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A B S T R A C T

Additive manufacturing is a relatively new technology with rapidly growing range of applications in many fields 
of medicine and dentistry. The developments of available computer-aided design software and additive manufac-
turing hardware allowed integrating the technology in orthodontics, and revolutionizing the workflow in ortho-
dontic practices and laboratories around the world. 3D printing is now easily accessible for orthodontists, being 
a reliable and cost-effective manufacturing method, which may be used in many aspects of orthodontic practice, 
and its potential is still growing. The article gives necessary insight into the history, development, and available 
technologies of additive manufacturing. Moreover, it summarizes and reviews current literature concerning all 
aspects of clinical use of 3D printing in orthodontics. 
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INTRODUCTION

Rapid development of  digital technologies in den-
tistry began in 1980s with the implementation of com-
puter-aided design and computer-aided manufacturing 
(CAD/CAM) in prosthodontics for chairside fabrication 
of the first ceramic inlay with the Cerec 1 system [1, 2]. 
The  concept of  CAD/CAM requires three function-
al elements: 1) digitalization tool for data acquisition  
(a scanner); 2) software to edit and to process digital 
data; 3) a manufacturing technology to transform digital 
data to a final product [3]. Since the beginnings of CAD/
CAM in dentistry, the  development of  the  technology 
has been inherently related to prosthodontics. The first 
application of  CAD/CAM systems was the  fabrication 
of dental restorations. Nowadays, further developments 
of CAD/CAM allowed for integration of the technology 

in other fields of dentistry, including maxillofacial sur-
gery, dental implantology, and orthodontics. The main 
requirement to diversify the range of CAD/CAM appli-
cations is the  progress in manufacturing technologies. 
Manufacturing can be held either with subtractive or 
additive methods. Subtractive fabrication is accom-
plished by removing material from a block by milling or 
cutting until a desired shape is created [4]. On the other 
hand, additive manufacturing is referred to a process, in 
which an object is fabricated by adding a raw material 
layer-by-layer in a  specific manner  [4, 5]. Other terms 
for this process used in literature are 3D printing (3DP) 
and rapid prototyping (RP) [6, 7]. The aim of the arti-
cle is to give insight into the development and available 
3D printing technologies, and to review the  literature 
concerning the  application of  3D printing in clinical  
orthodontics. 
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WHAT IS 3D PRINTING? BRIEF HISTORY 
OF ORIGINS AND DEVELOPMENT 

3D printing was developed in 1980s by Charles 
Hull, who created the first 3D printer and 3D printing 
technology, which was named by the founder as stereo-
lithography [8]. Moreover, Hull created the STL (stan-
dard tessellation language or stereolithography) file for-
mat. STL file is a triangular representation of an object’s 
surface geometry. Each object is built of many triangles 
and the peak of each triangle is represented by the coor-
dinates system [9]. STL is the most commonly used file 
format to edit and prepare the object for 3D printing [8]. 
The next milestone in the development of 3D printing 
was the achievement by Scott Crump, who some years 
following Hull developed a  new 3D printing tech-
nique called “fused deposition modelling” (FDM) [10].  
3D printing is a  manufacturing technology, in which  
an object is created by adding a material layer-by-layer one 
on top of  the  other in a  specific manner, until whole  
object is manufactured according to computers’ de-
sign  [5, 7]. The  process must be preceded by creating 
a project/design in STL file format. The digital project 
is then sliced into layers and the  3D printer recreates 
the layers, which are then fused together. Digital design 
may be created using a computer and dedicated software 
(CAD), it may be acquired by scanning the structure we 
want to print, or alternatively, it may be converted to 
CBCT DICOM file [8, 10]. To the contrary, subtractive 
manufacturing involves cutting an object from a mate-
rial block by removing the excess. 3D printing is an im-
portant step forward in manufacturing technology. Ad-
ditive manufacturing costs less, allowing high quality 
production  [7, 8]. Additive techniques permit to pro-
duce complex and sophisticated shapes and geometries 
with undercuts or holes, which cannot be manufactured 
by any other available method [11, 12]. A variety of ma-
terials may be applied to print objects with different 3D 
printers, including gypsum, metal alloys, glass, carbon 
fiber, resins as well as organic materials, living cells, and 
tissues. Some of above-mentioned materials have been 
used in dentistry and orthodontics. Developments in 
the field of printers and materials set the basis for the use 
of the technology in industry (e.g., automobile, aviation, 
aerospace, defense), science, and medicine. 

