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Introduction: State Medicaid agencies rely on treatment need indices to identify patients with
orthodontic medical necessity. The Handicapping Labiolingual Deviations (HLD) index is the most
common orthodontic index in the United States. States which have adopted the HLD index have modified
it without supporting validation studies. The purpose of this study was to validate all state-modified HLD
indices currently used in the United States and to investigate the implementation of the Washington
state HLD modification, HLD(WA). Methods: To validate all current HLD indices, a panel of 17
orthodontists was recruited to assess the malocclusion of 204 consecutive patient records obtained from
the University of Washington Department of Orthodontics archives. State HLD indices were subsequently
applied to all 204 patients to predict state-specific orthodontic treatment need decisions. ROC curves
were generated for each state-modified HLD indices to determine each index’ diagnostic value. We also
computed the optimal point thresholds for all state-modified HLD indices. To evaluate the

implementation of HLD(WA), the HLD prior-authorizations submitted on behalf of 418 Medicaid-eligible



patients by five orthodontic clinics were gathered and compared to corresponding Washington state
Medicaid program treatment decisions. We evaluated approval and denial rates among different clinics
and compared applications approved and denied according to index guidelines versus reviewer override.
Results: There were many qualitative differences among state-modified HLD indices. State-modified HLD
indices had a mean between-state agreement of 79.1%, a mean sensitivity of 41.6%, and a mean
specificity of 92.9%. The optimal point thresholds were lower than the current point thresholds for all
state-modified HLD indices. When the implementation of HLD(WA) was evaluated, we found a mean
approval rate of 35.4% and a mean denial rate of 52.4%. While total mean approval and denial rates were
not significantly different among clinic types, there were significant differences among clinic types in the
number of applications approved and denied according to index guideline versus reviewer override
(p<.01). Conclusions: Our results suggest that state-modified HLD indices fail to identify a considerable
percentage of handicapping malocclusions. There is also a lack of consensus among state Medicaid
programs on what constitutes a handicapping malocclusion. In addition, our study indicates that there
are differences in approval and denial rates among clinic types. These findings may exacerbate access to

orthodontic care disparities among Medicaid-eligible populations.
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BACKGROUND

Introduction

Five types of occlusal indices are currently in use in orthodontic practice: diagnostic,
epidemiologic, orthodontic treatment need, orthodontic treatment outcome, and orthodontic
treatment complexity indices.! Orthodontic treatment need indices are used to prioritize orthodontic
care where there is limited funds available to treat a population seeking orthodontic treatment, as is
often the case in public health programs. Because malocclusion is a deviation from normal or defined
“ideal” anatomy rather than a disease state, it is often treated with great subjectivity. Orthodontic
treatment need indices were therefore developed to minimize the subjectivity inherent in diagnosing
and treating malocclusions and to provide a more objective means of quantifying malocclusion
severity and prioritizing orthodontic treatment care.

Identification of handicapping malocclusions has long been a challenge for orthodontists and
public health officials alike. Since their inception in the 1950s, orthodontic treatment need indices
have gradually gained in popularity among government health agencies and insurance providers.
Today, they are especially common among Northern European countries where orthodontic
treatment is heavily subsidized by public health programs, and a means of prioritizing treatment
objectively was perceived as necessary for the equitable distribution of orthodontic care." In the
United States, the incentive for the development of orthodontic need indices was spurred by the
introduction of Medicaid statutes in the early 1960s directing that each state make orthodontic
treatment accessible to patients with medically necessary handicapping malocclusions.?? A series of
treatment need indices such as Draker's Handicapping Labiolingual Deviation (HLD) index,*®
Summer's Occlusal Index,® Grainger's Treatment Priority Index,” and Salzmann’'s Handicapping

Malocclusion Assessment Record (HMAR)® were developed to give dental providers the necessary



administrative tools to identify and treat handicapping malocclusions using public funds. In 1969, the
American Association of Orthodontists adopted the Salzmann index as its objective qualifier of
choice.®

In the decades that followed, many more indices were developed as researchers and clinicians
sought to simplify the index component measurements and maximize index validity and inter-
examiner reproducibility. As such, the Dental Aesthetic Index (DAI),"® the Index of Orthodontic
Treatment Need (IOTN),"" and the Index of Complexity, Outcome, and Need (ICON)'? were developed.
While European countries continued to expand the use of orthodontic treatment need indices, these
efforts were hampered in the United States due, in part, to a position taken by the American
Association of Orthodontists (AAO) in a 1990 bulletin rescinding its earlier adoption of the Salzmann
index and declaring that it “does not support any index, rating classification or coding system as
scientifically valid measures of the need for orthodontic treatment”.” Nearly a decade elapsed before
new research was published on the topic of orthodontic treatment need indices and Parker began his
work on modifying Draker's original HLD.' At this time, several lawsuits had been filed against
individual states, including the state of California, for failing to comply with the orthodontic provisions
of the Medicaid statutes. In 1989, Parker was sought to act as expert witness in a lawsuit against the
state of California. In the process, Parker oversaw the addition of several modifications to Draker's
HLD index used by the state of California, as part of the lawsuit settlement including overjet in excess
of 9mm, deep impinging bites that are destroying the soft tissue of the palate, and crossbites of
individual anterior teeth when destruction of soft tissue is present.’ After a second lawsuit against
the state of California, two additional component measurements were added as part of the
settlement: unilateral posterior crossbite and reverse overjet greater than 3.5mm.' Thus, the

California modification HLD, or HLD(CalMod), was developed and subsequently validated.’-"’



At the center of the issue of orthodontic treatment need, is the lack of a clearly defined set of
orthodontic diagnoses that could be universally accepted as constituting a “medically-necessary
handicapping malocclusion” as required by the Medicaid statutes. In an effort to help clinicians and
public health officials come to a consensus as to which types of orthodontic diagnoses should receive
public funding for orthodontic treatment, the AAO released a statement in July of 2015 defining
medically necessary orthodontic care as “the treatment of a malocclusion (including craniofacial
abnormalities/anomalies) that compromise the patient’s physical, emotional or dental health. This
treatment should be based on a comprehensive assessment and diagnosis done by an orthodontist, in
consultation with other health care providers when indicated”.'® In this same bulletin, the AAO proposed
its own criteria consisting of a set of diagnostic auto-qualifiers, many of which were already part of
the HLD (CalMod) developed by Parker.'® In 2017, the AAO updated its list of proposed auto-qualifiers,
informed its members of its intention to qualify 10% of all cases as medically necessary, and reported
that a retrospective study was underway to achieve this goal.’”® Despite advancing its position on
medical necessity, the AAO's statements raise more questions than answers. For example, if medical
necessity includes “malocclusions which compromise the patient’s physical, emotional, and dental health,”
then it would follow that a widespread orthodontic need index should include characteristics of
malocclusion as well as psychological, periodontal , and other pertinent components. In addition, it is
unclear if there is sufficient evidence to support the claim that an index should qualify 10% of patients
as having medical necessity. Data from NHANES Il indicate that 10.2-21.5% of American children and
youth had definite orthodontic need as measured by the IOTN.2° The AAQ'’s proposed-index would
potentially leave out a substantial number of patients predicted to have medically-necessary
orthodontic need. While the AAO'’s adoption of a universal orthodontic treatment need index would

be a step forward towards increasing access to care for orthodontic patients in the United States, this



process should be developed on a foundation of strong scientific evidence rather than political

debate.

Validation and Reliability Studies

Currently, two major orthodontic treatment need indices are in use in the United States: the
Salzmann and the HLD indices. Together, the Salzmann index, HLD index, and their modifications
were used by 27 states as of 2015.° While the lawsuit driven modification process that took place in
the 1990s has helped standardize the HLD index from state to state, careful evaluation of individual
state indices listed as using the HLD index reveals variations in the component measurements as well
as the cut-off score for eligibility.

Even though research has been conducted to validate indices like the IOTN prior to their
implementation by European public health agencies, there is a paucity of validation studies
concerning those indices used by Medicaid agencies and insurance providers in the United States,
including the HLD index and its many modifications. To ensure that orthodontic need indices reliably
and accurately identify patients with great orthodontic need, validation and reliability studies should
be conducted prior to index implementation.

Reliability is the ability of an index to consistently and repeatedly produce the same results
with the same or different raters.?" Validity, on the other hand, is the ability of an index to measure
what it seeks to measure, i.e. treatment need, and is often measured by comparing its results to the
opinions of an expert orthodontic panel, or “gold standard”.'"162"22 Orthodontic panels are commonly
used as a “gold standard” in the orthodontic literature because their opinion of orthodontic treatment
need is consistent among different geographic regions'® and highly correlates with public opinion.??
Validity is commonly determined using sensitivity and specificity.'®'”:23 Sensitivity describes the ability

of a test to identify persons afflicted with a condition as actually having that condition of interest (true
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positive).2* Specificity, on the other hand, is the ability of a test to identify unafflicted persons as not
having the condition of interest (true negative).?*

To this day, seven studies have evaluated the HLD index modifications in California,
Washington, Maryland, and lllinois.'>-72325-27 Only four of these compared the HLD to a gold
standard.'>-726 Three studies validated the HLD(CalMod)'-"” and one study validated the HLD(WA).2¢
The remaining studies provided insights on index characteristics, but did not compare them to an
accepted standard, and therefore do not validate the HLD indices evaluated.?*2>2?” Three studies have
been conducted comparing validity and reliability of HLD(CalMod)'>-"7and one study validated the
Washington HLD modification.?® two studies evaluating the validity and reliability of the HLD(CalMod)
alone,’”25 and one study comparing the HLD(CalMod) with the Maryland HLD index, or HLD(Md).?* The
HLD(CalMod) and HLD(WA) have both been found to be highly reliable quantitative methods for
identifying handicapping malocclusion characteristics and seem highly correlated with the
judgements of orthodontic panels.’™ 726 However, both indices displayed low sensitivity (25.9% -
41.7%), but high specificity (96.8% - 100.0%).">-1726 Simply put, these indices fail to include patients
with severe malocclusion, but rule out most individuals without severe malocclusion. This seems to
indicate that the cut-off scores currently in use are too stringent and limit many patients with severe
malocclusions from access to orthodontic care. Studies therefore recommend lowering the cut-off
score to 12 to 18.5 points, depending on the statistical model usedfor optimization of the specificity
and sensitivity of the current indices.’™ 726 |In their comparative study of the HLD(CalMod) and
HLD(Md) indices, Han & Davidson deduced that HLD(Md) had a higher approval rate than
HLD(CalMod) (41% vs 35% respectively), and that the correlation between the two indices was
relatively strong (R = 0.78).2% In addition, they found that 70% of cases approved by the HLD(CalMod)
index had an automatic qualifier and that the most common contributing factors were crowded

anterior teeth for HLD(Md) and overjet for HLD(CalMod), and that HLD(CalMod) selects more severe
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class Il malocclusions than does HLD(Md).22 Similarly, Parker found that that 44% of cases approved
by HLD(CalMod) were approved on the basis of having an automatically-qualifying exception with the
remainder being approved on the basis of a score of 26 or more. It was also found that an overjet
greater than 9mm comprised 26% of all approvals.?

Previous studies have also suggested certain modifications to the HLD index. Han & Davidson
found that the HLD index fails to identify certain conditions that patients may consider to be
contributing factors of a handicapping malocclusion.?®> These include localized crowding that
significantly damages dental esthetics, missing teeth or spacing in the anterior dental segment,
asymmetry, and dysfunctional components including posterior open bite, speech difficulties, and TM|]
symptoms.?® In addition, because malocclusion is less associated with disease states such as
periodontal disease?® than it is with negative self-image and socialization issues,?® an improved index
might include a psychosocial component to help identify those patients who would most benefit from
receiving orthodontic treatment.>'> Interestingly, the AAO’s newly proposed auto-qualifiers do not
address any of the aforementioned concerns or suggestions.'

Finally, a careful review of the HLD indices in use today will reveal that indices leave state
consultants substantial room for interpretation for orthodontic treatment need. Indeed, some indices
require that eligible providers complete open-ended questions (ex: “Describe any functional
concerns:”) when applying for state-funded orthodontic care. This type of questionnaire may
introduce persuasion bias on the part of the clinician and interpretive bias on the part of the

consultant in charge of determining orthodontic treatment need.

Standardization of Indices
While the number of US states utilizing the HLD to prioritize orthodontic treatment using

Medicaid funds has increased since 2006 to become the most commonly used index in the United
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States as of 2015,° only the HLD(CalMod)—and the HLD(WA) to a lesser extent—have been
validated.""726 Many of the individual state HLD indices currently in use not only vary in component
measurements and cut-off scores, but they also vary in terms of eligible providers, eligible reviewers,
coverage by patient age, and required records.’ In addition, some states may or may not include an
esthetic component in their evaluation of treatment need.® With extra-oral photographs submitted as
part of the required records for some states (Washington State for example), it is possible that
reviewers rely on a subjective esthetic evaluation not otherwise quantified on the index form to
determine the level of treatment need. Together, these factors could have important access to care
implications for patients with certain occlusal characteristics that may constitute a handicapping

malocclusion in one state but not in another.

This study had two overarching aims:

1) To quantify the internal validity and reliability of all HLD indices currently in use throughout
the United States by applying the indices to a sample of consecutively enrolled orthodontic
patients.

2) To evaluate the implementation one the HLD indices for quality assessment by
retrospectively comparing clinicians’ assigned scores on the HLD(WA) pre-authorization form
to the Washington state consultants’ determination of treatment need using the dental
records of orthodontic patients seen between April and October 2018 at five orthodontic

clinics in the greater Seattle area.
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AIM 1: Validity and Reliability of state-modified HLD indices

OBJECTIVES
To measure the validity and reliability of the state-modified HLD indices in the United States as of

January 2019.

METHODS

Sample
Following  University of Washington Institutional Review Board approval
(STUDY00005449), the initial orthodontic records of 366 patients consecutively screened at the
University of Washington Graduate Orthodontic Clinic between 2012 and 2013 were gathered. All
personal identifiers were removed. The inclusion criteria for patient selection were 1) younger
than 21 years-old, 2) presence of pre-treatment orthodontic records including physical models,
extra- and intra- oral photographs, as well as panoramic and cephalometric radiographs, 3) in
transitional or permanent dentition with 3 or less primary teeth remaining. The exclusion criteria
were 1) age 21 or older, 2) primary or mixed dentition with more than 3 primary teeth remaining,
and 3) incomplete or poor-quality pre-treatment records. 161 patients did not meet the inclusion
criteria and were excluded: 71 were 21 years or older, 62 were in mixed or transitional dentition,
and 28 had incomplete records or records that were out of date. Of the remaining 205 subjects, 1
subject had PAR and panel data but were missing HLD-indices data at the time of analysis. This

patient was included in PAR and panel analysis, but subsequently excluded from all HLD analysis.
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Peer Assessment Rating (PAR) Score Measurement

Two raters, one orthodontist (L.T.) and one second year orthodontic resident (T.C) were
recruited to measure all subjects who met inclusion criteria. Both had previously received
calibration training by a PAR calibrated grader. Two identical PAR rulers and as well as the pre-
treatment records including physical models, extra- and intra-oral photographs, and panoramic
and cephalometric radiographs were available for PAR scoring. For calibration purposes, the two
raters first scored 5 randomly selected subjects from the overall sample on 2 separate occasions,
each 15 days apart, until intra- and inter-correlation coefficients (ICC) of 0.80 or greater were
obtained. Once the ICC reached values of 0.80 or greater, the two raters began scoring the sample
of 205 patients. Scoring was performed over multiple 3-hour sessions with hourly 15 minute
breaks to minimize rater fatigue. Each rater independently scored each subject’s pre-treatment
records and came to a consensus when scores were greater than 2 points apart. Only weighted
scores were utilized. Two weeks after scoring had ended, 5 randomly-selected cases were chosen
and scored a second time. The intra- (ICC(3,1)= 0.921-0.975) and inter-correlation coefficients

(ICC(3,1)=0.975) were excellent.

Expert Panel
Expert Panel Recruitment
Orthodontists practicing in the Seattle-area were recruited. The inclusion criteria for taking
part in the expert panel were 1) completion of an orthodontic residency program and 2) 5 or
more years of orthodontic practice experience. 19 orthodontists were recruited to take part
in the expert panel. 2 orthodontists were excluded from the analysis due to severely poor

reliability measures.
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Expert Panel Clinical Judgement Collection
Due to scheduling conflicts, it was not possible to gather all panel members at one time.
Therefore, groups of 5 or less orthodontists were scheduled for scoring. An online survey
platform was used to create a 100-point visual analog scale (VAS) (SurveyMonkey®
SurveyMonkey.com) (Appendix 4). All panel sessions were conducted in the same
standardized sequence. Panel members were equipped with 14-inch monitor laptops with a
screen resolution of 1920 x 1080 pixels. A pre-evaluation script (Appendix 5) was read out
loud. Panel members were provided with 10 training cases to familiarize themselves with the
computer software and pace of the projection of records. Pre-treatment records were
assembled on one slide per patient (Appendix 6) and projected on the same screen under the
same lighting conditions at a rate of 20 seconds per slide. Pre-treatment records were
presented in the order in which the patient had presented to the clinic. The order by which
records were presented was the same for every panelist. Panel members were given a 10
minute break at the halfway point. 10 cases were selected by computer-randomization and
repeated at the end of the presentation to measure intra-rater reliability. Inter- and intra-rater
reliability was measured by calculating the intraclass correlation coefficient (ICC). Panel
members were then asked to provide an indicated treatment need point at the end of the
presentation using the same VAS used for scoring malocclusion severity. Finally, panel
members were asked for biographical information including age, gender, residency program,
date of orthodontic residency program completion, years of experience, current activity in
clinical practice, and an approximate number of patients examined over the past year.
Panel members were recruited for a second rating session at least 1 month after the
completion of the first session. 25 cases were randomly selected from the main sample using

computer randomization software. Panel members were asked to repeat the same exercise

16



under the same conditions, but with physical initial models in addition to pre-treatment intra-

and extra-oral photographs and radiographs.

