presentation among PFE patients, and particulagdvariability among quadrants
within a single patient, suggest a combinationmfimnmental and epigenetic factors
influencing PFE presentation as well as a manifiestaf a patterning effect whereby
spatial and temporal control (ie combinatorial 68ef molecular pathways lead to a
varied phenotype.

We also sought to identify clinical features thah de used to distinguish
between PFE and ankylosis. It is likely that aceasinment bias favoring PFE over

ankylosis exists in our sample since a significamhber of PFE cases are sent for our
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consultation and because our database was iniéathblished for the purpose of
identifying probable PFE cases. Our analysis recetilat features common to PFE and
ankylosis include supracrestal presentation offfected teeth and the involvement of
the permanent first molar. We speculate thatitiserholar involvement in both
disorders is due to molecular timing of defectthim eruption mechanism (ie the
temporal and spatial specificity favors the fimiging permanent tooth in a posterior
qguadrant). However, there are distinctions nietveen the clinical appearance of
PFE and ankylosis in these cohorts studied thabearsed to distinguish the two
disorders. For ankylosis, the affected tooth wadined to only 1 arch in every case,
which is strikingly different than PFE, in which %of cases exhibit features in both
arches. Bilateral presentation of affected tegtipparent in 53% of PFE cases, in which
multiple adjacent teeth are typically affected arfcaoccluded; only one case of
ankylosis (17%) exhibited bilateral presentatiod armaximum of one affected tooth is
noted per quadrant. Taken together, we have applie phenotype:genotype analysis to
a clinical decision tree (Figure 3) to provide thiaician a systematic tool to aid in the
diagnosis of eruption disorders.

Of note is the high number of both PFE and ankbypsitients exhibiting other
concurrent dental anomali€ghis may support a hypothesis that ankylosis is aigler
intricate genetic control and may, in fact, residtn a variation of the misdirected
molecular pathway that leads to the presentatid?R&E. Dental anomaly patterns have
been studied by Shalish and Peck (2010), who cdedlthat patients with infraoccluded
primary teeth (most of which continued on to noreraiption of the premolars) were 2 to

7 times more likely to exhibit another dental anbnveghen compared to reference
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samples. They noted a significant correlation leetwinfraocclusion of at least one
primary tooth and increased occurrence of tootmagjs, microdontia of maxillary
lateral incisors, palatally displaced canines, amlistal angulation of the mandibular
second premoldt. Hypodontia in eruption disorders has been redatea particularly
common finding™> * These anomalies appear to be under genetic camdoiay result
from disturbances in the same or intertwined gereetd molecular pathways. Studying
them as a group may reveal information about atbanected dental anomalies and may
disclose that they are all, in fact, manifestatiohthe same spectrum of eruption
disturbances.

Despite the fact that the numbers reported mayroepiesent the prevalence of
Class Ill patterns in the studied cohorts (manyepés lacked adequate records to
determine the skeletal pattern), 31% of the PFividdals exhibit a Class Il
relationship, which is much higher than the repbgeevalence of this malocclusions in
American children (<1%) and in the Japanese pojpuldat its highest at 3-5%7. As a
result of the high association between PFE andsGlapatterns, one may speculate that
there is a generalized disturbance in bone methand turnover that not only inhibits
normal eruption of teeth and development of theallar bone, but also precludes the
proper forward and downward growth of the entirexitiea Since a strong genetic
component to Class Il skeletal relationships hesnbdemonstrated in previous research,
there appears to be an overlapping genetic compomeental and skeletal disturbances
that remains to be elucidatét This important connection could shed light onribemal
eruption process, the genetic influence on eruplisturbances, and the interaction

between molecular pathways that orchestrate thelesnprocess of dental eruption.
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3.6 CONCLUSION

Definitive diagnosis of PFE is currently made thgbuhe identification of a
mutation inPTHI1R, which has been shown in this study to be largehsistent with the
diagnosis of PFE based upon clinical parameteenckl, the use of our Genetic PFE
Cohort establishes 2 clinical parameters thatguitle our diagnosis of PFE:
involvement of the first permanent molar and sugasial presentation of affected teeth,
in which the eruption pathway is completely clebolostruction and clear of alveolar
bone occlusal to the tooth. Other hallmark clinfeatures which, if present, can help
support a diagnosis of PFE are involvement of sggwamolar and second molar,
multiple adjacent teeth affected, bilateral presgon, involvement of teeth in the
maxilla and mandible, Class Ill malocclusion, andaurrent dental anomalies. Although
the only means of establishing a definitive PFEdasis at this time is the identification
of a mutation IlrPTH1R, the identification of clinical diagnostic critaris essential for
many reasons. The lack of a mutatioPifH1R does not preclude a PFE diagnosis.
There are most likely other mutations that aredohko variations of PFE which remain
to be identified through ongoing research. Addgilby genetic analysis is not readily
available to practicing clinicians who must makeartant treatment decisions based
upon a clinical diagnosis. The hallmark featureBI6E identified in this paper through
the establishment of a genotype:phenotype coroslatan provide clinicians with a
means of making a confident and evidence-supp®dtidiagnosis. However, it also
raises speculation about how confidently PFE cadiferentiated from ankylosis. The
features present in 100% of PFE cases were alsmoonn anklyosis cases.

