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(54) METHOD OF PLACING AN ORTHODONTIC APPARATUS, TEMPLATE AND ORTHODONTIC
APPARATUS

(67)  The group of inventions herein relates to medi-

cine, namely to orthodontic dentistry, and is intended for

use in the holistic treatment of patients with anomalies 12 12
of the dentoalveolar system using orthodontic micro-im-

plants, which are micro-screws, mini screws, as well as 7

screws for temporary cortical support.

The source data required for manufacture is as fol-
lows: a computer tomogram, cast teeth models, jaw mod-
el, and the size of the micro-implants to be installed. Us-
ing cast teeth models, plaster dental models are casted
and scanned in order to obtain a 3D printed model of the
patient’s jaw.

Then the computer tomogram and 3D model of the
patient’s jaw are combined. Based on the anatomy and
shape of the palatal mucosa, the doctor selects the entry
points of the micro-implants into the mucosa on a 3D FIG. 8
model of the patient’s jaw. The position of the micro-im-
plants at these selected points is plotted, taking into ac-
count their inclination and depth of insertion.

The correctness of the selected position of the mi-

cro-implants is checked using the computer tomogram.
On the basis of data obtained, a caliper is modeled for
inserting micro-implants for the subsequent installation
of an orthodontic apparatus. The inventions make it pos-
sible to reduce the number of patient visits to the doctor
by increasing the accuracy and direction of the micro-im-
plant’s insertion for subsequent orthodontic apparatus
installation.
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Description
TECHNICAL FIELD

[0001] The invention relates to medicine, specifically
to orthodontic dentistry, and can be used to install ortho-
dontic apparatus with orthodontic micro-implants, such
as micro-screws, mini-screws, screws for temporary cor-
tical support, in the complex treatment of patients with
anomalies of the dentoalveolar system.

BACKGROUND ART

[0002] Inthe comprehensive treatment of patients with
dentoalveolar anomalies, orthodontic micro-implants,
screws that are no longer than 14 mm in length, are in-
creasingly being used. In orthodontics, micro-implants
serve as supports on which the orthodontic apparatus,
for example, is mounted. This raises the question of the
mostrational and safe method of inserting micro-implants
followed by an orthodontic apparatus.

[0003] There is a known surgical polymeric caliper,
which is a mouthpiece structure made of acrylic plastic
with a thickness of about 5 mm, in the structure of which
mandrins are placed for directional insertion of cylindrical
dental implants (Dental Rehabilitation with Dental Im-
plants. A clinical guide. / N. Zitzman and P. Scherer, eds.
Lomakina. - M.: Azbuka Publishing house, 2005. 26 pag-
es).

[0004] The disadvantage of this method is that the pol-
ymeric surgical caliper does not allow planning the inser-
tion of micro-implants from the vestibular surface of the
alveolar processes of the jaws, and between the diag-
nostic and surgical stages it is necessary to use a man-
drin, or to make a new caliper design.

[0005] Also, there is a known method of placing an
orthodontic micro-implant and a conductor used for its
implementation, described in the patent RU No.
2332186. The method includes radiography, selection of
the point, direction and depth of the micro-implant instal-
lation based on its results. Preliminary installation of a
mandrin having a horizontally located binder and a tube
sleeve located at one of its ends, and installation of an
orthodontic micro-implant through it. Radiography is per-
formed by using computed tomography.

[0006] The mandrin is assembled in the patient's
mouth. For this purpose, a metric rod is pre-made from
disposable material, the marks on which are set accord-
ing to the computed tomography marks, a horizontal rod
whose length is determined according to the computed
tomography data, and a drill guide. All parts of the man-
drin are fixed using a clear, quick-setting and viscous
silicone mass.

[0007] Thedisadvantages of the described method are
the difficulty in fixing the components of the mandrin in
the patient’s mouth with a transparent, quick-setting vis-
cous silicone mass. As a result, the accuracy of position-
ing of the drill guide for micro-implant insertion in the se-
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lected location is reduced. In addition, the high labor in-
tensity of the mandrin assembly technique with its simul-
taneous single use at each stage of micro-implant inser-
tion increases the cost of the operation.

[0008] There is also a well-known method described
in the Russian patent No. 2470609 Method of Placing an
Orthodontic Micro-Implant and a Caliper for Its Imple-
mentation, Publ. December27, 2012, priority date: March
9, 2011, selected as a prototype.