HLD Indices
Collection

The dental provider manuals as published by each state legislature were retrieved
from the Medicaid websites of each of the 50 United States and the District of Columbia to
identify the existence or lack of an orthodontic need index in each state. The inclusion criteria
were 1) reported use of an HLD or HLD-modified index and 2) online publication of such an
index. The exclusion criteria were 1) use of an index other than an HLD or HLD-modified index
and 2) failure to report the use of said index on online Medicaid websites. The HLD index was
selected because it is the most common single index used in the United States at the present
time.?

A comprehensive list of automatically qualifying exceptions, component
measurements, and special instructions were gathered and entered onto a single Microsoft
Excel (Microsoft Inc.) spreadsheet and grouped into categories. Open-ended questions which
are not ascribed a point value that counts towards the overall score on the HLD index (ex:
“Describe any functional concerns,” “Describe musculature,” etc...) were omitted due to the
subjective nature of these entries and because they do not contribute to the overall scores

according to index instructions.

HLD Scoring
Two raters, one orthodontic faculty member (B.B.) and one orthodontic resident (T.C.)

were recruited for scoring. Both raters are familiar with the HLD index and use one
17



modification (HLD-WA) in daily orthodontic practice. The pre-treatment records included pre-
treatment physical models, extra- and intra-photographs, as well as panoramic and
cephalometric radiographs. A subset of 16 pre-treatment records were selected using
computer randomization from the overall sample for rater calibration. Both raters
independently scored all 16 sets of records and subsequently reviewed and discussed any
differences until a consensus was reached. Following the training session, the raters scored
all pre-treatment records in no particular order. Sessions were limited to 3 hours with hourly
10 minute breaks. Both raters examined each set of pre-treatment records together and
scored each component measure in the same order for every set of records. Two identical
dental rulers were used where measurements were necessary. A consensus was reached

where disagreements arose.

Analysis

Intra- and inter-rater reliabilities of PAR and expert panel ratings were computed using the
intra- and inter-rater correlation coefficients (ICC). Pearson correlation coefficient was used to
compare PAR and panel scores. A Pearson correlation coefficient was also computed to compare
and panel scores obtained with and without physical models.

To account for the lack randomization of pre-treatment records during panel scoring,
autocorrelation testing was performed. A moderate autocorrelation was present, indicating that
up to five preceding observations influenced panelists’ score of a current observation.
Autocorrelation was removed and an autocorrelation plot for the model residuals was generated.
Including the lagged outcomes removed autocorrelation for the five preceding observations.

Based on this model, order-adjusted panel scores were used for all HLD to panel score analyses.

18



To reduce each patient’s 17 expert panel ratings to a single rating, order-adjusted panel scores
were converted to a simple mean, sum-of-ranks, z-score standardization, proportional difference,
and sum-of-votes aggregates. Pearson’s r, Spearman’s rho, and Kendall's tau rank correlation were
used to correlate expert panel ratings to PAR scores. By all measures, all 5 aggregates were

similarly and moderately positively correlated with PAR scores (Table 1).

Table 1: Correlation coefficients of expert panel aggregate measures with PAR scores

Expert Panel Aggregates Pearson’s r Spearman’s rho Kendall's tau
Simple mean 0.679 0.690 0.499
Sum-of-Rank 0.694 0.697 0.505
Standardize 0.686 0.698 0.504
Proportional difference 0.689 0.702 0.506
Vote total 0.666 0.666 0.494

Total vote performed the worst (r=0.666) and sum-of-ranks performed the best (r=0.694).
Sum-of-rank ratings were therefore used as the expert panel rating aggregate of choice.
Sum-of-ranks were dichotomized to “handicapping malocclusion” and “no handicapping
malocclusion” to obtain the prevalence of handicapping malocclusion in the sample population.
The proportion of subjects designated as needing treatment by a majority panel vote (>8 out of
17 expert panelists) according to each panelist's own criterion was determined to be 52.9%. Based
on these data, the top 52.9% of dichotomized sum-of-rank decisions were designated as having a
“handicapping malocclusion.” The remainder of subjects were designated as “no handicapping

malocclusion.”

19



Descriptive statistics were performed to compare state-modified HLD indices and the
proposed AAO qualifying exceptions. Predicted influence of point-contributing conditions on
overall HLD score was evaluated. Predicted approval and denial rates were also calculated for
each state-modified index. To test the hypothesis that indices with similar predicted approval
rates identified the same patients as having a handicapping malocclusion, percent agreement with
other state-modified HLD indices was calculated. Percent agreement with expert panel was also
computed to test the hypothesis that states which displayed the greatest agreement with other
states show greater agreement with the expert panel decision for handicapping malocclusion.

Receiver Operating Characteristic (ROC) curves were generated by comparing each state-
modified HLD index to the order-adjusted expert panel aggregate ratings. Areas under the ROC
curve (AUROCQ), specificity, and sensitivity were calculated for each state at the current point
threshold. Youden's ] index was also calculated to generate an optimal point threshold for each

state HLD.

RESULTS
Expert Panel Analysis

Expert Panel Demographics

19 orthodontists participated in the clinical judgment evaluation of patients’
malocclusion severity. Two orthodontists were excluded due to poor intra-rater reliability
ratings. The remaining 17 orthodontists consisted of 11 males and 6 females. Expert panel
characteristics are displayed in Table 2. The mean panelist age was 54.1+12.1 years old (range:
33-78). Panelists graduated from orthodontic residency between 1970 and 2014 and 12 of 17
(70.5%) orthodontists completed orthodontic residency at the same institution (University of

Washington). 15 (88.2%) panelists were involved in orthodontic practice at the time of study.
20



All panelists practiced in the greater Seattle area for an average of 24.1+11.7 years (range: 4.5-
47 years) and reported being in current clinical practice for an average of 21.7+£13.7 hours per

week.

Table 2: Expert Panel Characteristics

Characteristics n

Sex

Males (n) 11

Female (n) 6
Mean Age 54.1£12.1
Mean years since orthodontic residency graduation 25.1£12.3

1-10 years (n) 2

11-20 years (n) 4

21-30 years (n) 5

31-40 years (n) 4

40+ years (n) 2
Orthodontic programs attended (n) 5
Panelists active in orthodontic practice (%) 88.2

Expert Panel Reliability

All reliability inferences were made using raw panel scores (Table 3). The panelistinter-
rater reliability was moderate (ICC(3,1) = 0.650, 95% Cl, 0.603-697). The intra-rater reliability
varied from moderate to excellent, ICC(3,1) = 0.686-0.974. Four raters had moderate reliability
(0.50<ICC<0.75), nine had good reliability (0.75<ICC<0.90), and four had excellent intra-rater

reliability (1CC>0.90).%°
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Table 3: Expert panel intra-rater correlation coefficients (ICC)

Intra-rater reliability* ICC 95% Cl
Rater 1 0.974 0.900 - 0.993
Rater 2 0.956 0.832-0.989
Rater 3 0.931 0.744 - 0.982
Rater 4 0.907 0.676 - 0.976
Rater 5 0.884 0.533-0.971
Rater 6 0.881 0.610-0.969
Rater 7 0.872 0.586 - 0.966
Rater 8 0.871 0.583 - 0.966
Rater 9 0.850 0.523-0.960
Rater 10 0.847 0.290 - 0.964
Rater 11 0.833 0.357-0.958
Rater 12 0.775 0.357-0.938
Rater 13 0.769 0.344 - 0.936
Rater 14 0.737 0.217-0.928
Rater 15 0.735 0.268 - 0.926
Rater 16 0.715 0.181-0.922
Rater 17 0.686 0.182-0.910

ICC = intra-rater coefficient; Cl = confidence interval
*ICC(3,1)—two-way mixed model, absolute, singe-measures

Influence of presence or absence of physical models on expert panel ratings

15 of the original 17 panelists rated a subset of 20 patients using the same records
(extra-/intra-oral photographs and panoramic/cephalometric radiographs) and pre-treatment
physical models. The mean inter-rater reliability was moderate (ICC(3,1)=0.670, 95% Cl, 0.527-
0.817). Expert panel ratings with and without physical models had a significant moderate
positive correlation with PAR scores. The correlation was stronger for panel ratings with
physical models (r(16)=.76, p<.01) than panel ratings without physical models (r(16)=.64,
p<.01). Mean ratings were greater for 10 of 15 raters (66.7%) when physical models were

present compared to when they were absent (mean difference=4.1).
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HLD Indices Analysis
A review of HLD utilization in the United States revealed that 21 states (41.2%; n=51
including the District of Columbia) used some modification of the HLD index as of July 2019 (AK,

AR, CA, DC, DE, FL, IL, MA, MD, ME, MO, MT, NJ, NM, NY, OK, RI, SC, TX, WA, WY).

Qualifying Exceptions

A summary of the qualifying exceptions is presented in Tables 4 & 5. Ten qualifying
exceptions were used among all HLD-using states. No state incorporated all qualifying
exceptions. Among HLD-using states, qualifying exception utilization ranged from 1 to 7 per
state. MA, MO, and NY used the most, but different qualifying exceptions.

Some criteria (cleft palate deformity, craniofacial anomaly, and anterior impaction)
were not listed on the HLD index of some states, despite being listed as qualifying exceptions
in those states’ published dental provider manuals (Appendix 1a). Cleft palate deformity was
the most common qualifying exception and was used by all but one (TX) HLD-using state. Deep
impinging overbite and craniofacial anomaly were the second most used qualifying
exceptions, each present in 15 of 21 state HLD indices. Negative overjet relative to a skeletal
Class lll and severe anterior maxillary crowding (>8mm) were the least commonly used
qualifying exception, each present in only one state HLD index. Some conditions (deep
impinging overbite, severe traumatic deviation, crossbite of anterior teeth, and anterior
impactions) were qualifying exceptions in some states and point-contributing conditions in
others (Appendix 1a). MD included two point-contributing conditions (cleft palate and severe
traumatic deviation) which were assigned a value equal to the point-threshold needed for case
approval. The number of qualifying exceptions was moderately negatively correlated with

point threshold, r(19)=-.52, p<.05.
23



The proposed AAO index incorporated 7 of the 10 qualifying exceptions used by HLD-
using states. It also incorporated 4 additional qualifying exceptions (crowding or spacing
>10mm, congenitally missing teeth, posterior impaction, lateral or anterior open bite, and

anterior and/or posterior crossbite of 3+ teeth per arch).

Table 4: Qualifying exception utilization for HLD-using states (n=21)

Qualifying Exception # of states AAO

Cleft Palate deformity 20 v
Deep impinging overbite 15 v
Craniofacial anomaly 15 v
Crossbite of individual anterior teeth 14 v
Overjet 29mm or reverse overjet 23.5mm 12 v
Severe traumatic deviation 12

Anterior impaction (# of teeth) 7 v

Negative overjet relative to a skeletal Class IlI

Severe anterior maxillary crowding (greater than 8mm)
Posterior Impaction

Crowding or spacing of 10mm or more

Congenitally missing teeth excluding 3rd molars
Lateral or anterior open bite

o O O O O - -
SNENENENEN

Anterior and/or posterior crossbite of 3+ teeth per arch

Point-contributing conditions

The number of point-contributing conditions was not significantly correlated with
predicted approval rate, r(19)=-0.12, p=0.62. Point-contributing conditions varied from state
to state in the number of point-contributing conditions per index (Table 5), type of point-
contributing conditions used (Appendix 1b), weighing factor (Table 6), as well as scoring

instructions (Appendix 1b).
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Number of point-contributing conditions per state (Table 5): There was arange of 8to 13
point-contributing conditions per index. AR had the least (8) and MT and OK had the most (13).

Most states had 9 point-contributing conditions.

Table 5: Summary of state-modified HLD indices (n=21)

# of Point-Contributing Current Point
State HLD  # of QE* conditions** Threshold

AK 5 9 26
AR 2 8 28
CA 6 9 26
DC 6 9 15
DE 5 10 26
FL 6 9 26
IL 4 108 28
MA 7 11 22
MD 2¥ 12 15
ME 6 9 26
MO 7 10 28
MT 4 13 30
NJ 6 10 26
NM 4 10 30
NY 7 9 26
OK 2 13 30
RI 5 9 26
SC 2 12 35
X 1 9 26
WA 5 9 25
WY 4 9 30
AAO 9 0 0

QE = qualifying exceptions

*Cleft palate & craniofacial anomaly counted separately; Ant and post impactions
counted separately; Overjet >9mm and reverse overjet >3.5mm counted together.
**Conditions not counted as listed in HLD, but rather counted per eligible conditions
counted

s Mx and Md crowding counted as one

¥ MD's qualifying exceptions were point-contributing criteria which reached the point-
threshold for automatic approval.

A comprehensive list of state HLD modifications is provided in Appendix 1a-b
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Type of point-contributing condition per state (Table 6): Point-contributing conditions
varied among state-modified indices. The most used were anterior open bite, overjet,
overbite, and mandibular protrusion—all featured in 100% (21) of HLD-using states. Anterior
and posterior ectopic eruption, anterior crowding, posterior unilateral crossbites, and
labiolingual spread were used in between 16-20 HLD indices. 5 conditions were adopted by 2
to 8 states. These were posterior bilateral crossbite (DE, IL, MD, MO, MT, OK, SC, WA), severe
traumatic deviation (MD, MT, NM, RI, TX, WY), anterior (AR, OK, SC) and posterior (MA, MT, SC)
impaction, as well as crossbite of anterior teeth (MT, SC). Conditions including congenitally
posterior missing teeth (MA), moderate and severe crowding (SC), anterior spacing (OK),
midline discrepancy (OK), functional shifts (OK), habits (SC), and psychological factors (NJ) were

present in only one state-modified HLD index.

Weighing factor of point-contributing conditions (Table 6): 10 conditions were weighted
differently among state-modified HLD indices. 5 conditions (cleft palate, impinging overbite,
severe traumatic deviation, crossbite of anterior teeth, and anterior impaction) were
qualifying exceptions in some indices and point-contributing conditions in others. 8 point-
contributing conditions (overjet, overbite, posterior unilateral and bilateral crossbite, severe
traumatic deviation, anterior and posterior impaction, and crossbite of anterior teeth) varied
in weighing factor among state-modified HLD indices. For example, overjet was multiplied by

a factor of 1in 15 states, 2 in 1 state, and 3 in one state.
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Table 6: Point-contributing condition for HLD-using states (n=21)

Point-Contributing Condlition # of states per weighing factor # of states
X' x1 X2 X3 x4 x5 x8 15pts # of teeth n=21
Overjet in mm - 15 1 1 - - - - - 17
Overjet in mm minus 2 - 4 - - - - - - - 4
Overbite in mm - 16 1 - - - - - - 17
Overbite in mm minus 3 - 4 - - - - - - - 4
Ant Open bite in mm - - - - 21 - - - - 21
Md protrusion in mm - - - - - 21 - - - 21
Ant ectopic eruption (# of teeth) - - - 20 - - - - - 20
Ant crowding (# of arches) - - - - - 20 - - - 20
Post unilateral crossbite - - - - 16 2 - - 1 19
Post ectopic eruption excluding 3rd molars - - - 18 - - - - - 18
Labiolingual spread - 16 - - - - - - - 16
Post bilateral crossbite - - - - 4 1 2 - 1 8
Severe traumatic deviation - - - - 1 - - 6 - 6
Post impaction excluding 3rd molars - - - 1 - 2 - - - 3
Ant impaction - - - 2 - 1 - - - 3
Crossbite of ant teeth - - - - 1 - - - 1 2
Congenitally missing post teeth excluding 3rd molars - - - 1 - - - - - 1
Cleft Palate deformity - - - - - - - 1 - 1
Deep impinging overbite - - - - - - - - 1
Moderate crowding <6mm (# of arches) - - 1 - - - - - - 1
Severe crowding >6mm (# of arches) - - - - 1 - - - - 1
Ant spacing in mm - 1 - - - - - - - 1
Midlines in mm - 1 - - - - - R R 1
Functional shift of mandible - - - - 1 - - - - 1
Psychological factors affecting development 1 - - - - - - - - 1
Habits affecting arch development - 1 - - - - - - 1

A comprehensive list of state HLD modifications is provided in Appendix 1a-b
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Point-contributing condition scoring instructions (Appendix 1a-b): Scoring instructions
for qualifying exceptions and point-contributing conditions varied from state to state. For
example, while mandibular protrusion (reverse overjet) is measured from the labial of the
lower incisor to the labial of the upper incisor in 19 states, 2 states (DC & MA) score mandibular
protrusion from the buccal groove of the first mandibular molar to the mesio-buccal cusp of
the first mandibular molar. Similarly, while overjet is measured from any incisor in 13 states,

8 states score overjet only from the central incisors.

