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Abstract: The article is focused on orthodontic disorders #e use of additive production in solving probéeim the

maxillofacial area. Important information in vetary orthodontics is the knowledge of the most cammrthodontic

disorders occurring in animals of various specigbtae consequences of not resolving these disorBental health is
no less important for both domestic and farm arsmalith new approaches such as additive produdtiespossible to
achieve individualized aids that can be applie@ng animal. The aim of the article is to draw aftento additive

production and to point out its potential in theldi of veterinary orthodontics. Examples of the afsadditive production
in this area can be found at the end of the work.

1 Introduction thus the health of this part is extremely importmmtthe
Additve manufacturing is currently gaining overall health of the individual. The target grasiparious

prominence in many areas. Thanks to various suttessanimals, including dogs, cats and, for examplebitakand
applications, it has also found application in viemry Other small animals.

medicine and is gradually beginning to be usedotwes The relative position of the upper and lower rows o
various orthodontic disorders in animals. The piaéf teeth is called occlusion. Itis basically a clasbpper and
3D printing in veterinary orthodontics lies mairily its ~ lower incisors with the mouth closed. Normal biteaidog
flexibility, adaptability and ability to print evesmall and occurs when the six upper incisors are placedifuisbnt
detailed objects, which is very desirable and apated in  of the six lower incisorsFgure 1 A). The lower ocular
the production of orthodontic appliances. Orthoitsnin ~ tooth fits between the upper ocular tooth andtisesor so
the veterinary field deals with the direction oéthrowth that there is no friction between them and theyndb
of animal teeth. In general, it could be said thaimal interfere Figure 1B). The molar teeth fit together in the
orthodontics deals with a greater extent with cagesre Shape of a triangleFigure 1 C). Occlusion is largely
the treatment of teeth is necessary for the anisspecially genetically determined, but it is also affected the
from a health point of view, as opposed to the merene, animal's nutrition, the environment in which itdv and
which is also interested in cosmetic treatment.iiraary ~ also mechanical damage. Sometimes, however, oonlusi
goal of animal orthodontics is to provide the arlimih ~ acquires various abnormalities, resulting in a watege of
relief from pain caused by improper dental grovigie ~ dental disorders. Some abnormalities are also gaiigt
disorders — i.e., small occlusion, improper tooturt, ~determined, such as malocclusion, specificallytpte-and
persistent deciduous teeth, blocked teeth, FRLéing"e Under-bite, but many of them only occur during ltfeeof
odontoclastic resorptive lesions, or diastema. ¢t {he animal. In dogs, the frequent trigger is taorey and
estimated that of the dog population, only 7% aréften stretched, for example, with a rope or towslich
completely free of any dental problems. The tetetiether Causes the teeth to move to an unusual position.
with the entire oral Cavity, are the gateway tobbdy’ and Compllcated childbirth and the Injuries that canwcalso
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affect the condition of the teeth, and even thha, first intervention in the oral cavity of the animal, aad
signs of abnormalities may appear. Malocclusiamnis of ~ alternative may be endodontic therapy or reconstmiof

the most common diseases in the field of animahe crown. The advantage of extracting the whab¢htds
orthodontics. It is a bite disorder that is caubgdthe the elimination of any pathological changes on Igfe
incorrect position of the teeth and includes ptesior residue. The most common causes of this procedere a
under-bites. A relatively common phenomenon is nommalocclusion, persistent deciduous teeth, or thessive
decayed deciduous teeth, missing teeth, or, coelyemn number of teethChyba! NenaSiel sa Ziaden zdroj
excessive number of teeth in the oral cavity [1]. odkazov.Chyba! NenaSiel sa ziaden zdroj odkazav.

2.4 Removable orthodontic appliance/aid
An underbite is a relatively common orthodontic
problem in dogs. This malocclusion can be causea by
: dental abnormality, a skull skeletal abnormality, &
¢ combination of both. The tips of the eye teethhef ower
Figure 1 Normal bite in a dog jaw cause unpleasant pain in the upper climatehdf
problem is not solved, holes may even form in lireate,
Because the oral cavity is never sterile, orthodontresulting in infections or ulcerations. A removable
procedures allow various bacteria to enter thérain the ~Orthodontic appliance can be very helpful in thise and

patient's mouth and wounds, so it is ideal to lzaseparate correction of malocclusion can occur after onlyethto
room reserved for such procedures. four weeks. However, if there are no signs of ilmproent

During the treatment of the oral cavity and tee¢tie, after three weeks, another method must be used. The
patient is under general anaesthesia with endaehchadvantage is, among other things, that during seeofithe
intubation. This prevents bacteria and other patits from device, the owner's relationship with the dog inveso
being inhaled back from the air and also suffocsies because the dog takes the device as a game. Howeser
animal. The pharyngeal wrap is also recommended Hgchnique is not suitable for all cases, especiadiy for

must be removed before extubation [2]. puppies with deciduous teeth. This is because deusl
teeth are very brittle and prone to breakage. dffisctive
2 Basic orthodontic appliances for adult dogs with long-lasting teeth, which, howee

