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SUMMARY

Introduction/Objective Digital 3D modeling is slowly becoming an everyday orthodontic practice, and
after two decades of research and development it is a basic element of e-orthodontics.

The aim of this study was development and use of geometric entities on 3D digital models for diagnos-
ing, planning and monitoring of orthodontic therapy, by using CAD (computer aided design) systems.
Methods Statistical analysis and synthesis of 54 orthodontic parameters (28 in the upper and 26 in the
lower jaw), defining three hypotheses and their testing, the application of the t-test.

Results All three hypotheses are confirmed, convenience of using geometric entities, higher accuracy of
3D digital models, and more substantial displacement of teeth in the first six months of therapy (Student’s
t-test). After the first six months, distances in the x-y plane (occlusal plane) were bigger in both the upper
and the lower jaw; additionally, the distances in the y-z plane (medial plane) decreased on the left and
right side, so we can say that the first phase of therapy had success and that both jaws are wider. At the
next four controls, parameters showed slight progress that was not statistically significant. Overall, after 11
months of therapy, there was a considerable improvement in the x-y plane, while changes in distances of
clinical crown heights were very small. This could be explained by the fact that, during therapy, by using
different arches, upper molars were pushed inside, toward the palate. Analyzing 3D computer models,
we could notice that in this plane displacement of the upper left first molar was larger.

Conclusion The use of geometric entities for defining orthodontic parameters gives us new possibilities

for accurate and reliable analysis of patient’s orthodontic condition.
Keywords: orthodontics; 3D modeling; diagnosis; therapy

INTRODUCTION

Research of development and use of 3D digi-
tal models in orthodontics have been going on
for almost two decades [1]. There are two ap-
proaches today [2-5]. The first is the use of
specialized software for orthodontics (Ortho
CAD and others), developed by producers of
dental equipment for generating 3D models
and their analysis. Their basic characteristic
is standardized use in already defined proce-
dure, which puts the user in position of various
constraints in using the system itself, and that
means narrowed scope of research problems in
applying and modeling. The second approach is
the use of software for general purpose in CAD
modeling (ProEngineer, CATIA, Siemens NX,
and others), which are, primarily developed for
engineering modeling, but can also be used in
orthodontics. Their advantage is that they do
not limit users in any way, but the disadvantage
is that users must know how to use them, which
could be an additional challenge for dentists.

At the beginning of the development and
application of 3D modeling, the first approach
was dominant, and today the second approach
is used much more, and is applied in the study
presented in this paper [2, 6].

Today, 3D modeling has found its wide ap-
plication in orthodontics: (i) general model of

application, at the beginning of development
of 3D models (laser scanning, space analysis
by using computers, diagnosis and planning of
orthodontic therapy, Bolton analysis by using
3D models) [1, 7-10]; this approach was pres-
ent by the first decade of the 21st century, and
since then, thanks to the development and ap-
plication of ICT technologies in orthodontics,
today we have the additional areas of applica-
tion of 3D modeling; (ii) analysis and synthe-
sis of orthodontic parameters on digital and
plaster models (accuracy, repeatability, valida-
tion, reliability, etc.)[2, 11-18]; (iii) occlusion
analysis, planning and following orthodontic
therapy using 3D models [19-27], and (iv)
analyzing teeth displacement by 3D models of
reverse engineering [24].

Our research presented in this paper is re-
lated to the second and third part of the ap-
proach to the development and application of
3D computer models in orthodontics.

Defining orthodontic parameters, in order
to establish orthodontic diagnosis and follow
orthodontic therapy by using 3D digital com-
puter models, is performed according to a pro-
cedure similar to the one shown in Figure 1.

The purpose of this paper is to determine
geometric entities (GEs) which are used to de-
fine orthodontic parameters, and then to use
them to establish the diagnosis and to plan
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Figure 1. Flowchart of the formation of orthodontic therapy by 3D
digital models

orthodontic therapy. The novelty in our research is the use
of GEs as a tool for 3D modeling [4]. The whole concept is
tested on 54 orthodontic parameters that were monitored
during one year. Scanning was done on an ATOS scanner
(GOM GmbH, Braunschweig, Germany), accuracy under
10 micrometers, and 3D modeling was done using PLM
NX10 Software (Siemens PLM Software, Plano, TX, USA).

