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Abstract

Objective: To compare and assess the reproducibility of 3 methods for registration of
maxillary digital dental models in patients with anterior open bite.

Settings and sample population

Digital dental models of 16 children with an anterior open bite in the mixed dentition
were obtained before (T1) and after 12 months of treatment with bonded spurs (T2).
Methods: Landmarks were placed on all T2 models and 3 registration methods (R1,
R2 and R3) were independently performed by 2 observers. R1 was based on 10 land-
marks placed on posterior teeth. R2 was based on 5 landmarks on the palate (2 an-
terior, 2 posterior and 1 central). R3 used regions of interest around the 5 palatal
landmarks used in R2. The differences between the registration methods were calcu-
lated by comparing the mean differences and standard deviations between the cor-
responding x, y and z coordinates of 6 corresponding landmarks in the T2 registered
models. Repeated measures analysis of variance followed by post-hoc Bonferroni
tests were used for comparisons (P < .05). The agreement between methods and the
intra and interobserver reproducibility were assessed with Bland-Altman tests and
intraclass correlation coefficients (ICC).

Results: Comparisons of R2 with R3 methods showed greater agreement, mean dif-
ferences <0.50 mm for all landmarks, than comparisons of R1 with R2, and R1 with
R3, mean differences >0.50 mm for most of the y and z coordinates (P < .05). The R1
and R3 methods presented excellent intra and interobserver reproducibility and R2
method had moderate interobserver reproducibility.

Conclusions: Longitudinal assessments of open bite treatment using digital dental
models could consider the posterior teeth and/or the palate as references. The R1
and R3 methods showed adequate reproducibility and yield different quantitative
results. The choice will depend on the posterior teeth changes and dental models’
characteristics.
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1 | INTRODUCTION

The use of 3D digital dental models has increased in the last few
years. They have demonstrated high accuracy, reliability and repro-
ducibility, as conventional dental models.>? In digital storage, no
need of laboratory procedures and better clinician-patient commu-
nication are considered advantages of digital dental models."?
Conventionally, dentoalveolar changes have been evalu-
ated using the superimposition of cephalometric radiographs.®*
Nevertheless, this type of assessment has inherent limitations re-
lated to its bidimensional nature.® Several methods have been de-
scribed for the superimposition of maxillary digital dental models.®%°
These methods allow 3D visualization and quantitative assessment
of dentoalveolar changes between different time points without ex-
posing the patients to radiation.?! Additionally, individual changes
of each tooth can be adequately appraised with digital dental model
superimpositions.19
The palatal rugae have been reported as a stable and reliable re-

14-16,22 even in

gion for maxillary superimposition of dental models,
growing subjects.!® The palatal rugae have been used to evaluate
the dental changes produced by different orthodontic therapies and
to assess the maturational changes in individuals with normal occlu-
sion.68911121620 \athods for maxillary digital dental model regis-
tration usually include the most anterior region of the palate (incisive
papilla and first palate rugae) as a reference area.®*>'%22 This area
experiences vertical changes due to growth and/or positional changes
of the maxillary incisors.2>?* In an anterior open bite treatment sce-
nario, the most anterior region of the palate is expected to experi-
ence greater changes because of the significant vertical dentoalveolar
changes that occur in the anterior teeth.?>?’ However, no registration
techniques of digital dental models have been reported to evaluate
anterior open bite treatment changes, specifically. Adaptation of other
registration techniques that avoid structures in the most anterior re-
gion of the palate should be tested for these patients.

A recent systematic review reported the urgent need for fur-
ther research on the superimposition of digital dental models en-
couraging the assessment of different techniques and treatment
modalities.?! Therefore, the aim of this study was to compare and
assess the reproducibility of 3 registration methods for maxillary
digital dental models in patients with anterior open bite, treated with

bonded lingual spurs in the mixed dentition.

2 | MATERIAL AND METHODS

This study was approved by the Ethics in Research Committee of
Bauru Dental School, University of Sao Paulo, Bauru, Brazil (protocol
no. 68551617.8.0000.5417/2.112.035). All patients and their legal
guardians signed the informed consent before the treatment.

The sample size was calculated considering an 80% of test power
and a significance level of 0.05 to detect a difference between registra-
tion methods of 1 mm with a standard deviation of 1.1 mm, obtained

from a previous study.19 A minimum of 11 patients were necessary.