21 Coronal tooth amputation have no other orthodontic problems [2][4].

It is accessed in the case of FRLs. In larger cdisiss . . . .
no longer possible to save the tooth after the tasfsthe S Materials _ and aids used in veterinary
disease, and therefore amputation of the affecteth tis orthodontics
necessary to at least alleviate the pain. Theeegtiraction As the demand for veterinary dentists has been
process is monitored at X-ray intervals at reguldncreasing more and more recently, the requiremfemts
postoperative intervals to ensure that the tootht is the quality of their work have also increased. Dasic
resorbed and that healing occurs without compbcati  procedures practised by dentists include dentalehgy
The aim of this technique is to ensure that th¢htpmlp  surgical extraction of multi-root teeth, orthodestand the
remains undamaged and that the other teeth develd®. For such operations, it is necessary to feleguate
normally and contribute to the overall strengttthef jaw technical equipment, including various hand todtstal

[2][3]. ultrasonic scaler cleaners (scanners), polishersnare
professional high-performance dental units and y-ra
2.2 Orthopaedic wire systems [2].

Interdental or interfragmentary techniques, or
combinations thereof, are used to repair certaiv ja3.1 Dental plates
injuries, including fractures. With the help of wisutures, There are many types and sizes of dental plates
tension wires, or intraosseous (intraosseous) scréve designed for use in dogs and cats. In the casehef o
primary fixation of large jaw fragments is ensurbthny animals, due to the different widths and lengthsthaf
veterinarians use a stabilizing technique of cgelaire patient's mouth, the plates are made to measure
applied to the teeth of a dog. For cats, nylonrsusiused individually [5].
instead of wire. Jaw damage is usually removed o @
weeks. An X-ray is required to confirm the remedgd 3.2  Imprint

then the wire is removed [2]. Toothache is an essential part of many dental
procedures. It allows the doctor to determine ti@e and
2.3 Tooth extraction condition of the oral cavity and to design a pdssilenture

This technique is usually indicated for small arlana [5].
Extraction of the whole tooth is a relatively large
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3.3 Tooth modd

4.1 3D printed implant for labrador

The tooth model should be made as soon as possible A 15-month-old labrador lost a tooth after an igjur

after the casting has been made. Thanks to thelpioide
possible to evaluate oral structures, orthodonitesh
design a plan for treatment, or create orthodoatits
Chyba! NenasSiel sa ziaden zdroj odkazoy.

3.4 Fixed apparatus
It is used to apply forces to the teeth in ordeadbieve

while playing. This caused him complications iniregt
The dog stopped eating and began to be apathatoe B
was a loss of permanent teeth, it was necessdopkdor
a solution, because there was a threat that thevdodyl
become malnourished. The first step was to creeasting
of the upper jaw, and then the 3D design specatigtated
a model of the tooth, which will be made of metaling

orthodontic movements. The fixed apparatus is nehromium and cobalt (Figure 2 A). A scan of the sam

intended for all animals. In the beginning, it ecassary to
consider the temperament of the animal, whetheuilit
tolerate this orthodontic appliance, whether it hasigns

tooth from the other side of the mouth helped them
ensure complete adjustment of the implant. During t
manufacture of the implant, it was necessary to pay

of aggressive chewing of food, which could be aanaj attention to a thorough and accurate measuremethiaso

complication, or whether extraction is simply nobnm
appropriate [4].

35 Rings

In orthodontics, they are used to direct the taottine
right direction of growth but also to fasten otherylic and
metal orthodontic appliances [5].

3.6 Brackets

Brackets are used to correct incorrectly turnethtéan
the prefabricated model, the lines according toctviihe
breeches are placed are marked with a pencil [5].

3.7 Orthodontic wires

Annotations 188 wires are most commonly used i

veterinary orthodontics, meaning that the wire &iaof

18% chromium, 8% nickel, and the remainder is iror

Elgiloy wire, which also contains cobalt and molghdm,
is also relatively common [5].

4 Use of 3D printing
maxillofacial prosthetics

in  veterinary

Although 3D technology has been used in hume

medicine since 1990, the first use in veterinaryiciae
did not appear until the early 21st century. Thestfi
registered cases concerned the treatment of caatiphs
in dogs with the incorrect forearm and thigh gravithe
solutions consisted of the use of SLA technology8bf
printing for the production of preoperative modeifjch
ultimately shortened the total time of the operatiself
and reduced the risk of various complications. &ithen,
additive production has slowly spread to all brascbf
veterinary medicine, including orthodontics. Howe\ie

the tooth fits perfectly, as it was a very smallap(Figure
2 B). As a result, the extruded tooth was evendraithn
the original, but even so, in such cases, it idamger
recommended to let the dog bite hard objects, sich
bones, to prevent possible implant fractures. ©hthttook
hold and the dog began to eat again after a sboovery
(Figure 2 C) [9].

