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PLEASE ADDRESS EACH CATEGORY SEPARATELY (single spaced)
Abstract:
1. Specific Aims

Aim 1: A single dentate cadaver will be used to examine the following subaims
A: Determine trueness and precision of three clinical intraoral scanners. A
scan of a maxillary and mandibular arch, to correspond to, no brackets typical to
prior to orthodontics, pre-debond and post-debond timepoints will be assessed.
The clinical scanners will be compared to an industrial “gold standard” ATOS
scanner. B: Determine the trueness and precision of five bracket erase
software. We will be comparing the pre-bracket placement ATOS scan to the
virtual bracket deletes rendering made from the post bracket placement ATOS
scan. Each of the 5 different bracket erase software will be used 8 times each
per (2) arch for a total of 80 arches of bracket deletes.
Aim 2: To determine trueness and precision of virtual bracket erase
software by examining both the arch (mandibular vs maxillary) and tooth
type in scans obtained from patients. Pre-debond scans from patients will
subject to virtual bracket removal and then compared to scans obtained after
debond by an experienced clinician. Trends will be analyzed to determine if the
software works better on specific teeth or if a specific arch is more
accurate/precise. Five commercially available software will be analyzed and
compared to determine if a specific software is more accurate/precise at
removing brackets and recreating the natural tooth contours.

Detailed results and inferences:

Summarize which studies have already been conducted and results
achieved, particularly in reference to specific aims (investigated hypothesis(es)
and corresponding findings).

We have completed Aim 1. We have included the details in two attachments

1. Oral Presentation at the 2022 AADOCR meeting that received a
prestigious travel award.

2. Poster presentation the Scholars day at MUSC.
Please see the details of the results in these two presentations. | have
also included the data collection for Aim 2.

Were the original, specific aims of the proposal realized?
Yes

Were the results published
Not yet, in a manuscript format but yes, in abstract, oral presentation. Manuscript in
preparation.

Publications/presentations
Data was presented at the 2022 AADOCR meeting and at MUSC College research
day. A possible talk at Midwest Angle meeting in 2024 is planned.

To what extent have you used, or how do you intend to use, AAOF funding to
further your career?*

| have been grateful and fortunate to receive AAOF funding throughout my career and |
am very grateful. | have made multiple recorded testimonies with the AAOF and other
organizations on the value and benefit of the AAOF.



Percentage funding from AAOF and other sources; amount of grant funds
already spent

Request/justification for extension of present cycle: do the investigator(s)
foresee a time extension for this project and why?

100% spent, the original project budget ran over and was funded by the discretion
funds to the Pl by about $5500.00

[llustrations, addendum
Please see 3 enclosures
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0.2674
0.2554
0.2673
0.3052
0.2823
0.3386
0.3386
0.2529
0.2817
0.2563
0.2566
0.2828
0.2599
0.2021
0.2063
0.1812
0.1956
0.1923
0.2142
0.2156
0.2056

0.267
0.3082
0.2755
0.2746
0.3087
0.3274
0.3004
0.3164
0.1205
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0.1187
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-0.0413
-0.0592
-0.0801
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0.2458
0.18
0.2612
0.1945
0.2355
0.164
0.1839
0.0954
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0.0981
0.1046
0.3302
0.3756
0.2841
0.2993
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0 Mandibular
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Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Premolars + Canines
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors
Incisors



O = N = =
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0.0824
0.0649
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0.0927
0.1152
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-0.0728 Mandibular
-0.0277 Mandibular
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PATIENT 3

"+Avg"

0.3224

0.3573
0.3126
0.3664
0.3809
0.2916
0.3099
0.3531

0.317
0.3001
0.3272
0.3162
0.3319

0.322
0.3458
0.3252
0.5757
0.5947
0.5681
0.5555
0.5518
0.5657
0.5646
0.5497
0.6075
0.5874

0.575
0.5299
0.5382
0.5315
0.5476
0.5043

0.164
0.1798
0.1313

ll_Avgll

Arch
-0.0619 Makxillary

-0.0552 Maxillary
-0.0746 Maxillary
-0.0675 Maxillary
-0.042 Maxillary
-0.0111 Maxillary
-0.0946 Maxillary
-0.0661 Maxillary
-0.1376 Maxillary
-0.1337 Makxillary
-0.0804 Maxillary
-0.0674 Maxillary
-0.0487 Maxillary
-0.095 Maxillary
-0.153 Maxillary
-0.0484 Maxillary
-0.0144 Maxillary
-0.0153 Maxillary
-0.0132 Maxillary
-0.0139 Makxillary
-0.0147 Maxillary
-0.0136 Maxillary
-0.0141 Maxillary
-0.0141 Maxillary
-0.0164 Maxillary
0 Maxillary