For defining orthodontic parameters on 3D digital
models we used original approach, which is based on GEs:
basic, derived, and anatomical [4]. The first group consists
of points (coordinates), lines, axes, and curved lines. They
refer to both tooth and the jaw. Derived GEs are the origin,
the coordinate axes, and coordinate plane [occlusal (x-y),
medial (y-z), and tuber (z-x) plane], and just like in the
previous case, they are related to tooth and/or jaw, and
anatomical entities — points, curve lines, and surfaces - as
a rule relate to the tooth.

Finally, this study describes GE application through
planning and monitoring of orthodontic treatment, but
with determined values of tooth position movements (the
study introduced translation in three planes, and along
three axes; rotation will be included in some of the stud-
ies to follow), as well as the results of the treatment. Sub-
ject and aim of the study are GEs and their application
on a concrete example, building a personal e-orthodontic
model.
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METHODS

Starting from the well-known facts pertaining to a new
way of defining orthodontic parameters, i.e. through GEs,
characterized by (i) the unambiguous way of presenting
(always defined in the same way in global coordinate sys-
tem — GCS), (ii) determined in more precise way (always
at the same point for each control), and (iii) more accurate
measuring (up to one tenth of a micrometer, or one ten
thousandth of a meter), which is two or three classes more
precise than the conventional way of measuring in ortho-
dontics, we can define the following hypotheses:

H1: GEs (basic, derived, anatomical) are an advanced
method of defining orthodontic parameters;

H2: This way of defining, following, measuring, and analyz-
ing orthodontic parameters can provide more accurate results
in defining, diagnosing, and monitoring of orthodontic therapy;

H3: Values of standard deviations of orthodontic param-
eters which we monitored (28 for the upper and 26 for the
lower jaw) are greater in the first six months of the therapy
than in subsequent six months.

These researches are based on defining all kinds of
orthodontic parameters, which are in connection with
orthodontic planes [4, 28].

In the occlusal plane (x-y plane) we defined, measured,
followed, and analyzed the following parameters of the
upper/lower jaw:

1. Inter-canine distance; measured as distance between:

(1) Occlusal cusps of the upper canines (G1);

(2) Occlusal cusps of the lower canines (D1);

2. Inter-premolar distance; measured as distance be-

tween:

(1) Tips of buccal cusps of the upper and lower first
and second premolars (G2, D2, G3, D3);

(2) Tips of palatal cusps of the upper first and second
premolars (D4, D5, G4, G5);

(3) Tips of lingual cusps of the lower first premolars
(G4, G5);

(4) Tips of mesial lingual cusps of the lower second
premolars;

3. Inter-molar distance; measured as distance between:

(1) Tips of mesial palatal cusps of the upper first
molars (G6, G8);

(2) Tips of mesial buccal cusps of the upper first mo-
lars (G5, G7);

(3) Tips of mesial lingual cusps of the lower first
molars (D8);

(4) Tips of distobuccal cusps of the upper and lower
first molars.

In the medial plane (y-z plane) the following param-
eters were defined: in the upper arch, the distance from
the tip of mesial palatal cusp of the upper second molar to:

(1) The tip of mesial palatal cusp of the upper first
molar (G9, G14);

(2) The tip of palatal cusp of the upper first and sec-
ond premolar (G10, G11, G15, G16);

(3) The tip of cusp of the upper canine (G12, G17);

(4) The mesial incisor edge of the upper lateral inci-
sor (G13, G18).
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D26 D21

Figure 3. Orthodontic parameters for the occlusal plane (a), medial plane (b), and tuber plane (c) on the lower jaw - 26 in total

These parameters were measured on both sides of the
upper dental arch. In the lower dental arch, the distance
was measured between the tip of mesial lingual cusp of the
lower second molar and:

(1) The tip of mesial lingual cusp of the lower first
molar and second premolar (D9, D14);

(2) The tip of lingual cusp of the lower first premolar
(D10, D11, D15, D16);

(3) The tip of cusp of the lower canine (D12, D17);

(4) The mesial incisor edge of the lower lateral inci-
sor (D13, D18).

Finally, for the tuber plane (z-x plane), the following
parameters were defined: clinical crown height of all teeth,
in the upper and lower dental arches, from the second
premolar to the second premolar, including them, mea-
sured as distance between the tip of cusp for posterior teeth
(point on the middle of incisor edge for frontal teeth) and
the point of maximum concavity of gingival line on the
labial surface. The parameters defined for the upper jaw
are G19 to G28, and D17 to D26 for the lower jaw.

Because brackets were placed on teeth, there was dif-
ficulty determining clinical crown height on teeth. Also,
we noticed some defects in plaster models, which made
marking parameters difficult, especially on the gingival
line. Thus, we decided to monitor clinical crown height
from the inside, i.e. from the lingual and palatal side. Al-
though these displacements are smaller than the ones from
the outside, they were taken into consideration so as not
to lose the parameters in the z—x plane.