The sample consisted of 16 children (mean age: 8.12 + 0.93 years
old; 10 female and 6 male) with anterior open bite treated with
bonded lingual spurs (Morelli Ortodontia, Sorocaba, Sio Paulo,
Brazil) for 12 months. All patients had a history of at least one del-
eterious habit and the open bite had mostly a dentoalveolar origin.
The spurs were bonded on the palatal and lingual surfaces of the
maxillary and mandibular incisors at the cervical and incisal regions,
respectively. Digital dental models, acquired by intraoral scanning
(TRIOS3; 3Shape, Copenhagen, Denmark), were obtained before
(T1) and after 12 months of treatment (T2, Figure 1A,B).

The 3D image analysis was performed using the 3D Slicer open-
source software (Version4.10.2; https://www.slicer.org). Customized
versions of previously reported registration techniques’&1>1%19:30:31
were used in this study. Significant dentoalveolar vertical changes
of the anterior teeth are expected after open bite treatment.?>%’
Thus, the methods were customized avoiding the use of the most
anterior region of the palate as a reference for superimposition be-
cause changes in this area are associated with vertical changes of
the maxillary incisors.?>2* First, all the.stl files were converted to.vtk
files. The analysis included the following steps:

1. Orientation: All T1 maxillary dental models were oriented
three-dimensionally using a pre-established 3D coordinate system in
Slicer software. In the occlusal view, the midpalatal raphe was cen-
tred to the sagittal plane and the centre of the buccal surface of the
right deciduous second molar was positioned coincidently with the
coronal plane. In the lateral view, the occlusal plane passing through
the mesiobuccal cusp tips of the permanent and deciduous first mo-
lars was levelled to the axial (horizontal) plane on the right and left
sides. In the frontal view, the cusp tips of the right and left deciduous
first molars were levelled to the axial (horizontal) plane.

2. Approximation: The T2 dental models were approximated to
the oriented T1 models using the corresponding landmarks placed
on the mesiobuccal cusp tips of the permanent first molars and
deciduous second molars on the right and left sides (4 landmarks).
The fiducial registration tool was used. The ‘approximatedT2’ dental
model was obtained. This procedure was necessary to decrease the
amount of rotations during the registration procedures.

3. Placement of pre-labelled landmarks on the approximated
T2 dental model: These landmarks were used to quantify the dif-
ferences between the methods of registration and also to assess the
intra and interobserver reproducibility. They were not used for reg-
istration procedures. They were placed previously to the registration
step in order to use the same landmarks for the 3 different meth-
ods of registration. Using the Q3DC tool, landmarks were placed on
the mesiobuccal cusp tips of the permanent first molars, and in the
middle of the incisal edge of the lateral and central incisors on both
sides (Figure 1C). Landmarks placement was verified using both the
occlusal and buccal perspectives. A file containing these landmarks
was created for each patient. This procedure was performed by only
one trained and calibrated observer (AADC). The decision of using
pre-labelled landmarks was to avoid any influence of landmark iden-
tification errors between observers that could interfere with the

results.®?
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FIGURE 1 A, pretreatment (T1
model); B, 12 months after treatment (T2
model); C, landmarks placed on T2 model
before registration, these 6 landmarks
were used to obtain the coordinates
after the 3 methods of registration; D,
landmarks placed on T1 and T2 models
for the landmarks-based registration

on the posterior teeth (R1); E, T2 model
registered on T1 model using the R1
method; F, landmarks placed on T1 and
T2 models for the landmarks-based
registration on the palate (R2); G, T2
model registered on T1 model using the
R2 method; H, regions of interest created
around the palatal landmarks on T1 and
T2 models for the registration on the
palate using regions of interest (R3); I, T2
model registered on T1 model using the
R3 method

2.1 | Registration methods

In this step, new landmarks were placed on the ‘oriented T1' and
‘approximated T2’ dental models. These landmarks, used only for
the registration procedures, were independently placed by each ob-
server for each registration method.

Landmark-based registration on the posterior teeth (R1):
Landmarks were placed on the distal and mesiobuccal cusp tips of
the permanent first molars and deciduous second molars, and on the
mesiobuccal cusp tip of the deciduous first molar on the right and
left sides, on both ‘oriented T1' and ‘approximatedT2’ dental models
(Figure 1D). The software automatically computed and registered
the models using the fiducial registration tool. The ‘R1’ registered
model (Figure 1E) and the corresponding registration matrix were
created.