[0009] To implement the method, a working plaster
model of the patient’s jaw is obtained, using which the
mandrin caliper is made in the form of a teeth protector
of an elastic material repeating the shape of the surfaces
of the vestibular dentition, alveolar process and hard pal-
ate. The caliper is obtained by thermoforming on Mini
Star or Easy-Vac machines from 0.75 or 1 mm polymeric
blanks (Ideal Clear, GAC-Dentsply). In the process of
stamping a metric radiopaque grid of metal thread with
a diameter of 0.3 mm with a coordinate cell side of 5 mm
is pressed into the blank in the projection of the micro-
implant insertion zone.

[0010] The made caliper is fixed in the oral cavity and
the hard palate is radiographed using contact near-focus
irradiation or visiography for diagnosis and selection of
placement and surgical intervention at the next stage. A
radiopaque grid on an elastic gauze allows precise iden-
tification of the insertion sites of orthodontic micro-im-
plants.

[0011] After determining the size of the micro-implants
and their insertion sites, fixing holes are made in the cal-
iper in the selected location according to the shape and
size of the micro-implants.

[0012] The disadvantage of the proposed method is
that it is not possible to insert the micro-implants into the
bone tissue at the required angle for the subsequent in-
stallation of, for example, an orthodontic apparatus on
them. The method proposed in the patent allows to de-
termine quite accurately only the place of micro-implants
installation. Another disadvantage is the use of 0.75- or
1-mm polymer blanks for making calipers, the thickness
of which is insufficient to set the direction of the micro-
implant insertion. All of the above leads to the necessity
to produce an orthodontic apparatus only after the direc-
tion of the axes of the inserted micro-implants has been
determined. As a consequence, the total minimum
number of patient’s visits to a doctor when using the
method proposed in the invention is at least three.

SUMMARY OF INVENTION

[0013] The objective of the present invention is to de-
velop a method for increasing the accuracy and direction
of micro-implants insertion for subsequent orthodontic
apparatus installation.

[0014] The technical result obtained as a result of ap-
plying the method proposed in the invention is to reduce
the number of patient’s visits to the doctor.

This problem is solved, and the technical result is
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achieved by performing a computer tomography of the
patient. A model of the patient’s jaw is created. A caliper
for the introduction of micro-implants and an orthodontic
apparatus are made.

[0015] The micro-implants are inserted according to
the caliper, on which the orthodontic apparatus is in-
stalled. A virtual 3D model of the patient’s jaw is created
using the model of the patient’s jaw. The computer pro-
gram combines the computer tomogram and 3D model
of the patient’s jaw. The coordinates of micro-implants
entry points into the mucosa surface are determined and
the positions of micro-implants insertion axes in these
points are plotted. Based on the determined coordinates
of the micro-implant’s entry points and the position of the
micro-implant’s insertion axes, a caliper with guide holes
for micro-implants insertion and an orthodontic appara-
tus with mounting holes for fixing the orthodontic appa-
ratus on the micro-implants are made. The made caliper
is fixed in the patient’s oral cavity. The caliper is inserted
along the fixing holes of the caliper micro-implants. The
caliper is removed. The orthodontic apparatus is placed
on the inserted micro-implants.

[0016] The technical result is also achieved by the fact
thatthe caliper for the insertion of micro-implants to install
an orthodontic apparatus is made in the form of a mouth
guard.

[0017] The caliper has fixing holes for micro-implants
insertion. The coordinates of the entry points of the micro-
implants into the mucosa surface and the position of the
axis of the micro-implants in these entry points are de-
termined using a computer program based on the com-
bined computer tomogram and a 3D model of the pa-
tient’s jaw.

[0018] The thickness of the caliper at the insertion site
of the implants should be at least sufficient to maintain
the position of the implant insertion axis.

[0019] Preferably, the caliper for the insertion of micro-
implants for placement of orthodontic apparatus is pro-
vided with inspection holes.

[0020] The caliper for the insertion of micro-implants
for the placement of an orthodontic apparatus can be
made, for example, from photopolymer by 3D printing.
[0021] The technical result is also achieved by the fact
that the orthodontic apparatus contains the main sup-
porting and holding devices, auxiliary fixing elements,
regulating parts and mounting holes. The relative posi-
tioning and axes of the mounting holes of the orthodontic
apparatus are made based on the coordinates of micro-
implants entry points into the mucosa surface and the
position of micro-implants introduction axes in these en-
try points using a computer program based on the com-
bined computer tomogram and a 3D model of the pa-
tient’s jaw.