3D PRINTING – APPLICATIONS IN MEDICINE  
AND DENTISTRY 

The most commonly cited application of 3D printing in 
medicine is fabrication of different surgical stents [12, 13]. 
3D printed surgical stents have been reported to be used 
in orthopedics, general and oncological surgery as well as 
cardio- and neurosurgery. 3D printed models facilitate di-
agnostic processes through three-dimensional recreation 

of anatomical structures, thus allowing to plan the sur-
gical intervention in detail [14]. The technology has also 
been applied to fabricate customized implants of organs 
and tissues recreating, damaged or removed anatomical 
structures, like cranium calvaria, ectoprostheses, or ear 
implants  [13]. 3D printing is also used to manufacture 
pharmaceuticals  [15]. One of  the  newest fields of  3D 
printing application in medical setting is bioprinting, i.e., 
the 3D printing technology using cells and tissues [16]. 
Developments of technologies and materials allowed to 
integrate 3D printing in dentistry. Applications of  3D 
printing in dentistry reported in the  literature include 
manufacturing of surgical stents for guided implant po-
sitioning  [17]. Moreover, researchers attempted to fab-
ricate customized dental implants from titanium alloys 
and zirconium with additive technologies [18, 19]. A re-
cently developed and reported application of 3D printing 
with biomaterials has taken place in the field of  regen-
erative periodontal surgery to manufacture resorbable 
scaffolds, such as hydrogels  [20]. Maxillofacial surgery 
has also profited from integrating 3D printing; it has 
been used to reconstruct bony structures of maxilla and 
mandible damaged by trauma or neoplasm by fabricating 
metal plates and customized implants  [11, 21]. Ortho-
gnathic procedures have also been a target for 3D print-
ing application, since orthognathic surgery wafers may 
be fabricated by additive technologies [11, 13, 22]. Like-
wise, in case of general surgery, 3D printing of anatom-
ical models serves as an important aid for maxillofacial 
surgeons in thorough surgery planning, which has been 
reported to result in reduced surgery time and improved 
functional and esthetic treatment outcomes  [13, 21].  
On the other hand, in prosthodontics, 3D printing has 
been applied to fabricate individual impression trays, 
metal frameworks for removable dentures, fixed metal 
copings, mockups, and resin patterns for further conven-
tional metal castings [22]. The application of 3D printing 
in orthodontics is presented below. 

3D PRINTING TECHNOLOGIES 

3D printing is a  general term referring to diverse 
technologies, which are listed and described below that 
have been reported to be used in orthodontics. 

STEREOLITHOGRAPHY 

Stereolithography (SLA) was conceived and pat-
ented by the founder of 3D printing, Charles Hull, be-
ing the  first 3D printing technology that has been de-
veloped  [8]. Stereolithography employs photocurable 
liquid resin as a  printing material (photopolymer). 
Single layer of a printed object is being selectively hard-
ened by a  spot of  ultraviolet laser beam, which initi-
ates cross-linking of  the  polymer and thus solidifies 
the material. Following curing, resin is being spread on 
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top of  the previous layer and the cycle is repeated un-
til the  object is constructed  [7, 23]. Stereolithography 
requires certain procedures of  post-processing the  ob-
ject after printing. The  unpolymerized resin has to be 
removed and the object needs to undergo a post-curing 
process in a  UV oven to increase the  conversion de-
gree of the polymer [23]. Printing objects with complex 
shapes (with undercuts or cantilevers) requires incorpo-
rating support structures in the CAD design, which have 
to be removed after printing is completed  [7]. Advan-
tages of stereolithography cited in the literature include 
high quality and high resolution of printed objects, with 
layer thickness of 25 µm [23, 24]. Low thickness of a lay-
er is a crucial factor to ensure smooth surface of printed 
object without stair-stepping, resulting from inaccura-
cies in binding adjacent layers  [25]. Stereolithography 
has been reported to be used for manufacturing of surgi-
cal guides in dental implantology [17]. In orthodontics, 
the technology has been applied to manufacture, among 
others, orthodontics dental models [25]. 