Point Threshold
Point threshold was significantly negatively correlated with predicted approval rate,
r(19)=-.46, p<.05. Point-thresholds ranged from 15 (MD & DC) to 35 (SC). The mean point-

threshold was 26.2+4.5 and the mode was 26, used by 9 states (Table 5).

Expert panel treatment need decisions

204 patient records were reviewed by an expert panel of 17 orthodontists. The mean
consensus PAR score within the sample was 28.5+11.6. Dichotomized order-adjusted sum-of-
rank expert panel scores were moderately positively correlated with mean consensus PAR
scores, r(202)=0.70, p<.001.
Based on majority panel vote and dichotomized order-adjusted panel scores, 108 (52.94%)
patients were qualified as having a handicapping malocclusion and 96 patients were deemed
to have no handicapping malocclusions. Patients with a handicapping malocclusion had a
statistically significant greater mean consensus PAR score (35.319.7) than patients with no

handicapping malocclusions (21.2+8.6), t(202)=10.93, p<.001.
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HLD Index Predicted Approval & Denial Rates by State
Predicted approval & denial rates: Predicted state approval and denial rates are
provided in Table 7 and Figure 1. The mean predicted approval rate among HLD-using
states was 29.0£14.3% (range: 4.4-53.4%) and the mean predicted denial rate was
70.9+14.2% (range: 46.3-95.6%). TX and OK had the lowest predicted approval rate at
4.4% and 5.9% respectively, while NJ and MA had the highest predicted approval rate
at 53.4% and 50.5%, respectively. TX, OK, MA, and NJ were all beyond one standard
deviation from the mean. The AAO index had a greater predicted approval rate (63.2%)

than all state-modified HLD indices.

Figure 1: Predicted approval rates among state-modified HLD indices
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Predicted utilization of qualifying exceptions: Five states did not approve any patients
based on any qualifying exceptions (MD, SC, AR, OK, TX). The only qualifying exceptions
for those states consisted of a combination of craniofacial anomaly, cleft palate, and
severe traumatic deviation, none of which were present in the study population
(Appendix 1a). Among the 16 remaining states that employed both point-contributing
conditions and qualifying exceptions, 15 were predicted to approve more patients
based on qualifying exceptions (mean=14.2+14.3%) than on point-contributing
conditions (mean=9.3+7.2%) (Table 7). Crossbite of individual anterior teeth was the
most utilized qualifying exception in 12 (57.1%) of the 21 indices (AK, CA, DC, DE, FL, IL,
ME, MO, NJ, NM, OK, WA). When anterior impactions were considered a qualifying
exception (NJ, MA, NY, RI, MT), they were the most utilized qualifying exception in 4 out
of 5 indices, surpassing crossbite of individual anterior teeth. Anterior and/or
posterior crossbite was the most utilized qualifying exception in the AAO proposed
index, present in 26.0% (53) of subjects. The number of qualifying exceptions (Table 8)
and the total number of approved cases per index were strongly positively correlated,

r(19)=0.72, p<.001.
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Table 7: Approval rates of state-modified HLD indices (n=204)

Total Approved on Approved on Approved on
Approved Total Denied points only QE only points & QE
n % n % n % n % n %
AAO 129 63.2 75 36.9 0 0 129  63.1 0 0
NJ 109 534 95 46.3 12 5.9 77 37.9 20 9.9
MA 103 50.5 101 49.8 32 15.8 26 12.8 45 21.7
DC 99 485 105 51.2 34 16.7 36 17.7 29 14.2
NY 77 37.7 127 62.1 18 8.9 42 20.7 17 8.4
RI 63 309 141 69.0 3 1.5 52 25.6 8 3.9
WY 58 284 146 71.4 10 4.9 38 18.7 10 4.9
AK 56 275 148 72.4 19 9.4 22 10.3 16 7.9
ME 56 275 148 72.4 19 9.4 21 10.3 16 7.9
MD 56 275 148 72.4 56 27.6 0 0 0 0
MO 56 275 148 72.4 9 4.4 29 14.3 18 8.9
MT 55 27.0 149 72.9 27 13.3 28 13.8 0 0
CA 54  26.5 150 73.4 17 8.4 23 1.3 14 6.9
DE 53 26.0 151 73.9 16 7.9 20 9.9 17 8.4
IL 50 245 154 75.4 13 6.4 26 12.8 11 5.4
FL 44 216 160 78.3 7 34 24 11.8 13 6.4
SC 44 216 160 78.3 44 21.7 0 0 0 0
AR 43 211 161 78.8 43 21.2 0 0 0 0
WA 43 211 161 78.8 4 2.0 31 15.3 8 3.9
NM 34  16.7 170 83.3 11 5.4 14 6.9 9 4.4
OK 12 59 192 94.1 12 5.9 0 0 0 0
X 9 44 195 95.6 9 4.4 0 0 0 0
Mean
(W/o AAO) 59.2 29.0 1448  70.9 18.9 9.3 29.0 142 11.4 5.6
SD 29.1 143 29.1 14.2 14.6 7.2 29.1 143 11.2 5.4
Median 55.5 27.2 1485 727 14.5 7.2 250 123 10.5 5.2
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Table 8: Frequency of qualifying exceptions among state-modified HLD indices (n=204)

AK AR CA DC DE FL IL ME MD MA MO MT NJ NM NY OK RI SC TX WA WY AAO
Cleft Palate 0 - 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 O - 0 0 0
Craniofacial Anomaly - 60 0 0o - 0 - O - 0 0 0 0 O o o - 0 o0 © - 0
Deep Impinging overbite 4 - 4 4 4 4 15 4 - 4 4 4 - 4 4 30 4 - - 4 4 30
Crossbite of anterior teeth 22 - 22 50 22 22 22 22 - - 22 - 75 19 22 57 22 - - 22 22 -
Severe traumatic deviation 0 - 0 0 0 0 0 0 0 0 0 - 0 0 0 - - - - - 0 -
Overjet>9mm orreverse 4o 44 17 14 14 - 16 - 17 21 - 14 - 16 16 15 - - 16 - 27
overjet >3.5mm
Ant. Impaction - - - - * - - - - 25 1 25 25 * 25 - 25 - - - 25 36
Post. Impaction - - - - - - - - - - - - - - - - - -
Negative overjet due to ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 8 ) )
skeletal CI. Ill
Severe Ant. Mx crowding i i i i i i i i 33 i i i i i i i i i i i )
>8mm
Crowding or spacing of
10mm or more S - - - - - - S - 22
Ant or Post crossbite of 3+
teeth/arch S - - - - - - S - 53
Lateral or ant open bite S - - - e L T - 8
Congenitally missing
posterior teeth - - - - - - - - - - - - - - - - - - - - 9

* These qualifying exceptions were considered in provider manual but not included in HLD index; Impactions were therefore not counted.
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Predicted % Agreement with other states

Predicted percent agreement among states: We computed the mean percent
agreement among state-modified HLD indices to test whether states were approving
the same or different patients (Figure 2; Table 9). States displayed a mean percent
agreement of 79.1+5.3%. DE had the highest mean predicted percent agreement
(85.2%) while NJ had the lower lowest mean predicted percent agreement (66.7%) with
other states. Only one pair of states were predicted to have perfect agreement (ME &
AK). TX and NJ had the poorest predicted state agreement (50.5%). States which were
predicted to approve the same number of patients did not display perfect between-

state percent agreement (range: 78.4-100.0%).

Figure 2: Mean predicted percent agreement among state-modified HLD indices
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Table 9: Percent agreement among state-modified HLD indices (n=204)

AK AR CA DE FL IL ME MD MA MO MT NJ NM NY OK RI SC X WA Wy DC Total

AK  NA 809 990 985 94.1 887 100.0 828 725 951 765 711 887 89.7 77.0 819 814 765 926 799 739 -
AR 809 NA 799 804 779 765 809 814 632 799 701 559 755 71.6 824 706 90.7 819 784 66.7 645 -
CA 990 799 NA 995 941 89.7 990 819 725 951 755 70.1 89.7 887 779 819 814 775 936 789 739 -
DE 985 804 995 NA 946 902 985 824 730 956 75.0 69.6 90.2 882 784 824 819 779 941 794 744 -
FL 941 779 941 946 NA 89.7 941 799 676 941 784 652 936 838 819 868 784 824 975 828 70.0 -
IL 887 765 89.7 90.2 89.7 NA 887 775 642 887 740 598 90.2 784 804 794 76.0 799 89.2 814 66.0 -
ME 100.0 809 99.0 985 94.1 887 NA 828 725 951 765 711 887 89.7 77.0 819 814 765 926 799 739 -
MD 828 814 819 824 799 775 828 NA 69.1 809 750 64.7 794 775 784 725 838 770 794 745 729 -
MA 725 632 725 730 67.6 642 725 691 NA 716 745 770 632 828 554 779 696 539 681 740 79.8 -
MO 951 799 951 956 94.1 887 951 809 716 NA 755 68.1 887 858 770 828 804 765 926 799 719 -
MT 76,5 701 755 75.0 784 740 765 750 745 755 NA 691 819 86.8 779 868 735 775 760 90.7 66.5 -
NJ 711 559 701 69.6 652 59.8 71.1 647 770 681 691 NA 598 814 520 735 593 505 647 71.6 793 -
NM 88.7 755 89.7 90.2 93.6 90.2 887 794 632 887 819 59.8 NA 784 873 814 770 87.7 922 853 67.0 -
NY 89.7 716 887 882 838 784 897 775 828 858 86.8 814 784 NA 676 922 740 662 824 90.2 754 -
OK 770 824 779 784 819 804 770 784 554 770 779 520 873 676 NA 735 819 985 833 775 57.1 -
Rl 819 706 819 824 868 794 819 725 779 828 86.8 735 814 922 735 NA 740 73.0 873 922 714 -
SC 814 090.7 814 819 784 76.0 814 838 69.6 804 735 593 770 740 819 740 NA 824 789 681 66.0 -
X 765 819 775 779 824 799 765 77.0 539 765 775 505 877 66.2 985 73.0 824 NA 828 76.0 557 -
WA 926 784 936 941 975 892 926 794 681 926 760 647 922 824 833 873 789 828 NA 814 704 -
WYy 799 66.7 789 794 828 814 799 745 740 799 90.7 716 853 902 775 922 681 760 814 NA 68.0 -
DC 739 645 739 744 700 660 739 729 798 719 665 793 670 754 571 714 66.0 557 704 68.0 NA -

Mean 850 755 850 852 844 804 850 777 70.1 838 769 66.7 823 815 76.1 802 770 755 839 789 699 791

SD 9.1 80 93 92 94 90 9.1 49 72 87 58 83 95 75 107 65 7.0 111 91 7.1 6.1 5.3

Green= Highest % agreement, yellow= moderate % agreement; red= poorest % agreement
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Predicted Between-State % Agreement
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Predicted percent agreement with expert panel: We tested the hypothesis that states
which displayed the greatest agreement with other states would show greater
agreement with the expert panel decision for handicapping malocclusion (Figure 3).
The hypothesis was rejected—there was no statistically significant correlation

between these two variables, r(19) = -0.25, p=0.81.

Figure 3: Predicted between-state percent agreement vs. predicted HLD AUROC
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Predicted influence of point-contributing conditions on overall HLD score: Percent
influence of point-contributing conditions on overall HLD index scores were evaluated
1) as a mean when the condition was present and 2) as an overall mean regardless of
whether the condition was present (Table 10). Mandibular protrusion, anterior open
bite, and anterior ectopic eruption had the greatest influence (41.8%, 41.5%, and
41.8% respectively) on overall HLD index score, when present. When state HLD indices
included point-contributing criteria that were not common among other indices, these
tended to have low to moderate influence on total HLD score (0-27.8%). Of these,
bilateral crossbite, impactions, and anterior spacing were most influential. Only
overbite and overjet had consistent influence on total HLD index score (30.6-33.9%)

regardless of whether the condition was present or not.
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Table 10: Mean percent influence of point-contributing conditions on overall score
Percent influence of point-contributing conditions on total HLD index score was evaluated 1) as a
mean when the condition was present and 2) as an overall mean regardless of whether the
condition was present.

Mean % weight # of States
Mean % overall if condition Mean % with
weight present Difference condition
Overjet equal to or less than 9mm 30.6% 33.9% 3.3% 21
Overbite in mm 22.9% 26.7% 3.8% 21
Mandibular protrusion in mm 4.6% 41.8% 37.2% 21
OJ or md protrusion 31.1% 31.3% 0.2% 1
Open bite in mm 4.1% 41.5% 37.4% 21
Anterior Ectopic eruption only 1.1% 19.3% 18.2% 1
Posterior ectopic eruption 1.5% 18.5% 17.0% 17
Anterior crowding only 6.0% 41.8% 35.8% 1
Ectopic OR anterior crowding 20.7% 35.8% 15.1% 19
Labiolingual spread in mm 14.5% 23.3% 8.8% 16
Posterior unilateral crossbite 2.8% 20.4% 17.4% 18
Anterior crossbite 5.3% 14.2% 9.1% 2
Bilateral crossbite 1.0% 27.8% 26.8% 1
Posterior crossbite 3.3% 8.3% 5.0% 1
Anterior or posterior impactions 3.0% 20.5% 17.5% 1
Anterior impaction 1.7% 17.9% 16.2% 1
Posterior impaFti(?ns or congenitally 3% 29 1% 19.8% 1
missing posterior teeth
Posterior Impaction 1.4% 20.3% 18.9% 1
Severe Traumatic Deviations 0.0% 0.0% 0.0% 5
Deep impinging overbite 0.3% 15.8% 15.5% 1
Anterior spacing 4.8% 22.5% 17.7% 1
Functional shift of mandible 0.2% 13.6% 13.4% 1
midlines 7.2% 10.3% 3.1% 1
Moderate crowding 2.9% 8.4% 5.5% 1
Severe crowding 4.4% 16.6% 12.2% 1
Habits 0.1% 7.7% 7.6% 1
Cleft Palate 0.0% 0.0% 0.0% 1

HLD-decisions vs. Expert Panel Scores
State-modified HLD decisions were compared to dichotomized order-adjusted sum-

of-rank expert panel decisions. The areas under the receiver operating characteristic (AUROC)
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curves, a measure of the diagnostic value of each index, were subsequently computed. A
perfect diagnostic test would have an area under the curve (AUC) of 1.00. AUROCs for each
HLD-using state are represented in Figure 4 and Table 11 at each state's current point
threshold. A complete list of state-modified HLD index ROC curves can be viewed in Appendix
2.

The AUROCs were moderately high (mean=0.807+0.041). AR had the lowest AUROC
(0.703), and MA had the highest AUROCs (0.875). The specificity, or ability for HLD indices to
exclude patients without medical necessity, was high (mean=92.9+5.0%) and displayed a
modest range (range=79.5-100%). NJ (79.5%) had the lowest specificity and OK & TX (100%)
had the highest specificity. Sensitivity, or the ability for HLD indices to correctly identify
patients with medical necessity, was low (mean=41.6117.6%) and displayed a wide range (7.5-
77.5%). TX (6.67%) and OK (9.17%) had the lowest sensitivity while MA (77.5%) and NJ (76.7%)
had the highest sensitivity. The mean sensitivity and specificity margins of error were less than
10%. The positive predictive value for state-modified HLD indices was very high, ranging from
83.8-100%. The negative predictive value on the other hand was moderate, ranging from 42.8-
73.3%. There was no correlation between a state-modified HLD index’s AUROC and the total
number of subjects accepted by state, r(19)=.24, p=0.304, the point threshold, r(19)=-.09,
p=0.93, or the number of qualifying exceptions, r(19)=.29, p=.77.

The performance of the proposed AAO index varied considerably from that of state
modified HLD indices. Compared to HLD indices, it had a high sensitivity (88.8%) and a
moderate specificity (65.6%). Its positive predictive value (74.4%) was also lower than all HLD
indices and its negative predictive value was greater (85.5%) than all HLD indices. 85.4% (82 of
96) of patients deemed not have a handicapping malocclusion by the expert panel were

approved by 2 or less state-modified HLD indices (Figure 5). However, only 39.3% (42 of 107)
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of patients deemed to have a handicapping malocclusion by the expert panel were approved
by more than 50% (11 or more) of state-modified HLD indices. These results are consistent
with earlier findings that state-modified HLD indices generally have high specificity and low

sensitivity.