[0022] The orthodontic apparatus can be fabricated by
3D metal printing using the obtained computer model of
the apparatus.

In another embodiment, the orthodontic apparatus may
be manufactured by casting metal in a mold made from
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a burnable photopolymer model obtained on a 3D printer
from a computer model of the apparatus.

[0023] Processing the patient's tomogram, 3D model
of the patient’s jaw and the selected size of micro-im-
plants in the computer program allows to choose the co-
ordinates of entry points of micro-implants into the mu-
cosa surface and build the positions of micro-implants in
these points, taking into account their inclination and
depth of insertion in the absence of the patient. Based
on the obtained data, the caliper for micro-implants and
orthodontic apparatus insertion is made in the absence
of the patient. The coordinates of micro-implants inser-
tion points and micro-implants axis positions are selected
in the computer program simultaneously with the mutual
positioning and axes of orthodontic apparatus insertion
holes, which allows exact coincidence of micro-implants
position and micro-implants insertion axes with the inser-
tion holes of the produced orthodontic apparatus. This
coincidence allows easy and guaranteed placement of
the orthodontic apparatus on the inserted micro-im-
plants.

[0024] The caliper for micro-implants insertion for or-
thodontic apparatus installation is made as a mouthpiece
with fixing holes for micro-implants insertion according
to the 3D model of the patient’s jaw. The placement on
the mucosal surface and the direction of the axes of the
fixing holes are carried out based on the selection of entry
points of micro-implants into the mucosal surface and
the construction of the position of micro-implants in these
points, taking into account their inclination and depth of
insertion. This makes it possible to select and guarantee
an optimal and safe position of the inserted micro-im-
plants for further installation of an orthodontic apparatus
on them.

[0025] The thickness of the caliper at the place of im-
plant insertion must be at least sufficient to maintain the
position of the implant insertion axes, which guarantees
coincidence of the coordinates and directions of the axes
of the orthodontic apparatus insertion holes and the in-
serted micro-implants.

[0026] The micro-implant insertion caliper for ortho-
dontic apparatus insertion can have viewing holes for
convenience. The viewing holes allow to control the pro-
cedure of micro-implants insertion.

[0027] The caliper for the insertion of micro-implants
for orthodontic apparatus installation can be made of
photopolymer by 3D printing, which also allows to in-
crease the accuracy and ensure the planned direction of
micro-implants insertion.

[0028] The orthodontic apparatus is made with inser-
tion holes, main support-retaining devices, auxiliary fix-
ation elements and regulating parts. Thanks to the use
of a computer program, the mutual positioning and axes
of the orthodontic apparatus mounting holes are made
based on the selection of entry points of micro-implants
into the mucosa surface and the positioning of micro-
implants in these points taking into account their inclina-
tion and insertion depth. Such a solution makes it possi-
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ble to guarantee the coincidence of the position of the
insertion holes of the orthodontic apparatus and the po-
sition of the inserted micro-implants as well as the coin-
cidence of the axes of the inserted micro-implants and
the insertion holes of the orthodontic apparatus.

[0029] To obtain high quality, the orthodontic appara-
tus is preferably made by 3D metal printing according to
the obtained computer model of the apparatus, orby cast-
ing metal in a mold made according to the burnable pho-
topolymer model obtained on a 3D printer according to
the computer model of the apparatus.

BRIEF DESCRIPTION OF DRAWINGS
[0030] The invention is further explained by a detailed
description of a specific, but not limiting, example of the

solution and the accompanying drawings, where:

Fig. 1 shows examples ofinputdata forimplementing
the proposed method;

Fig. 2 shows a combined computer tomogram and
3D models of the patient’s jaw;

Fig. 3 shows selected entry points of micro-implants
into the mucosa on 3D model of the patient’s jaw;

Fig. 4 shows a verification of the selected location
of the micro-implants;

Fig. 5 shows a modeling of the apparatus abutments
and fixing holes of the caliper;

Fig. 6 shows a modeling of the caliper shell;

Fig. 7 shows a combined shell and fixing holes of
the caliper;

Fig. 8 shows ready viewing holes of the caliper;

Fig. 9 shows modeled individual elements of the or-
thodontic apparatus (ring and beam);

Fig. 10 shows an added standard element of ortho-
dontic apparatus, a moving screw;

Fig. 11 shows combined functional and technologi-
cal elements of the orthodontic apparatus.