FUSED DEPOSITION MODELLING/FUSED FILAMENT 
FABRICATION 

Nowadays, fused deposition modelling/fused filament 
fabrication (FDM/FFF) technology is the most common-
ly used 3D printing method worldwide  [10]. The  tech-
nology employs thermoplastic materials to build solid 
objects. Thermoplastic material is heated until melting 
temperature is reached, which is followed by deposition 
of melted material through extrusion heads by the printer 
in a specific pattern, creating a single layer of an object. 
The material is applied layer-by-layer, which are fused to-
gether as the material solidifies [23]. The key advantage 
of fused deposition modelling is that the technology re-
quires no post-processing of  the object following print-
ing and enables to print with minimal layer thickness  
of  127 µm  [24]. A  certain disadvantage and limitation 
of this technology results from material shrinkage during 
hardening, and the  necessity to use materials with suffi-
cient thermal and viscoplastic properties. Available mate-
rials for FDM include acrylonitrile butadiene styrene poly-
mer (ABS), polycarbonates (PCA), polylactic acid (PLA), 
waxes, and polyphenylsulfones [26]. An example of FDM 
3D printer with application in orthodontics is Makerbot 
Replicator2 (Stratasys Ltd., Eden Prairie, MI). According to 
the manufacturer’s data, the printer may be used to fabri-
cate retainers and aligners, although with inferior esthetic 
quality due to stair-stepping effect [26]. 

SELECTIVE LASER SINTERING/MELTING AND ELECTRON 
BEAM MELTING 

Selective laser sintering (SLS) employs powder ma-
terials to print 3D objects [26]. A high energy CO2 laser 

beam is used to heat the powder above the glass tran-
sition temperature in a specific pattern, and thus sinter 
the particles together [23]. After completion of a single 
layer, the printer building platform lowers, and another 
layer of powder is added on the previous one and sinter-
ing continues until the printing of the object is complet-
ed [7]. SLS does not require any support structures to be 
incorporated into the design because partially sintered 
unbound powder particles ensure sufficient support for 
complex geometries of  a  printed object. Following 3D 
printing, removal of  the  excess of  powder particles is 
necessary, being a relatively simple procedure [26]. Pow-
der materials, which may be applied for SLS technology 
printing include polymers like polyamides, polycapro-
lactone, hydroxyapatite, glass, ceramics, and powdered 
metallic alloys such as stainless steel, titanium, and  
Co/Cr [26]. Electron beam melting (EBM) technology 
also uses metal powder as printing material. The powder 
undergoes sintering by computer-controlled electron 
beam in vacuum, unlike in SLS, which employs laser 
beam. Metal alloys used in EBM are stainless steel, ti-
tanium, and cooper [26]. Structures printed using EBM 
are highly porous and mechanically strong, therefore 
EBM technology has been used in orthopedics and oral 
surgery to fabricate customized osseointegrated im-
plants [23, 26]. 

DIGITAL LIGHT PROCESSING 

Digital light processing (DLP) is similar to stereoli-
thography and uses photopolymer as a printing materi-
al. Photopolymer is cured by light with the use of digi-
tal micromirror device (DMD). The main difference to 
stereolithography is the  fact that the  light is projected  
on the  whole layer, while stereolithography employs 
spot laser beam. DLP enables faster printing than ste-
reolithography, with layer thickness of less than 30 µm  
[26, 27]. EnvisionTEC (Gladbeck, Germany) intro-
duced 3D printers applying the following technology to 
the market: Ultra 3SP Ortho and Perfactory Micro Or-
tho. According to the manufacturer, Ultra 3SP printer is 
designed to manufacture accurate dental working mod-
els for orthodontic appliance fabrication [26, 28]. 