Landmark-based registration on the palate (R2): Five landmarks
were placed on the palate. One central landmark was placed on the
midpalatal raphe and was positioned coincident to the coronal plane.
Two anterior and 2 posterior lateral landmarks were placed on the
angle between the most superior and lateral surfaces of the palatal
concavity on the right and left sides, using the occlusal and posterior
views. Two horizontal lines perpendicular to the midpalatal raphe,
one passing through the middle of the occlusal surface of the decid-
uous first molar and the other passing between the permanent first
and deciduous second molars were the anterior and posterior limits,
respectively (Figure 1F). The software automatically computed and
registered the models using the fiducial registration tool. The ‘R2’
registered model (Figure 1G) and the corresponding registration ma-

trix were created.

¥ -WiLEy-2

Registration on the palate using regions of interest (R3): Regions
of interest of 10mm for the lateral landmarks and 15mm for the cen-
tral landmark were created around the palatal landmarks described
on the R2 registration method (Figure 1H). The software automati-
cally computed and registered the models using the ROl registration
tool. The ‘R3’ registered model (Figure 11) with the corresponding
registration matrix was created.

The 3 registration methods (R1, R2 and R3) were performed by
2 trained observers (AADC and LV). Observer 1 (Obs1) performed
the registrations twice (1st, first time; 2nd, second time) and ob-
server 2 (Obs2) performed the registrations once. For each patient,
the same ‘oriented T1’ and ‘approximatedT2’ dental models with the
pre-labelled landmarks were used by both the observers to avoid the
influence of any orientation, approximation or landmarks placement
errors on the results.>?

5. Application of the registration matrix to the landmarks file:
The matrix of each registration, performed by each observer, was
applied to the landmarks file created in the third step, using the
Transform tool. A corresponding landmark file was created for each
registered model. This was performed in order to use the same land-
marks on the 3 registered models from both observers to prevent
any landmark identification errors.

6. Coordinates generation and quantitative assessment: The
registered models and their respective landmarks were loaded
using the Markups tool. This tool generated the x (medio-lateral),
y (antero-posterior) and z (superior-inferior) coordinates for each
of the 6 landmarks. The coordinates obtained from the landmarks
on each registered model and for each observer were exported to

an excel file. The differences between the coordinates from the
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corresponding landmarks of the 3 registration methods obtained by
both observers were evaluated.

Three registration methods, using different anatomical ref-
erences (posterior teeth and palate) and different approaches
(landmark-based registration and registration on the palate using
regions of interest), were used in this study to quantify and com-
pare the mean differences, variation ranges, degree of agreement
and reproducibility between methods and observers.®? Only land-
marks’ coordinates of the registered T2 models were evaluated. No
treatment changes (T2-T1) measurements were considered for this
study.%?

Figure 2 describes the comparisons between registration meth-
ods and the intra and interobserver reproducibility assessment.
The comparisons between R1 and R2 registration methods are de-
scribed as R1 x R2, comparisons between R2 and R3 are described
as R2 x R3, and comparisons between R1 and R3 are described as
R1 x R3.

2.2 | Statistical analyses

The registration methods were performed by 2 observers. Observer
1 repeated the registrations after a 30-day interval.

Mean differences and standard deviations between the corre-
sponding X, y and z coordinates of the 6 corresponding landmarks of
the 3 T2 registered models (R1, R2 and R3) obtained by both observ-
ers were calculated. These mean differences between registration
methods (R1 x R2, R1 x R3 and R2 x R3) were compared with one-

way repeated measures analysis of variance (ANOVA) followed by

post-hoc Bonferroni test for pairwise comparisons. The significance
level was set at P < .05.

The agreement between the 3 methods of registration, as well
as the intra and interobserver reproducibility, were evaluated using
Bland-Altman 95% limits of agreement (LoA) and the intraclass cor-
relation coefficient (ICC).3*3* The ICC was calculated based on the sin-
gle measures, absolute agreement and two-way mixed-effects model.

All statistical analyses were performed with SPSS (Version 25;
IBM, Armonk, NY, USA) and MedCalc (Version 19.1; available at

https://www.medcalc.org) software.

3 | RESULTS

Differences greater than 0.50mm were found for R1 x R2and R1 x R3
comparisons, mostly for the y (antero-posterior) and z (superior-
inferior) coordinates for all landmarks (Table 1; Supplementary
Tables S1 and S2; Figure 1E,G,l). The comparisons between R2 and
R3 (R2 x R3) showed similar coordinates for all assessed landmarks
with mean differences equal or smaller than 0.50 mm (Table 1;
Supplementary Tables S1 and S2; Figure 1G,l). For most of the y
(antero-posterior) and z (superior-inferior) coordinates, the mean
differences for R2 x R3 comparisons were significantly smaller than
those obtained for other comparisons (R1 x R2, R1 x R3).