0 Maxillary
-0.0169 Maxillary
-0.0054 Maxillary
0 Maxillary
-0.0385 Maxillary
0 Maxillary
Maxillary
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-0.1078 Maxillary
-0.0693 Maxillary
-0.1485 Maxillary
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0.1632
0.1787
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0.1559
0.1685
0.1526
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0.2008
0.2012
0.2372
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0.2052
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0.2368
0.2927
0.2897
0.2436
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0.2488
0.2278
0.2508
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-0.1351
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-0.0206
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-0.0228
-0.0174

-0.042
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-0.0057
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-0.061
-0.0474
-0.0428
-0.0441
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0.1965
0.1806
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0.1427
0.1651
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0.2254
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0.2134
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0.4195
0.3969
0.4525
0.4207
0.4042

0.395
0.5912
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0.7435
0.6865
0.7688
0.7163
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0.1585
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Introduction and Background

* Digital workflows are rapidly being incorporated into clinical practice.

* One specific digital workflow is fabrication of retainers from predebond
scans which can greatly improve the efficiency of orthodontic
treatment delivered to our patients.

Appointment n:
Patient scanned with
brackets in place

Brackets digitally erased and
retainer fabricated from new
.stl model

Appointment n+1:
Brackets debonded and
retainer delivered immediately
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Background & Hypothesis

* Quantitative studies that provide a clinical basis of these
applications are frequently lacking.

* This frequently leads to commercial and/or clinical claims that are
difficult to validate.

We hypothesize that trueness and precision of bracket erase
software is dependent on the scanner, tooth/morphology, and
software used.




Materials and Methods

Intraoral Scanners (I0S) Evaluated:
3Shape Trios 4 Cerec Primescan iTero Element 2 Medit i700 Planmeca Emerald S

I 4
=

[ ——
e

Bracket Erase Software Evaluated:

AUTODESK

LAE FULLCONTOUR easyrx

SYSTEMS by35hapeb




Methods

STL COLLECTION - Control Data
Cadaveric data captured with ATOS Capsule scanner
Cadaver pre-bracket (T,)

Cadaver with brackets (T,)

Cadaver Pre bracket STLs Cadaver Bracketed STLs




Methods

STL COLLECTION - Control Data
Cadaveric data captured with ATOS Capsule scanner
Cadaver pre-bracket
Cadaver with brackets

Scanner STL Files: Bracket Erase STLs:

Cadaver arches pre-bracket scanned Bracketed cadaveric data processed
8X/5 scanners 8X/arch/5 software
Cadaver arches with brackets scanned
8X/5 scanners

% MUSC

Medical University
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Methods

Bracket Erase Error Data
from STL files:
3. Pre-Bracket ATOS vs. bracket erase

Scanner Error Data from STL files:
1. Pre-bracket ATOS vs. IOS
2. Bracketed ATOS vs. IOS




Statistical Methods and Estimated Mean Error

* In all models, a first-order autoregressive structure was used to account for the correlation
between repeated measures.

* Positive and negative errors from scanning and bracket erasing were separately analyzed with
linear regression models using predictors as follows.

Scanner Error in Unbracketed Teeth (T,) Predictors:
* scanner and area(mandibular teeth, maxillary teeth, palate)

Scanner Error in Bracketed Teeth (T,) Predictors:
* scanner, arch(mandible, maxilla), scanner*arch interaction (when indicated)

Software Error in Bracket Erasing Predictors:
* software, tooth type (molar, pre-molar and canine, anterior), software*tooth type interactiog




Pre-bracket Scanner Results

|OS vs. Maxillary Pre-bracket ATOS STL




Bracketed Scanner Results

IOS vs. Bracketed Cadaver ATOS STL




Pre-bracket and Bracketed Scanner Results

Positive I0S Error Averages and Confidence Intervals
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B CEREC Primescan [l Mediti700 [l iTero Element2 [[] Planmeca Emerald S [ | 3Shape Trios 4

Positive 3Shape Trios 4

Negative 3Shape Trios 4

Pre-bracket Scanner Comparisons: Averages and Confidence Intervals

Planmeca Emerald S 8.3 (1.7, 14.9)*
Medit i700 -9.2 (-16.3, -2.0)*

+Estimated means from modelling corrected for the effect of region (mandibular, maxillary, palate)
++Estimated means from modelling corrected for the effect of region (mandibular, maxillary) *p<0.05



Understanding Bracket Erase Results

* Blue areas represent an areas where the bracket was over reduced

* Geomagic reports this error as a negative value.
* This is an area that will be filled when the retainer is fabricated resulting in a tighter
retainer fit at the bracket site.