INKJET 3D PRINTING AND POLYJET 

Inkjet 3D printing (3DP/IJP) allows manufactur-
ing structures by adding a  pattern of  binder liquid on 
a  powder substrate. The  object is created as a  result 
of  a  reaction between liquid and powder, while phase 
transformation is caused by ultraviolet curing, chemical  
or thermal reaction, or by dehydration [26]. In the fol-
lowing technology, various materials may be used during 
one printing cycle allowing to fabricate objects with  
different materials, thus exhibiting diverse properties 
[23].Thickness of a layer has been reported to be up to  
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12 µm [24]. 3DP is faster than FDM, but surface finish and 
accuracy may be inferior than those achieved with ste-
reolithography [26]. Further developments in the tech-
nology have led to create PolyJet (polymer jetting) by 
Stratasys Ltd. (Eden Praire, USA). PolyJet employs 
liquid photopolymer as a  printing material. The  resin 
is spread by a  nozzle on a building platform, which is 
subsequently cured with ultraviolet light. Supportive 
structures are created with layers of  photopolymeric 
material. Supporting material may be removed easily 
after completion of printing process. To the contrary to 
stereolithography, an object printed with PolyJet is cured 
maximally and requires no additional post-curing. Lay-
er thickness achieved by PolyJet printers ranges from  
16 µm to 32 µm, which makes this technology accu-
rate [26, 29]. PolyJet printers that are commercially avail-
able include Objet30 OrthoDesk, Objet30 Dental Prime, 
and Objet500 Dental Selection (Stratasys Ltd., Eden 
Praire, USA) [29]. According to the manufacturer’s data, 
Objet30 OrthoDesk printer may be used to manufacture 
orthodontic study and working models, surgical stents 
and dental mockup, depending on the  printing mate-
rial [26, 29]. 

3D PRINTING IN ORTHODONTICS 

DIAGNOSTIC AND WORKING ORTHODONTIC MODELS 

3D printing technology may be used in orthodontics 
to manufacture models of patients’ dentition. Increasing 
popularity and growing application of intra- and extra-
oral scanners and digital dental models, contributes to 
a significant decrease in a need to acquire alginate im-
pressions and casting plaster models, thereby allowing 
avoiding drawbacks of conventional orthodontic mod-
els. Digital models may be used for orthodontic diag-
nostic purposes. Diagnostic measurements performed 
on digital models represent high validity, reliability, and 
reproducibility, and thus may be regarded as an equal 
alternative to conventional plaster models  [30-32].  
Although in cases, in which manufacturing of ortho-
dontic appliances is planned, a physical model of pa-
tient’s dentition is required. 3D printing enables to 
transform digital, virtual dental model of  patient’s 
dentition into a physical model, omitting certain steps, 
which are conventionally required, including impres-
sion taking and model casting  [33, 34]. Moreover, 
rapid prototyping technology allows to manufacture 
many identical copies of  a  digital model without any 
risk of  distortion or deformation, being available at 
any time [34]. Printed models have been reported and 
may be used to manufacture removable orthodontic 
appliances, expansion appliances, indirect bonding 
trays, or thermoformable orthodontic aligners [35, 36].  
3D printing technology has set the basis for the use and 

rapid developments in the field of aligners. Manufac-
turing of a set of aligners for a single patient requires 
to perform individual digital setup, which allows to 
plan movements of teeth during treatment. A sequence 
of models, each one reflecting one single stage of treat-
ment, needs to be fabricated to allow producing a set 
of  aligners  [37]. Moreover, the  range of  tooth move-
ment performed by an aligner ranges between 0.25 mm 
to 0.30 mm, thus indicating the requirements concern-
ing the  accuracy of  working model fabrication  [38]. 
Any inaccuracies in the  printing process of  working 
models may result in inadequate tooth movements, 
negatively influencing treatment outcomes. In the case 
of  diagnostic models, inaccurate diagnostic records 
may be taken and impeding crucial treatment planning 
decisions. Therefore, the application of each 3D print-
ing technology to manufacture dental models needs to 
be thoroughly considered regarding printing accuracy 
and availability of materials. Direct comparison of 3D 
printing technologies can only give answers which 
technology is appropriate for a  specific orthodontic  
application. 

