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(57) Abstract: Device for planning orthodontic and/or orthognathic surgery comprising: A) a computer (1) comprising a display (3)
and being provided with planning software (I) suitable for planning orthodontic and/or orthognathic surgery; B) a dental articulator
(4) comprising a first member (5) for accommodating a first cast (7) of an upper dentition, a second member (6) for accommodating
a second cast (8) of a corresponding lower dentition, and at least one powered adjustment drive (11; 12) attached to one of said
members (5; 6) allowing to bring said first and second members (5, 6) respectively in a desired position relative to each other; wherein
C) transferring means (15) are provided for transferring digital data containing surgical parameters obtained with said planning
software and related to position parameters of said first and second members (5; 6) to said at least one powered adjustment drive
(11; 12) of said dental articulator (4).
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Device for planning orthodontics and/or orthognathic surgery

The invention relates to a device for planning orthodontics and/or orthognathic surgery
according to the preamble of claim 1 and to a method for planning orthodontics and/or
orthognathic surgery according to the preamble of claim 11.

In orthodontics and orthognathic surgery involving the correction of dental alignment or
surgical relocation of the jaw bones conventionally plaster casts of the dentition are
used which are mounted on a dental articulator in order to assess the relationship

between the upper and lower jaw, i.e. the dental occlusion.

In the following the term dental articulator is used for an apparatus for a simulation of
the relation and function of the upper and lower jaw whereby the models, e.g. plaster
casts of the upper and lower dentition allow analyzing the static occlusion and the

dynamic occlusion (i.e. masticatory movements).

During orthognathic surgery one or both jaws are mobilized (mono-maxillary osteotomy
or bi-maxillary osteotomy) and repositioned to more appropriate locations and the
corrected situation is stabilized with bone plates and bone screws. In bi-maxillary
osteotomy the surgeon starts working on the upper jaw. LE FORT | osteotomy is often
performed, cutting the bone with saw and chisel and finishing with down-fracture of the
segment to complete the mobilization. This upper jaw segment can then be moved into
the planned corrective position. A previously produced intermediary positioning splint is
used for guidance while executing the movement. This splint is intraoperatively placed
e.g. on the surgically untreated mandible and serves as a mechanical guide when
relocating the surgically liberated maxilla into the desired position. After relocation of the
maxilla the procedure continues with the mandible. Usually, sagittal split ramus
osteotomy (SSRO) is performed on both mandibular rami, separating the body of the
mandible. Repositioning is realized then using a final positioning splint also fabricated
during surgical planning. This final positioning splint makes the mandible follow the
maxillary movement such placing both jaw segments in the planned dental occlusion,

i.e. dental bite.
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Such dental splints, i.e. removable dental appliances reproducing a certain “bite”,
particularly the aforementioned intermediary positioning splint and the final positioning

splint are produced using a dental articulator together with the plaster casts.

In order to produce these splints, the mandibular and maxillary plaster casts on the
dental articulator need to be aligned in the desired relative position each. To achieve the
desired relative position of the plaster castes the pre-operatively planned position of
each of the two jaw bones has to be transferred to the dental articulator, which is not
easy to accomplish due to the six translational and rotational degrees of freedom per
mobilized segment. Working with a conventional dental articulator becomes even more
difficult in cases where computer assisted planning of relocation procedures is
performed in advance. The so planned positions of each segment have to be
transferred to the dental articulator manually, which is a tedious task and can often not
be performed in a precise manner.

A device using a dental articulator and computer equipment to represent position and
function of the jaws and bite of an individual is known from US 6,062,861
ANDERSSON. This known device allows producing a construction or construction
alteration based on representations of the jaws on the display of the computer. The
construction is then attached to a dental articulator where jaw movements can be
simulated such that the respecitive function of the construction or construction alteration
can be observed by a technician. One drawback of this known device can be seen in
the fact that the dental articulator is not provided with computer controlled adjustment
drives allowing to adjust the construction or e.g. plaster casts of the upper and lower jaw
bones mounted on the dental articulator to a relative position being previously planned

on the computer.

