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A Novel Method for the Assessment of
Three-Dimensional Tooth Movement during Orthodontic Treatment

Insan Janga; Motohiro Tanakab; Yoshiyuki Kogac; Seiko Iijimab;
Joseph H. Yozgatiand; Bong Kuen Chae; Noriaki Yoshidaf

ABSTRACT
Objective: To (1) evaluate the stability of palatal rugae as landmarks for superimposition of dental
casts and (2) establish a three-dimensional superimposition method of maxillary dental casts for
analyzing orthodontic tooth movement.
Materials and Methods: The sample consisted of dental casts obtained from 10 patients treated with
extraction of bilateral maxillary first premolars and placement of three palatal miniscrews as anchorage
for retraction of the anterior teeth. Dental casts were measured by means of laser surface scanning
system, and three-dimensional images were reconstructed. Serial dental casts were superimposed
on the three miniscrews as registration landmarks (miniscrew-superimposition method), and the dis-
placement of each palatal ruga point during the closure of extraction spaces was measured. Displace-
ment of the central incisors was measured by the miniscrew-superimposition method and the pro-
posed superimposition technique (ruga-palate-superimposition method). Correlation analysis and
paired t-tests were performed to determine whether a significant difference existed between the mea-
surements of the two superimposition methods.
Results: The medial points of the third palatal rugae and the shape of the palatal vault were
stable throughout the treatment. The displacement of the central incisors measured using the
ruga-palate-superimposition method showed no significant difference with that measured using
the miniscrew-superimposition method.
Conclusion: The maxillary dental casts can be reliably superimposed on the medial points of the
third palatal rugae and the palatal vault as reference landmarks. (Angle Orthod. 2009;79:
447–453.)
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INTRODUCTION

Superimposition of serial cephalometric radiographs
has been a widely used method to evaluate orthodon-
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tic tooth movement. However, a cephalometric radio-
graph is a two-dimensional (2D) projection of three-
dimensional (3D) structures, and it has certain limita-
tions and disadvantages, such as blurring, overlapping
of anatomic structures, magnification, as well as in-
evitably subjecting patients to radiation exposure. With
the development of 3D measuring devices, some in-
vestigators have performed 3D superimposition of
dental casts to analyze orthodontic tooth movement.1–5

Nevertheless, a stable reference area for superimpo-
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Figure 1. Three miniscrews were implanted onto the palate and li-
gated with a transpalatal arch by ligature wires. 1–3, miniscrews; 4,
transpalatal arch.

Figure 2. Twelve palatal ruga points.

sition of dental casts remains unclear. Superimposition
of serial cephalometric radiographs uses skeletal
structures such as the cranial base, the maxilla, or the
mandible as reference points or lines.6 On the other
hand, superimposition of dental casts has inherent lim-
itations due to lack of anatomic reference points or
areas for superimposition.

Some investigators have evaluated the stability of
the palatal rugae during orthodontic treatment.7–10 In
patients treated with a functional appliance or head-
gear, the medial ruga points appeared more stable
than the lateral ruga points.8 In the comparison of tooth
movement measured by cephalometric superimposi-
tion relative to the ruga points on study models, the
medial points of the third palatal rugae are suggested
to be suitable reference points for the assessment of
anteroposterior tooth movement.10 Conversely, anoth-
er study reported that the lateral points of the third
rugae are the most stable.7 Thus, identification of the
most stable area is still controversial.

To our knowledge, no study has determined 3D dis-
placement of individual ruga points during orthodontic
treatment. The present study is the first attempt to
evaluate the stability of each palatal ruga point in three
dimensions by means of laser surface scanning sys-
tem. This study was composed of two experiments.
The purposes of the two investigations were (1) to
evaluate the stability of palatal rugae as landmarks for
superimposition of dental casts and (2) to establish a
3D superimposition method of maxillary dental casts.