Examples of defining all parameters for all three orth-
odontic planes are shown in Figures 2 and 3. For the upper
jaw, 28 parameters are shown (Figure 2). For the lower jaw,
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26 parameters are shown (Figure 3). In this way, the study
included a total of 54 parameters by which we can track a
patient’s orthodontic condition in an unambiguous manner.

RESULTS

At the first inspection of patient NN, there was a correla-
tion between the upper and the lower jaw in the third class
by Angle, along with the missing first lower molar on the
left side and second lower molar on the right side [25]. In
the upper jaw, all teeth were present. By measuring param-
eters and analyzing plaster models, it was concluded that
the best solution for the patient was to combine orthodon-
tic and surgical therapy. This means that, after receiving
approval from the maxillofacial clinic, we put in the upper
and lower fixed appliances, which were to be worn for
about one year, and controlled every four weeks. Surgical
treatment was to be done on the lower jaw, which is more
developed than the upper one. The procedure consists of
shortening the upper jaw to the level where we can reach
satisfactory relationship of upper and lower teeth. Because
of the missing first molar on the left, the bracket was at-
tached to the second molar on the same side.

Analysis showed the lack of space in both jaws for plac-
ing the teeth in the right position. Situation was less favor-
able in the lower jaw, because we already had two missing
teeth, so extraction was expected as the solution. In the
upper jaw, we decided to solve the space problem without
extracting teeth, despite the lack of space. We evaluated
that a fixed appliance could give us enough space for plac-
ing all the teeth in one proper dental arch.

www.srpskiarhiv.rs ‘
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In the upper jaw, both lateral incisors were placed more
palatal in relation to other teeth. Also, the lack of space was
noticed in the frontal region, so the arch had a sharpened
look. In the lower jaw, the only visible problem was partial
rotation of lower left second premolar. By rotating this
tooth, more space for better placing of other teeth in the
lower jaw is obtained.

DISCUSSION
Analysis of control - hypotheses 1 and 2

At first control, after reviewing the results, some differ-
ences between all the parameters were noticed. The dif-
ferences were not significant, as expected; given that the
first month the thinnest nitinol wire was ligated. The first
six months of therapy is the leveling period, i.e. the period
when teeth are arranged in a better position in the dental
arch. All subsequent displacement, such as closing spaces
and the like, are done in later phases of the therapy. As
teeth tend to get back to their old positions, so it was no-
ticed that values of some parameters were lower than on
the initial model. The biggest differences in the x—y plane
in the upper jaw were noticed in the distance between the
tips of palatal cusps of first premolars, and in the lower jaw
between the tips of lingual cusps of the same lower teeth
(1.5 and 1.2 mm, respectively).

As for the distance in the y-z plane, there was less dis-
placement - less than 1 mm - which is particularly evi-
dent in the lower jaw. Some distances were even smaller,
because side teeth have the tendency to change their loca-
tion mesially.

The smallest differences (smaller than one tenth of a
millimeter) were seen by comparing clinical crown height
at the first control. Since the lower lateral incisors were
damaged, the heights of the clinical crowns on the master
model are not taken into account, due to the impossibility
of setting parameters to the incisor edge. Similar problem
was identified on the upper jaw, but the damage did not
affect the precise placement of points on the incisor edge.

Table 1 gives an overview of the analyzed parameters
(shown in Figure 2) for all 11 controls (including the mas-
ter model), of the upper jaw. The same review of these
parameters (Figure 3) for the lower jaw is given in Table 2.

The second control brought an increase in the values
of five of eight parameters in the upper jaw in the x-y
plane. Only the distances between the first molars recorded
lower values. This happened because the arch led to the
displacement of molars inward, leading to a reduction of
the distance. The lower jaw also had a decrease in the value
of half of the monitored parameters, all in the region of
canine and premolars, which means that the mentioned
teeth moved toward the palate.

The distances in the y-z plane in the upper jaw recorded
an increase on both the left and the right side. The differ-
ences were minimal, but, unlike at the first control, they
were visible in almost all parameters. Half of the param-

doi: 10.2298/SARH151207011M

Majstorovic¢ NV. et al.

eters in the lower jaw recorded a slight increase, while the
other half showed lower values.