Figure 4: Area under the ROC (AUROC) for HLD scores vs Rank-sum Panel Scores

AUROC of State-Modified HLD indices

0.90

0.85 - —‘7
0.80
0.75 J
0.70
0.65
0.60 -

X W X Jd 00 2 - X = <
3238823 Fds82zzE2EE =

—

AUROC

Figure 5: Comparison of state-modified HLD and expert panel decisions
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Table 11: State-modified HLD index validity at current point thresholds (n=204)

(*+) )
Predictive Predictive
Sensitivity Specificity value value
Point Margin Margin

State  Threshold AUROC 95% C/ %  of Error % of Error % %
MA 22 0.883 0.834-0.932 77.5 7.8 89.2 7.3 91.2 733
MT 30 0.878 0.829-0.927 43.3 9.2 9%6.4 4.7 94.6 54.1
OK 30 0.864 0.814-0.913 10.0 5.8 100.0 2.2 100.0 43.5
RI 26 0.856  0.802-0.911 47.5 9.3 92.8 6.2 90.5 55.0
NY 26 0.847 0.791-0.902 59.2 9.1 92.8 6.2 92.2 61.1
WY 30 0.826 0.767-0.886 43.3 9.2 92.8 6.2 89.7 53.1
NJ 26 0.813 0.752-0.875 76.7 7.9 79.5 9.2 84.4 70.2
MD 15 0.812 0.754-0.871 44.2 9.2 96.4 4.7 94.6 54.4
WA 25 0.806  0.745-0.867 31.7 8.7 94.0 5.8 88.4 48.8
FL 26 0.803 0.741-0.866  32.5 8.7 94.0 5.8 88.6 49.1
X 26 0.797 0.736-0.858 7.5 5.1 100.0 2.2 100.0 42.8
AK 26 0.796  0.734-0.859 42,5 9.2 94.0 5.8 91.1 53.1
ME 26 0.796  0.734-0.859 425 9.2 94.0 5.8 91.1 53.1
MO 28 0.796  0.732-0.859 40.8 9.1 91.6 6.6 87.5 51.7
DE 26 0.791  0.728-0.854 40.0 9.1 94.0 5.8 90.6 52.0
DC 15 0.790 0.714-0.866  69.2 8.6 80.7 9.0 83.8 64.4
CA 26 0.784  0.720-0.848 40.8 9.1 94.0 5.8 90.7 52.4
NM 30 0.780 0.714-0.845 24.2 8.0 94.0 5.8 85.3 46.2
SC 35 0.774 0.711-0.836  35.0 8.9 97.6 4.1 95.5 50.9
IL 28 0.748 0.677-0.820 33.3 8.8 88.0 7.6 80.0 47.7
AR 28 0.703  0.633-0.773 325 8.7 95.2 5.3 90.7 49.4
AAO - - - 88.8 6.1 65.6 11.6 74.4 85.3
Mean 26.2 0.807 0.746-0.868 41.6 8.5 92.9 5.8 90.5 53.6
SD 4.5 0.041 0.048-0.036 17.6 1.1 5.0 1.7 4.9 7.8

QE=Qualifying exception; Cl = confidence interval
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Current vs. Optimal Point Threshold

Youden'’s ] statistic was calculated for all state-modified HLD indices to provide optimal
point thresholds by maximizing the difference between the true positive rate (TPR) and false
positive rate (FPR). There was a statistically significant difference between the mean optimal
(18.9+.49) and current (26.2+4.4) point thresholds, t(19)=4.93, p<.0001, as well as mean current
and optimal sensitivities, t(19)=-6.62, p<.0001, and specificities, t(19)=6.23, p<.0001 (Table 12).
The mean sensitivity for all state-modified HLD indices increased from 40.0% at the current
thresholds to 84.4% at the optimal thresholds (p<.0001), while the mean specificity decreased
from 93.5% to 68.8% (p<.0001) (Table 12 & 13). All calculated optimal point thresholds were
lower than the current point thresholds (mean difference=7.3+£3.7) (Table 13). TX (point
dif=16), OK (point dif=14), FL (point dif=14), and RI (point dif=11) had the greatest point
difference and were beyond one standard deviation from the mean. MA (point dif=1), AR

(point dif=2), and NJ (point dif=3) had the lowest current to optimal point threshold differential.

Table 12: Current vs. optimal point threshold summary

Current Optimal P-value*
Mean point threshold  26.2+4.4 18.9+4.9 <.0001
Mean sensitivity (%) 40.0+16.7 68.8+£10.1 <.0001
Mean specificity %) 93.5+4.2 84.4+5.0 <.0001

*Two-sample Student's t-test assuming equal variances
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Table 13: State-specific current vs. optimal point threshold

Current Optimal
Point Threshold Point Threshold Point
Sens  Spec Point Point Spec  Sens threshold
State AUROC (%) (%) threshold threshold (%) (%) Difference

MA  0.883 77.5 89.2 22 21 89.2 80.0 1
MT 0.878 433 964 30 21 85.5 78.3 9

OK 0.864 10.0 100.0 30 16 80.7 79.2 14
RI 0.856 475 92.8 26 15 79.5 833 11
NY 0.847 59.2 92.8 26 21 89.2 725 5
WY 0.826 433 928 30 21 83.1 725 9
NJ 0.813 76.7 79.5 26 23 783 81.7 3
MD  0.812 442 96.4 15 10 72.3 80.8 5
WA  0.806 31.7 94.0 25 16 88.0 64.2 9
FL 0.803 325 940 26 15 88.0 633 11
X 0.797 5.8 100 26 10 83.1 71.7 16
AK 0.796 42,5 94.0 26 21 89.2 60.8 5
ME 0.796 35.0 94.0 26 21 89.2 60.8 5
MO  0.796 40.8 91.6 28 19 83.1 70.0 9
DE 0.791 40.0 94.0 26 19 86.8 64.2 7
DC 0.790 439 931 15 11 75.0 74.2 4
CA 0.784 40.8 94.0 26 19 855 633 7
NM 0.780 242 940 30 21 89.2 575 9
SC 0.774 35.0 97.6 35 31 90.4 51.7 4
IL 0.748 333 88.0 28 19 79.5 70.0 9
AR 0.703 325 95.2 28 26 86.8 45.0 2

Mean 0.807 40.0 935 26.2 18.9 84.4 68.8 7.3

SD 0.041 16.7 4.2 4.4 4.9 5.0 101 3.7

DISCUSSION

Parker reported in 1998 that while the HLD was gaining momentum as the treatment need
index of choice, the subtle differences among each state-modified HLD was cause for concern.’ Since
he published his findings, only four HLD validation studies evaluating three state-modified HLD indices
have been published in the orthodontic literature.'®72327 The remaining HLD indices lack supporting

evidence for their use as treatment need indices for identifying handicapping malocclusions among
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Medicaid recipients. To our knowledge, this is the first study to compare and compute the internal
validity and reliability of all existing HLD indices in the United States.

The differences among state-modified indices under the categorical “HLD"” designation were
widespread. While many state Medicaid agencies have adopted the California HLD modification
following its development and validation in the 1990s, almost all have subsequently modified it.'#2>3
A direct comparison between HLD studies is only possible if the indices have not undergone
substantial qualitative change between study publication dates and if the indices were validated using
similar methods. Of the 21 indices validated in this study, only two have previously been evaluated
against an expert panel: HLD(CA), HLD(MD).'>-17:2325 There is published data on the validity of HLD(IL)
and HLD(WA), but due to methodological differences, these could not be compared with the results
from the present study.?®?’ Since the HLD(CA) has been most studied in the orthodontic literature,'-
17:23.2531 it serves as a good basis for comparison against other state-modified HLD indices. Our results
reveal that Medicaid state agencies have added, removed, or altered the number, weighing factor,
and definitions of qualifying conditions, point-contributing conditions, and overall point threshold.
Only AK, DE, FL, and ME have adopted the HLD(CA) modification without major changes to its
component criteria or overall point threshold of 26. Still, close examination of these modifications
reveals minor changes in the definitions of the component criteria. For example, the Florida
modification subtracts 2mm and 3mm from overjet and overbite, respectively. The continued practice
of modifying state HLD indices without supportive validation studies is a concern because it may result
in screening instruments which are inconsistent with the Medicaid statutes that limited tax-payor
funds be allocated to patients with orthodontic medical necessity.3?

Overall, our predicted approval rates appear more conservative than what has been published
in the orthodontic literature.?32>-27 |n this study, we found that the mean predicted approval rate was

29.0% and that the range was 4.4-53.4% (Table 7). HLD(CA), specifically, had an overall predicted
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approval rate of 26.5%. This comes close to the HLD(CA) predicted approval rate found by Han and
Davidson (35%),%® but contrasts sharply with the low approval rate found by Cooke and colleagues
(7.2%)"” and the high approval rate reported by Parker (56%).2°> Given the relative uniformity of scoring
conditions among these studies, approval rate differences are likely due to sampling differences. For
example, Cooke and colleagues included post-treatment models in their sampling population. This
fact likely decreased the overall sample malocclusion severity and predicted approval rate. Similarly,
Parker's 1999 sample may have suffered from sampling bias as sampling in that study was neither
random nor consecutive.? Dr. Parker also had a significant conflict of interest as the main architect
to the HLD(CA) and the contracted orthodontic consultant to the state of California during HLD(CA)'s
development.™

Similarly, our study results predicted an HLD(MD) approval rate of 27.5% compared to Han
and Davidson’s 40.6%.23 Unlike the HLD(CA), the HLD(MD) has undergone minor modifications since
Han and Davidson published their results. Namely, a posterior crossbite component has been added.
It is unclear why the addition of this component did not increase the overall approval rate in our
results compared to those of Han and Davidson. No data was present in the orthodontic literature
regarding all other state-modified HLD indices.

The range in approval and denial rates in our sample appears to be largely the result of outlier
HLD indices. 14 out of 21 states had an approval rate ranging from 21.1-30.9%. When the five states
with the highest and lowest approval rates were included, the range of approval rates increased to
4.4-53.7%. In many of these outlier states, significant modifications were made to the number of
qualifying exceptions, point-contributing conditions, or point-threshold as compared to the HLD(CA)
index (Appendix 1a-b). The number of qualifying exceptions present in an index seems especially

important to its predicted approval rate, as evidenced by the strong positive correlation between
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these two variables. The low predicted approval rates observed in the HLD(OK) and HLD(TX), for
example, appear to be the result of a lack of qualifying exceptions.

Similarly, drastic modification to the point threshold can also result in drastic changes to the
overall approval rate. In 2000, Parker noted that an increase in HLD score results in an exponential
decrease in approval rates.®' While our results support this claim and a moderate negative correlation
was found between point-threshold and overall predicted approval rates, the addition or removal of
conditions can counterbalance the effects of point-threshold on approval rates. For example, while
MD and DC both had the lowest point-thresholds (15), HLD(DC) had a predicted approval rate double
that of HLD(MD). This appears to be in large part due to HLD(DC)'s use of qualifying exceptions, which
are absent from the HLD(MD).

Overall, it appears that the complex process by which malocclusions are screened by an HLD
index is highly dependent on the morphological characteristics that index seeks to identify.
Specifically, indices are highly sensitive to changes in the number and definitions of qualifying
exceptions first and foremost. The value of the point-threshold was the second most important factor
related to predicted approval rates.

Our findings regarding state-modified HLD indices also apply to the proposed AAO qualifying
exceptions index. The proposed AAO index consists of nine qualifying exceptions. Any patient who
presents with at least one qualifying exception would gain approval to publicly-funded orthodontic
care under this index. Our results indicate that the AAO proposed index had the greatest predicted
approval rate among HLD modified indices (63.2%). In contrast, a 2018 unpublished study by
Oppenhuizen found a lower predicted approval rate of 47.5%.33 However, we must exercise caution
when comparing our results with those of Oppenhuizen. The proposed AAO index used in his study
appears mildly modified from that used in this study and published in a 2017 AAO bulletin.'

Specifically, it excludes the “crowding or spacing of 10mm or more” component included in the
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present study, and several modifications were made to some of the included qualifying exceptions.
While removing the “crowding and spacing of 10mm or more” did lower the predicted approval rate
from 63.2% to 58.8% in our study, this rate still exceeded that of Oppenhuizen by over 10%. It is
unclear why this discrepancy exists, but it is consistent with the trend that our results appear generally
more conservative than those of previous studies.

Overall, the proposed AAO index seems to fit the trend that qualifying exceptions are strongly
positively correlated with predicted approval rate. If the AAO’s aim is to qualify 10% of the general
population, as stated in a 2017 AAO bulletin, a qualifying exception based index does not seem to
support this goal according to both Oppenhuizen and this study's results.'33 However, preliminary
observations of state expenditure in Nevada indicate otherwise. In 2018, Nevada piloted the AAQ's
proposed index and later published its expenditure pre- and post- index implementation.>* A decrease
of 28% in expenditure on medically necessary orthodontic care was noted when comparing the 4
months before and after implementation.33* A rigorous study of the Nevada Medicaid agency's
implementation of its new index against the opinion of an expert panel would be necessary to explain
these apparent discrepancies.

Despite heterogeneity among predicted approval rates, it would be expected that indices with
similar approval rates would approve the same patients. However, this did not seem to always be the
case (Table 9). While AK, MD, ME, MO were predicted to approve 56 patients each, their percent
between-state agreement ranged from 80.9% (MD & MO) to 100% (AK & ME). Similarly, while AR & WA
and FL & SC were predicted to approve the same number of patients (43 and 44 patients, respectively),
both pairs of states displayed 78.4% agreement. Much of the disagreement occurs between opposite
outlier states. HLD(N]J), for example, approved the greatest number of patients while HLD(TX) had the
lowest approval rate among all HLD indices. Yet, both states had the lowest percent mean agreement

with other states, the worst of which being with each other (% agreement = 50.5%). This is concerning
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because indices were developed to provide uniformity to the process of identifying handicapping
malocclusions. If states do not agree on what constitutes orthodontic medical necessity using what
should be the same HLD index, they are either using different indices or have not reached a consensus
on what constitutes a handicapping malocclusion.

While predicted approval rate and between-state agreement provide important information
on what proportion of the orthodontic patient population can be expected to gain access to
orthodontic care, they do not shed light on whether the indices are correctly identifying patients with
handicapping malocclusions. To this end, comparison of an orthodontic treatment need index to the
opinions of an expert panel is necessary. When we applied this methodology, we found that HLD-
indices had generally moderate validity or agreement with the orthodontic panel (measured as
AUROC), low ability to identify patients with handicapping malocclusion (sensitivity), and high ability
to identify patients without handicapping malocclusion (specificity). These findings follow a general
trend that is well-documented in the orthodontic literature.”™ ' There were, however, some
differences in the values obtained. For example, while an AUROC of 0.784 was obtained for HLD(CA)
in the present study, previous studies reported AUROCs of 0.940 and 0.961 for this index (Table
11).1516 Similarly, while a 0.260 HLD(CA) sensitivity was previously reported,’'” our study found a
sensitivity nearly twice that value (0.408). The discrepancies between this study and previous ones are
likely rooted in the performance of the expert panel. The moderate inter- and intra-rater coefficients
obtained are either due to rater confusion regarding the task at hand or measurement error related
to the nature of the scale used. In either case, systematic errors likely had an effect on measures of
validation investigated in this study.

Interestingly, no statistically significant correlation was found between AUROC and the
number of patients accepted per index. In fact, state-modified HLD indices with the lowest predicted

approval rates (HLD(OK) and HLD(TX) for example) had AUROC values greater than those of HLD(CA),
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which had a moderate predicted approval rate. These states also had 100% positive predictive values,
indicating that 100% of patients accepted by these indices were also qualified as having handicapping
malocclusions by the panel. Concluding that these indices are effective at identifying all patients with
handicapping malocclusions would be erroneous, however. These same state-HLD indices had the
lowest sensitivities (7.5-10.0%), highest specificities (100%), and lowest negative predictive values
(42.8-43.5%) among all HLD indices evaluated in this study, suggesting that HLD(OK) and HLD(TX) are
highly restrictive and deny a significant proportion of patients with handicapping malocclusions.

Despite its simplicity, the index with the best overall performance was the proposed AAO
index. It displayed a high sensitivity, moderate specificity, and moderate positive and negative
predictive values. However, this strong performance comes at a cost of approving a high proportion
of the orthodontic patient population. While this might lead to improved access to care among
Medicaid orthodontic patients, it may not be realistic for Medicaid agencies which operate on a limited
budget.

One major challenge for all validation studies, including this one, is the lack of consistent
methodology for determining a dichotomous cut point for medical necessity within a sample.
Medicaid legislation is intentionally vague regarding medical necessity, leaving the decision on what
constitutes medical necessity to states and their contracted consultants.?> Data from NHANES Il as
well as Breistein and colleagues estimated that the rate of treatment need in the general population
ranged from 11.9-22.6% depending on the study population.?®3® While there is no published data
regarding the rate of orthodontic medical necessity in an orthodontic patient population, it would be
expected to be greater than that reported in the general population. Previous studies have used a
variety of methods for dividing samples into elective treatment and medical necessity categories.
Some authors' ' asked raters to provide an indicated treatment need point on an ordinal scale, while

others'” used an ordinal scale with an inherent “treatment essential” anchor point. According to these
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methods, orthodontic medical necessity was estimated at 17.6%' and 64%'® in the sample
orthodontic patient populations. While 17.6% appears low for an orthodontic population considering
the rates observed in the general population, 64% seems more plausible. Through a different
protocol, our study established that 52.94% of the sample to have a handicapping malocclusion. While
this estimate appears within reason, it is likely that the closer a patient is to the cut point, the more
uncertainty there is about their malocclusion severity categorization. This could introduce error in the
calculations of state-modified HLD screening performance. However, it is also a reflection of what
occurs in daily practice when using an index which includes both a continuous measure of
malocclusion severity and a dichotomous point threshold, like the HLD.

In orthodontics, researchers and public health officials should seek to develop indices which
maximize the correct identification of handicapping malocclusions, even if it means accepting patients
who do not have orthodontic medical necessity. This entails creating and implementing indices with
high sensitivities and moderate specificities. The proposed AAO index seems to fit these criteria better
than any existing state-modified HLD index at the moment. However, given that state Medicaid
agencies are not likely to restructure the process by which they screen orthodontic patients, an
approach which simultaneously maintains and improves upon existing HLD indices is needed. A new
index should be developed with certain criteria in mind: It should be fair, reliable, highly sensitive, and
reasonable for states to implement, adjust, and afford. The AAO proposed index may not meet these
criteria.

