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Abstract: This papers’ objective is to describe a method of in-office 3D designing and 3D printing

a tooth-borne molar distalizer and create a library, to easily reproduce the needed distalizers, in

a private orthodontic clinic. Research objectives were to design and 3D print molar distalizers,

clinically use in orthodontic treatment settings, assess the strength and frequency of debonding and

or breakage. The print resin used was Dental LT Clear V2 (RS-F2-DLCL-02) from formlabs. The 3D

printer used was a Formlabs 3B+printer. 16 patients were treated with these 3D printed distalizers.

Patients selected were between 11 Years and 49 Years old, Class II occlusion with no skeletal Class II

values. The skeletal cephalometric values of the six patients were within the range of SNA = 81± 3º ,

SNB = 78 ± 3º , ANB = 3 ± 2º. The mean duration of the 3D printed appliance was 14.58 ± 4.31 weeks.

The aim reached, was to position molars and canines in a dental Class I position. The combined

failure rate was 0.94. A library of distalizers has been made of sizes between 16mm and 29mm, they

are easy to print and easy to use in office.

Keywords: distalizer; orthodontics; digital; biocompatible 3D printing; dental biocompatible resin;

CAD/CAM; computer modelling; class II; molar derotation

1. Introduction

In recent years 3D printing technology endured significant technological improvements [1–10].

Whereas SLA, DLP and LCD based 3D printers improved [6,7,10–14], 3D printing resins proved to

be bio-compatible [3,9,12,14–18] and being able to endure masticatory forces [5,8,11,14,18–20]. This

enabled orthodontists to set up their own 3D lab and design and print a variety of orthodontic

appliances [3,9,17,21–23]. Class II malocclusion has an average prevalence of 20.2% [24]. Vertically, the

entire range of variance can be observed, ranging from a facial form with reduced lower face height

and increased overbite (hypodivergent) to a facial form with increased lower face height and reduced

overbite or anterior open bite (hyperdivergent), depending on the degree of disharmony. Malocclusions

linked to an elevated Frankfort–mandibular planes angle are typically more difficult to address during

orthodontic treatment due to the unfavourable downward and backward trend of mandibular growth

and unfavourable soft tissue pattern. The soft tissues can contribute to the development of a class II

division 1 incisor relationship, especially when the upper incisors are positioned on or in front of the

lower lip. This phenomenon is referred to as a lip trap and can lead to the upper incisors protruding

forward and the lower incisors tilting backward, thus exacerbating the overjet. A lower lip that is

highly active, causing a noticeable backward movement of the lower lip section, is referred to as

’strap-like’. The inclination of the upper incisors can also result in the protrusion of the upper lip. Lip

incompetence is indicated when the lower lip rests below the upper incisors in situations with low

or average angles. In this scenario, the lip connection is occasionally characterised as theoretically

competent, as the only factor preventing the patient from obtaining lip competence without exertion is

the positioning of their teeth. In circumstances when the angle of the face is high, lip incompetence

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2024                   doi:10.20944/preprints202401.2047.v3

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://orcid.org/0009-0006-5052-3573
https://doi.org/10.20944/preprints202401.2047.v3
http://creativecommons.org/licenses/by/4.0/


2 of 16

typically occurs because the height of the lower facial skeleton is more than the length of the lip. This

means that muscular effort is needed to acquire lip competence. The vertical growth pattern plays

a crucial role in ensuring long-term stability after reducing overjet in these circumstances. Stability

is more probable when the lower lip is positioned in front of the upper incisors following treatment.

This is more likely to occur when the Frankfort-mandibular angle is average or low, and there is an

accompanying anterior growth rotation. High angle class II division 1 malocclusions pose a challenge

in treatment due to the combination of a backward growth rotation and increased lower face height.