The Bland-Altman LoA showed that 95% of the differences be-
tween the corresponding coordinates for all 6 corresponding land-
marks varied from -2.03 to 1.81 mm for the R1 x R2 and R1 x R3
comparisons,and from -1.55 t0 0.99 mm for the R2 x R3 comparisons

(Table 1, Supplementary Tables S1 and S2, Figure 3, Supplementary

Comparisons between methods of registration

2%

Observer 1 — 1st
Observer 1 — 2nd

2%

Observer 1 — 1st
Observer 1 — 2nd

2%

Observer 1 — 1st
Observer 1 —2nd

FIGURE 2 |lllustration of the study
methodology. Three registration methods
(R1, landmark-based registration on the
posterior teeth; R2, landmark-based
registration on the palate; R3, registration
on the palate using regions of interest)

——— e

were performed by 2 observers (Observer
1 and Observer 2). Observer 1 performed

Observer 2 Observer 2 Observer 2
Intraobserver comparisons
Rt || Rz || Rs

the registrations twice (1st, first
measurement; 2nd, second measurement).

NV ¥

Observer 1 - 1st x Observer 1- 2nd

e

Red arrows denote comparisons between
methods of registration (R1 x R2,

R1 x R3 and R2 x R3) performed by
observer 1 (1st and 2nd) and by observer
2. Intraobserver and interobserver

Interobserver comparisons

comparisons were performed for each
method of registration (R1, R2 and R3).

Rt || R || R3

Orange arrows denote intraobserver
comparisons between first and second

NV ¥

Observer 1 x Observer 2

measurements (1st x 2nd). Green arrows
denote interobserver comparisons
(Observer 1 x Observer 2)
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Figures S1 and S2). Landmarks placed on the right and left central
incisors showed greater variation between R1 x R2 and R1 x R3
compared to R2 x R3 methods (Table 1, Supplementary Tables S1
and S2, Figure 3). ICC demonstrated good to excellent agreement for
R1 x R2 and R1 x R3 comparisons, with exception of the landmarks
placed on molars in the z coordinate (Table 1, Supplementary Tables
S1 and S2). The R2 x R3 comparisons for all landmarks showed ICC
values ranging from 0.75 to 0.99, indicating good to excellent agree-
ment (Table 1, Supplementary Tables S1 and S2).

Regarding the intra and interobserver comparisons, minimal dif-
ferences (smaller than 0.15 mm) were observed (Tables 2 and 3). The
Bland-Altman LoA showed that 95% of the intra and interobserver
differences varied from -1.07 to 1.29 mm (Tables 2 and 3). Excellent
intra and interobserver reproducibility were observed for almost all
landmarks. A moderate interobserver reproducibility was observed
only for the z coordinate of 2 landmarks (2 and 6) in the R2 method
(Tables 2 and 3).

4 | DISCUSSION

Registration of maxillary dental models could be performed using
landmark-based or surface-based approaches. The first approach re-
quires identification of anatomical landmarks,? 111416181935 anq the
surface-based approach requires identification of regions of interest

(reference area).0®12151719.203035 A consensus regarding the ideal

method for registration has not been established yet.21 Registration
of maxillary dental models has mostly been reported in the perma-
nent dentition.®”7131¢18-20 5ome studies reported the use of these
methods in growing patients.®41>1720 However, this is the first study
evaluating the registration methods in growing patients after treat-
ment of anterior open bite, which poses clinical challenges to quantify
vertical changes over time. In addition, this study compares 3 meth-
ods of registration using different anatomical references (posterior
teeth and palate) and different approaches (landmark-based registra-
tion and registration on the palate using the regions of interest).
Anterior open bite malocclusion has a multifactorial aetiology
involving genetics and environmental factors.?® Anterior open bite
in children usually shows greater dentoalveolar origin caused by
the presence of deleterious oral habits.2¢?® Early treatment mainly
focuses on correcting these habits to eliminate interferences be-
tween the maxillary and mandibular central incisors. Thus, allowing
vertical dentoalveolar development on the anterior region. Extrusion
and palatal/lingual inclination of incisors have been reported after
early treatment.?>?’?? Anterior alveolar vertical development has
also been reported as a consequence of anterior teeth extrusion.?’
Therefore, dentoalveolar vertical changes in the anterior region might
cause some positional variation of the anterior palatal structures.
Vertical changes in the most anterior region of the palate, over
time, have been reported.23’24 Vertical changes in the position of the
first palatal rugae are associated with changes in the vertical position