As previous investigators noted, the simplest way of improving existing HLD indices is by
altering their overall point thresholds.’'723 The methodology by which we sought to compute an
optimal point threshold for each HLD index was based on the premise that sensitivity and specificity
should be maximized for proper identification of handicapping malocclusions. When we applied this

procedure to state-modified HLD indices, all resulting optimal point threshold points were lower than
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the current ones. Our finding that lowering the overall point threshold results in greater index validity
in all cases agrees with those of previous studies.'®"” In fact, Cooke et al recommended that HLD(CA)
lower its point threshold from 26 to 18.5 points for a targeted sensitivity and specificity of 55.6% and
92.9%, respectively.’”” Our calculations yielded a similar optimal point threshold of 19 points for
resulting sensitivities and specificities of 63.3% and 85.5%, respectively (Table 13).

The wide range of optimal to current point threshold difference speaks to the need for
optimization of state-modified HLD indices. It is interesting to note that HLD indices set to the
calculated optimal point threshold would yield the same validity, as measured by sensitivity and
specificity, as that of the proposed AAO index in its current form. But given the findings presented in
this study, a case can be made for maintaining the current HLD indices.

Firstly, this study provides scientific evidence of the strengths and weaknesses of each state-
modified HLD index. If aware of them, state consultants could use their levying powers to override the
index when it falls short of identifying what the orthodontic opinion would consider a handicapping
malocclusion. In addition, there should be less incentive to change the components of an index if it
has been thoroughly validated. Changing it would only result in greater ambiguity as to its screening
ability.

Secondly, the AAO index lacks any published validation study involving an expert panel. If
adopted prior to validation, the proposed AAO index would perpetuate the cycle of unvalidated
indices being used and modified without supporting scientific evidence.

Third, the HLD index allows Medicaid agencies and public officials the liberty to alter state
expenditure on medically necessary orthodontic care in any given year by simply adjusting the point
threshold, rather than modifying its component measures. This is not true of the proposed AAO index

which cannot be modified under its present form without adding, removing, or altering one of its nine

50



qualifying exceptions. This is perhaps its biggest drawback to the proposed AAO index from the

perspective of a public administration agency.

Limitations and Future Studies

This study has several limitations. A significant limitation was that the orthodontic
panel inter-reliability was only moderate (ICC(3,1)=0.650) and there was a wide range of intra-
rater reliability (ICC(3,1)=0.686-0.974). Presence of physical models had a negligible
improvement effect on overall inter-rater reliability (ICC(3,1)=0.670. It is likely that the variation
in inter and intra-rater reliability contributed to the observed discrepancy between AUROC,
sensitivity, and specificity measures of state-modified HLD indices compared to findings from
other studies. Interestingly, similar validation studies report much greater inter- and intra-
reliability."™17:22 A possible reason for this discrepancy is the nature of the scale used for
determining malocclusion severity by the expert panel. The scale used in the present study
was a continuous 100-point visual analog scale with no tick marks and two anchors—ideal to
most severe (Appendix 4). This type of scale is regularly used in pain,?” dental esthetics,3®4
and malocclusion severity?? research. It was specifically selected in this study to provide
uniformity among the indices of comparison (PAR and HLD scoring is done on a continuous
scale in both instances). Similar orthodontic index validation studies did not use a visual
analog scale (VAS) and instead elected for ordinal scales.' " While one study did not report
the panel expert panel reliability,'” the other two obtained an interrater reliability of 0.81-0.835
and an intra-rater kappa score of 0.896-0.91, all of which are considerably greater than the
values computed in the present study. This could be due to several reasons. VAS scales have
been reported to incur 20% measurement error in some studies,?” an observation which is

likely related to the lack of anchor references between the two terminal anchors. It is also
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possible that individual raters tended to gravitate toward different parts of the scale
depending on individual assessment biases and the raters’ personal views on publicly-funded
orthodontic care. To overcome this issue, we conducted several tests, include a
transformation to Z-scores and tested the correlation of panel scores to PAR scores. Z-score
transformation did notimprove the correlation or reliability measures, indicating that this may
not have been the leading factor in observed ICC values. Another possibility is that ordinal
scales limit the range of possible values and therefore make it more plausible for inter- and
intra-reliability to reach a greater level of consensus. However, a recent study comparing
ordinal and continuous scales in the evaluation of dental arch relationship in a cleft patient
population did not find any significant difference between the two types of scales.*? Finally, it
is possible that the expert panel had difficulty differentiating malocclusion severity from
treatment difficulty during the rating session. This may have acted as a confounder resulting
in decreased inter- and intra-rater reliabilities. A study by Rowe concluded that malocclusion
severity and treatment difficulty were related but distinct concepts, and that various
components of malocclusion were not reliable predictors of treatment difficulty.*®> More
studies are needed to compare the value of ordinal and continuous scales in treatment need
index research.

A second limitation was that, for logistical reasons, cases were not randomized among
panelists during the expert rating sessions. Cases were also not randomized during the HLD
scoring or PAR scoring. This led to some degree of autocorrelation. Autocorrelation was
removed and scores were order-adjusted prior to analysis.

Third, the reported state HLD decisions rely on index guidelines only and do not take

into account the ability of a consultant to override the HLD decision. The predicted HLD
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decisions may therefore not reflect the rates of approval and denial that occur in real clinical
practice.

Finally, the sample in our study did not consist of any patients with cleft lip and palate,
craniofacial anomalies, or severe traumatic deviations, leaving out an important subset of
patients with handicapping malocclusions. These patients often utilize different clinical and
administrative avenues to seek orthodontic care and therefore rarely present to regular
orthodontic offices in Washington state. It is also important to note that Medicaid agencies
often have a different process for prior-authorization for these conditions. This may be the
reason why these conditions are absent from some state-modified HLD indices. While this
may explain the exclusion of these conditions from some HLD indices, it does not explain why
in states like MD, MT, NM, TX, and WY, one or more of these conditions are assigned point
values that may or may not be equal to the overall point threshold for approval.

More validation studies are needed to validate the orthodontic treatment need indices
in the United States. While this study focused on state-modified HLD indices only, these only
comprise 42% of all state-modified indices. Many states have indices other than an HLD index
which have yet to undergo reliability and validity testing.® Future studies on establishing a
reliable method of measuring malocclusion severity by an expert orthodontic panel are also
needed. While the PAR index is an established, validated, and reliable instrument for
measuring malocclusion severity,3? it is not practical in the context of orthodontic expert
panels. Ordinal and continuous scales, like the visual analog scale, offer a simple, more time-
efficient potential means of evaluating malocclusion severity, but a dearth of comparative

studies makes their use unreliable in orthodontic index validation studies.
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CONCLUSION

The results of this study suggest there is a lack of consensus among state Medicaid agencies
on what constitutes a medically necessary handicapping malocclusion. A person’s eligibility of
Medicaid-funded orthodontic care appears inconsistent among the 21 states evaluated in this study.
Continued modification of HLD indices without supporting validation studies may perpetuate
inequities in access to orthodontic care within the Medicaid-eligible orthodontic population in the

United States.
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AIM 2: Implementation of the HLD index in Washington State

OBJECTIVE

The objective of this study was to conduct a retrospective analysis of the application of
Washington State’s HLD modified index (HLD(WA)). Providers’ determination of medical necessity
were compared to the Washington State Medicaid Agency's treatment need decision for all patients

screened consecutively at five Seattle-area orthodontic clinics between April and June 2018.

METHODS

Sample
Following University of Washington IRB approval (STUDY00005449), five orthodontic
clinics were recruited to participate in this study: one academic clinic, one community health clinic,
and three private orthodontic practices. All were located throughout the greater Seattle area. The
Washington State HLD index, HLD(WA), was used by all clinics to obtain prior-authorization for
orthodontic treatment from Washington Medicaid. All HLD(WA) prior-authorization forms
(Appendix 7) submitted consecutively to the Washington Medicaid program on behalf of Medicaid-
eligible orthodontic patients between April and June 2018 were collected and de-identified.
HLD(WA) prior-authorization forms were matched to a treatment decision letter from the
Washington Medicaid program. Inclusion criteria were 1) all consecutive Medicaid-eligible patients
whose prior-authorizations were submitted for comprehensive orthodontic treatment to the
Washington Medicaid program between April 1 and June 30, 2018 at one of the selected 5
orthodontic clinics, 2) presence of a submitted HLD(WA) prior authorization form, 3) presence of

a Washington Medicaid decision letter. Exclusion criteria include 1) screened patients who were
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not deemed ready to begin orthodontic treatment at the time of screening and 2) patients whose
records were missing an HLD(WA) prior authorization or a WA DSHS decision letter.

Each patient’'s HLD(WA) demographic characteristics (age, gender, date of birth), qualifying
exceptions, point-contributing conditions, and overall HLD(WA) provider scores were gathered.
Treatment decision information was extracted from the Washington Medicaid decision letter. In
the event of a denial, the reasons for denial, consultant HLD(WA) score, and the treatment

recommendations were also gathered from the state decision letter.

Data Analysis

Descriptive statistics were used to evaluate clinic and patient demographics, summarize
HLD(WA) decisions among clinic types, and compare provider and reviewer scores. Chi-square test
for independence was used to compare differences in proportions of enrolled patients as well as
approved and denied applications among clinic types. A sub-analysis of approved and denied
prior-authorizations was conducted to detect decisions based on index guidelines compared to
reviewer override. We also compared the proportions of class |, I, and lll malocclusions among
approved and denied applications using the Chi-square test for independence. Student's t test
was used to compare mean provider and reviewer scores among approved and denied
applications. The Kruskal-Wallis test was used to compare mean provider and reviewer scores
among clinic types. A multiple regression analysis with a Bonferoni correction set at p=0.0071
conducted to quantify the relationship of malocclusion characteristics as listed on the HLD(WA)
prior-authorization with an approval outcome by Washington state. Finally, a qualitative
descriptive analysis was performed to survey the recommendations made by the Washington

DSHS in the event of prior-authorization denial.
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RESULTS

Demographics

Clinic types: 1 academic clinic, 1 community health clinic (6 locations), and 3 independent
private practices were enrolled in the study. Because the community health center screened
a greater number of patients in the 3-month study period, every third consecutive application
was enrolled in the study. The community clinic had the largest number of submitting
providers (19) followed by the academic clinic (17). During the study period, the prior-
authorizations of 479 patients were submitted for agency review and subsequently collected.
10 were excluded due to missing records and 51 were excluded for being submitted outside
the study period. 418 prior authorizations were therefore included in the study. There was a

statistically significant difference in the number of patients allocated per clinic types for

comprehensive treatment, chisq(3) = 126.39, p<.001 (Table 14).

Table 14: Clinic type and site demographics

# of providers n (%) # of patients n (%)
Academic Clinic 17 (42.5%) 58 (14.1%)
Clinic A 17 58 (13.9%)
Community Clinics 19 (47.5%) 242 (57.7%)
Clinic A 3 38 (8.8%)
Clinic B 4 33 (7.9%)
Clinic C 1 6 (1.4%)
Clinic D 4 94 (22.5%)
Clinic E 3 58 (13.9%)
Clinic F 4 13(3.1%)
Private Clinics 4 (10.0%) 118 (28.2%)
Clinic A 1 51 (12.2%)
Clinic B 1 14 (3.3%)
Clinic C 2 53 (12.7%)
Total 40 418
P value (community vs academic vs private) <0.001

P value = chi-squared P value
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Patient demographics: Patient demographic characteristics were gathered from the
HLD(WA) indices and are presented in Table 15. The mean age was 14.315.5 years. The
majority of patients (58.8%) had an Angle’s Class | malocclusion. Class Il and Ill malocclusions
constituted 31.6% and 9.6% of the sample, respectively. 42.6% of prior-authorizations had at
least one qualifying exception. Impinging overbite was the most common qualifying exception
among patients submitted for comprehensive treatment (22.9%). Mean overjet and overbite
were 4.3+2.6mm and 3.7+2.2mm, respectively. Aside from overjet and overbite, anterior
crowding was the most prevalent point-contributing condition (58.4%), followed by ectopia
(30.4%), and posterior crossbite (15.8%). It should be noted that HLD(WA) guidelines indicate
that anterior ectopia and anterior crowding are mutually exclusive and only the most severe

condition should be counted if both are present.
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Table 15: Demographics for Medicaid-eligible patients (n=418)

n %
Demographics

Age in years (SD) 14.3 (5.5)

Sex
Male 164 39.2
Female 253 60.5
N/A 1 0.2

Angle Classification
Class | 244 58.8
Class Il 131 31.6
Class Il 40 9.6
N/A 3 0.7

HLD(WA) components

Qualifying Exceptions 178 42.6
Impinging overbite 96 22.9
Anterior crossbite 38 9.1
Overjet >9mm or > -3.5mm 28 6.7
Skeletal CI 11l 16 3.8

Point-contributing Conditions
Overjet in mm (SD) 4.3(2.6) -
Overbite in mm (SD) 3.7(2.2) -
Md Protrusion 21 5.0
Anterior open bite 29 6.9
Ectopia 127 304
Anterior crowding 244 58.4
Posterior crossbite 66 15.8

HLD(WA) decisions among clinic types

A summary of HLD(WA) decisions is presented in Table 16. A mean of 35.4% of submitted
prior-authorizations were approved for comprehensive treatment across all clinic types, and
53.0% were denied (Figure 6). The Washington Medicaid program was unable to process the
remaining 59 applications as a result of missing records or incomplete HLD(WA) indices. There
was no statistical difference between the rate of approval and denial treatment decisions per clinic

type, chisq(4)=0.582, p=0.7473.
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While overall review rates were not different among clinic type, an analysis of application
decisions made based on index guidelines compared to reviewer override revealed statistically
significant differences among clinic types for both approved (chisq(2)=10.337, p<.01) and denied
(chisq(2)=17.363, p<.001) applications (Table 16). Specifically, only 47.6% of academic clinic
approvals were based on index guidelines at the academic clinic, compared to 81.6% and 72.5%
at the community and private clinics, respectively (Figure 7a). Denial rates followed a similar trend.
While the total denial rates were similar among all clinic types (Figure 6), the community clinic had
a lower denial rate based on index guidelines (70.5%) and a higher denial rate based reviewer

override (29.5%) than both academic and private clinics (Figure 7b).

Table 16: HLD(WA) decisions per clinic type according to index guidelines & reviewer override

Academic Community Private
Total n (%) Clinic n(%) Clinic n(%) Clinic n(%) Pvalue
Total 0.7473
Approved 148 (35.4%) 21 (36.2%) 87 (36.0%) 40 (33.9%)
Denied 219 (52.4%) 30 (51.7%) 122 (50.4%) 67 (56.8%)
Unable to process 51(12%) 7 (12%) 33 (14%) 11 (9%)
Approved by: <.01
Index guidelines (=25pts; >0 QE) 110 (74.3%) 10 (47.6%) 71 (81.6%) 29 (72.5%)
Reviewer override (<25pts; 0 QE) 38 (25.7%) 11 (52.4%) 16 (18.4%) 11 (27.5%)
Denied by: <.001
Index guidelines (<25pts; 0 QE) 171 (78.1%) 27 (90.0%) 86 (70.5%) 58 (86.6%)
Reviewer override (>25pts; >0 QE) 48 (21.9%) 3(10.0%) 36 (29.5%) 9 (13.4%)

P value: Chi-squared P value
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Figure 6: Approval and denial rates among clinic types; ns = non-significant
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Figure 7: Approvals and Denials by index guidelines and reviewer override per clinic type

Figure 7a
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HLD Score Analysis
Provider Scores: A summary of mean provider scores is presented in Table 17. The provider
scores of approved applications (18.1+7.7) were significantly greater than those of denied
applications (14.846.3), t(365)=4.42, p<.0001. Provider scores of approved applications were
not significantly different whether approvals were based on index guidelines or reviewer
override, t(128)=1.898, p=.0600. However, there was a statistically significant difference in
provider scores for applications denied based on index guidelines or reviewer override, t(71)=-
4.689, p<.0001.

When approvals and denials were broken into applications approved based on
meeting the HLD(WA) point threshold or having a qualifying exception (Table 18), patients
approved on the basis of meeting the point threshold had a significantly greater provider
score (19.5+6.8) than patients approved on the basis of qualifying exceptions (17.318.2),
t(107)=1.69, p<.05. This was not true for denied applications. The mean provider score for all

approved applications was below the HLD(WA) point threshold of 25.

Reviewer scores: Since reviewer scores are only provided in the event of a denial, only denials
were included in the analysis. The mean reviewer scores (11.945.7) among denied applications
was on average 2.9 points lower than the mean provider scores (14.846.3), t(436)=1.97,
p<.0001 (Table 17). 42.0% (n=92) of denied applications had equal reviewer and provider
scores (Figure 8 & 9). The majority (53%; n=116) of applications had greater provider than
reviewer scores, and only 5% had a greater reviewer than provider scores. Of those
applications which received a lower reviewer than provider scores, 62.1% were within 5 points

and 86.2% were within 10 points of the provider score (Figure 9). It is unclear why one
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application was denied despite receiving reviewer and provider scores which met index
approval guidelines (Figure 8).