Kim et al.  [34] investigated precision and trueness 
of  selected diagnostic measurements performed on 
scans of  models, which were printed with 4 technolo-
gies including SLA, PolyJet, DLP, and FFF. The  results 
of the study revealed statistically significant differences 
between measurements taken on models printed with all 
4 methods. Measurements on PolyJet and DLP models 
had higher precision than for SLA and FFF models. On 
the other hand, trueness was reported to be highest for 
stereolithographic models  [34]. Different approach to 
research into the accuracy of diagnostic measurements 
on 3D printed models has been presented by Wan Has-
san et al. [39]. The authors compared selected measure-
ments performed directly on printed models obtained 
from Z printer (Stratasys Ltd., Eden Praire, USA) to con-
ventional plaster models using digital caliper, depending 
on the severity of crowding. For each group of models 
with a  specific severity of  crowding (mild/moderate/ 
severe), there were statistically significant differences for 
tooth widths, tooth heights, and arch width measure-
ments. According to Wan Hassan et al., the findings ex-
cluded the clinical use of printed models in orthodontic 
diagnosis and treatment planning  [39]. The reason for 
the  results was not sufficient printing accuracy in rec-
reating anatomical details, which negatively influenced 
the ability to identify landmarks for measurements [39]. 
Dietrich et al.  [40]  examined precision and trueness 
of stereolithographic and PlyJet printed models. To per-
form the  analysis, the  models were scanned following 
printing and then superimposed using best-fit algo-
rithm in a  special software. Trueness was reported to 
be higher for PolyJet models, but precision was signifi-
cantly higher for models printed with stereolithography 
(p < 0.05). Maximal surface deviations for both groups 
were reported not to exceed 127 µm, which makes both 
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printing technologies acceptable for orthodontic diag-
nostics  [40]. Hazeveld et al.  [41] on the  other hand 
compared selected linear measurements performed 
on conventional plaster and printed models using 
DLP, PolyJet, and 3DP technologies. Bland-Altman 
plots indicated that the  agreement was high between 
tooth width and crown height measurements for Poly-
Jet and DLP models, with mean systematic differences  
–0.08 mm for PolyJet and –0.05 mm for DLP. According 
to the authors and other studies, the threshold of clini-
cal relevance in measurements is 0.3 mm, which makes 
both technologies acceptable regarding the accuracy in 
clinical orthodontics [41, 42]. Camardella et al. [43] in-
vestigated the  influence of  the  design of  a  model base 
on the accuracy of models printed with stereolithogra-
phy and PolyJet technology. The  researchers assessed  
3 types of model bases: regular ABO (American Board 
of  Orthodontics) base, horseshoe-shaped based, and 
horseshoe-shaped base with a  transverse bar. Horse-
shoe-shaped bases are frequently designed in models 
used to manufacture thermoformable orthodontic align-
ers, thus the  assessment of  their accuracy is of  signif-
icant clinical importance  [44]. The  results have shown 
that models with a  horseshoe-shaped base with a  bar 
and regular base were accurate, regardless of 3D printing 
technology used. Models with a horseshoe-shaped base 
without a bar, which were printed using stereolithogra-
phy were characterized by statistically significant reduc-
tion in transverse dimension in comparison to models 
with regular base (p = 0.000). As a reason for these find-
ings, the authors named the post-curing process of ste-
reolithographic models, which in the absence of a trans-
verse supporting bar, could result in material shrinkage 
and decrease of posterior region dimension [43]. These 
differences were not observed for PolyJet printed models. 

Available literature concerning 3D printed models 
report many other interesting applications, which in-
clude visualization, diagnosis, and treatment planning. 
One of the papers has been published by Lee et al. [45]. 
The authors described a technique of 3D printing teeth 
replica for autotransplantation. 3D printed teeth repli-
ca permits for shortening and simplifying the  proce-
dure, minimizing the  risk of  damage to the  transplant 
tooth during checking for fit in the  prepared site and 
finally, contributing to shortening the  extraoral time 
of  the  transplant tooth  [45, 46]. An important factor 
limiting the use of printed teeth replica is the accuracy 
of  additive manufacturing technology. Lee et al.  [45]  
investigated 50 teeth replicas printed with PolyJet and 
FDM technologies. The results indicate that there were 
statistically significant differences in accuracy of  teeth 
replica depending on the printing technology (p < 0.05) 
but according to the  authors, the  differences were not 
clinically relevant, allowing to apply both technologies 
for the following purpose [45]. Also, Faber et al. [47] im-
plemented 3D printing into orthodontic diagnosis and 
decision making. The  authors described 3D printing 

of an anatomical model obtained on the basis of com-
puted tomography images of  an  impacted maxillary  
canine. The printed dimensional model enabled the cli-
nicians to conduct thorough assessment and visu-
alization of  the  anatomy and localization of  the  im-
pacted tooth, also in relations to the  roots of  adjacent 
teeth. Model analysis helped the  authors to precisely 
plan the  surgical exposure procedure of  the  impacted 
tooth [47]. 