Understanding Bracket Erase Results

* Red/yellow areas represent areas where the bracket was underreduced

* Geomagic reports this error as a positive value.
* This is an area that will not contain retainer material resulting in a pocket at the bracket

site




Maxillary Pre-bracket ATOS vs. bracket erase




Bracket Erase Results

Positive Error (um)
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B
CONCLUSIONS

= All evaluated scanners have a high degree of precision and have comparable
trueness.

= While scanners are very comparable in rendering naive tooth surface, complex

orthodontic bracket morphology produces greater error that may not be
clinically relevant.

= Bracket erase software tend to create a pocket at a bracket site rather than
create a pressure point. Most error in these software will not have a clinical
impact on a patient’s retainer fit.

= Digital scanners and this workflow have a level of clinical accuracy that allows
for effective and efficient patient care.
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Trueness and Precision of Scanners and Bracket Erase Software
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Figure 6. Mandibular T, ATOS vs. Bracket Erase Software

OBJECTIVE/BA RO RESUL

Digital workflows are rapidly being incorporated into clinical practice. Figure 3. Maxillary and Mandibular T, ATOS vs. Scanner STL Comparison
However, quantitative studies that provide a clinical basis of these
applications are frequently lacking. One digital workflow is
fabrication of retainers from predebond scans which greatly improve
the efficiency of orthodontic treatment delivered to our patients. This
study, aims 1. To evaluate trueness and precision of 5 intraoral
scanners (3Shape Trios 4, Cerec Primescan, iTero Element 2, Medit
i700 and Planmeca Emerald S vs. Gold standard ATOS). Scans of
arches with and without orthodontic brackets will be evaluated. 2. To
evaluate the trueness and precision of 5 commercially available

laboratory software (EasyRx, Full Contour (3Shape), Meshmixer, e s
New England Orthodontic Lab (NEOLab), and uLab). Impacts of Positive T,
N : . o scanner error ranged from 43.8ym to 52.1um.
tooth type/morphology will be evaluated for each software. Flgure 4. TO and T1 Scanner Error Negative T, scanner error ranged from -40.4pum to -49.6pm.
We hypothesize that trueness and precision of bracket erase o + For Ty scanner error, no two scanners differ by more than 9.1 ym.
software are mgact_ed by the scanner used, tooth type/morphology. £ ‘E‘ + The maximum width across all scanners of a Cl for T, positive
and the software being used. 2100 % error (6.7um) is 27.8% of the corresponding Cl for T, positive
§ o -50 error (24.1um). This indicates greater precision when scanning
M ETHO o o teeth without brackets compared to teeth with brackets.
Figure 1. T, ATOS vs. [0S Comparison _g 50! _g * Qualitative, this may be attributed to the ability of the ATOS
- — - = ® 100 industrial scanner and intraoral scanners to capture features of
- o 5 =] ; . A
N g % orthodontic brackets. We visually observed accurate scanning of
bracket bases and maximum error on bracket tips.
0 .
n - . —= « Bracket erase processing error ranged from 29.7um to 127.6um
To TiMarxlibular TiMaxillary To T and -53.4um to -14.9um. All error was dependent on both
STL COLLECTION B ceEREC Primescan [l Meditizoo [l iTero Element 2 Planmeca Emerald S [[] 3Shape Trios 4 software and tooth type.
Contro.erft(a::a/;:?eSr Ei\f:ﬁ;(a:l(jfanner +Estimated means from modelling corrected for the effect of region (mandibular, maxillary, palate) + Smallest positive error values and highest negative error values
0 ++Estimated means from modelling corrected for the effect of region (mandibular, maxillary) were seen for premolars-canines across all software.

T, — Cadaver with brackets

Table 1. T, Scanner Comparisons: Estimated Difference Anterior and molar teeth had similar error. Anteriors had slightly

i s " N higher positive error and molars had slightly higher negative
Scanner STL Files: Bracket Erase STLs: Error Type Minimum Error (error) [um] Maximum Error (error) [um] Difference (95% CI) [um] ITOT.