On this point, the invention intends to provide remedial measures. The invention is
based on the objective of providing a device allowing to adjust models, e.g. plaster
casts of the upper and lower jaw to a relative position by means of computer controlled
driving means whereby the desired relative position of the models has been previously

planned using software programmed on the computer.
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The invention solves the posed problem with a device that displays the features of claim
1 and with a method for planning orthodontics and/or orthognathic surgery that displays
the features of claim 11.

The advantages achieved by the invention are essentially to be seen in the fact that,
thanks to the device according to the invention:

- a computer controlled adjustment of the models, e.g. plaster casts on the dental
articulator is possible, which is particularly advantageous when an adjustment of
two models (upper and lower jaw) has to be performed with respect to six
degrees of freedom each. The complex movements of at least one of said first
(maxillary) and second (mandibular) plaster casts on the articulator with respect
to six degrees of freedom in order be positioned according to the preoperative
plan can be carried out in a precise manner which is currently not possible with
known devices; and

- one or more intraoperative positioning splints with improved precision can then
be produced in the conventional manner, i.e. using the plaster casts positioned
on the dental articulator.

In a preferred embodiment the transferring means are of electrical or electromagnetical

hature.

In another embodiment the transferring means are realized by a cable or wireless

communication between said computer and said dental articulator.

In a further embodiment the transferring means comprise a controller that enables the
transformation of said digital data into electrical signals for activating said at least one
powered adjustment drive. This embodiment offers the advantage that a customary
external controller, e.g. control device or equipment including a digital to analog
converter with a digital input and electrically connectable to the powered adjustment
drives can be used.

In still a further embodiment the computer is provided with control software suitable for

controlling adjusting movements of said at least one powered adjustment drive.
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Herewith the advantage can be achieved that rotating electrical motors, e.g. electrical
stepper motors which are used as powered adjustment drives can directly be controlled
by means of the computer. Such electrical stepper. motors allow a direct digital to analog
conversion of the transferred digital data.

In yet another embodiment the computer is suitably programmed for linking said
planning software and said controlling software in order to have the surgical parameters
obtained with said planning software automatically converted into said digital data
related to position parameters of at least one of said first and second members. This
embodiment offers the advantage that the position of the models, e.g. plaster casts
planned on the computer has not to be transferred from the planning software to the
controlling software by the operator. The current positions as well as relative
translational and rotational parameters are automatically retrieved and set via the
computer. The operator must only use the planning software and must not transfer data
from one software application to another.

In a further embodiment at least one of said first and second powered adjustment drives
is realized by a rotational electrical stepper motor.

In still a further embodiment at least one of said first and second powered adjustment
drives is realized by a linear electrical stepper motor.

In another embodiment at least one of said first and second powered adjustment drives
is realized by an electrical hybrid drive.

In its preferred application the device according to the invention is used for a correction
of dental alignment and/or surgical relocation of the jaw bones of a patient.

The invention and additional configurations of the invention are explained in even more

detail with reference to the partially schematic illustration of several embodiments.

In the figures:
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Fig. 1 illustrates a schematic representation of one embodiment of the device according
fo the invention.

The embodiment shown in fig. 1 essentially comprises a computer 1 and a dental
articulator 4 to allow a planning of an orthognathic surgery including the production of
intraoperatively used positioning splints. The computer 1 comprises a display 3 and is
provided with planning software (1) suitable for planning orthodontic and/or orthognathic
surgery. Further, said computer 1 is provided with control software (Il) suitable for
controlling movements of the first and second powered adjustment drives 11;12
mounted on the dental articulator 4. The dental articulator 4 comprises a first member 5
for accommodating a first cast 7 of an upper dentition and a second member 6 for
accommodating a second cast 8 of a corresponding lower dentition. By means of said
first and second powered adjustment drives 11;12 said first respectively second
member 5;6 can be positioned in such manner that said first and second cast 7;8 are
adjusted in a surgeon desired position relative to each other. The first and second
powered adjustment drives 11;12 include customary rotational and linear electrical
stepper motors. Such electrical stepper motors are provided with a controlling unit
including an digital to analog converter and can therefore be connected to the computer
1 using customary interface means, e.g. a RS-232 interface or a CAN Bus. Such the
necessary positioning of said first (maxillary) and second (mandibular) casts 7;8 on the
dental articulator 4 each with respect to six degrees of freedom can be precisely carried
out according to the surgical parameters obtained with said planning software. In order
to actuate said first and second powered adjustment drives 11;12 transferring means 15
are provided. In the embodiment illustrated in fig. 1 these transferring means 15 include
a cable 2 for electrically connecting the computer 1 with the dental articuiator 4 and
each a controller 16 attached to the first and second member 5;6 allowing to control
said first and second powered adjustment drive 11;12. Such said transferring means 15
allow to electrically transfer digital data containing the surgical parameters obtained with
said planning software and related to position parameters of said first and second
members 5;6 to said first and second powered adjustment drive 11;12 of said dental
articulator 4, whereby a digital to analog conversion of the digital data into electrical