REMOVABLE ORTHODONTIC RETAINERS 

Computer-aided design and 3D printing open new 
possibilities in orthodontics to manufacture custom-
ized removable retainers. The  procedure has been 
presented and described by Nasef et al. [48]. The pro-
cess integrates the  application of  new technologies, 
including cone beam computed tomography (CBCT), 
CAD and 3D printing. The first step in the procedure 
is scanning patient’s dentition using CBCT and image 
conversion into a STL file to create a 3D model of pa-
tient’s dentition. Following importing the file into ded-
icated software (Zbrush 4R4, Pixologic, Los Angeles, 
California), the retainer is designed virtually. The vir-
tual project representing the retainer is (upon accep-
tance) manufactured by printing. Nasef et al.  [48] 
used Formiga P100 3D printer (EOS, Munich, Ger-
many). The  printer applies SLS technology. The  print-
ing material used was a fine polyamide PA 2200 (EOS). 
A certain disadvantage of the material used may be its 
white opaque color. The application of stereolithography 
technique would allow to use another printing material, 
achieving an  ideal transparency. Another disadvantage 
of  SLS, named by authors, are high costs and still low 
availability. However, according to the authors, the de-
scribed method may be successfully used with other 3D 
printing technologies and materials. Nasef et al. [48]  did 
not mention or describe any clinical nor scientific evalu-
ation of the printed retainer in their article. 

REMOVABLE ORTHODONTIC APPLIANCES 

First trials to manufacture removable acrylic or-
thodontic appliances using computer-aided design and 
3D printing have been made and presented by Sassani  
et al. [49]. The authors reported the application of half-  
automated technique to manufacture acrylic base plates 
of removable appliances. A machine dedicated for this 
particular purpose has been used to add and polyme-
rize layers of  acrylic, which were added according to 
the  computer design of  the  appliance. The  screws and 
wires however needed to be placed manually onto 
the  working model, their incorporation in the  virtual 
design and manufacturing process has been reported 
not to be possible at that time [49]. Al Mortadi et al. [50] 
described a  procedure of  Adresen activator and sleep  
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apnea appliance fabrication using computer-aided de-
sign and additive manufacturing technology. The  first 
step in the procedure was digitalization of plaster models 
of patient’s dentition using a laser scanner. Construction 
bite and virtual appliance design was made using CAD 
software (FreeForm Modeling Plus, version 11; Geo 
Magics SensAble Group, Wilmington, Mass) in con-
junction with special phantom (haptic) arm (Geo Mag-
ics SensAble Group). The acrylic baseplate of the appli-
ance has been designed. The design involved modeling 
of a palatal plate, bite blocks covering occlusal surfaces 
of mandibular, and maxillary teeth to form a monoblock 
and anterior capping covering lower incisors. The labi-
al bow was bent manually in a conventional way, with  
0.9 mm stainless steel wire. To incorporate the  labial 
bow into the acrylic, the authors designed special guid-
ing jigs, which enabled precise positioning of the wire in 
the acrylic plate. Manufacturing process of the virtual-
ly designed activator was held using stereolithography 
machine (SLA 250-50; 3D Systems). Following printing, 
the appliance was cleaned in isopropanol solvent (99%) 
and support structures were removed. Post-curing was 
achieved by ultraviolet light polymerization to increase 
the degree of polymer conversion. According to the au-
thors, the  manufacturing process with stereolithogra-
phy has been chosen because of the possibility to pause 
printing, which was necessary to attach conventionally 
bent labial bow  [50]. The  authors conducted clinical 
evaluation of  the  appliance and stated that the  fit and 
adaptation to the model surface were satisfactory, both 
palatially and lingually [50]. The appliance surface was 
smooth, with no sharp edges. Labial bow was fitted firm-
ly into the plate and was functional [50]. 

The next development in the  field was fabrication 
of Hawley retainer with CAD and 3D printing. Al Mor-
tadi et al. [51] presented Hawley retainer manufacturing 
using intraoral scans obtained with TRIOS (3Shape, Co-
penhagen, Denmark), eliminating the need of conven-
tional impression taking and pouring plaster models. 
During the stage of creating virtual appliance, the shape, 
thickness and range of  acrylic base plate, fitted labial 
bow, and Adams clasps was designed. Wire elements 
were bent using cobalt-chromium alloy with 3D print-
ing technology. The  base plate of  Hawley retainer was 
fabricated form ClearVue resin material (3D Systems), 
implementing stereolithography. In clinical assessment 
of  the  retainer, the  authors concluded that the  quality 
of  the  appliance was satisfactory  [51]. A  disadvantage 
of the described procedure is the necessity to use com-
plex software and haptic phantom arm, which signifi-
cantly increases cost of the procedure. On the other hand, 
strictly controlled manufacturing process is reliable and 
repeatable, allowing to create appliances with planned 
thickness, range, and shape [51]. Nowadays, 3D print-
ing technology allows to manufacture wire elements, in-
cluding labial bows and clasps form metal alloys and to 
incorporate those parts into the base plate of the appli-