EXPERIMENT 1: EVALUATION OF THE STABILITY
OF THE PALATAL RUGAE

Materials and Methods

The sample consisted of dental casts obtained from
10 patients (4 males and 6 females) who were under-
going orthodontic treatment after a diagnosis of max-
illary protrusion at the Orthodontic Department, Na-
gasaki University Hospital of Medicine and Dentistry.
Their ages ranged from 15 years 7 months to 27 years
(mean � 20 years). Subjects were given informed con-
sent forms, and the research protocol was examined
and approved by the Ethical Committee of Nagasaki
University Graduate School of Biomedical Sciences.
As part of the orthodontic treatment, bilateral maxillary
first premolars were extracted, and three miniscrews
were implanted onto the palate by an oral surgeon.
Two were placed on the palatal slopes bilaterally be-
tween the second premolar and the first molar, and
another one was placed on the paramedian region of
the hard palate. These three miniscrews were ligated
with a transpalatal arch by ligature wires to reinforce
orthodontic anchorage (Figure 1), and used as land-
marks for superimposition.

Individual trays were fabricated with resin (Tray res-
in, Shofu Inc, Kyoto, Japan) and impressions for max-
illary dental cast were taken using hydrophilic vinyl
polysiloxane impression material (Examixfine, GC
Corporation, Tokyo, Japan) at every visit after the
miniscrews were placed until the extraction spaces
were closed. Dental casts were made with improved
dental stone (New fujirock, GC Corporation, Tokyo,
Japan) and then scanned by a laser surface scanning
system (VMD-25, UNISN, Osaka, Japan). The mea-
suring pitch in the x and y directions was 0.25 mm,
and the resolution in the z direction was within the
range of �0.05 mm. Based on scanned data, recon-
struction and analysis of 3D images was performed
using a commercial software (Imageware 9, UGS PLM
Solutions, Plano, Tex).

The rugae were identified as the first, second, and
third rugae sequentially from anterior to posterior.11

The most medial and lateral ends of each ruga on the
right and left sides were marked on 3D images of den-
tal casts and registered as palatal ruga points, as il-
lustrated in Figure 2.

To evaluate the stability of the palatal ruga points,
the 3D images of the serial dental casts were super-
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Table 1. Displacement of the palatal ruga points from the initial to final dental casts (n � 10)a

Palatal
Ruga Point

Displacement in 3D Space

Mean SD

95% Confidence
Interval

Lower Upper CV, %

X
(Mesiodistal Direction)

Mean SD

Y
(Vertical Direction)

Mean SD

Z
(Transverse Direction)

Mean SD

R1L 1.64 0.78 1.15 2.13 48 �0.55 1.53 0.43 0.55 �0.22 0.60
L1L 1.75 0.83 1.23 2.26 48 �1.11 1.27 0.26 0.59 �0.34 0.73
R1M 1.02 0.73 0.57 1.47 71 �0.62 0.98 0.16 0.19 �0.03 0.48
L1M 1.26 1.01 0.63 1.88 81 �0.63 1.23 0.25 0.61 �0.04 0.60
R2L 0.79 0.36 0.57 1.01 45 �0.31 0.59 0.16 0.33 �0.02 0.48
L2L 1.04 0.53 0.71 1.37 51 �0.60 0.66 0.12 0.45 �0.13 0.65
R2M 0.60 0.25 0.45 0.75 41 0.05 0.35 0.16 0.45 0.03 0.31
L2M 0.55 0.24 0.40 0.70 43 �0.09 0.33 0.19 0.29 �0.12 0.36
R3L 0.59 0.27 0.42 0.76 46 0.08 0.35 0.19 0.36 �0.01 0.40
L3L 0.61 0.21 0.48 0.75 35 �0.23 0.27 0.02 0.34 �0.12 0.45
R3M 0.28 0.08 0.23 0.33 30 �0.04 0.16 0.14 0.13 0.05 0.16
L3M 0.37 0.13 0.29 0.45 34 �0.06 0.22 0.17 0.20 �0.03 0.23

a SD indicates standard deviation; CV, coefficient of variation; R1L, right first ruga lateral point; R2L, right second ruga lateral point; R3L,
right third ruga lateral point; R1M, right first ruga medial point; R2M, right second ruga medial point; R3M, right third ruga medial point; L1M,
left first ruga medial point; L2M, left second ruga medial point; L3M, left third ruga medial point; L1L, left first ruga lateral point; L2L, left second
ruga lateral point; L3L, left third ruga lateral point. Positive values indicate the mesial, extrusive, and lateral direction in the x, y, and z axes,
respectively.

imposed with best-fitting method on the three mini-
screws as stationary landmarks for superimposition
using the least-squares method. This superimposition
method was referred to as the miniscrew-superimpo-
sition method. The displacement of each palatal ruga
point from the initial to final dental casts was mea-
sured. To evaluate the direction of displacement the
coordination system of Cha et al1 was used.