What is still more interesting is that the height of the
clinical crown of the teeth recorded an increase in value for
all teeth in both the upper and the lower jaw. That could be
explained by wire influence on teeth during the first phase
of leveling, where, among other things, teeth leveling in
regard to height occurs.

After three months of therapy, at the second control, all
values in the x—y plane were higher, except for two distanc-
es in the molar region, which recorded a slight decrease.

The fourth month brought differences in distances in
the x-y plane in all parameters, except that the differences
were smaller than at the first two controls. The differences
were noted on the second and third decimal place. These
changes were not very significant as teeth in this phase
of the therapy are still in the process of leveling in the
vertical and horizontal plane. The height of the clinical
crown of the teeth had even smaller values than at the first
three controls, which means that the teeth were lower in
the horizontal plane. These differences are still small and
not very significant. All this is important because these
displacements don’t jeopardize the stability and vitality
of the teeth.

After processing the results at the fifth control, the sig-
nificant fact was that all parameters in the lower jaw in all
three planes in space had increased. Despite the tendency
of teeth to return to their original position, all values were
higher compared to the previous control and in relation
to the master model.

After the first six months, it was observed that the
values of the distance in the x-y plane in the upper and
lower jaw had increased, and that in addition there was a
decrease in the distance in the y-z plane at both the left
and the right side. All this leads to the conclusion that the
tirst phase of treatment was successfully completed and
that there was an expansion in the width of both jaws.

At the following four controls, the parameters generally
showed a slight increase, which was not statistically sig-
nificant. Generally, after ten months of treatment, progress
was evident in the x—y plane, while the smallest change
is seen in the height of clinical crowns of teeth. Distance
decreasing in the x-y plane was noticeable in the distances
between the molar cusps in the upper jaw. The explanation
might be found in the fact that during therapy, application
of certain arches, the upper molars were moved inside,
toward the palate. By looking at 3D digital models, it is
possible to notice greater displacement of the upper left
molars in this plane.

Possibilities of defining a new model of gnathometric
analysis, given that we are able to use 12 different elements
(points, lines, planes, curves, curved surfaces, etc.), includ-
ing particularly curves and curved surfaces, which pose
a great challenge to the field of orthodontics and give it
numerous possibilities (e.g. monitoring changes in teeth
positions through multi-leveled intersections or under dif-
ferent angles depending on patients’ orthodontic status,
and in respect of the GCS of the jaw.
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Table 1. Review orthodontic parameters for the patient’s upper jaw (all values are in millimeters)

Controls
Plane Master

1 2 3 4 5 6 7 8 9 10

G1 32.01 31.53 31.98 32.85 32.77 33.49 34.92 34.66 35.27 35.65 35.63
G2 37.32 37.58 39.05 39.55 40.97 41.38 42.80 43.60 43.54 45.15 44.96

_ G3 44.48 44,95 45.07 45.79 46.10 46.76 47.70 48.34 48.82 49.32 49.8
§ G4 25.83 27.34 28.67 28.93 29.72 30.61 31.74 3248 32.74 33.49 33.95
g G5 33.96 34.37 35.02 35.21 35.51 359 36.49 37.28 37.53 37.79 38.30
G6 52.18 52.00 50.98 51.48 50.41 50.53 50.68 51.06 50.94 51.92 51.63

G7 57.22 55.05 54.53 54.03 53.5 53.58 53.45 53.77 53.11 54.10 5441

G8 44.65 43.70 42.81 42.57 41.87 41.84 41.75 42.03 4217 42.03 42.24

G9 11.80 11.00 11.30 11.40 10.84 11.03 10.98 11.30 11.33 11.54 11.38

G10 19.40 18.99 1933 19.60 18.82 19.22 19.05 19.27 19.59 19.21 19.70

G11 28.01 27.49 27.59 27.66 26.99 27.46 27.18 27.25 27.52 27.02 27.34

G12 36.22 3555 35.90 35.25 35.13 36.15 35.93 36.1 36.37 35.68 36.07

g G13 39.34 40.31 40.21 41.07 39.60 40.46 40.05 40.29 40.59 39.51 41.23
g G14 11.8 11.15 11.25 11.34 11.04 11.28 11.05 11.05 11.33 11.26 11.62
G15 19.99 19.24 19.26 19.44 19.36 19.40 19.32 19.41 19.28 19.93 19.73