Pragmatically speaking our results suggest thatwbemay sometimes be clinically
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indistinguishable without knowledge of prior traynadility to radiographically or
otherwise identify an intact PDL space, evaluatimegtment response, or obtaining
genetic information for the patient. However, wieaipted to highlight some features

that can be helpful in clinically differentiatingtwveen PFE and ankylosis based upon the
information available at this time. Referencing tiaimark features of PFE outlined in
this paper, along with the characteristics spetifiankylosis, will aid the clinician in
providing the most confident diagnosis to the pdtand offering the most appropriate

and comprehensive treatment plan options.
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Table 3.1: Descriptive characteristics of the three cohorts

studied
PFE (genetic) PFE (clinical) Ankylosis
(N=11) (N=47) (N=6)
N % N % N %
Symmetry
Unilateral 6 54.5 21 447 5 833
Bilateral 5 45,5 26 553 1 16.7
Arch Involved |
Maxilla 0 0.0 9 19.1 2 333
Mandible 1 9.1 5 10.6 4 66.7
Both 10 90.9 33 70.2 0 0.0
Teeth Involved |
At least one premolar 8 727 30 63.8 0 0.0
Permanent First Molar 11 100.0 43 915 6 100.0
Permanent Second Molar 7 63.6 31 66.0 0 0.0
L ocation in alveolar ridge |
Supracrestal 11 100.0 40 85.1 5 833
Infracrestal 0 0.0 2 4.3 1 16.7
Both 0 0.0 5 10.6 0 0.0
PFE Classification |
Type 1 4 36.4 25 53.2 N/A N/A
Type 2 6 54.5 13  27.7 N/A N/A
Indeterminable 1 9.1 9 19.1 N/A N/A
Mutation Type |

Intronic- Substitution 4 36.3 N/A N/A  N/A N/A
Coding- Substitution 2 182 N/A N/A N/A N/A
Coding- Insertion (Frameshift) 3 27.3 N/A N/A  N/A N/A
Coding- Deletion (Frameshift) 2 182 N/A N/A N/A NA
Coding- Non-Functional SNP 0 0.0 16 34.0 N/A N/A

AngleClassl11 7 63.6 11 234 3 50.0
Dilacerated or Blunted Roots 1 9.1 10 213 2 333
Other Dental Anomaly Present 4 36.4 16 34.0 2 333

Table 1: Thischart comparesthe descriptive characteristics of the three cohorts
studied. Thefirst isagroup of PFE patients who have undergone genetic analysisto
confirm that they harbor a mutation in PTH1R. The second isa group of patients
diagnosed with PFE through clinical assessment. Thethird isa small group of patients
diagnosed with ankylosis through clinical assessment.
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Fig 3.1 A Chromatogram demonstrates a familial 1092 G aeieti thePTH1R gene linked
to infraocclusion of primary teeth in an affectduld.

GTGCCCATCCTGGCCTCCATTGT
ATCATCCAG
TGCCCATCCTGGCCTCCATTGTG

Fig 3.1 B Panoramic radiograph illustrating involvement oftbprimary and permanent
teeth in the affected patient who carries a 109&tion inPTH1R.
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Fig 3.2 A, Clinical photos demonstrating Type |l PFE with @o&ir openbite on the left side
in the affected individual in which the second mdlas maintained more eruptive potential
than the first molar. The lower right permanendtfimolar is also affected.

| R e, W | had i —y |
2 - -~ 3
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Fig 3.2 C Cephalometric radiograph demonstrating a Classkiletal and dental pattern.
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Figure 3.3 Decision tree provided as a tool for use by ti@atan, to aid in the formation of
an objective and systematic diagnosis of eruptisarders. This decision tree also assumes
that dental development is sufficient to analyzedhuption potential of the permanent first
molar. MFE (Mechanical Failure of Eruption), PFEiRary Failure of Eruption), IFE
(Idiopathic Failure of Eruption).

/

(general etiology )

(/e. ankylosed primary (/e.
tooth, developmental cysts, tumors, teeth,
pathology, PFE, family hx) lateral tongue thrust)

Answer the question: "Is the eruption pathway
cleared (ie. alveolar bone, etc.)?"

Confirmed mutation in PTHIR
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