The difference between reviewer and provider scores was statistically significant
regardless of whether an application was denied for failing to meet index guideline or by
reviewer override, p<.001 (Table 17). There was a greater provider to reviewer point difference
(5.8pts) for applications denied by reviewer override than for applications denied for failing to
meet index guidelines (2.0pts).

Of all denied applications, 38 applications had at least one qualifying exception (Table
18). Both the provider and reviewer scores were lower than the required 25 point threshold
in 92.1% (n=35) of denied cases citing at least one qualifying exception. 3 had a provider score
greater than the index threshold which was later adjusted to below the 25 point threshold by
the reviewer. While patients denied with and without qualifying exceptions did not have
significantly different provider scores, the mean reviewer scores were statistically significantly
lower, p<.001. The provider to reviewer score difference was greater for denied applications
with qualifying exceptions (mean difference=5.0) compared to applications with no qualifying
exceptions (mean difference=2.4).

Both provider (p<.05) and reviewer scores (p=.001) were significantly different among
clinic types for patients denied orthodontic treatment (Table 19 and Figure 10). The mean
reviewer scores were lower than the provider scores in all three clinic types. A post-hoc
analysis revealed that both academic (p=.005) and private clinic (p=.021) reviewer scores were

significantly lower than community clinic reviewer scores.
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Table 17: Mean provider and reviewer scores by approval and denial status

Total Approved by: Denied by:
Reviewer Reviewer
Approved Denied Index override Index override
(n=148) (n=219) P value (n=110) (n=38) P value (n=164) (n=55) P value
Mean provider score (SD) 18.1(7.7) 14.8(6.3) <.0001 18.6(8.6) 16.5(4.2) .0600 13.5(5.2) 18.7(7.8) <.0001
Mean reviewer score (SD) - 11.9(5.7) - - - - 11.5(5.0) 12.9(7.4) .2085
Score difference - 2.9 - - - - 2.0 5.8 -
P value - <.0001 - - - - <.001 <.00017 -
P value = Student t test one-tail P value
Table 18: Mean provider and reviewer scores by qualifying exception or point-contributing conditions
Provider Score X (SD) Reviewer Score X (SD) P Value
Approved with:
>1 qualifying exception (n=48) 17.3(8.2) - -
No qualifying exception (n=100) 19.5 (6.8) - -
P Value .0466 - -
Denied with:
>1 qualifying exception (n=38) 15.0 (6.2) 10.0 (6.7) <.001
No qualifying exception (n=181) 14.7 (6.4) 12.3(5.5) <.0001
P Value .3992 - -
P value = Student t test one-tail P value
Table 19: Mean provider and reviewer scores among clinic types
Academic clinic (n=30) Community clinic (n=122) Private clinic (n=67) Total (n=219)
X SD X SD X SD X SD P Value
Mean provider score 13.3 6.7 15.8 5.8 13.7 6.8 148 6.3 0.037
Mean reviewer score 9.5 4.6 12.9 5.9 11.0 5.4 11.9 5.7 0.001
Score difference 3.8 4 2.8 4.2 2.7 52 2.9 4.6

P value = Kruskal-Wallis P value
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Figure 8: Provider and reviewer scores among patients denied comprehensive orthodontic
treatment (n=219)
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Figure 9: Distribution of provider and reviewer score differences for patients denied
comprehensive orthodontic treatment (n=219)
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Figure 10: Provider and reviewer scores among clinic types for patient denied orthodontic
treatment (n=219)
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Influence of malocclusion characteristics on HLD treatment decision:

The distribution of Class |, I, & Ill malocclusions among patients who were approved and
denied comprehensive treatment is presented in Table 20. There was a significant difference in
Angle classification between approved and denied applications, chisq(2)=23.5, p<.0001. Among
the patients who were approved for orthodontic treatment, there was an equal proportion of
Class | and Il malocclusions (43.2% & 43.9%, respectively). Contrarily, more patients who were
denied treatment tended to have a Class | malocclusion (68%). Class Il malocclusions were only
slightly more prevalent among patients who were approved (12.8%) compared to those who were

patients (7.8%).
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Table 20: Angle classification among Medicaid recipients in Washington State (n=418)

Approved Denied P value
n % n %
Angle’s Classification <.0001
Class | 64 43.2 149 68.0
Class Il 65 43.9 51 233
Class Il 19 12.8 17 7.8
N/A - - 2 0.9

P value: Chi-squared P value

A multiple regression analysis was also used to quantify the relationship of point-
contributing conditions with the outcome of Washington State approval (Table 21). Qualifying
exceptions were not included in this analysis since their presence should lead to an approval
decision. Among the point-contributing conditions, overbite (p<.001), mandibular protrusion
(p=.001), anterior open bite (p<.001), and posterior unilateral crossbite (p=.002) were all

significantly related with an approval outcome in Washington state.

Table 21: Odds Ratios of point-contributing conditions using HLD(WA)

Predictors Odds Ratios cl P value
Overjet 1.13 1.02-1.25 0.024
Overbite 1.29 1.14-1.48 <0.001
Md protrusion 1.33 1.15-1.64 0.001
Ant. Open Bite 1.23 1.11-1.39 <0.001
Ant. Ectopic Teeth 0.95 0.89-1.02 0.166
Ant. Crowding 1.00 0.95-1.06 0.876
Posterior unilateral crossbite 1.21 1.08-1.37 0.002

with Bonferroni correction

Washington HCA clinical recommendations
DSHS recommendations for future treatment were tabulated (Table 22). These were

divided into primary and secondary reasons, with the former being the main explanation for the
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agency's treatment decision, and the latter being the case-specific reason and recommendation.
Two primary reasons for denial were identified: 1) failure to establish medical necessity and 2)
request for additional information not answered. Failure to establish medical necessity was the
most commonly cited reason for denial (99.5%). Once a patient failed to meet medical necessity,
the agency didn't provide an explanation 77.2% of the time, reported that the photos did not
validate the reported condition 20.1% of the time, determined that oral hygiene was too poor for
orthodontic treatment in 1.8% of cases. The most common recommendation for future treatment

was no treatment (61.2%), followed by interceptive treatment (7.8%), and limited treatment (6.0%).

Table 22: Reasons for denial and agency recommendation for future treatment

Agency Denial Response n %
Failure to establish medical necessity 218 99.5
No explanation, agency recommends: 169 77.2
No treatment 134 61.2
Extractions and allow for spontaneous eruption 1 0.5
TMJ workup with a splint, if TMD is suspected 3 1.4
Interceptive Treatment 16 7.3
Limited Treatment 12 5.5
Nightguard to control effects of night grinding 2 0.9
Denied until OS can determine medical necessity 1 0.5
Photos do not validate reported condition, agency recommends: 44 2041
No treatment 42 19.2
Remove braces & deliver retainers - -
Interceptive Treatment 1 0.5
Limited Treatment 1 0.5
Poor oral hygiene, agency recommends: 4 1.8
Resubmit in 6 months when oral hygiene has improved 4 1.8
Primary teeth still present, agency recommends: 1 0.5
No treatment 1 0.5
Request for additional information not answered 1 0.5
Request a reconsideration of this decision 1 0.5
Total 219 100
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DISCUSSION

Access to dental care is a widespread problem for Medicaid-eligible patients.* Factors known
to influence a patient's access to dental care include geographic barriers,44¢ declining provider
participation in Medicaid programs,*” and racial and ethnic factors.*4° The current study shed some
light on an additional barrier which has yet to be reported in the orthodontic literature: inter-clinic
disparities.

Our study found that overall approval and denial rates for comprehensive orthodontic
treatment were 35.4% and 52.4% respectively. The Medicaid program could not process the remaining
12.2% of applications due to clerical reasons. These results closely mirror those of a 2005 study which
found a 35% approval rate among Medicaid patients in Washington state.?® Meanwhile a 2017 study
found a 54% approval rate among Medicaid applications in lllinois.?” Because state Medicaid programs
regularly update and modify the indices’ qualifying conditions and point thresholds, a comparison of
HLD approval and denial rates across states and through time can be challenging. In Washington state
alone, the HLD index has experienced considerable changes to its component criteria and point-
threshold over the past several years. The HLD(WA) used at the time of the 2005 study had a point-
threshold of 30 and included a “labio-lingual spread” component.?® The “labio-lingual spread”
component is no longer part of the 2019 HLD(WA) and the point threshold has since been lowered to
25. Similarly, the HLD index used by the state of lllinois used different qualifying exceptions, a point
threshold of 28, and a “labio-lingual spread” component, making it qualitatively different from the
HLD(WA) used in the present study.?’” Other studies also reported approval and denial rates, but
because patient records were not reviewed by a Medicaid agency consultant, but rather by
orthodontists as part of an experiment, a comparison was not possible.’™7:23 For all reasons stated

above, a comparison of approval and denial rates is difficult to establish using the current body of
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work. More studies focused on evaluating Medicaid agency reviewed cases are needed to accurately
assess and compare the implementation of orthodontic indices for publicly-funded orthodontic care.

While at first glance, approval and denial decisions seem to be similar among academic,
community, and private clinics, a more in-depth analysis shows that clinic type may have an effect
patients’ application approval outcome. Notably, this study found that a significantly greater
proportion of academic clinic patients were getting approved when their HLD(WA) applications did
not meet index guidelines for approval. This finding could be the result of a couple of factors. For one,
the academic clinic also had a highly heterogeneous pool of providers. Since HLD(WA) application
indices at the academic clinic are completed by students who have less orthodontic experience than
either the private and community clinics, where orthodontists complete the applications, it is possible
that systematic errors are being made which Medicaid program consultants subsequently correct.
While reviewer score adjustments are not provided in the event of an approval decision, our data
among denied applications suggests that the provider to reviewer score difference is greatest in the
academic clinic, thereby supporting this explanation. Another explanation could be that Medicaid
program consultants give preferential treatment to the academic clinic compared to other clinic types.
If this were the case, we would expect total approval rates to be greater for the academic clinic
compared to other clinic types. This was not the case.

Another significant finding of this study was that the community clinic had a greater
percentage of denials based on reviewer override. This may be the result of providers at the
community clinic inflating the severity of their patient's malocclusions in an effort to increase the
probability of an approval outcome. This explanation is supported by the findings that reviewer scores
were consistently and significantly lower than provider scores, and that among the 38 applications
denied prior-authorization in all clinic types, 29 (76.3%) originated from the community clinic. The

most cited qualifying exceptions were deep impinging overbite (n=12) and anterior crossbite of
71



individual teeth (n=17). In addition, 3 of the 38 denied applications also had a score equal to or greater
than the index point threshold, but all 3 scores were adjusted by the reviewer to a score lower than
the index threshold. These observations reinforce the hypothesis that in all denied cases citing at least
one qualifying exception, the reviewer did not agree with the provider that a qualifying exception was
in fact present. Another possibility for explaining the greater number of reviewer override-based
denials in the community clinic is that the consultant may apply a more stringent review of
applications emanating from these clinics. If this were the case, however, we would expect to see a
higher overall denial rate in the community clinic. This study did not support this observation. In
addition, these findings could not be compared to previously published results since, to our
knowledge, no study has previously compared Medicaid orthodontic decisions rates among clinic
types.

Our analysis of the provider and reviewer scores reveals that in 53% of denials, reviewer
scores were lower than the submitted provider scores. This could be a result of providers inflating
their patient's scores to increase the chance of an approval outcome, inadequate training and
calibration among providers using the HLD(WA), inadvertent errors in completing the HLD(WA) index,
ambiguity in the HLD(WA) component criteria, or professional provider-reviewer disagreement of
what constitutes any specific condition as listed and explained on the index. The common factor in all
these explanations is the fact that malocclusion severity is defined by the amount of morphological
deviation from an idealized norm and is particularly difficult to quantify. As a result, treatment need
indices often fall short of having the ideal internal validity and inter-rater reliability.”>'”3' This problem
is further complicated by the fact that indices include nebulous language which may create some
confusion among providers, but also leaves room for interpretation for both providers and
consultants alike."”3" Medicaid programs, including the Washington Medicaid agency, compensate for

these complications by progressively changing the index over time and by allowing their consultants
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to override a provider's assessment, as demonstrated in this study by the differences in provider and
reviewer score.427:50

The Washington Medicaid agency has in the past attempted to improve its index. For example,
it added a criterion for bilateral crossbite, removed the labio-lingual spread component, and added a
qualifying exception not present in other state-modified HLD indices (“negative overjet due to skeletal
Class IlI"). It has also lowered its point-threshold, which studies have shown increases the instrument’s
sensitivity’>?3 and approval rate.?” While these changes may lead to an incremental improvement of
the Washington-modifed HLD index, they are slow to come and lack supporting reliability and validity
studies. This is a concern since Medicaid legislation requires that limited funds be allocated to patients
in greatest need of medically-necessary orthodontic care.> To overcome these concerns, state
Medicaid agencies rely on consultants to be the gatekeepers for publicly-funded orthodontic care and
have putin place appeal processes should a patient disagree with a consultant’s decision.3> While this
administrative process provides a means to make up for the HLD(WA) index’ deficiencies, it is not a
long-term solution. Instead, a modification process driven by index validation studies is more likely to
provide uniformity and equity among Medicaid recipients.’

Several recommendations can be made based on the findings of this study to improve the
HLD(WA) index and Medicaid patients’ access to equitable orthodontic care in Washington State. One
recommendation is that the agency blind its consultants to the submitting provider and clinic type.
Such a measure would eliminate any clinic-based biases and ensure that consultants are reviewing
submitted HLD(WA) prior-authorizations for their adherence to state-approved guidelines. We predict
this would also minimize the rate of consultant overrides, which in this study changed the expected
HLD(WA) decision in 20.5% of applications. Another recommendation is for state Medicaid programs
to rely on rigorous validation/reliability studies to guide any modification of the index in use. Once an

index has been validated, only the point threshold should be modified to meet state budgetary
73



demands, as modifying the index itself invalidates any results from previous validation studies. As
previous investigators have reported, Medicaid agencies should also seek to clarify the definitions for
any index component criteria.'” For example, despite widely reported confusion surrounding the HLD
index’ definition of “ectopia”,’””*' the HLD(WA) falls short of mentioning “impactions” despite clarifying
that ectopic teeth include “teeth in the maxillary sinus and, in the ascending ramus of the mandible
and other such situations, when teeth develop in other locations, rather than in the dental arches.”>°
This level of ambiguity only leads providers to inflate or leave out potential qualifying conditions and
results in greater reliance on consultant’s clinical judgement for approval. Another concern with the
current reviewing process is the possibility for reviewer personal biases to affect application decision
outcomes. Applying a system in which two consultants review each application could foster stricter
adherence to index guidelines and minimize reviewer biases. Finally, a process of provider and
reviewer calibration may be necessary to limit biases. Provider calibration could improve competence
with regards to the index, potentially limiting the frequency of errors or misinterpretation. Reviewer
calibration could ensure uniformity and limit personal biases among reviewers.

Future studies are needed to validate state-modified indices throughout the United States. In
addition, more studies are needed to evaluate the implementation of the HLD indices among
Medicaid agencies. While the present study focused on evaluating the review process for Medicaid-
funded comprehensive orthodontic treatment prior-authorization, it did not evaluate either
interceptive or limited treatment modalities. The publicly-funded limited and interceptive treatment
prior authorization process often does not rely on any index or set criteria, and is therefore more
dependent on the consultants’ clinical judgement. Given that there is evidence that limited treatment
in the mixed dentition is efficacious in decreasing malocclusion severity as measured by the HLD
index,?%°" research on the implementation of these treatment types could only increase access to

orthodontic care.
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Limitations and Future Studies

This study had several limitations. A significant limitation of the present study is that HLD
indices may not be representative of patients’ true malocclusions due to provider biases and index
proficiency. No data could be collected on the providers and their levels of experience with the
HLD(WA) is therefore unknown. Secondly, there was an uneven distribution of patients among the
different clinic types, resulting in over-representation of the community clinic. Because there were
many more consecutive patients enrolled in the community clinic, we enrolled every third patient
into the study. Third, there was great heterogeneity among providers completing the HLD(WA)
indices. The academic and community clinics tended to have more providers than private clinics,
and the providers at the academic clinic likely had less orthodontic experience than either the
community or private clinics. These factors could all act to decrease the sensitivity of the HLD(WA)
index as an instrument for identifying orthodontic need. Another limitation of the study is provider
treatment bias. It is likely that providers inflate malocclusion severity to boost their patient's
chances of being approved for orthodontic treatment, thereby artificially increasing submitted
HLD scores. While state Medicaid program reviewers likely adjust HLD(WA) scores and deny
patients whose HLD(WA) scores were artificially inflated, the overall sensitivity of the HLD(WA) as

a screening instrument is likely decreased by these confounders.

CONCLUSION

When evaluating access to orthodontic care among a Medicaid population, public health

officials, providers, and state Medicaid program reviewers alike should consider that clinic type may

have an effect on patients’ ability to access publicly funded orthodontic care. This may create

inequities within the Medicaid-insured orthodontic patient population, which when compounded with
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known barriers to care, could create significant access to care problems for this vulnerable population.
These inequities can be minimized by ensuring that providers more closely adhere to index guidelines
through calibration training, by blinding state-contracted reviewers to the submitting clinic sites, and

through more index validation studies.
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GLOSSARY OF TERMS

Gold standard: In the context of orthodontic treatment need indices, the gold standard is
considered to be the mean opinion of a panel of orthodontist or qualified individuals
regarding a patient's orthodontic treatment need. The gold standard is often measured on a
likert scale corresponding to nominal treatment need criteria (ex: no treatment needed,

treatment advisable, treatment recommended, etc...)