G16 28.33 27.08 27.31 27.33 27.34 27.24 27.03 27.09 27.00 27.30 27.10

G17 3543 35.10 35.09 35.46 3545 3534 35.24 35.51 34.96 35.63 35.76

G18 38.41 39.08 40.41 40.62 4043 40.24 39.99 39.96 39.63 40.06 40.46

G19 6.68 6.72 6.90 6.91 6.81 6.96 6.95 6.83 6.65 6.61 6.91

G20 6.14 6.30 6.54 6.42 6.36 6.55 6.50 6.47 6.27 6.62 6.67

G21 8.74 8.99 9.32 8.89 8.97 9.48 9.39 9.46 9.27 9.56 9.48

G22 8.90 9.03 9.68 9.65 9.05 9.7 10.02 9.66 9.63 9.90 10.09

g G23 9.35 9.57 9.52 9.76 9.68 10.32 10.12 9.71 10.02 9.94 9.64

2 | G4 7.08 6.56 7.14 6.95 6.64 6.96 6.93 6.98 6.80 6.90 7.07

G25 6.57 6.54 6.80 6.57 6.44 6.71 6.77 6.55 6.32 6.60 6.56

G26 8.90 9.28 9.19 9.38 9.23 9.22 9.43 9.38 9.24 9.61 9.29

G27 9.46 9.03 9.91 10.10 9.91 10.23 10.15 10.27 9.81 9.95 10.09

G28 9.66 10.23 10.36 9.88 9.91 10.51 10.63 10.41 10.33 10.40 10.29

Table 2. Review orthodontic parameters for the patient’s lower jaw (all values are in millimeters)
Controls
Plane Master

1 2 3 4 5 6 7 8 9 10
D1 26.13 26.07 26.00 26.40 26.63 2691 27.25 25.72 24.97 25.74 25.83
D2 35.46 35.81 35.88 36.58 36.53 37.33 37.89 39.17 38.60 38.95 39.12
D3 43.46 44.01 45.44 45.93 45.95 45.90 46.29 46.67 47.33 46.48 47.06
Occlusal D4 29.93 29.92 29.67 30.32 29.90 30.36 31.09 31.54 31.60 3143 32.01
D5 39.94 41.14 40.56 39.84 40.05 39.76 40.17 40.51 40.20 40.27 40.73
D6 52.22 53.10 53.06 52.90 52.98 52.47 52.77 53.12 52.46 52.23 52.70
D7 54.49 55.30 55.51 55.08 55.32 55.19 55.69 55.38 55.29 55.46 55.76
D8 46.62 47.35 47.85 47.53 47.57 46.95 47.26 47.46 47.43 47.32 47.69
D9 11.29 10.79 11.45 11.79 11.97 12.16 12.13 12.42 12.50 12.08 12.36
D10 21.36 21.16 21.17 21.26 21.87 21.91 22.10 21.78 22.12 21.43 21.35
D11 29.74 29.40 29.05 29.36 29.15 29.32 29.52 29.65 30.12 29.01 28.95
D12 3291 33.35 33.24 32.99 33.08 33.34 3340 32.72 33.37 32.75 32.86

Medial D13 4.78 5.16 6.09 6.05 7.31 7.14 7.63 8.31 8.39 8.01 7.69
D14 14.56 15.13 15.75 14.77 15.35 15.31 15.76 16.15 16.4 16.70 16.48
D15 23.29 23.74 23.45 22.32 23.02 22.70 23.71 23.93 24.77 24.84 25.04
D16 27.26 28.02 27.49 26.79 27.65 27.11 27.67 27.42 27.90 27.93 28.15

D17 497 5.19 5.25 5.44 5.49 5.28 5.19 5.35 5.59 5.23 5.52

D18 5.40 5.28 5.5236 5.31 5.49 5.30 5.58 5.48 5.34 5.35 5.65

D19 9.94 9.42 10.11 10.09 9.99 9.78 10.03 9.76 9.61 9.52 9.75
D20 * 10.09 10.33 10.12 8.71 9.96 10.04 10.05 9.81 9.96 10.23

D21 8.83 8.80 9.12 9.05 8.93 8.95 8.98 8.94 8.95 8.74 9.10

Tuber D22 4.55 4.55 4.66 4.64 4.85 4.68 478 5.00 478 4.78 5.16
D23 4.53 5.01 4.72 4.58 4.86 4.74 4.95 4.80 4.93 4.88 4.48
D24 9.98 9.99 10.35 10.07 10.07 9.80 10.17 10.00 9.80 10.15 10.36

D25 * 8.41 10.27 9.99 9.84 9.71 9.81 9.91 9.66 9.67 9.93

D26 8.96 9.04 9.30 9.02 8.96 8.98 9.07 8.83 8.60 8.84 9.18

* Could not be measured on all models, because of the damage on some samples
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Table 3. Review of standard deviation (SD) parameters for the patient’s
upper jaw (parameters of SD dimensions are in millimeters)