Even if the overjet is effectively minimised, the lower lip tends to rest below the upper incisors, further

complicating the situation. Although the overjet is enlarged, the overbite can vary in severity, but

is frequently incomplete due to the presence of a compensatory swallowing pattern caused by the

larger overjet. Dental crowding is a common occurrence, especially in the lower front teeth if they

are tilted backwards. The maxillary incisors commonly exhibit proclination and spacing as a result

of the lower lip’s resting posture when a lip trap is present. The cause of a class II division 1 incisor

connection is typically due to skeletal factors, specifically mandibular retrognathia. However, it can

also be influenced by lip position in cases when there is a skeletal class I or, less commonly, a class III

pattern. It may also be caused by a persistent habit of sucking on digits after the permanent maxillary

incisors have come in. An elevated overjet can lead to adverse psychological consequences and is also

linked to a higher likelihood of injury to the upper lip area, especially in youngsters. These factors

indicate the need for therapy [25]. The treatment is mostly determined by the severity of the skeletal

discrepancy and the contribution of the dento-alveolar region to the overjet. There are three primary

methods for correcting a class II division 1 malocclusion. First of all growth modification in a patient

who is still growing, efforts can be made to rectify the underlying skeletal disparity by using or altering

the natural development process. This can be done through the use of headgear, a functional device, or

a combination of both. The patient’s compliance with the treatment, which can be fairly rigorous, and

the direction and magnitude of growth are the determining factors of success. Both of these variables

are highly unpredictable. We can use a method of orthodontic camouflage correcting the overjet by

moving the teeth. This is done by uprighting or retracting the upper incisors and proclining the lower

incisors, while accepting the existing skeletal difference. In order to accomplish this, it is typically

necessary to have sufficient space in the upper arch. This space can be achieved by either distalizing

or by removing maxillary premolars. This procedure is acceptable for correcting a class II division 1

malocclusion in an individual with a skeletal class I or mild-to-moderate skeletal class II base who

has stopped developing. However, it may not be useful for individuals with more severe skeletal

class II discrepancies as it could have unfavourable consequences on the soft tissue profile. Combined

orthodontic–surgical treatment is utilised for cases with a notable antero-posterior or vertical skeletal

component in their malocclusion. When camouflage treatment is not feasible, this approach involves

surgical repositioning of the jaws to achieve definitive correction of the skeletal discrepancy as part of

the treatment plan.

Therefore a large variety of molar distalizing appliances have been developed over the years. In

some Class II protocols for orthodontic patients with maxillary alveolar protusion, molar distalization

has been proposed to avoid extraction of premolars [26]. Next we list some of these appliances. Molar

distalizers exist in a variety of solutions. As there are appliances as Hilgers pendulum [27], distal jet

appliance [28], modified slider [29], intraoral bodily molar distalizer [30], J-Molar Distalizer [31],

Greenfield lingual distalizer [32] or simplified molar distalizer [33], which are fixed appliance

connected to a plastic pad in contact with the palatal ruggae, with springs or rotary devices to

distalize molars, with the advantage of not depending on patient cooperation, but the disadvantage

of incisal protrusion. These have the disadvantage of disto-rotating the mandible thus increasing

the anterior facial height [34,35]. Others like the Hybrid hyrax Distalizer are fabricated in metal, and

skeletally anchored in the palate with the use of mini-implants, thus avoiding the disto-rotation of the

mandible [36,37]. The Beneslider [38] and in succession the Longslider [39] with high pseudoelastic

forces to overcome the slider friction occuring in the Beneslider are skeletally anchored as well. The
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appliance proposed in this article is an in office designed distalizer comparable to Carriere® Motion

3D™ (Henry Schein Orthodontics, Carlsbad, Ca, USA) [1,40–57], consisting of a rigid bar connected

with a pad on the canine attached to the anterior third of the clinical crown, with a mesial hook attached

to it and pivoting in a ball-and-socket joint with a pad bonded to center of the clinical crown of molar

facilitating the distalization en derotation of the molar. The activation of the device is done with elastics

Force 1 at 6oz. and Force 2 at 8oz., attached to a hook on the canine pad. Measuring the results are

shown using CBCT [44,52,54,55], cephalometric superimposition and model [1,58] or overlay of the