ance [51]. Another application of additive manufactur-
ing was to fabricate soft customized, silicone removable 
appliances introduced by Salmi et al. [52]. The authors 
printed the appliance using stereolithography (SLA 350 
machine – 3D Systems), which was preceded by creat-
ing the digital design. Manufactured silicone appliance 
was subjected to evaluation, which was conducted by 
scanning the appliance, creating its virtual model, and 
digital image superimposition on computer-aided de-
sign. Maximal deviation of 1 mm was observed on sharp 
edges and thin walls of the appliance [52]. According to 
the authors, the technology used enables faster produc-
tion, limits the costs, and results in fabricating applianc-
es with high accuracy [52]. 

The articles cited above are however only case re-
ports, showing the  potential of  3D printing applica-
tion in removable appliance manufacturing process. 
The methods and techniques described by the authors 
of the articles need to be assessed, especially concerning 
costs, workflow, accuracy, and clinical efficiency. So far, 
literature does not present such data. 

CUSTOMIZED LINGUAL ORTHODONTIC BRACKETS  
AND HERBST APPLIANCE 

Nowadays, 3D printing is used in the  process 
of  manufacturing fixed orthodontic appliances. Ad-
ditive manufacturing is a  part of  production process 
of lingual orthodontic brackets. Wiechmann et al. [53] 
introduced 3D printing to create wax patterns of lingual 
orthodontic brackets, allowing to customize the shape 
of  bracket base. The  manufacturing process begins 
with virtual design of each bracket, which can be cus-
tomized to fit ideally to the anatomy of lingual/palatal 
surface of  teeth. Digital design allows to customize in 
– out, angulation and torque values of  each bracket; 
thus, an  individual bracket prescription is created for 
each patient  [53]. The  next step employs rapid proto-
typing to transform virtually designed brackets into 
wax pattern. The  prototypes are then cast in gold to 
produce final customized brackets that may be used in 
treatment  [53]. Wiechmann et al.  [54] in their article 
described a case report incorporating Herbst appliance 
in lingual orthodontic therapy. In order to achieve that, 
3D printing technology was employed. Digital design 
of lingual orthodontic brackets involved creating thick-
er and extended bracket bases on maxillary first molars 
and mandibular canines to manufacture those brackets 
as bands. Pivots and tubes were attached to the bands, 
and proper tube and telescope length as well as design 
were planned to achieve class I occlusion. Recreation 
of  the  designed appliance requires accurate prototyp-
ing, which is achieved with 3D printing technology, 
allowing (according to the authors) to customize fixed 
functional therapy and combine it with lingual ortho-
dontic treatment protocol [54]. 
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OCCLUSAL SPLINTS 

Occlusal splints are contemporarily used for treat-
ment of  patients presenting with temporomandibular 
disorders (TMD). The  conventional process of  splints 
fabrication in dental laboratory requires taking algi-
nate impressions of  patient’s dentition, wax bite regis-
tration, and mounting casts in articulator. Lauren and 
McIntyre were the  first authors to publish an  article, 
which describes digital workflow in occlusal splints 
manufacturing [55]. The suggested digital protocol ap-
plied subtractive technology of splint fabrication, which 
were machined down from acrylic material block. Sal-
mi et al.  [56] introduced 3D printing into the  process 
of splint manufacturing. Occlusal splints were made by 
the  authors using stereolithography machine SLA 350 
(3D Systems, USA). 3D printed splint has been evalu-
ated clinically after 1, 3, and 6 months of patient’s use. 
The adaptation process to splint therapy has been pos-
itive and muscle tension has been relieved. No signs 
of tooth or splint wear has been detected after 6 months 
of clinical use [56]. Moreover, the splint has been thor-
oughly tested following scanning and the  scan was 
superimposed onto splint virtual design with special 
software. Inaccuracies in splint dimensions and surface 
deviations of 1 mm were reported at the edges and sharp 
margins of  the  splint; however, maximal deviations in 
other parts of the appliance did not exceed 0.3 mm [56]. 
These findings indicate that 3D printing has potential 
to become routinely used in occlusal splints manufac-
turing. The printing process is highly reproducible and 
faster than conventional technique, thus decreases sig-
nificantly the dental laboratory workload. According to 
the  authors, improved 3D printed splint accuracy may 
reduce time required to trim the splint [56, 57].  On the 
other hand, there is still a need for further clinical and 
scientific examination of  3D printed occlusal splints 
concerning clinical use. 