Fig. 12 shows an example of a ready-to-use ortho-
dontic apparatus.

EMBODIMENT OF INVENTION

[0031] To implement the proposed method, the initial
data are obtained, namely, a computer tomogram 1, den-
tal cast model 2, plaster model 3 of the jaw, and select
the size of the installed micro-implants 4. Based on im-
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pressions 2, plaster models 3, for example, are casted
and scanned to obtain a 3D model 5 of the patient’s jaw,
as shown in Fig. 1.

[0032] In the computer program, the computer tomo-
gram 1 and 3D model 5 of the patient’s jaw are combined,
see Fig. 2.

[0033] Based on the anatomy and shape of the palatal
mucosa, the entry points 6 of the micro-implants 4 into
the mucosa are selected on the 3D model 5 of the pa-
tient’s jaw, see Fig. 3.

[0034] The position of micro-implants 4 in the given
selected points 6 is plotted, taking into account their in-
clination and insertion depth. The correctness of the se-
lected position of micro-implants 4 is checked on the com-
puter tomogram, see Fig. 4.

[0035] If necessary, the positions of micro-implants 4
are corrected by repeating the selection of entry points
6 of micro-implants 4 into the mucosa on the 3D model
5 of the jaw and the selection of positions of micro-im-
plants 4 in the given selected points 6 taking into account
their inclination and depth of insertion.

[0036] Basedonthe dataobtained, namely a 3D model
5 of the patient’s jaw and a given position of the micro-
implants 4 relative to it, a template 7 for introducing the
micro-implants 4 is simulated for the subsequent instal-
lation of the orthodontic apparatus 8.

[0037] Using a computer program, the elements of the
orthodontic apparatus 8 and the caliper 7 for introducing
the micro-implants 4 directly associated with the micro-
implants 4, such as the abutments 9 of the orthodontic
apparatus 8, the fixing holes 10 of the caliper 7, are vir-
tually set according to their position on the jaw, as shown
in Fig. 5.

[0038] Thus, consistency of the bases of the orthodon-
ticapparatus 8 and the caliper 7 forintroducing the micro-
implants 4 is achieved, and as a result, the positioning
holes of the abutments 9 of the orthodontic apparatus 8
and the position of the introduced micro-implants 4, and
the direction of the axes of the inserted micro-implants 4
and the positioning holes of the abutments 9 of the or-
thodontic apparatus 8 coincide.

[0039] Creation of the caliper model 7 for the introduc-
tion of micro-implants 4 is a process of computer mode-
ling according to the 3D model 5 of the jaw mouthpiece
11, adjacent to the palatal, occlusal and vestibular tooth
surfaces and partially to the palatal mucosa, see Fig. 6.
The mouthpiece 11 is combined in the computer program
with the already created guide holes 10 for the insertion
of the micro-implants 4, see Fig. 7. Then, observation
holes 12 are placed in the mouthpiece 11 by means of
the computer program to facilitate controlling the place-
ment of the template 7 on the patient’s jaw and observing
the process of screwing in the micro-implants 4, see Fig.
8. Then, the caliper 7 created in the computer program
for the introduction of the micro-implants 4 is made of
photopolymer by 3D printing, while the thickness of the
caliper 7 at the location of the guide holes 10 for the
introduction of the micro-implants 4 must be sufficient to
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maintain the position of the micro-implant insertion axis
during installation.

[0040] To create a model of the orthodontic apparatus
8, computer modeling of its individual elements, such as
rings 13, beams 14, etc., is performed, as shown in Fig.
9. Also, if necessary, standard elements of the orthodon-
tic apparatus moving screws 15, tube locks (not shown
inthedrawings), etc., are added, see Fig. 10. Allelements
are created and added in accordance with the required
functions of the designed orthodontic apparatus 8, the
3D model 5 of the jaw and the position of the inserted
micro-implants 4.

[0041] If necessary, the technological elements used
to connect the parts of the orthodontic apparatus 8 are
modeled so that it represents a monolithic structure dur-
ing fabrication. Then all elements of the orthodontic ap-
paratus 8 to be fabricated are combined in the computer
program into a single body, see Fig. 11.