C
Figure 2 Jaw casting (A), thorough implant measwean{B),
finished applied implant (C)

42 The hemet as an orthodontic aid for
cockatiels
As some rhino prostheses made for birds, which only
serve to correct the deformed beak, tend to lodse&)19,
French veterinarian Minh Huynh managed to produte a
alternative. It is a 3D printed helmet for a coalatvhich

still does not use the full potential of 3D prirgin isto serve as an orthodontic aid for beak comedFigure

technology in dentistry, and so far, there are viemy
specific clinical
manufacturing as a solution to orthodontic disasdér a
larger proportion, maxillofacial prosthetic devicese
applied after injuries or cancer [6][7][8].

3). However, according to the author, its effeats still

studies that would offer additivebeing investigated, and there is currently no nprblic

information about it [8].
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caused extensive injuries to her upper and lovesfgss.
Injuries severely limited her food intake and apilto
swim. Volunteers from the Turkish university PAUgb@a
looking for a solution to help it. In cooperationthvthe
local 3D printing centre, they managed to make »acte
replica of the missing part of the jaw. Based @Tamage
of the turtle, they created a 3D model of the imptaf the
missing part of the jaw and its adjacent part usimg
software. Despite many experiences with human inigla
this project was a relatively big challenge for thehors
because the turtle has completely different anatany
tissues than humans. Prior to finalization with fress
itself, many motion analyzes were performed, as the
strength of the turtle's jaws is very large. Thelant was
Figure 3 3D printed helmet for beak correction éackatiel ~ finally extruded from medical titanium, and several
orthopaedic screws were used to attach it to thietu
4.3 Facemask for aturtle Chyba! NenaSiel sa Ziaden zdroj odkazov.is a
A 30-year-old turtle suffered an injury under unimo Photograph of a turtle with an applied implant eftergery
circumstances, which caused a small wound to ttet ri @nd 3D models of the upper and lower jaw imp@inyba!
nostril. The wound began to fester, and there wiskaof ~Nenasiel sa Ziaden zdroj odkazov.
the infection spreading. The veterinarians manaiged
clean the pus but was left with a deep wound irctvfood,
clay and moss were constantly jammed. A year efisite
wound cleaning led veterinarians to look for a more
permanent solution, which came in the form of a 3CHS
printed mask that would prevent dirt from enterihg
wound. However, they faced a great challenge becidues
mask had to have the exact dimensions and shatbetso
the head of the turtle could fit into it and alkattthe mask ) o
did not restrict it in activities such as breathorgeating. Fi9ure 5 Turtle after implant application (left) di8D models of
The final mask was preceded by several test tretich the implant (right)
served as teaching aids. Based on detailed im&gi® o
turtle's face captured by a micro-scanner, tecangi
designed a mask that was large enough to fit a baad
small enough to fit into armour and prevent théedrom
eating, seeing, and breathing. The mask was atfdotibe

R Bl

45 Maxillofacial mask for dog

In November 2017, an international group of surgeon
from Germany, Canada and the United Kingdom teamed
up to help the 7-year-old Bernese Mountain Dog with

turtle with a screw that passes directly throughwound gaqcer tf;](oEghh e;]d?jitive produclzltion. He had an "‘m)'a
to the mouth, where it is fixed with composite negiigure  during which he had to surgically remove a tumauithie

4 is a photograph of a turtle already with a faceskn left part of his upper jaw, which would cause horidse a
applied [10][11]. substantial amount of hard tissue. Due to the aizg

complexity of the affected area, surgeons opted afor
customized 3D extruded titanium implant to repldoe
bone structure.

Whereas once individual printed devices were used
only for a few patients with complicated cases,atod
thanks to technological advances from individuahted
devices, special medical CAD tools are becoming giar
standard veterinary and human practice. Using DICOM
(digital tool for imaging and communication in meide),

a 3D model of the affected part of the dog's head w
generated on the basis of CT / MRI images. Usirg th
model, an implant design was created, which waa the

Figure 4 Turtle with the mask applied repeatedly compared and measured according to & sc
] and head models before printing so that it fitsval as
4.4 Replicadledgefor seaturtle possible, see Figure 6. As a result, the placemEtie

In June 2015, a 45-kilogram sea turtle got tooeckos  implant was much simpler, more predictable andefast
a motorboat, whose propeller hit it several timésis which made it possible to shorten the time duririgciv
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the dog had to be under general anaesthesia. Beesy 5 Conclusions

of designing and printing the device itself lastetbtal of The article deals with orthodontic disorders inioas
two weeks, which was an advantage because the tumguimals, aids that are used to solve these disoedet the
was constantly growing, and if the manufacturingcess  use of 3D printing in this area. The aim was to siarize
stretched for a long time, the extruded implant W0  the knowledge of the issue and process it intovemiew

longer have to fit. During an operation led by G#iaa theoretical work aimed at raising the potentiahdélitive
veterinary surgeon Julius Liptak, his entire tumatas production in veterinary orthodontics.

removed, including adjacent infested areas meagpdin
millimetres x 50 millimetres and 30 millimetresaki The  Acknowledgement

photograph from the course of the operation is show This research was supported by project KEGA 023TUKE
Figure 7. They then applied an implant in placeicivthey  4/2020 Increasing the synergy of methods of teachin
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used to cover the affected area and the implanis Thjevices aimed at measuring physical and technical
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