8 Scans of both T, and T, arch pairs T, ATOS data processed . ) N
Jscanner 8X/arch/software Positive 3Shape Trios 4 (43.8) Planmeca Emerald S (52.1) 8.3 (1.5, 15.1) + When evaluating error averaged across the entire dentition, uLab
. . L software had the smallest negative error while Full Contour’s
N J N S Negative 3Shape Trios 4 (-40.5) Medit i700 (-49.6) -9.1 (-15.8, -2.6)* software had the greatest. ( a minimal 28.8 pm difference)
Scanner Error Data: Bracket Erase Error Data: *p<0.05 i Meshmixer had the least overall positive error and uLab software
1. ATOS T, STLs compared to ATOS T, STLs compared to bracket F|gure 5. Bracket Erase Software Error had the greatest positive error. ( a minimal 36.2 pm difference)
intraoral scanner STL files erase STL files from 5 evaluated
2. ATOS T, STLs compared to software 1216 126 0 . Neggtive error, which would lead to fabrication of a retainer that is
intraoral scanner STL files 145 1e2 _ - too tight, was less than 53.4 pm when across all software and
T 100 _— £ g oA TEE e 2 S ot E regions.
2100 2 1 1ss 2 S £ B iitati . . .
= e — 5 50 Fy « Limitations of study: These bracket comparisons also includes
Statistical Methods: g & iy e £ G - Geomagio Control X alignment error. Additionally, T; ATOS data
In all models, a first-order autoregressive structure was used to account for the w Biera ﬁ contained “holes” in tooth interproximal and on portions of
correlation between repeated measures. Positive and negative errors from 14 50 e > brackets. Despite this challenge, all bracket erase software
scanning and bracket erasing were separately analyzed with linear regression = . " performed to a clinically acceptable levels.
models using the following predictors: g 3‘100
o =z
Scanner Error in L Teeth (T,) Pr CO L slo
« scanner and area(mandibular teeth, maxillary teeth, palate) 0
Scanner Error in Bracketed Teeth (T,) Predictors: o Anterior Canine-Premolar Molar Overall Anterior Canine-Premolar Molar Overall + All evaluated scanners have a high degree of precision and have
« scanner, arch(mandible, maxilla), scanner*arch interaction (when indicated) comparable trueness.
Software Error in Bracket Erasing Predictors: P .
« software, tooth type (molar, pre-molar and canine, anterior), software*tooth B New England Orthodontic Lab [l uLab [ EasyRx [ Full Contour (3hape) [] Meshmixer « Bracket erase software tend to create a pocket at a bracket site

type interaction

rather than create a pressure point. Most error in these software

Table 2. Bracket Erase Comparisons: Estimated Difference will not have a clinical impact on a patient's retainer fi
Figure 2. T, ATOS vs. Bracket Erase Software Comparison _ Positive Error Negative Error . . . "
While scanners are very comparable in rendering naive tooth

Software Software Error Difference Software Software Sr BiEEEs surface, complex orthodontic bracket morphology produces

Region with Least Error | with Most Error (95% Cly [um] with Least Error | with Most Error (95% Cly [um] greater error.
(error) “m] (error) [um] (error) “m] (error) [um] « Digital scanners and workflow have the level of clinical accuracy
et Meshmixer NEOLab 39.6 Meshmixer Full Contour -18.7 that would allow an option for efficient patient care.
(88.0) (127.6) (3.8,75.3) (-14.9) (-33.6) (-37.9, 0.6)
Canine — EasyRx Full Contour 33.0 uLab Full Contour -32.2* ACKNOWLE DG ME N
Premolars (29.7) (62.7) (3.6,62.3) (-21.1) (-53.3) (16.6, 48.1)
el Meshmixer uLab 51.5 Meshmixer Full Contour -37.0* American of Of Research Award 2022-2024 (PI:
(64.7) (116.2) (15.7, 87.3) (-16.4) (-53.4) (-56.2, -17.7) Huja, Co-| Renee, Webb, Ramakrishan)
- Meshmixer uLab 36.2 uLab Full Contour 28.8* Aulhorz ’a\‘cknoéu\e‘dge; %:KR: I:u\ILanftou‘rhby SShap: uwéan pro\:lded by t:onn Onhodonn;:s‘
and New England Orthodontic Lab for their support and assistance in the processing of
(63.6) (99.8) (20.6,51.9) (-18.0) (-46.8) (-37.2,-20.4) brackot orases, DI, Anthony Mennito, Dr. Mk Lulon, and Dr. Chistan Brones assisted in

*p<0.05 the repeated scans.
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