STL files before and after treatment [1,42]. The advantage of using a distalizer is its insertion at the

beginning of the treatment, when compliance is still high. A distalizer is a low invasive, with easy

placement and removal technique advantages. The real effect of a molar distalizer is molar derotation,

trough the ball and socket joint, resulting in a distal vector of force, thus resulting in distalization and

distal tipping of the first upper molar and distal tipping of the canine or premolar [1,44,45,47,54,55,57],

on the other hand an intrusion of the upper molars can be seen and an extrusion of the canine or

premolar, resulting in the clockwise rotation of the occlusal plane [1,44,45,47,54–57]. However this

can add a unfavourable facial effect through further distal positioning of the mandible. This is a

disadvantage for dolichocephalic patients and thus a contra-indication for dolichocephalic patients

and an advantage for brachycephalic patients. Depending on the case a clockwise rotation may be

favourable or unfavourable for the class 2 correction. A ‘shorty’ Carriere Motion Appliance has been

created which is a shorter arm from first molar to first premolar, which is intended to reduce the

occlusal plane rotational effects through closer proximity to the centre of rotation of the maxillary

and mandibular dentition. Other effects are, mesialisation of lower molars and tipping of the lower

incisors [1,44,45,47,54–57].A lower vacuum-formed retainer is designed to utilise the lower arch as

anchorage. Mesial movement of the lower posterior teeth is not seen as a favourable feature of the

Carriere Motion Appliance, and through differential anchorage between the arches, is designed to

limit mesial movement of the lower posterior teeth and less proclination of the lower incisors, but not

completely eliminating this movement [1,44,45,47,54–57].

2. Materials and Methods

1. Digital Design

Digital bio-compatible Additive Manufacturing (AM), brings 3D printing and manufacturing

closer to a orthodontic practice, and allows for manufacturing of distalizers, power-arms, retainers

and other perceivable orthodontic auxiliaries [14,17,18,21].

The bio-compatible resin chosen, Dental LT Clear, has been applied with success in orthodontic

manufacturing [3,5,8,9,11,12,18,20,21]. For 3D printing we opted for a Formlabs 3B+ printer. There has

been extensive research comparing 3D print technology [4,6,7,10,12–14,59]. These conclude that model

position [13], anti-aliasing, grey-scale and blur [7,60] are the most influencing parameters. Positioning

parallel to the 3D printer tray [14] is favourable and we used the anti-aliasing, grey-scale and blur

settings proposed by the manufacturer. The software used is Fusion360 and 123D Design both from

Autodesk™ [61]. We start the design process with a spline placed in line with a cylinder. The we

change the form of the cylinder to the desired shape, then we sweep the cylinder over the spline to

form the arm Figure 1. Next we cut the starting cylinder. Finally we make the rotary part of the molar

hinge. This concise of a sphere with a diameter of 2.52mm, here we make indentations on the side of

this ball with spheres with diameter 10mm. These indentations will allow the arm to click in place in

the molar base, and will form a doughnut-and-socket joint, to allow for the derotation of the molar.

A hollowed out cylinder is used to change the form of the arm on the side where the rotating part is

attached to in a way that the doughnut can be easily attached to the arm without protruding parts of

the arm limiting the movement in the molar pad. Then the rotating part is fitted onto the arm Figure 2.
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Figure 1. First a spline is formed, a flattened cylinder is attached to the spline, the face of the flattened

cylinder is swept over a preformed spline to form the arm.

Figure 2. The cylinder is then cut off, a cylinder formed an flattened and hollowed out on it’s poles by

spheres, and the attached as part of the molar hinge.

Figure 3. A hemisphere is formed to construct the canine/premolar pad and this part is then attached

to the arm.

Form a hemisphere of 6mm, change the width to 4.5mm and attach to the arm to form the canine

attachment Figure 4. Another hemisphere 3.5mm is being created on top of the canine attachment to

create the hook for the elastics. A cutout is made with a round edged box of 1.2 mm high and finally

the top edge of the cutout has been rounded off Figure 4.