The reproducibility of the method. To evaluate the
reproducibility of the method, impressions for 10 pa-
tients were taken twice on the same day, and 10 pairs
of dental casts were made. After the 3D images were
reconstructed, one ruga point was selected arbitrarily
and marked on the 3D images. Each pair of dental
cast images was superimposed on the miniscrews,
and the distance between respective rugae points was
measured. The mean error of the method was 0.29
mm (range � 0.19 mm to 0.55 mm; standard deviation
� 0.11 mm). Random error,12 calculated by the Dahl-
berg formula, was 0.22 mm.

Results

Displacement of the palatal ruga points from the ini-
tial to final dental cast images is presented in Table 1.
Displacements of the lateral points were larger than
those of the medial points for the first, second, and
third palatal rugae, respectively. Among the lateral
points of the palatal rugae, the largest amount of dis-
placement was observed for the first palatal rugae, fol-
lowed by the second palatal rugae; the third palatal
rugae showed the smallest amount of displacement.
The medial points of the palatal rugae also had the
same tendency as the lateral points of palatal rugae.

Mean displacement of the medial points of the third
rugae was smaller than that of the other ruga points
(Table 1). Also, the standard deviation and coefficient
of variation of the medial points of the third rugae were
the smallest. The direction and amount of displace-
ment of each ruga point in the x, y, and z axes are
also shown in Table 1. Interestingly, the rugae points
had a tendency to be displaced to the distal, extrusive,
and medial direction during the closure of extraction
spaces.

The scattergrams presented in Figure 3 show the
relationship between the displacement of the rugae
points and the central incisor movement. Displace-
ment of the first ruga point was increased as the cen-
tral incisor moved further. The slope of the regression
lines of the medial points of the third ruga was close
to zero, which indicates that these points were rarely
affected by the central incisor movement.

Figure 4 represents the 3D superimposing image of
the initial and final dental casts of a sample patient.
The contour of the anterior region of the palate located
adjacent to retracted anterior teeth was displaced dis-
tally, as shown in Figure 4B. The contour of the pos-
terior region of the palatal vault was not considerably
changed during closure of the extraction spaces, as
shown in sagittal and coronal sectional views of the
superimposing images (Figure 4B,C).

Discussion

By using three miniscrews as stationary landmarks
for superimposition, we could evaluate the stability of
each palatal ruga point during the closure of extraction
spaces. The third rugae points, which were located
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Figure 3. Scattergrams of the central incisor movement versus displacements of the rugae points. Regression lines were drawn and the
equations with correlation coefficients (r) were determined.

farther from the retracted anterior teeth were more sta-
ble than the first and second rugae points. This result
supports the earlier study by van der Linden,13 which
noted that the closer the ruga point is located to the
displaced teeth, the more the ruga point will be af-
fected. In addition, there was a tendency for medial
ruga points to be displaced less substantially than lat-
eral ruga points. The medial points of the third palatal
rugae were the least influenced from the tooth move-
ment (Table 1).

The amount of tooth movement may affect the sta-
bility of the palatal rugae.9 As presented in Figure 3,
the displacement of the ruga points increased gradu-
ally as the tooth moved farther. The medial points of
the third rugae seemed not to be affected, because no
increase in the displacement was found in the medial
points of the third palatal rugae.

The reproducibility of the method was estimated by
measuring two different dental casts taken twice from
the same patient instead of repeatedly measuring a
single cast. The mean error of the method was 0.29
� 0.11 mm, which may be due to the dimensional
change of impression material, thermal expansion of
dental casts, and human error when marking the ruga
points on 3D images and performing superimposition
on the miniscrews as registration landmarks. The
mean displacement of the medial points of the right
and left third rugae, which were 0.28 mm and 0.37

mm, respectively, are not considered actual displace-
ment, but error of the method.