of the maxillary incisors and in the lower anterior facial height.?%2*
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FIGURE 3 Bland-Altman plots®® showing the agreement between coordinates from corresponding landmarks: A and D, between
landmark-based registration on the posterior teeth (R1) and landmark-based registration on the palate (R2); B and E, between landmark-
based registration on the posterior teeth (R1) and registration on the palate using regions of interest (R3); C and F, between landmark-based
registration on the palate (R2) and registration on the palate using regions of interest (R3). Each circle denotes the superior-inferior distance
between 1 coordinate (z axis) of landmarks 3 and 4 (3-right maxillary central incisor for A, B and C; and 4-left maxillary central incisor for

D, E and F) of T2 models registered by the different methods (R1, R2, R3). Solid lines denote the mean differences and the dashed lines

represent the 95% limits of agreement



275

& -WILEY

ALIAGA-DEL CASTILLO ET AL.

*}s2493ul Jo suoi3au 3uisn a1ejed ay3 uo uolessi3al

‘cy :93ejed ay3 UO UOIeIISISaI paseq-yIewpUE| ‘7Y ‘Y3oa} J01193sod ay} Uo uolje}siSal paseq-ylewpue| Ty “syJewpue| Suipuodsaliod 3y} Jo (jed1349A Jo Joliajul-ioliadns ‘7 pue ‘e3ises 4o Jolsisod

-0Ja]UE ‘A ‘|ela3e] 10 13]-1YSL ‘X) S93eUIPI00D BY} U3aMIa (D) JUSID14JS0D UOIJE[2.10D SSE|DEIIU| ‘JUSWDISE JO SHWI| %S4 (Vd) UBWI|\Y-PUB|g ‘S90UI3}4IP 93U} JO (OS) UOIIEIASP pJEpUE]S pUE UEBD|A (90N

o¥60  9¥0  8E£0- 120  +00 ¥96°0 Zv¥o  8€0- 020 200 6660 900 50°0- €00 000
1660 190  09°0- I€0 000 8860 090 9L'0- S€0  80°0- 6660 LTO  €20- 010  £00-
1660 ¥1°0 6T0- 800  200- 660  STO  ¥TO- Z10 100 6660 IT0  800- 500 200
6860  OF0  ££0- 610  ¥00 ¥860  8¥0  TE0- 020 800 6660 zro 010~ 900 100
8660  0£0 1€°0- 9710 000 1660  [£0  €¥0- 020  €00-  000T z10 LT0- L00  Z00-
6560 S50 S50- 820 000 €60  ZEO  £50-  2TO 0T'0- 8660 zr0 010~ 900 100
0660 680  €££0- 810 €00 660 LSO  6£0-  SZ0 600 6660 ¥1°0 zr0- L00 100
000'T 810 810~ 600 000 6660  LTO  8TO- Y10 000 000'T 010 Y10~ 900  Z00-
8160  §90 §9'0- €80 000 1260 €40  990- 820 zr0- L6610 €10 zr0- 900 000
€660  9€0  ££0- 810 100 1860 090 SY'0-  LT0  £00 6660 €10 zro- 900 100
6660 610 12°0- 010  100- 6660  LTO  TTO- €10 €00 000'T 800 1T0- 500  200-
Sv60 90 §9'0- €80 000 L160 o 990- 820 zro- L660 €10 zro- 900 000
LL60  ¥EO  ¥EO0- LTO 000 S¥60 950 S¥0- 920  S00 8660 170 010~ 900 100
8660  I€0  ¥E0- LTO  TO0-  L660 o  0£0- 810 900 000'T LO°0 0T0-  ¥00  T00-
LL60 €50 Z50-  [ZO 000 LL60  ¥EO  ¥50- €20  0T0- 6660 z10 0T'0- 900 100
€60  L£0 S¥°0- 120 +00- 9560  6£0  8¥0-  ZCO  SO0- 6660 €00  ¥00- Z00 000
/860 €90  99'0- €60  200- 9860 90 15°0- ze0 €10 000'T 01’0 zro- 900  100-
8660 Y10 6T0- 800  200- S660  ¥Z0  ¥TO- ZI0 000 6660 110 800- 500 200
oR) V01%56 Ve as ueapy ok)| VO1%56 Ve as  uesp on)| VO1%56 Ve as  uesp
£y 2y T4