Negative predictive value: The probability that subjects testing negative for handicapping

malocclusion test truly do not have a handicapping malocclusion.

Positive predictive value: The probability that subjects testing positive for handicapping

malocclusion truly have a handicapping malocclusion.

Reliability: The ability of an index to consistently and repeatedly produce the same results

with the same or different raters (Aaronson et al. 2002).

Specificity: The ability of a test to identify healthy persons as not having the condition of

interest (i.e. the true negative rate) (Centers for Disease Control and Prevention (CDC) 2015).

Sensitivity: The ability of a test to identify true cases or the proportion of people with a

condition identified as such (i.e. the true positive rate) (Centers for Disease Control and

Prevention (CDC) 2015).
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Treatment need: Need is defined as medically necessary handicapping malocclusion (Parker
1998). In the context of orthodontic treatment need indices, a person with treatment need is
defined as a person with an overall score greater than the cut-off score, or the existence of a

qualifying exception.

Validity: The validity of an orthodontic treatment need index is defined as the ability of the
index to measure what it seeks to measure, i.e. treatment need, and is often measured by
comparing its results to the opinions of an expert orthodontic panel, or “gold standard” (Brook

and Shaw 1989; Beglin et al. 2001; Aaronson et al. 2002; Arruda 2008).
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APPENDICES

APPENDIX 1a: Qualifying exception utilization among state-modified HLD indices, with weight factor

M
AK AR CA DC DE FL IL A MD ME MO MT NJ NM NY OK RI SC 12¢ WA wy AAO
Cleft Palate deformity QE QE1 QE QE QE QE QE QE  15pts QE QE QE QE QE QE QE QE3® QE 15pts QE“38 QE QE
(QE)
Craniofacial anomaly QE1 QE QE QEW QE QEW QE1 QEW QE QEW QE QE1 QE QEW QE1 QE
Impinging overbite QEZ QEZ QEZ QEZ QEZ QEZ 2QE QEZ QEZ QEZ 23ptS QEZ QEZ uxuz’ 2 QE2 QEZ' 3 QEZ QEZ
Severe traumatic deviation QE QE QE QE QE QE QE  15pts QE QE 15pts  QE 15pts QE 15pts 15pts 15pts QE
(QE)
Crossbite of ant. teeth QEZ QEZ QE QEZ' QEZ' QEZ QEZ QEZ 4pts QE QE“Q QEZ uyr?® QEZ #teeth QEZ' 27 QEz
28 28
Overjet >9mm or reverse Q" QE**®  QE  qFF  qF QE Qb qF” QE” Qb ™ oF Qe™® .
overjet >3.5mm 5 45 45 5 45 5 QE
Ant. impaction (# teeth) X3 X QE QE3 QE QE24 X 37 QE24 X3 QE24 x5 QE24 o
37 24 23,24 QE
Post impaction (teeth X x3
P ( ) 37 2 Spts x5 Qe™
Ant. Mx crowding >8mm QE
Skeletal Class Ill QE
Congenitally missing teeth QEza
Crowding/spacing 210mm QE
Lateral or ant open bite QE
Ant/post crossbite of >3 QE
teeth/arch
Point threshold 26 28 26 15 26 26 28 22 15 26 28 30 26 30 26 30 26 35 26 25 30

QE = qualifying exception; Red = qualifying exception; Black = point-contributing criteria; Green = point-contributing criteria which diverge from the norm
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APPENDIX 1b: Point-contributing conditions utilization among state-modified HLD indices, with weight factors

AK AR CA DC DE FL IL MA MD ME MO MT N/ NM NY OK R/ SC X WA wy

Anterior Open bite (mm) x4 x4 x4 X4 x4 x4 x4 x4 x4 x4 4 x4 x4 x4 x4 x4 x4 x4 x4 x4’ x4
Overjet in mm x1 x2 x1 ' oxr? 1?1 ¥ xa ' x1 x x1 x? x1 x1 1 oxat x3 x 1 x® X
Overbite in mm x1° x1° x1 1”7 x*? 7 x1° x1” x1° x1° x1° x1° x1° x1° x1° x1° x2 x1*7 e x1°
Md protrusion (mm) x5 X5 X5 x5° x5 x5 x5 x50 x5 x5 x5 x5 X5 x5 x5 x5 x5 x5 x5 x5 x5
Ant ectopia (teeth) x3° 3P 3 3t 3 3 x3° x3° x3° x3° x3° x3° 3P %3 3P %3 x3° x3° 3?3
Ant crowding (arches) x5%7

X56,7 X56,15 X56 7 X56,7 X56,7 X56,7 X56,7 X56,7 i X56,7 X56,7 X56,7 X56,7 X56,7 X56,7 X56,7 X56,7 X56,7 X56,7 XSWS
Post unilateral crossbite 4pts 4pts 4pts 4pts 4pts 4pts 4pts  4pts  4pts  4pts 4pts 4pts 4pts 4pts 34 4pts 4pts

33,35 33,35 5pts 3335 33,35 33,34 33,35 5pts 33,35 33,35 33,35 33,35 33,35 33,35 33,35 33,35 #teeth 33,35 33,35
Post ectopia (teeth) x3" R M L x3° 3 a3 3 3 3 a3 3 R R 3" x3
Labiolingual spread x1 X172 x1 X172 x1 x1 x1 1 X1 x x1 x1 x1 x1 x1 x12
Post bilateral crossbite 4pts 4pts 4pts  8pts 4pts 8pts

33',)35 33,34 5pts 33,34 33,35 33,35 #teeth™ 33,35
Ant. impaction (# teeth) x3 X 37 QE24 QEE QE QE24 X137 QE24 x32 QEZ4 x5 QEM
23,24
Post impaction (teeth) X 37 x32 5pts x5
Congenitally missing 25
posterior teeth x3
Crowding <6mm (arches) X2
Crowding >6mm (arches) x4
Ant spacing (mm) x1
Midlines (mm) x1
Functional shift of
mandible (as a result of 4pts
posterior crossbite)
Habits affecting arch #habits
development X2
Psychological factors g
. X

affecting development
Point threshold 26 28 26 15 26 26 28 22 15 26 28 30 26 30 26 30 26 35 26 25 30

QE = qualifying exception; Red = qualifying exception; Black = point-contributing criteria; Green = point-contributing criteria which diverge from the norm
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W ® N O U A W N

30

31
32
33
34
35
36
37
38

Legend for Appendix 1a-b

Not on HLD index, but in provider manual; does not include search of state legislature
Tissue laceration and/or clinical attachment loss must be present
Measured at the maxillary central incisors ONLY

With incompetent lips

With reported masticatory/speech difficulties

Anterior crowding OR ectopic eruption - most severe condition only
Anterior crowding greater than 3.5mm

Count reverse overbite

Class Il case only

Measured from the molar MB groove to the MB cusp of the maxillary molar
2mm or more of 4 or more teeth per arch in anterior OR lateral open bite
Impacted teeth included

Must be greater than 50% blocked out

Anteriors so crowded that extractions are prerequisite

Anterior crowding greater than Omm

Including anterior spacing

Subtract 3mm

Subtract 2mm

2+ teeth must be involved

Equal to or greater

Or multiple mandibular teeth touching the palate

Contralateral tooth has erupted 12months ago

Impacted tooth apex must be closed

Treatment planned to be brought into occlusion

Posterior teeth only

2 or more teeth of at least one tooth per quadrant

Clinical attachment loss must be greater than 1Tmm

Clinical attachment loss must be greater than 1.5mm

Causing impingement

Must present with tooth damage, anterior tooth which is completely lingual, or destruction of soft

tissue or gingival recession

Anterior and/or posterior crowding; Categories included moderate crowding (<6mm), severe

crowding (>6mm)

Spacing in mm of anterior teeth only

At least one molar

1 or more teeth must be involved

2 or more adjacent teeth must be involved

Only count overjet or mandibular protrusion, whichever is greatest
Causes damage to other permanent tooth root

Includes cleft lip
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APPENDIX 2: ROC curves and sensitivity/specificity/accuracy plots for HLD-using States
Vertical line in sensitivity/specificity/accuracy plots and diamond marker in ROC curves indicate
current point threshold.
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BK -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

0.8917

0.5832

098567

0.9500

0.9332

09187

0.5000

0.8867

0.8582

0.8083

0.78867

0.7500

07332

06833

06250

0.6082

0.5750

05417

0.5000

0.4582

0.4250

0.4000

0.3500

0.7

0.3250

0.3167

0.3167

0.2082

0.3000

0.2833

0.2832

0.2833

AK -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0802
0.1084
01448
0.1807
0.2289
03133
04458
0.481%
0.5862
08145
06747
07228
0.7470
07852
08554
0.8918
0.8918
05038
0.9277
0.8277
0.9298
05358
0.9398
0.9398
0.9298
05358
0.9398
0.9398
0.9398
0.5358
0.9398

0.5338

AR -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

05833

0.5750

0.9750

.87

053313

0.5250

0.9167

0.8867

0.8250

07750

0.7000

0.6750

06333

0.5817

0.5167

0.4500

03887

0.3250

0.3167

0.2750

0.2083

01917

0.1583

0.1250

0.1000

0.0833

0.0583

AR -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
o.0241
00723
0.0984
0.0984
0.1084
01084
01523
0.2410
0.2882
03614
04337
o.5181
0.6783
0.6024
0.8887
0.7952
0.8675
0.8318
0.9518
0.9639
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

CA-
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

0.8917

0.8833

0.8583

0.8417

0.8250

0.5083

0.8833

0.8417

0.8000

0.7583

0.7250

0.8917

0.6687

0.8333

0.5917

0.5750

0.8417

0.5187

0.4887

0.4250

0.4083

0.3583

0.3083

0.2083

0.3000

0.3000

0.3000

0.2917

0.2833

0.2833

0.2833

0.2750

Spec
0.0281
0.0281
D.0241
D.0281
0.0281
00728
0.1084
0.1566
0.2088
0.2851
03373
04855
0.5080
06145
08388
06388
07228
07850
0.8554
0.8675
05038
05038
05277
08277
0.8277
0.9398
05358
FEE
FEE
0.9398
05358
FEE
FEE
0.5398
LS
FEE

0.9338

DE -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9917

0.5750

0.9583

08333

09187

0.8833

0.8333

0.2083

0.7750

07417

0.7083

0.6833

06417

0.6083

0.5833

0.5800

0.5333

0.4583

0.4187

0.4000

0.3583

0.3187

0.3083

0.3083

02517

02917

0.2917

0.2833

0.2833

0.2833

02750

DE -
Spec

0.0z241
0.0z241
0.0241
00241
0.0z241
00722
0.1084
0.1586
0.2048
0.2881
03373
04578
0.4340
06024
08285
06388
0.722%
0.7580
08875
08785
0.9038
0.9038
05277
0.5277
0.8277
0.923%8
05358
0.9388
0.9388
0.923%8
05358
0.9388
0.9388
0.5338
0.5388
0.9388

05358

APPENDIX 4 Sensitivity/Specificity table per state-modified HLD index

FL -
Sens.

1.0000

1.0000

0.9832

0.9500

0.9417

0.9082

0.9000

08367

0.8500

0.8280

073917

07750

0747

06917

08333

06167

0.5750

0.6582

05333

0.4500

0.4332

0.4000

0.3583

0.3417

03332

0.3250

0.3083

0.3000

0.2917

0.2917

02317

0.2832

0.2832

0.2832

0.2833

0.2750

0.2750

FL-
Spec

0.0452
0.1084

0.1325

0.2289
0.3012
0.4337
04813
0.5783
0.6024
0887
07223
0.7550
0.8192
08795
08516
0.8916
0.9157
05277
05277
0.9398
0.9398
05358
0.5398
0.9398
0.9298
05358
0.9398
0.9398
0.9298
05358
0.9398
0.9398
0.5398
0.5398
0.9398

05356

IL -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9917

05833

0.9687

.87

0.9187

08833

0.8417

0.8332

0.3083

07687

0.7583

07

0.7000

06887

0.6280

0.5833

0.5500

0.4750

0.4083

03917

0.3750

0.3333

0.3280

0.3187

02517

0.2750

0.2687

0.2667

0.2687

0.2667

0.2583

IL-
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0482
0.0543
01205
0.1687
0.2288
02852
0.3578
0.4337
0.4940
05542
0.6285
0.6627
0.7108
0.7952
0.8153
0.8313
0.8313
0.8434
0.8434
0.8434
0.8554
08675
0.8795
0.8795
0.8795
0.8755
0.8795
0.8795
0.8795
0.8795
0.8795

0.8785

ME -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

0.8817

0.8823

0.5687

0.8500

0.8333

0.5187

0.5000

0.8687

0.8583

0.8083

0.7687

0.7800

0.7333

0.8533

0.8250

0.6083

0.6750

0.5417

0.5000

0.4583

0.4250

0.4000

0.3500

0317

0.3250

0.3187

0.3187

0.2083

0.3000

0.2833

0.2833

0.2833

ME -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0802
0.1084
01445
0.1807
0.2289
03133
0.4458
0.4815
0.5683
068145
06747
0.7228
0.7470
07852
0.8554
0.8916
0.8916
0.5035
0.5277
0.8277
09338
05338
0.5338
0.9338
09338
05338
0.5338
0.9338
0.9338
0.5338
0.5338

0.9338

MD -
Sens

1.0000

0.9833

0.9750

09583

0.9500

0.9082

0.8750

08333

0.8083

0.8082

07250

06250

0.5583

0.4780

04417

03917

0.3582

0.2000

02750

02500

0.1887

0.1582

0.1333

0.1083

0.1082

.07

005917

0.0833

0.0832

0.0750

0.0887

0.0500

0.0500

0.0417

0.0417

0.0417

00333

MO -
Spec

0.0z241
0.0482
0.0584
01448
0.218%
0.2012
0.4056
0.5301
08024
07229
0.7352
05434
0.9157
0.9518
09839
05758
0.9880
0.9880
05880
05880
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

A -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9917

0.9917

09917

05833

0.9582

0.9500

09187

0.5000

0.8832

0.8832

08250

08083

0.2000

07750

0.7500

0.7500

0.7167

06917

06333

06332

0.6280

0.6167

06083

0.6000

0.8917

0.5750

0.5867

0.5867

0.5583

"a -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0802
0.0864
01325
0.1687
0.2048
02852
04217
0.4578
0.6422
05883
06265
06747
07229
T
03434
0.8916
0.8916
03157
05277
Q.8277
o.g27r
05277
0.8277
Q.8277
o.g27r
05277
0.8277
Q.8277
0.g27r
05277
0.8277

08277

MO - MO -
Sens  Spec

1.0000 0.0120
1.0000 0.0120
1.0000 0.0120
1.0000 00120
1.0000 0.0120
1.0000 0.0482
0.9917 0.0842
05833 01205
0.9750 0.1687
0.9500 0.2410
05333 03012
03083 04058
0.8750 0.4458
0.8887 0.531
08417 05904
07917 06627
0.7750 0.6988
0TNT 07348
07000 08313
06687 0.8554
06333 0.8875
0.6000 0.8675
0.5687 08755
0.5000 0.8795
0.4583 0.8795
0.4333 0.8918
04250 0.5038
0.4083 0.5157
0.3917 0.8157
03917 0.9157
03833 05157
0.3887 0.5157
0.3583 0.9157
0.3583 05157
0.3583 0.5157
0.3583 0.5157

03583 0.9157
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T -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.8917

0.8917

0.8917

0.5750

0.8500

0.8500

0.9250

0.8750

0.8583

0.8500

0.8000

0.7533

0.7833

0.7687

0.7333

0.8917

0.6687

0.8187

0.5687

0.5083

0.4500

0.4333

0.4083

0.3833

0.2687

0.3867

0.3250

0.3083

0.2750

-
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0482
0.0984
0.1205
0.1445
0.2048
02852
0.4337
0.4815
0.5542
0.5904
0.6285
0.8627
0.6887
07225
08153
0.8554
0.8675
0.8316
0.9157
0.9338
0.9639
0.5635
0.9639
0.9639
0.9639
0.5635
0.9639
0.9639
0.9639
0.9635
0.9639

0.9639

MNJ -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

05917

0.9833

0.9832

09750

0.9887

0.9332

0.9280

0.5000

08917

0.8780

0.8887

0.8500

08417

0.8332

0.8187

08187

0.7833

0.7780

0.7887

07333

06833

06832

06833

06833

06750

06780

0.6TE0

06750

06750

08750

MJ -
Spec

0.0241
0.0241
0.0241
00241
0.0241
0.0802
0.05654
0.1325
0.1687
0.2289
0.2852
04217
0.4578
0.6542
0.5883
06024
0.6145
06388
07108
078
0.7470
0.7470
07831
07831
0781
0.7952
0.7352
0.7952
0.7952
0.7952
0.7352
0.7952
0.7952
0.7852
0.7952
0.7952