No. | Upper jaw parameters SD (1-5) SD (6-10)
1 G1 0.69 0.39
2 G2 1.37 0.90
3 G3 0.68 0.73
4 G4 1.09 0.78
5 G5 0.51 0.59
6 G6 0.59 0.46
7 G7 0.58 0.46
8 G8 0.69 0.17
9 G9 0.21 0.18
10 G10 0.27 0.24
1 G11 0.23 0.17
12 G12 0.38 0.23
13 G13 047 0.57
14 G14 0.10 0.21
15 G15 0.07 0.25
16 G16 0.09 0.10
17 G17 0.16 0.29
18 G18 0.55 0.26
19 G19 0.09 0.13
20 G20 0.09 0.14
21 G21 0.23 0.09
22 G22 0.33 0.18
23 G23 0.29 0.18
24 G24 0.21 0.06
25 G25 0.13 0.14
26 G26 0.06 0.13
27 G27 0.42 0.16
28 G28 0.25 0.11
n 28/15 28/13
Average 0.3879 0.2979
SD 0.3150 0.2271
t (mathematical) = 0.0119 / for mutually dependent samples

Occlusal plane - G1/G8; medial plane - G9/G18; tuber plane - G19/G28

Due to GEs, the model mentioned above provides us
with absolute accuracy, given that parameters are measured
(defined) with precision of 0.00001 mm. In this case, the
comparison of our 3D digital model and manual measure-
ments of the same parameters were needless, given that
values of both measurements are expressed in 0.001 mm,
so it would be needless to analyze/compare the same range
of values since the accuracy depends only on interpreted
results (i.e. random variable), and not on true values of
orthodontic parameters. In the 3D digital model (GE mod-
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el) in our case, this issue concerning accuracy is solved, as
shown in the work, through H2 hypothesis.

This analysis shows that both H1 and H2 were verified
from the aspect of GE and accuracy of the results.

Hypothesis 3 testing

Testing of H3 is based on the use of parametric Student’s
t-test for dependent samples. We performed measurements
of all parameters on 10 samples, 28 parameters for the up-
per jaw, and they were statistically processed. Parameters
of standard deviation for one half of a year were calculated.
Values are presented in Table 3.

Hypothesis H3 testing for the upper jaw was done for
three levels of significance (95% - 0.05, 99% - 0.01, and
99.9% - 0.001) as shown in Table 4.

Based on the results in Table 4, we conclude that H3 is
accepted as true, for all three levels of significance — which
confirmed the null hypothesis H3 each time, which in this
case means that the “effect” of tooth displacement in their
leveling in the upper jaw was more evident in the first six
months in relation to subsequent six months.

We performed measurements for the lower jaw on 10
samples, 26 parameters, as well as their statistical analysis.
The parameters for standard deviation for one half of a
year were calculated. The values are presented in Table 5.

As for the upper jaw and lower jaw, H3 testing was done
for three levels of significance (0.05, 0.01, and 0.001) and
the results, presented in Table 6, lead us to conclude that
H3 is accepted as true, for all three cases.

Due to the set of orthodontic parameters, the approach
presented in this study enables orthodontic analyses for
individual patients — personalized e-orthodontics. We sta-
tistically treated a set of parameters (54 in total, which we
can define according to need - depending on a particular
case), along with sets of dental imprints for an individual
patient during one year (in this specific case, this period
proved to be long enough) for both jaws - period of time
proved to be relevant to make valid conclusions. Also, we
applied Student’s t-test to the patient concerning previously
mentioned sets of dental imprints and analyzed the param-
eters. In this way, we wanted to show that it makes sense
to present a case for personalized orthodontic approach.
We have not, as one usually does, analyzed various demo-
graphics (sex, age, etc., or a specific orthodontic problem),
since thit was not in accordance with our concept. In the

Table 4. Review of t-test parameters for the patient’s upper jaw for three levels of significance

Data analysis for case 1 (95% — 0.05), 2 (99% — 0.01), and 3 (99.9% - 0.001)

Pg 95% 99% 99.9% Theoretical value Notice
Alfa 0.05 0.01 0.001

t (mathematical) / (95% - 0.05) 0.0119 < 2.0518 Comparison
t (mathematical) / (99% - 0.01) 0.0119 < 2.7707 Comparison
t (mathematical) / (99.9% - 0.001) 0.0119 < 3.6896 Comparison