(9 >1rewpuen)
Jejow 3.1 31J3] Adej[IXen

(G 3dewpueT) Josidul
|e423e] 343] Adejjixeln

(¢ 34ewpue) Josiul
|eq3uad 3J3] AdejjIXen

(€ 3dewpueT) Josidul
|ed3uad Y31 Asejjixeln

(Z ¥4ewpueT) Josmul
(IZEICERUEBRSENEN]

(T ewpue)
Jejow 3s41 Y3 Alej|ixe|n

(9-T S>HewpueT) yiaa) Alejjixew oy} uo pade|d sylewpue| Joj suosLiedwod JaAlasqoesu] Z 379VL



ALIAGA-DEL CASTILLO ET AL.

WILEY-{IET

276

*}s9493ul JO suoi3au 3uisn a1ejed ay3 uo uoljessi3aul

‘e :91ejed ay3 UO UoIjeI}SISaU paseq-yiewpue| ‘Zy (Y3oa} Jol1a3sod sy} Uo uoljelysiSal paseq-yiewpue| Ty syJewpue| Suipuodsaliod ayj Jo (Jed13JaA Jo Joldjul-ioladns ‘7 pue ‘eyides Jo Jolsysod

-0JajUE ‘A ‘[ela3e] 40 13]-1YSL ‘X) S93eUIPI00D 3y} U3aMIa (D) JUSIDI4JS0D UOIIE[2.10D SSE|DEIIU| ‘JUSWDISE JO SHWI| %S4 (Vd) UBWI|Y-PUB|g ‘S0UIa}4IP 93U} JO (OS) UOIIEIASP pJEPUE]S pUE UEBDIA (90N

9680 250  850- 820  £00- L0 860  68°0- 8¥0 500 8660  L00  [00- %00 000 v4

0660 L0 190-  v€0  S00 1860 zL0 60~ Zvo IT0-  000T 170 ST'0- L00  TO0- A (9 31EWpUET)
1660 610 6T°0- 010 000 9860 80  9£0- 6T0 100 6660 ST0 0T0- 900 200 X dejow 3siiy 1a| Adejjixeiy
6960 670 0L0-  0£0 010~ 0¥60 €60 59'0-  0b0 ¥1°0 8660 Y10 IT0- 900 200 y4

L660 1240 5e°0- 610 €00 660 SY0  £9°0- [T0  600- 0007 010 TTo- 900  T00- A (S pewpuen) Jospul
w60 0L0  650- €80 900 1960 80  €50- €20  800- 8660 €10 €10~ L00 000 X eJa3e] 149] Adejixey
vL60 90  [90- 620 1T0- ¥260 STT /8°0- z5°0 ¥1°0 8660 LT0 €70- 800 200 v4

6660  STO  €20- Z10 100 L660  €€0  SFO-  0Z0  900- 0007 IT0  0T0- 900 000 A (i SHEWpUET) JosioUl
6180 180  89°0- 860  £L00 97160  8¥0  §90- 620  800- 9660 ¥T0 ¥T°0- L00 000 X [e13ua 13| Ade|jixe|y
§860  6£0  950- vZ0  600- €260 671 €01~ 650 €10 6660 810 €10- 800 200 z

6660  TTO  £T0- zro 10°0- 8660 620  9€0- [T0  €00- 0007 €10 0r0- 900 100 A (6 )EWpUET) Josiou|
1260 180  89°0- 80  L00 €60  8Y0  $9°0- 620  600- 9660 v1°0 ¥1°0- L00 000 X [e3ua 1yS1l AejjixelN
596'0 SE0  9¥0- 120  900- z2L0 8Tl L0'T- 090  0T0 9660 ST0 1T0- L00 200 z

8660  TE0  9E0- 810  200- L660  S€0  OFO- 6T0  TO0- 0007 ST0 TT0- L00 200 A (2 1EwpUET) Jospul
5960  0L0 650- €80 900 8/60  O¥0  SSO- vZ0  L00- 8660 €10 £1°0- L00 000 X 38| JYSI Ase|jixXelN
¥S60 850 150- 820 00 ¥88°0 L0 780- 680 900- 6660 900  900- €00 000 z

6860 TS0  ¥90-  0£0  90°0- 6860 €90  650- €0 200 6660  0T0 ¥1°0- 600 €00 A (T pewpuen)
1660  0T0 61°0- 010 000 6860  LE0  9€0- 810 000 8660 ST0 0T0- 900 200 X dejow 3sity 38 Adejixepn

oR) V01%56 Ve as  uesp on)| VO1%56 Ve as  uesp oR) VO1%56 Ve as  uesp
£d 2y T4

(9-T SyHewpueT) y3aa) Alejjixew ayj uo pade|d sylewpue| Joj suosLiedwod JaAIasqotdu] € 379V1L



ALIAGA-DEL CASTILLO ET AL.