Therefore, our results lead us to conclude that the
medial points of the third rugae are stable enough to
be used as landmarks for superimposition of dental
casts. Our findings support the earlier reports10,14 that
suggested the possibility of using the medial points of
the third palatal rugae as reference points for assess-
ing orthodontic tooth movement. The superimposing
images using the miniscrew superimposition method
also showed that the posterior region of the palatal
vault is least affected by tooth movement (Figures
4B,C).

EXPERIMENT 2: ESTABLISHMENT OF THE 3D
SUPERIMPOSITION METHOD

Materials and Methods

The 3D images of serial dental casts for each pa-
tient were superimposed without using the three min-
iscrews as registration landmarks. Instead, the follow-
ing superimposition landmarks were identified on the
3D images (Figure 5):

• Point A: the midpoint on the line connecting the me-
dial points of the right and left third palatal rugae.

• Surface B: the surface of the palatal vault surround-
ed by two transverse and two anteroposterior lines.
One of the transverse lines is 10 mm away distally
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Figure 4. Superimposed images of the initial (white) and final (yel-
low) dental casts registered at three miniscrews for a sample patient.
Outlines of the roots of the right central incisor and bilateral first
molars are depicted with dotted lines. (A) Occlusal view of the 3D
image. (B) Sagittal sectional view at the level of the maxillary right
central incisor. The contour of the anterior region of the palate dis-
placed distally (red arrows). R1M, right first ruga medial point; R2M,
right second ruga medial point; R3M, right third ruga medial point;
C, coronal sectional view at the level of the first molars.

Figure 5. Landmarks for superimposition of dental casts. Point A
and surface B were constructed from the right and left third ruga
medial points (R3M and L3M, respectively) and the surface of the
palatal vault. 1, 2 indicates the lines in contact with the palatal gin-
gival margins of the posterior teeth bilaterally; 3, the line in contact
with the distal surfaces of the bilateral maxillary second molars.

from the third palatal rugae, and the other is 5 mm
away mesially from the line in contact with the distal
surfaces of the bilateral maxillary second molars. On
the palatal side, the anteroposterior lines are 10 mm
from the lines in contact with the palatal gingival
margins of the posterior teeth bilaterally.

Registered at point A, the surface B of the subse-
quent dental cast was best-fitted to that of the initial
dental cast using the least-square method. This su-
perimposition method was referred to as ruga-palate-
superimposition method.

The midpoints of the right central incisor edges were
marked on the initial and final dental casts, and su-

perimposition was performed using the miniscrew-su-
perimposition method and the ruga-palate-superim-
position method. Displacement of the midpoint of the
right central incisor edge was measured, and corre-
lation analysis and paired t-test were performed to de-
termine whether a significant difference existed be-
tween the measurements according to the two super-
imposition methods. The null hypothesis was that the
difference between the measurements of the two su-
perimposition methods was zero. P � .01 was consid-
ered statistically significant.

The reproducibility of the superimposition method.
To evaluate the reproducibility of the miniscrew-su-
perimposition method and the rugae-palate-superim-
position method, the initial and final dental cast images
of 10 patients were superimposed five times and the
displacement of the midpoints of the right central in-
cisor edges was measured. The reproducibility, ex-
pressed as the intraclass correlation coefficient, was
0.997 for the miniscrew-superimposition method and
0.998 for the ruga-palate-superimposition method,
which indicates that the two superimposition methods
were successfully reproduced.

Results

Descriptive statistics of the measurements using the
miniscrew-superimposition method and the ruga-pal-
ate-superimposition method are presented in Table 2.
The displacement of the central incisor measured by
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Figure 6. The 3D superimposing image of maxillary dental casts before (white) and after (yellow) orthodontic treatment for a sample patient
by means of the ruga-palate-superimposition method. The axes (blue solid lines) and the outlines of the roots (dotted lines) of the central
incisor and the first molar are depicted. (A) Occlusal view; (B) Lateral view from the right side; (C) Coronal sectional view at the level of the
maxillary first molars; (D) Sagittal sectional view of the maxillary central incisor and the first molar on the right side.