signal is also performed.
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Additionally, said computer 1 is suitably programmed for linking said planning software
() and said controlling software (ll) in order to have the surgical parameters obtained
with said planning software (l) automatically converted into said digital data related to
position parameters of said first and second members 5;6.

In the following paragraphs the inventive method for surgical planning and preparation

of an orthognathic surgery using the inventive dental articulator is described:

A) Preoperative data acquisition:

by performing the steps of:

a) producing models (e.g. plaster casts) of the upper and lower jaws, in particuiar a first
cast 7 of the upper dentition and a second cast 8 of the lower dentition;

b) acquiring medical images of the upper and lower jaws of a patient using Computed
Tomography or any other imaging means resulting in a three-dimensional dataset of the
patient’s jaws.

Firstly, impressions of the upper and lower dentitions are taken in a solidifying gel and
imprints of the bite are acquired using a standard dental wax sheet. The solidified gel
allows then to produce said first and second cast 7;8 of the upper respectively lower
dentition and the bite imprints are used to mold a sheet of plastic into a registration
splint which corresponds to the normal bite of a patient.

A CT Scan (Computéd tomography) of a patient’s upper and lower jaw is then obtained
in order to generate a three dimensional computer representation of said upper and
lower jaw. In order to provide a quick and accurate registration means registration
markers are attached to the registration splint. The patient then goes through a typical
protocol (512 x 512 pixels slice resolution with a slice thickness of 0,6 — 1,0 mm) using a
known digital volume Tomography technology, whereby the X-ray source and the
oppositely arranged image intensifier rotate through 360° to generate projection data of
the targeted upper and lower jaw. During the scanning procedure the patient bites into
the registration splint in order to set the upper and lower jaw in a referenced relative
position.

B) Generation of the virtual representation:
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A virtual representation, e.g. virtual skeletal model of the upper and lower jaw is
established as a set of binary data by means of the computer using said CT scan and
customary software, e.g. the Visualization Toolkit (VTK, Kitware Inc., New York USA);

C) Planning surgery:

by performing the steps of:

¢) planning the correction of dental alignment and/or surgical relocation of the jaw bones
of a patient at the display 3 of a computer 1 using said virtual representation and known
surgical simulation software, e.g. “cut&move” surgical planners. Osteotomies at the
virtual representation of the upper and lower jaw, i.e. the virtual skeletal model are
simulated by combinations of planar cuts;

d) attaching said first and second cast 7;8 to the first respectively the second member 5,
6 of a dental articulator 4, whereby each a reference element (not shown) is attached to
said first and second cast 7;8 allowing the use of a commercially available tracking
system, e.g. Polaris, Northern Digital Inc., Waterloo, Canada for measuring and such
registering the spatial position of the first and second cast 7;8. After placing the
registration splint onto said first and second cast 7;8 the latter can then be secured in
their respective position and registered by means of the tracking system. This
reproduces the pathological dental occlusion on the dental articulator 4 and
corresponds exactly to the situation imaged in the CT scan. The occlusion planning
technique based on said first and second cast 7;8 is then performed by the surgeon by
seeking the optimal occlusion by manipulating said first and second cast 7;8 while the
motion of the first and second cast 7;8 is measured and is visualized on the display 3 of

the computer 1 using said virtual representation.