Greater vertical changes in the anterior region of the palate are ex-
pected in growing open bite-treated patients. The use of structures
located in the most anterior region of the palate (incisive papilla and
first palate rugae) for registration of maxillary digital dental models,

6151922 should be avoided.

as in most of the reported techniques,
Therefore, this study proposes and evaluates alternative methods
for registration, in treated growing open bite individuals.

In this study, the landmarks’ coordinates obtained by the 3 meth-
ods of maxillary digital dental model registration were only evalu-
ated. The R1 method was based on the landmarks placed on the cusp
tips of the posterior teeth, the R2 method was based on the land-
marks placed on both anterior and posterior regions of the palate
and the R3 method was based on the regions of interest placed on
the anterior and posterior regions of the palate. In all the 3 meth-
ods, the most anterior region of the palate, including the incisive
papilla and the first palatal rugae, was excluded due to the above-
mentioned concerns.

The R1 method was used to evaluate the relative changes on the
anterior teeth when no significant changes are expected in the poste-
rior teeth. The R1 method does not use palatal structures as a refer-
ence and shows the relative anterior dentoalveolar changes in relation
to the posterior teeth. A previous study reported the registration of
maxillary dental models using only permanent molars.3! Another study
reported the use of permanent and deciduous molars for mandibular
dental model superimposition in growing patients,” similarly to R1. The
R2 and R3 methods were also adopted from the previously reported
methods.”®1>130 Differently from R1, they use palatal landmarks and
regions of interest placed/created on areas reported as stable.”81>1%30
The R2 and R3 methods evaluate the relative changes of both the ante-
rior and posterior teeth in relation to the palate. The R2 and R3 meth-
ods used the same palatal references but different approaches. The R2
used a landmark-based registration and the R3 method consisted of a
surface-based registration using regions of interest. These 2 methods
were compared to explore the influence of the different approaches
(landmarks-based versus surface-based using regions of interest) in the
superimposition results in this specific sample.“”35

Greater differences between R1 and the other 2 methods
(R2 and R3) for the y and z coordinates were observed (Table 1,
Supplementary Tables S1 and S2, Figure 3, Supplementary Figures
S1 and S2). Although these differences between methods were
expected because different anatomical structures were used for
registration, the purpose was to quantify and compare the mean
differences, variation ranges, degree of agreement and reproducibil-
ity between methods and observers. Thus, the most efficient and
reproducible method could be chosen in each case, considering the
advantages and limitations, as well as individual characteristics of
patients and dental models. In the R1 method, the vertical and sag-
ittal growth changes that occurred in the maxillary molars were not
demonstrated. Posterior teeth are assumed to be stable structures
for the R1 registration method. On the contrary, R2 and R3 methods
were more sensitive to posterior teeth changes (Figure 1E,G,I). This
also explains the lower agreement observed between R1 x R2 and

R1 x R3 comparisons regarding the z (superior-inferior) coordinate. If

@ WiLEY L2

the posterior teeth experiments a significant vertical change during
the correction of the anterior open bite, the amount of incisor extru-
sion might be different when using the posterior teeth or the palate
as a reference for registration. Vertical tooth movements demon-
strated only moderate agreement in a previous study?® that included
all palatal rugae for registration. The results they obtained could be
related to the vertical changes that occur in the structures closest
to the incisors.?®>?* The R2 and R3 methods showed minimal dif-
ferences and good to excellent agreement (Table 1, Supplementary
Tables S1 and S2; Figure 1G,|, Figure 3, Supplementary Figures S1
and S2). Although R2 was a landmark-based registration and R3 was
a registration based on regions of interest, both used the palate as a
reference. Similar results were reported when landmark-based and
regions of interest-based registrations were performed using the
palatal rugae for normal occlusion changes evaluation.’