Table 2. Displacement of the central incisors measured on the su-
perimposing images by means of the miniscrew-superimposition
method and the ruga-palate-superimposition methoda

Method Mean (mm) SD r t P

Miniscrew-superimposition 3.22 1.94 0.99 1.21 0.26
Ruga-palate-superimposition 3.14 2.04

a SD indicates standard deviation.

the ruga-palate-superimposition method was not sig-
nificantly different from that measured by the mini-
screw-superimposition method (P � .01, paired t-test).
The Pearson correlation coefficient between the mea-
surements obtained using the two superimposition
methods was 0.99.

Discussion

Based on the experiment 1, which showed that the
medial points of the third palatal rugae and the pos-
terior region of the palatal vault are stable throughout
the closure of the extraction spaces, we performed a
superimposition using these areas as registration land-
marks in experiment 2. The displacement of the cen-
tral incisor measured using the ruga-palate-superim-
position method was not significantly different from
that measured using the miniscrew-superimposition

method (Table 2), which indicated that maxillary dental
casts can be superimposed reliably using the ruga-
palate-superimposition method. Consequently, the 3D
superimposition method can even be applied to pa-
tients who are not candidates for using skeletal an-
chorage such as miniscrews. This superimposition
method is available, not only as an additional tool of
cephalometric radiographs but also as a principal
method for determining progress of treatment using
dental casts taken at required intervals during the
treatment (thus avoiding unnecessarily exposing the
patients to radiation). Furthermore, the 3D evaluation
of orthodontic tooth movement, such as the changes
in angulation of the posterior teeth and the central in-
cisors, which was not possible with cephalometric su-
perimposition, can now be accomplished using this su-
perimposition method of dental casts.

The 3D images cannot be superimposed only on the
right and left medial points of the third rugae as reg-
istration landmarks, because more than three registra-
tion points are required to establish an individually
specific 3D coordinate system for conducting 3D su-
perimposition. To overcome this problem, we used the
posterior region of the palatal vault, together with the
medial points of the third palatal rugae, to construct
landmarks for superimposition; thus, we could suc-
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cessfully superimpose dental casts with high accura-
cy. The use of the palatal vault area alone to obtain
registration landmarks is also considered undesirable.
This area has insufficient shape characteristics; as a
result, the registration rotates from its true registration
position.

The samples in the present study were obtained
from patients who were not expected to have an ap-
parent growth. The height and breadth of alveolar pro-
cesses of children increase with craniofacial growth,15

and the shape or direction of rugae can possibly
change.2,16 Thus, there is a limitation in applying this
superimposition method to the dental casts of growing
children.

Clinical application. To demonstrate a clinical appli-
cation of the developed 3D superimposition method,
we selected one sample patient, a 24-year-old woman
who underwent orthodontic treatment with extraction
of maxillary first premolars and in whom no skeletal
anchorage, such as miniscrews, was used. Maxillary
dental casts taken before and after treatment were su-
perimposed according the ruga-palate-superimposi-
tion method. As presented in Figure 6, the displace-
ment of individual teeth during orthodontic treatment
could be visualized in three dimensions. The displace-
ment of the central incisors, as measured by the dis-
tance between the midpoints of their edges, was 5.9
mm (right), 5.6 mm (left). The displacement of the first
molars, as measured by the distance between the me-
sial contact points, was 3.7 mm (right), 4.4 mm (left).
We projected the bilateral maxillary first molars onto
the coronal plane (Figure 6C) and calculated the
change in angulation. The crown of the right first molar
tipped palatally by 1.0�, and that of the left first molar
tipped palatally by 3.5� during treatment. The axis of
the central incisor projected on the sagittal plane was
retroclined by 19� during treatment (Figure 6D).

CONCLUSIONS

• The medial points of the third palatal rugae are sta-
ble enough to be used as landmarks for superim-
position of maxillary dental casts.

• The maxillary dental casts can be superimposed re-
liably using the medial points of the third rugae and
the palatal vault for constructing landmarks for su-
perimposition.
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