Case 1 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant

Case 2 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant

Case 3 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant

doi: 10.2298/SARH151207011M
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Table 5. Review of standard deviation (SD) parameters for the patient’s
lower jaw (parameters of SD dimensions are in millimeters)

No. pL;’r‘;V;' lee";’S SD (1-5) | SD (6-10) Notice
1 D1 0.34 0.74
2 D2 0.55 0.28
3 D3 0.74 0.38
4 D4 0.26 0.29
5 D5 0.52 0.21
6 D6 0.23 0.27
7 D7 0.14 0.18
8 D8 0.29 0.15
9 D9 0.48 0.16
10 D10 0.34 0.32
11 D11 0.13 0.43
12 D12 0.14 0.39
13 D13 0.79 0.31
14 D14 0.32 0.33
15 D15 0.51 0.53
16 D16 0.43 0.25
17 D17 0.11 0.15
18 D18 0.10 0.12
19 D19 0.26 0.17
20 D20 * * Damaged sample
21 D21 0.1 0.12
22 D22 0.09 0.15
23 D23 0.14 0.17
24 D24 0.17 0.19
25 D25 * * Damaged sample
26 D26 0.12 0.20
n 24/9 24/15
Average 0.3069 0.2713
SD 0.2034 0.1466
t (mathematical) = 0.4082 / for mutually dependent samples

Occlusal plane - D1/D8; medial plane - D9/D18; tuber plane - D19/D26

case of our patient, statistics showed different variations
for the first six months of the treatment in relation to the
second six months, which was H3. This enables us to make
positive conclusions, which we did. It is important to stress
that we performed statistical data treatment for various
time intervals (two, three, four, five, and six months), and
the period of six months proved to be relevant for the
comparison.

We can finally say that we obtained the same result for
the lower jaw and all three levels of significance; thus, every

time H3 was confirmed, which in this case means the same
as for the upper jaw, the “effect” of teeth moving during
their leveling in the upper jaw was more evident in the
first six months of therapy then in the second six months.

CONCLUSION

The distances in the y-z plane marked a slight increase,
which did not exceed a few tenths of a millimeter. The only
major difference is noticeable in the distance between the
second upper molar and lateral incisors, on both the right
and the left side. At the beginning of the therapy, visible de-
fect in the upper jaw was the position of the lateral incisors
towards the palate, i.e. their palatal position. During the
therapy we got a significant improvement in correction of
their position. After ten months, both teeth were brought
to a much better position in the dental arch.

In the lower jaw, differences were noticed in the dis-
tances on the right side. The distance on the left side did
not change significantly. In explaining the changes on the
right side we can take into consideration the lack of the
tirst lower right molar, and the existence of space between
the second molar and the second premolar. This space was
not closed, but was somewhat used for placing teeth in
frontal region in the correct place. During the ten months
of therapy, the space was reduced, but not to a significant
extent. The agreement with the patient was to preserve that
space, so that it could be used for a prosthetic restoration
of the missing tooth at a later time (after the completion
of the therapy).

In the course of treatment there was displacement of
teeth in the vertical direction along the z—x plane. As these
displacements occur during therapy, they are not supposed
to be significant. The results proved this. The differences
are noted only on the second or third decimal place. Dam-
age of lateral incisors at the lower master model enabled
us to have values of clinical crown height at the beginning
of the therapy. Despite the fact that later models were sat-
isfactory, due to the lack of initial values, these teeth were
excluded from the analysis. There was damage to the teeth
on other models, but after marking all entities, we deter-
mined that these damages were not significant and did not
affect the validity and accuracy of the results.

Finally, we can reach several conclusions pertaining to
our GE approach.

Table 6. Review of t-test parameters for the patient’s lower jaw for three cases

Data analysis for case 1 (95% — 0.05), 2 (99% - 0.01), and 3 (99.9% — 0.001)

Pg 95% 99% 99.9% Theoretical value Notice
Alfa 0.05 0.01 0.001

t (mathematical) / (95% - 0.05) 0.4082 < 2.0687 Comparison
t (mathematical) / (99% - 0.01) 0.4082 < 2.8073 Comparison
t (mathematical) / (99.9% - 0.001) 0.4082 < 3.7676 Comparison

Case 1 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant

Case 2 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant

Case 3 - for a given significance threshold hypothesis — H3 is accepted as true; the difference is not statistically significant
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Advancement of the existing coordinate system definition
model according to the recommendations of the American
Board of Orthodontics [28]. In this research, we define the
GCS, following the recommendations of the American Board
of Orthodontics, as well as the local coordinate system (LCS)
(for each tooth), that enables additional analysis of orthodon-
tic parameters (relating to the tooth, which, for example, had
the biggest movements, etc.). Of course, all of these analyses,
as well as those mentioned inthe previous section, were per-
formed in 3D space, which enabled additional dimensional
and angular analysis through GE (e.g. angle of tooth axe
movement in relation to GCS or LCS axe, etc.).