e) automatically adjusting the first and second cast 7;8 on said dental articulator 4 by
transferring the planning parameters obtained by said computer 1 to said first and
second powered adjusting drive 11;12 acting on said first and second member 5;6.

f) producing one or more positioning splints. Once, the optimal dental occlusion has
been defined a dental positioning splint is commonly produced to be used to ensure
intraoperative placement of the patient’s jaws in accordance with the surgical plan. By
mimicking the desired bite on the dental articulator 4 a final positioning splint can be
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produced. This final positioning splint is used to assist in realizing the final intraoperative
movement, i.e. relocation of the mandible when the maxilla is already in the desired
corrected position. Such positioning splint implements the desired occlusal outcome
reliably and helps in holding the mandible steady during placement of the final bone
fixation plates. For assistance in the realization of the first surgical movement, i.e.
relocation of the upper jaw an intermediary positioning splint is produced in the same
manner. Thereto, imprints of the bite simulated on the dental articulator 4 are acquired
using a standard dental wax sheet and are used to mold a sheet of plastic into a desired
positioning splint.
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Claims

1. Device for planning orthodontic and/or orthognathic surgery comprising:

A) a computer (1) comprising a display (3) and being provided with planning software
(1) suitable for planning orthodontic and/or orthognathic surgery;

B) a dental articulator (4) comprising a first member (5) for accommodating a first cast
(7) of an upper dentition, a second member (6) for accommodating a second cast (8) of
a corresponding lower dentition, and at least one powered adjustment drive (11;12)
attached to one of said members (5;6) allowing to bring said first and second members
(5, 6) respectively in a desired position relative to each other;

wherein

C) transferring means (15) are provided for transferring digital data containing surgical
parameters obtained with said planning software and related to position parameters of
said first and second members (5;6) to said at least one powered adjustment drive
(11;12) of said dental articulator (4).

2. Device according to claim 1, wherein said transferring means (15) are of electrical or
electromagnetical nature.

3. Device according to claim 1 or 2, wherein said transferring means (15) are realized
by a cable or wireless communication between said computer (1) and said dental
articulator (4).

4. Device according to one of the claims 1 to 3, wherein said transferring means (15)
comprise a controller (16) that enables the transformation of said digital data into

electrical signals for activating said at least one powered adjustment drive (11;12).

5. Device according to one of the claims 1 to 4, wherein said computer (1) is provided
with control software (1) suitable for controlling adjusting movements of said ad least

one powered adjustment drive (11, 12).

6. Device according to claim 5, wherein said computer (1) is suitably programmed for
linking said planning software (I) and said controlling software (ll) in order to have the
surgical parameters obtained with said planning software (I) automatically converted
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into said digital data related to position parameters of at least one of said first and
second members (5;6).

7. Device according to one of the claims 1 to 6, wherein at least one of said first and
second powered adjustment drives (11;12) is realized by a rotational electrical stepper
motor.

8. Device according to one of the claims 1 to 7, wherein at least one of said first and
second powered adjustment drives (11;12) is realized by a linear electrical stepper
motor.

9. Device according to one of the claims 1 to 8, wherein at least one of said first and

second powered adjustment drives (11;12) is realized by an electrical hybrid drive.

10. Use of the device according to one of the claims 1 to 9 for the correction of dental
alignment and/or surgical relocation of the jaw bones of a patient.

11. Method for producing a positioning splint in orthognathic surgery for relocating the
upper and/or lower jaw using the device according to any one of claims 1 to 9
comprising the steps of:

a) producing models (e.g. plaster casts) of the upper and lower jaws;

b) attaching said models to the first and second member (5, 6) of the dental articulator
4);

¢) planning the correction of dental alignment and/or surgical relocation of the jaw bones
of a patient at the display (3) of a computer (1);

d) automatically adjusting the models on said dental articulator (4) by transferring the
planning parameters obtained by said computer (1) to at least one powered adjusting
drive acting on said first and second member (5, 6); and

e) producing a positioning splint.
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