07852

HM -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

0.8817

0.9832

05867

0.9500

0.9332

05083

08317

0.8500

.87

07917

0THT

0.7250

0.7082

06583

0.6000

0.5750

0.5017

0.5083

0.4417

0.3817

0.3583

0.3250

0.2750

0.2582

o247

02333

0.2167

0.2082

0.2000

0.1832

0.1832

0.1833

NM -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0802
0.1084
01448
0.1807
0.2289
03133
04458
0.4819
0.5883
08145
06747
07229
0.7470
07852
0.8554
0.8916
0.8916
05038
0.5277
0.8277
0.9298
05358
0.9398
0.9398
0.9298
05358
0.9398
0.9398
0.53%8
0.5398
0.9398

0.5358

NY -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

0.8917

0.9917

03833

0.9750

0.9750

0.9687

0.3500

0.9083

0.8917

0.3583

03417

0.8250

0.2000

0.7500

07333

0.8583

0.8333

0.6083

0.58917

0.5583

0.5083

0.5000

0.4917

0.4833

0.4833

0.4750

0.4563

0.4583

0.4583

0.4500

NY -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0802
0.1034
0.1448
0.1928
0.2410
0.3253
0.4655
0.5080
0.6024
0.8145
0.8747
0.7108
0.7348
0.7852

08434

0.5038

0.8157

0.8157

0.8217

08277

0.8277

0.8277

0.8217

08277

0.8277

0.8277

0.8277

0.8277

0.8277

0.8277

OK -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

05317

0.8750

0.9583

0.5417

0.5417

0.8083

0.8750

0.8250

07817

0.7083

0.6417

0.5750

0.5333

0.4687

0.4000

0.3333

0.2750

0.2250

0.1687

0.1583

0.1250

0.1167

0.1000

0.0817

0.0917

0.0833

0.0750

0.0887

0.0583

0.0500

OK -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0482

0.1084

0.1687
02189
03253
0.4815
0.6386
0.7108
0.8072
0.8675
08277
05358
0.5755
0.9880
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

Sens

0.9917

0.9917

0.98917

05917

0.9917

0.8917

0.98917

05750

0.9582

0.9582

05333

08317

0.8582

0.8500

08333

0.7583

0.7187

06832

06250

05917

0.5780

.87

0.5083

0.5083

0.5000

04750

04750

0.4887

0.4887

0.4887

04887

0.4887

0.4582

0.4582

0.4583

0.4583

04583

RI-
Spec

0.03861
0.03861
0.0351
0.0381
0.03861
0.0842
0.1568
0.2048
0.2410
0.3855
04340
05783
0.6747
0.7249
07352
08875
0.8875
0.8918
09157
05277
0.8277
0.8277
05277
0.5277
0.8277
0.9277
05277
0.9277
0.8277
0.9277
05277
0.9277
0.8277
0.%277
0.5277
0.9277

05277

5C-
Sens

0.9833

0.9833

0.9832

05833

0.9833

0.9832

0.9832

05833

0.9833

0.9832

05833

05833

0.9750

0.9750

05750

0.5750

0.9583

0.9583

0.5250

03167

0.9000

0.8750

08250

0.8000

07780

T

07083

0.6500

0.8817

0.5500

0.5167

0.4867

0.4083

0.3832

0.3500

0.3167

0.2750

sc-
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
o.0241
0.0602
0.0984
0.1588
0.218%
0.2530
0.2530
0.2651
02852
0.3494
0.3814
04458
0.5181
0.5683
0.6506
06583
0.74T0
oTen
0.8152
03038
0.9398
0.9518
0.9639
0.975%
0.9680

1.0000

TX-
Sens

1.0000

0.5750

0.9583

05417

08313

0.8833

0.8250

0.7687

07333

0.7187

08417

0.5417

0.4687

0.3917

03333

02687

0.2333

0.1917

0.1583

01417

0.187

7

0.0833

0.0833

0.0750

0.0583

0.0583

0.0583

0.0500

0.0500

0.0500

0.0417

0.0417

0.0417

0.0250

0.0250

0.0187

-
Spec

0.0241
0.0602
0.1084
0.1887
0.2651
0.3454
0.4578
0.8265
0.7228
0.8313
0.8875
08277
0.8638
0.6758
0.9758
0.8880
0.8880
0.8880
0.8880
0.8880
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

WA -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9917

09583

0.5333

0.9083

0.8750

0.8250

0.7883

0.7333

08833

06417

0.6000

0.5683

0.4533

0.4250

0.4083

03750

03583

0.3250

0.3187

0.3187

03187

0.3083

0.3083

0.3083

03083

0.3000

0.3000

0.2917

0.2817

0.2917

02917

WA -
Spec

0.0381
0.0381
0.0381
0.0381
0.0381
0.0584
0.1807
02410
0.2
0.3885
0.5080
06024
06388
0.7470
0.8072
08785
0.8785
0.9038
05277
05358
0.9388
0.9388
05358
0.9388
0.9388
0.9298
05358
0.9388
0.9388
0.9298
05358
0.9388
0.9388
0.9338
0.9388
0.9388

09388

WY -
Sens

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.9917

0.9917

0.9582

o807

0847

0.9167

0.9082

0.8832

0847

05333

0.7832

0.7280

06750

0.6167

0.6000

0.5583

04317

0.4750

.47

0.4333

04167

0.4083

0.4000

0.4000

0.3832

0.3832

0.3750

Wy -
Spec

0.0120
0.0120
0.0120
0.0120
0.0120
0.0482
0.0722
0.0564

0.0964

0.2410

0.3012

03012

03814

0.4458

0.5181

0.5504

06857

orm

0.8212

08795

0.9038

0.9157

o.9277

05277

0.9277

0.8277

o.9277

05277

0.9277

0.8277

0.%277

0.9277

0.9277

05277

DeC -
Sens

1.0000

1.0000

1.0000

09897

0.9545

0.5354

0.9091

03838

0.8182

o72r

07424

06212

0.5152

0.48428

04334

0.4051

0.3826

0.3182

02576

02273

0.1870

0.1515

01212

0.0890%

0.0758

0.0758

0.0806

0.0806

0.0806

0.0203

0.0303

0.0303

0.0152

0.0152

0.0152

0.0152

0.0152

Spec
0.0817
0.0817
0.0417

0.0833

0.2600
0.3472
0.4308
0.5833
0.8528
0.7500
07817
0.881
0.9187
0.5308
03444
0.9722
0.9722
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000



£
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0.2833

0.2750

0.2750

0.2750

0.2780

0.2867

02867

0.2867

0.2867

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9398

05358

05358

0.5358

0.9398

0.53%8

05358

0.9398

0.9398

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.0583

0.0500

0.0500

0.0332

0.0332

0.0250

0.0250

0.0167

0.0083

0.0082

0.0082

0.0083

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2750

0.2750

0.2750

0.2750

0.2687

0.2667

0.2687

0.2687

0.2687

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.5398

0.5358

0.5358

0.8338

0.5398

0.8338

0.5358

0.5338

0.5338

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2750

0.2750

0.2750

0.2750

0.2750

0.2750

0.2687

0.2687

0.2687

0.2867

0.2867

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9338

05338

05338

0.5358

0.9338

0.9338

05338

0.5338

0.5338

0.9338

0.9338

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

02780

02750

02687

0.2687

0.2687

0.2687

02687

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9388

05358

05358

0.9388

0.9388

0.9338

05358

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2582

02583

0.2500

0.2500

0.2500

02417

02417

02417

02417

02322

02322

0.2250

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.8795

08795

08795

0.8795

0.8795

0.6795

08795

0.8795

0.8795

0.6795

0.6795

0.8795

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2832

0.2750

0.2750

0.2750

0.2750

0.2867

0.2867

0.2867

0.2867

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9398

05358

05358

0.5358

0.9398

0.9398

05358

0.9398

0.9398

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.0332

0.0167

0.0083

0.0083

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.5583

0.5500

0.5500

0.5417

.87

0.5417

05417

0.5417

0.5333

0.5332

0.5332

0.5333

0.5333

0.5333

0.5333

05333

0.5333

0.5333

0.5333

05333

05333

0.0000

0.0000

0.0000

0.8277

05277

05277

0.8277

0.8277

0.9217

05277

0.8277

0.8277

0.9217

0.9217

0.8277

0.8277

0.8277

08277

05277

0.8277

0.8277

0.8277

05277

05277

1.0000

1.0000

1.0000

0.3583

0.3583

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3417

0.3417

0.3333

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
0.8157
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000

110

0.2750

0.2687

0.2687

0.2687

0.2687

0.2500

0.2500

0.2500

0.2417

0.2333

0.2333

0.2333

0.2250

0.2250

0.2250

0.2250

0.2250

0.2083

0.2083

0.2083

0.2083

0.0000

0.0000

0.0000

0.9639

0.5635

0.5635

0.5638

0.9639

0.9839

0.5635

0.9635

0.9635

0.9839

0.9839

0.9635

0.9635

0.9639

0.9639

0.5635

0.9635

0.9639

0.9639

0.5635

0.5635

1.0000

1.0000

1.0000

06750

0.6750

0.6687

0.6687

0.6687

0.66867

0.6687

0.6687

0.6687

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.7982

0.7352

0.7352

0.7962

0.7982

0.7382

0.7352

0.7982

0.7982

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

01780

01750

01750

0.1687

0.1887

0.1583

0.1583

0.1583

0.1583

01500

01500

0.1500

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9398

05358

05358

0.9358

0.9398

0.5398

05358

0.9358

0.9358

0.5398

0.5398

0.9358

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.4500

0.4500

0.4500

0.4500

.47

0417

04417

0.4417

0.4417

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.8277

05277

05277

0.8277

0.8277

0.%277

05277

0.9277

0.9277

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.0500

00417

00417

0.0332

0.0332

0.0332

0.0250

0.0250

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.4583

0.4500

0.4500

0.4500

0.4500

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.8277

05277

05277

0.8277

0.8277

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2683

02417

0.2083

01417

01333

0.12580

0.1187

0.1187

0.1083

0.1000

0.0823

0.0687

0.0583

0.0583

0.0500

0.0500

0.0417

0.0333

0.0250

0.0083

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.0083

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.2917

02517

02517

0.2917

0.2833

0.2833

02833

0.2833

0.2833

0.2833

0.2833

0.2833

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9388

05358

05358

0.9388

0.9388

0.9338

05358

0.9388

0.9388

0.9338

0.9338

0.9388

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.3780

03750

0.3887

0.2887

0.2887

0.3583

0.3583

0.3583

0.3583

0.3500

0.3500

0.3500

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.9277

05277

05277

0.9277

0.9277

0.5277

05277

0.9277

0.9277

0.5277

0.5277

0.5277

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

0.0182

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000



APPENDIX 3: Eligibility requirements per HLD-using states

AK AR CA DE FL IL ME MD MA MO MT NJ NM NY OK

Minimum Age - 13 13 - - - - - - - - - - - T 13 1
Maximum Age 21 21 21 21 21 21 21 21 21 21 21 21 21 21 18* 21 - 21 21 19
No deciduous teeth - R - Il - v - - - N - v NEEERNA - - VAR -

' Cleft and craniofacial conditions exempted from age requirement

2 Over-retained deciduous teeth permitted secondary to oligodontia or ectopia
3 Deciduous teeth with no roots remaining permitted

4 At time of application

APPENDIX 4: Digital visual analog scale from SurveyMonkey® used by the expert panel

Malocclusion Severity

1. T

Ideal Most Severe
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APPENDIX 5: Expert Panel pre-evaluation oral prompt

As an orthodontic specialist, you see a wide range of malocclusions come through your offices on a
daily basis. In this exercise, you are an orthodontic consultant tasked with reviewing the orthodontic
records of patients seeking orthodontic treatment. Pre-treatment extra- and intra-oral photographs
as well as panoramic and cephalometric radiographs will be presented to you for evaluation. In
addition, you will be given a digital 100-point visual analog scale (VAS). Please review the records and
rate the severity of the patient's malocclusion on a scale of 0 to 100, with 0 being a perfect or ideal
occlusion and 100 being the most severe malocclusion imaginable. To do so, simply click on the VAS.
Please do not drag the slider.

Please keep the following in mind as you evaluate the patient records:

1) Please note that you are rating for malocclusion severity and NOT treatment difficulty.

2) Please be sure to review all records presented to you.

3) Please be aware that you may recognize or have treated some patients since they were all
screened for orthodontic treatment at the University of Washington. Please make every
attempt to disassociate your personal experiences with the patient from your evaluation of
their initial malocclusion severity.

You will have 20 seconds to evaluate each patient record layout which will include baseline extra-
and intra-oral photographs as well as panoramic and cephalometric radiographs. A coffee/restroom
break will be given at the halfway point. To help you get a sense for the pace and format of the
rating session, a series of 10 training cases will be shown prior to the start of the evaluation. As you
rate each malocclusion, please keep in mind that at the end of the rating session, that you will be
asked to provide an indicated treatment need point above which you consider orthodontic

treatment to be essential.
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APPENDIX 6 - Example of a pre-treatment record slide

1:}“.-‘_— et 1 "M{
Y
&4
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APPENDIX 7 - Handicapping Labiolingual Deviations Washington State Modification
as of June 30, 2018

\Washington State M/"-’
Health Care Athority Orthodontic Information
MEDICAID AUTHORIZATIONS — ORTHO
PO Box 45535
Olympia, WA 38504-5535

All blank fields below must be completed; please see example form
Patient’s name: Last First

Provider name

Billing provider number Perfarming provider number

Mizsing t=eth [fist) Orel bygizne: [JGeed [
Ecvopic eruption [Numbers of tessn | 1S Tooth/location Restaration or caries problems
axcluding third molar{z): m] MiA MNIA

Mizsing (indicate testh]: I—] 1A

Impactad findicate teath): | MiA

Ankylosed findicas taeth]- 0 MiA

Supernumerary (indicate bocztion]: 0 M

Client ID Client birth date Clie

PART I ©r ic treatment d (check box below) and diagnostic i i

[] Limized sransitic

[ caze stucy anly ] Fiwed pgliznce tharapy

[ Transfer case if

[ camprehensive full treatment
reguired to can

[} interceptive treatment

Tentative treatment plan:

Functional concerns:

Cther medical or dental problems:

MNiA

PART II. Owerbite, crosshite or overjet information. See instructions for further infermation.

Place an “x" far each condition that applies

1 Client has 8 deep impinging overbite when lower incisors are dessroying the soft tissue of the palate. P
confirms deep impinging overbites when the lower incisors are destroying the soft tissue of the palate r

2. Client has a crosshite of individual anterior teeth when destruction of the soft tissue is present. Recessi
duse to crosshite must be mone than 1mm and the recession must not be due to the lower crowding but
anterior crasshite.

3. Client haz an overjet grester than Smm with incompetent lips or reverse cverjst grester than 3.5mm wi

and speech difficul this is applicable, provide o color photo using ither a probe or ruler ta demar

4. Client has o negative averjet relative ta o sheletal Class Il. A recent cephalametric rediographic imege n
confirm this candition.

Will the client requirs orthagnathic surgery? [ ¥e: []Na

Hez the disnt s2en s gereral dentistin the last 12 mantha?  [J¥ez [N

PART lll. Handicapping Labiolingual Deviation Index (HLD]. See instructions regarding scoring.

Pazterior teath: Musculature: tone and function

Angle (Tassifical
Skeletal clazsification: [check ane}

[ Ctasst ] Classit ] Classi

Dental dessification: (check ane)

Right [Jcieszt  [JEwe [dcCe=n  [Jdezm Symmetry ofarches
Left  [Jolesst  [JEte€  [JClezil [ Classm
Crosshite:
Indicate testh invalved
P—— Temporomandibular dysfunctio
Crowding __ {Approximate) Spacing
[rax T mom || e mm |
[ mano | mm | | [ano | mm |

HCA 13-666 {TH1E)

114

1 Overjetin mm.
Stage of dentition: Brief ir 2. Owerbite in mm.
O primary [0 Adolescens [ Mixed/Transitional Glient's chief complaint 3. Mandibular srotrazion. e
Anterior peeth:
- 4. Openbits in mm. ] Xd=
Duarjat mm
p— If both anterior crowding and ectopic eruptions are prasent in the anterior portion of the mouth, score onl
e mm Do not score both conditions.
Dpenkite mm Habi: 5. Ectopic eruption: Count each tooth, exduding third molars K3=
Midline mm - - - — — -
6. Anterior crowding: Anterior arch length insufficiency must exceed 3.5mm; score ane point for maxills &
Crasshite: 2 painez masimum for anterior crowding. The masimum number of paints far this ftam iz tharefore 10
Indicats tawth invalved lower]. X5=

7. Posterior unilateral crosshite: This condition invelves two or more adjscent teeth, one of which must be
maust be one inwhich the masillary posterior teeth involved may be both palstal or both completely bus
mardibulsr posterior testh. The presence of posterior u ral crosshite is indicated by = score of 4 or
left and right posterior crossbite are present, scare 4 for each side.

PROVIDER'S ESTIMATED TOTAL HLD SCORE [REQUIRED)

PLEASE MOTE: The HLD zzaring iz » guidefine for your use and referance, and rescoring may be completed by cu
send oll required information referned to in Billing Irstruction snd WAC. Tha deparsmant will meke the finsl dec
zcaring. This information may net be used S predetermine coversgain corder ta chargs the dient.

Print name
Examination comaleted by:

| cartify that | am the performing provider snd that the medical necessity information is true, sccurste, sn
knowledge. | understand that any falsification, omission, or concesiment of materisl fact in those sections
linbility.

PERFORMING PROVIDER SIGNATURE

Print name [INCLUDE CREDEM