Advanced simulation. 3D digital model from a CAD
system provides various simulations of tooth positions
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HoBu moaen 3a aeduHUcarbe U aHaNM3Y OPTOZOHTCKUX NapameTapa

Ha 3D AgurMTanHUMm mogennma

Hematba B. Majctoposuh', CphaH KuskoBuh? bpaHucnas Mmuwmh'’

'YHuBep3uteT y beorpagy, Cromatonoluku dpakyntet, KnHika 3a optopoHuujy, beorpag, Cpbuja;
“BojHOTEXHMYKM MHCTUTYT, MeTponoLuka nabopatopuja, beorpag, Cpbuja

CAXETAK

YBoa/Lum 3D mogenupare noctaje CBe Bulle CBaKOAHEBHA
OPTOAOHTCKA NPaKca, Koja Mocsie fiBe AeLieHnje CTpaXuBatba
1 pa3Boja b1Ba 6a3Hu enemeHT e-opTOAOHLMje.

Linrb paga je 610 fa ce n3BpLUY Pa3Boj M NOKaXKe NprMeHa
reomeTpujckmx eHTuTeTa (IE) Ha 3D mogenuma 3a gmjarHosy,
nnaHupatbe 1 npahere OpTOLOHTCKE Tepanuje NpYMeHOM
OMLUTWX KOMMjyTePCKM AN3ajHNPAHUX CUCTEMA.

MeTope CraTCTUKa aHa/IM3a 1 CUHTE3a 54 OPTOAOHTCKA Ma-
pameTpa (28 3a ropry BunuULy 1 26 3a Aoty BUAKLY), Aedu-
carbe TPU XMMOoTe3e U hUXOBO TeCTVPatbe, MPVIMeHa T-TecTa.
Pesynratm oTBpheHe cy cBe Tpy xmnoTese: NOroAHOCT 3a
npumeHy 'E, Beha TauHocT 3D mogena v Behe nomeparbe 3yba
y MPBUX LWeCT Meceyy Tepanuje (T-Tect). locne npsux wect
MeceL YOUEeHO je fa Cy BPeAHOCTU pacTojatba y X—y paBHU
(okny3anHa paBaH) y roptbo0j 1 Aorboj Bunuum sehe, a aa je
nopep Tora AOLUIO JO CMatbera pacTojatba Y y—z paBHM (Me-
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AMjanHa paBaH) 1 ca JieBe 1 Ca AiecHe CTpaHe, LTO 3Hauu Jja je
npsa da3a Tepanyje ycnewHo OKOHYaHa 1 Aa je AOLIO O Npo-
wupetba 06e BUAVILIE Y WAPVHW. Y HapefHe YeTUPU KOHTpore
napameTpu Cy yriaBHOM noka3susanuv 6narv pact, Koju Huje
610 CTaTUCTUYKI TONIMKO 3HauajaH. CBeyKynHO Kap ce carne-
Aa, HAaKOH jefiaHaecT MeceL Tepanuje BUbYB je Hanpepak y
X-y paBHU, JOK Cy HajMatba NomMepatba BUheHa KOA KNMHUYKMX
BMCKHa KpyHuLUa 3y6a. OBO ce objalubaBa YMHEHNLIOM Aa Cy
TOKOM Tepanuje, NpumeHom oapeheHnx NyKoBa, roptsy Mo-
napu yByYEHW YHYTPa, Tj. MOMepeHW npema Hernuy. AHann3om
3D purutanHux mogena moryhe je youuTn aa je Hactano Behe
nomepatbe KOf, ropH-€r JIEBOT MOJ1apa Yy OBOj PaBHM.
3akspyuak pymeHa 'E 3a peduHUCarbe OPTOAOHTCKMX Napa-
MeTapa faje HoBe MOryRHOCTU 3a TauHy ¥ Noy3paHy aHanusy
OPTOAOHTCKOT CTakba NaLmjeHTa.

KrbyuHe peun: optofoHuunja; 3D mogenvpate; anjarHosa;
Tepanuja
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