INDUSTRIAL APPLICABILITY

[0042] Several technologies can be used to manufac-
ture an orthodontic apparatus 8.

[0043] Alternatively, the fabrication can be done by 3D
metal printing based on the obtained 3D computer model
of the apparatus.

[0044] Optionally,itis possible to use casting, for which
there is a need to do the following:

e Print the burnout model from photopolymer on a 3D
printer;

e Form a gating system and make molds for casting;

e Cast metal into the resulting mold.

[0045] At the final stage, the moving screws 15 are
welded and additional support elements made of dental
plastic are manufactured.

[0046] An example of a manufactured orthodontic ap-
paratus according to the proposed method is shown in
Fig. 12.

[0047] Thus, the advantage of the proposed invention
lies in the fact that the caliper 7 for the insertion of micro-
implants 4 and the orthodontic apparatus 8 mounted on
the introduced micro-implants 4 are made according to
the computer 3D models, which allows to guarantee ac-
curacy and to provide a planned direction of the introduc-
tion of micro-implants 4 for the subsequent installation
of the orthodontic apparatus 8 on them. This, in turn,
allows reducing the number of patient visits to the doctor.
[0048] The reduction in the frequency of patient visits
to the doctor when using the proposed method has a
positive effect on the emotional state of the patient.
[0049] It should be noted that the correction of anom-
alies of the dentoalveolar system is most often performed
on children, and the implementation of the proposed
method will reduce the emotional burden on children.
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Claims

1. The method of orthodontic ready-to-use apparatus
placement is as follows: first, a computer tomogra-
phy of the patient is performed, then a 3D model of
the patient’s jaw is created; then, a caliper for the
insertion of micro-implants and orthodontic appara-
tus is made, the micro-implants are inserted accord-
ing to the caliper, on which the orthodontic apparatus
isinstalled, and the orthodontic apparatus is different
in that the virtual 3D model of the patient’s jaw is
created from the jaw model; the computer program
combines the computer tomogram and 3D model of
the patient’s jaw, and determines the coordinates of
the entry points of the micro-implants into the mu-
cous surface; the position of the micro-implantinser-
tion axes in these points is plotted; based on the
determined coordinates of the micro-implants’ entry
points and the position of the micro-implants’ inser-
tion axes, a caliper with fixing holes for micro-im-
plants insertion and an orthodontic apparatus with
mounting holes for fixing the orthodontic apparatus
on the micro-implants are made; the caliper is fixed
in the patient’s mouth, the micro-implants are insert-
ed through the fixing holes of the caliper, and the
caliper is removed and the orthodontic apparatus is
placed on the inserted micro-implants.

2. A caliper for the insertion of micro-implants to install
an orthodontic apparatus, made in the form of a
mouthpiece, differing in that it has fixing holes for the
insertion of micro-implants, and determining the co-
ordinates of entry points of micro-implants in the mu-
cous surface and the construction of the axis of the
micro-implants in these entry points is performed us-
ing a computer program by combining a computer
tomogram and 3D-model of the jaw of the patient.

3. The caliper for inserting micro-implants for installa-
tion of an orthodontic apparatus according to claim
2 herein differing in that the thickness of the caliper
at the place of insertion of micro-implants is sufficient
to preserve the position of the axis of insertion of
micro-implants.

4. The caliper for inserting micro-implants to install an
orthodontic apparatus according to claim 2 herein
differing in that it has observation holes.

5. The caliper for inserting micro-implants for an ortho-
dontic apparatus according to claim 2 herein differs
in that it is made of photopolymer by 3D printing.

6. An orthodontic apparatus containing main support-
ing and holding devices, auxiliary fixing elements,
regulating parts and mounting holes, characterized
by the fact that the mutual location and axes of the
mounting holes of the orthodontic apparatus are
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made based on the coordinates of micro-implants
entry points into the mucosa surface and the position
of the micro-implants insertion axes in these entry
points using the computer program on the combined
computer tomogram and 3D-model of the patient’s
jaw.

The orthodontic apparatus similar to claim 4 herein,
differing in that it is made by 3D printing with metal
according to the obtained computer model of the ap-
paratus.

The apparatus similar to claim 4 herein, differing in
that it is made by casting metal in a mold made ac-
cording to a burn-out photopolymer model obtained
on a 3D printer from a computer model of the appa-
ratus.
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