All 3 methods showed good to excellent®® intra and interobserver
reproducibility. However, the R1 and R3 methods showed the great-
est interobserver reproducibility. The R1 method is more user-friendly
and shows the relative changes of the anterior teeth in relation to the
posterior teeth. Limitation of the R1 method is related to significant
changes that might occur in the posterior teeth due to growth, includ-
ing exfoliation of the teeth used as reference. Since teeth instead of
palatal structures are used in the R1 method, it would be useful for
short-term or interim evaluations of anterior open bite treatment even
when fixed appliances are in place as palatal cribs or expanders asso-
ciated with palatal cribs. In addition, R1 could be used when palatal
structures are not adequately scanned or reproduced from conven-
tional impressions. The R3 method demonstrates relative changes of
both anterior and posterior teeth in relation to the palate and avoids
using dental surfaces as a reference for registration. Longer follow-up
assessments could be performed with this method. In this study, the
R3 method was more time consuming than the R1. However, this
should not be generalized to other surface-based superimposition
methodologies. For future studies, the R1 and R3 methods should be
used to compare therapies, evaluating the treatment outcomes using,
respectively, the posterior teeth or the palate as references.

A recent systematic review reported that the 2 areas of refer-
ences for maxillary dental model registration could bring reliable
outcomes.?! The first area included the medial two-thirds of the third
rugae and the area 5 mm dorsal to them. The second area included
all rugae, with the lateral margins located at least 5 mm from the
gingival margins and a distal margin that does not extend beyond the

first molars. The first area'>172!

could be used in open bite patients.
However, no posterior reference was used for registration; then,
some rotation of the dental models on the sagittal plane (pitch) might
appear.? The R3 method used in the present study was adapted and

combined these 2 areas,”&1>17:21

excluding the most anterior region
of the palate due to open bite treatment changes. Although R3 did
not use exactly the same methods described in the previous studies,
the regions of interest were placed and created in areas reported as
stable and recommended in previous superimposition studies.” &>
One limitation of the present study was the absence of a

gold-standard registration method. However, no previous studies
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evaluated the reproducibility of maxillary dental model registration
for open bite-treated patients. Additionally, the accuracy of the
methods could not be evaluated. This methodological study aimed
to compare 3 registration techniques and assessed the intra and
interobserver reproducibility evaluating landmark's coordinates.
Other limitations of this study are related to the lack of evaluation
of the amount of extrusion of the maxillary anterior teeth and the
absence of an untreated open bite control group. Further research,
using these methods, should be performed to evaluate the relative
three-dimensional dentoalveolar changes after open bite early treat-
ment including controls without any treatment and having digital
dental models with adequate reproduction of the palatal and teeth
structures. In addition, future studies must be planned to test sim-
ilar methods for the superimposition of mandibular digital dental
models.

Superimposition of conventional cephalometric radiographs
brings us important clinical information about the amount of changes
of some teeth after anterior open bite treatment; however, radiation
is necessary. The clinical implications of this study are related to the
use of alternative three-dimensional evaluation methods that could
be used for short-term/interim/final and longitudinal assessments of
this specific treatment, requiring only digital dental models without
the need for radiation exposure. This could improve the clinician/
patient communication, as well. Studies comparing cephalometric
superimpositions and digital dental models superimpositions should
be performed to complement our results.

The choice between R1 and R3 methods must consider if signif-
icant changes occurred or not in the posterior teeth with treatment.
The R1 method shows the relative changes of the anterior teeth in
relation to the posterior teeth and should be used when no signif-
icant changes are expected in the posterior teeth. The R1 method
could be used for treatment changes evaluations in the short-term
or in cases where the palatal region cannot be used for superim-
position. Examples include the presence of palatal fixed appliances
(palatal cribs, expanders associated with palatal cribs) and when pal-
atal structures are not adequately scanned or reproduced from con-
ventional impressions. In contrast, the R3 method could be used for
longer periods to evaluate the changes in both anterior and posterior

teeth in relation to the palate.

5 | CONCLUSIONS

e The R1and R3 methods showed, independently, the greatest intra
and interobserver reproducibility for all coordinates for all corre-
sponding landmarks.

e Anterioropenbite treatment outcomes canbe three-dimensionally
assessed with the R1 and R3 methods using the posterior teeth
and palate as references, respectively.

e The R1 method shows the relative changes of the anterior teeth
in relation to the posterior teeth. The R1 method could be used
when no significant changes are expected in the posterior teeth

and for short-term/interim follow-up evaluations.

e The R3 method demonstrates relative changes of both anterior
and posterior teeth in relation to the palate and could be used for

longer follow-up assessments.
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