SURGICAL TEMPLATES FOR ORTHODONTIC 
MINISCREWS AND MINIPLATES PLACEMENT 

Orthodontic miniscrews and miniplates are used 
as a  source of  intraoral maximal anchorage. Loading 
of miniscrews or plates allows to minimize reaction forc-
es acting on teeth and also, broadens the scope of pos-
sible tooth movements  [57]. Regarding force control, 
miniscrew stability and anatomical limitations includ-
ing limited space for miniscrew placement, risk of root 
damage, perforation of maxillary sinus or neurovascular 
damage in miniscrew insertion, a  factor of  crucial im-
portance for correct miniscrew positioning [58]. Various 
techniques have been developed to ensure proper minis-
crew placement trajectory and localization, but accord-
ing to the  contemporary research data, the  following 
methods do not guarantee sufficient precision [59, 60].  

Wang et al. described a  technique of orthodontic mini-
screw placement using a  3D printed surgical template 
[61]. The authors applied superimposed CBCT and den-
tition scan data, which were imported into CAD software 
to design virtual surgical template. The template was 3D 
printed with ABS material (acrylonitrile butadiene sty-
rene) using FDM 3D printing machine. The  template 
was subjected to clinical evaluation following fabrication. 
The template had a good fit to the surface of oral mucosa 
(mean gap size of 0.3 mm), good holding power, and fit-
ting adoption to patient’s teeth, ensuring sufficient stabil-
ity during miniscrew insertion. In order to manufacture 
surgical templates with high accuracy and ability of intra-
oral application, it is necessary to use high resolution 3D 
printers and biocompatible printing materials. Time and 
workload required to design and manufacture the  tem-
plate need to be considered in routine clinical use [61]. 

Miniplates may be used as well as a source of max-
imal anchorage in orthodontics. Miniplates are a  cer-
tain alternative to orthodontic miniscrews, their range 
of applications include different orthodontic treatment 
procedures such as maxillary molars intrusion, open 
bite treatment, maxillary molar distalization, or maxil-
lary protraction or impaction [62, 63]. Placing a minis-
crew requires surgical procedure to secure the plate with 
screws to the bone surface. Precise miniplate placement 
and good adoption to the  bone surface allows to de-
crease failure rates, and enables the orthodontist to ap-
ply required mechanics. Hourfar et al.  [64] introduced 
a  method of  customized adaptation and placement 
of orthodontic miniplates using CAD and 3D printing 
technology. 3D printed model of patient’s bone fabricat-
ed on the basis of CBCT images has been used as a tem-
plate to position and adopt the  miniplate to the  bony 
contour on the model. Stereolithographic 3D printer has 
been used to manufacture the model. Miniplate, which 
final position has been established and fixed with screws, 
served as a guide to fabricate a jig to transfer the plate to 
the patient’s mouth. According to the authors, the main 
advantage of  this technique is precise determination 
of  the  final position of  an  orthodontic miniplate prior 
to the  surgical procedure, which significantly reduc-
es the  time needed for surgery and simplifies the pro-
cess [64]. Another advantage results from pre-operative 
adaptation of the plate to the bone surface, allowing for 
maximum contact between the miniplate and the bone, 
and decreasing the possibility of miniplate failure [64]. 

CONCLUSIONS 

3D printing technology has become more widely used 
in orthodontics and the scope of possible applications is 
still expanding. Available literature gives many exam-
ples of various 3D printing techniques and materials in 
a wide range of applications. Acceptance of 3D printing 
technology and material used in a certain clinical situa-
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tion depends on building a broad basis of scientific evi-
dence from both in-vitro and clinical trials, which allows 
to draw conclusions concerning accuracy, costs, clinical 
efficiency, and further potential new methods. Scientific 
and manufacturers’ recommendations concerning appli-
cations of a certain technology are to be followed strictly 
in order to minimize risks and help to achieve clinical 
success. 
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