Figure 4. Another hemisphere is then made, cut out with a box form, and attached on the

canine/premolar pad

We start with a hemisphere ⊘ 7.5mm to form the molar attachment. The molar pad will be

flattened on the side with 2 boxes and a large sphere ⊘ 35mm is used to form the concavity of of the

molar pad. Then a cutout is made with a box, first in 90º then a second cutout in -18º Figure 4. A

copy of the existing arm is enlarged 1.1 and used to make the cutout in the molar pad. After this the

entrance is enlarged with a rounded edged box of 1.85 mm wide and 2.62 high to facilitate the rotation

of the arm, the molar pad is ready. Figure 5.

Figure 5. To form the molar pad, we draw a sphere and cut it with a large sphere to design the rounded

bottom of the molar pad. This part is the flattened on both sides with boxes. A box cut is the made to

start the entrance of the arm.
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Figure 6. With the arm 1.1 time enlarged prepare the cutout in the molar pad. Then make a cutout to

allow the rotation of the arm in the molar pad.

In Figure 7A the completed molar hinge is shown. In Figure 7B the completed arm is shown.

Figure 7. The finished molar pad, and the finished distalizer.

2. Patient Selection

Patients were chosen by the following selection criteria:

1. Class II occlusion with no skeletal Class II values
2. Skeletal cephalometric values of SNA = 81± 3º , SNB = 78 ± 3º , ANB = 3 ± 2º ;
3. Patients were compliant with dental monitoring on a monthly basis;

3. Printing

The bio-compatible resin chosen, Dental LT Clear, has been applied with success in orthodontic

manufacturing [3,5,8,9,11,12,17,18,20]. Dental LT Clear resin (Formlabs Inc.) is one of the most

investigated resins. Shown is that this material offers in combination with the Formlabs Form

3B+ (Formlabs Inc.) a good accuracy, a high load resistance thanks to the reversible elastic

deformation [5,18], furthermore Dental LT clear material didn’t show difference in structure after

compression load [8]. For 3D printing we opted for a Formlabs™Form 3B+ , as it has been

validated in FDA-cleared workflows. There has been extensive research comparing 3D print

technology [4,6,7,10,12–14,59,62,63]. These conclude that model position [9,13], anti-aliasing, grey-scale

and blur [7,60] are the most influencing parameters. Positioning parallel to the 3D printer tray [14] is

favourable and we used the anti-aliasing, grey-scale and blur settings proposed by the manufacturer.

4. Post-Processing after 3D Printing

After printing the distalizer Figure 7, it must be washed, and the support removed. We

used a FormWash filled with a concentration of 99% IPA, to comply with bio-compatibility

regulations [64]. 3D printed parts require post processing in order to ensure their optimal performance

and bio-compatibility of the 3D printed dental appliances. Parts 3D printed with the Dental LT Clear

V2 Resin should be first washed for 15 minutes, then soaked in fresh isopropyl alcohol for a remaining

3 minutes. Leaving the parts in the IPA for longer than 20 minutes will result in lower quality of the

parts due to excessive solvent exposure [64].

Curing was done with the help of the FormCure curing chamber (60 minutes at 60 ºC).This cure

setting ensures that it achieves both bio-compatibility and optimum mechanical properties Figure 8 [65].

Thanks to the preciseness of the Formlabs™Form 3B+ in combination with Dental LT Clear resin

(Formlabs Inc.), it was possible to just simply click the distalizer arm into the distalizer pad without

any hassle. Figure 10 shows the distalizer just out off the curing chamber, the arm already clicked

inside the molar pad.
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Figure 8. The distalizers on the print plate; the distalizers in the washer; the distalizers after post cure.

Figure 9. Motions in sizes 16-29mm, after curing.

5. Testing

We build testing equipment to test the distalizers resistance to force. The first tool was a part

maxilla and mandibula combination, where the mandibula could open and close, this each time 1200

cycles and this repeated as much as needed. Software was written for an arduino uno with a LCD

screen and keypad, the moving force was produced through a servo motor. The whole tool was 3D

printed with a Ultimaker 3 and PETG filament. The maxilla in the tool had places prepared to fix

human teeth into with Impregum Penta (3M™) as this can mimic the periodontal ligament. Two

human teeth were bonded into the maxilla with Impregum Penta (3M™). The 3D printed distalizer

had the canine and molar bonding pads sandblasted. Then Transbond™ XT (3M Unitek)primer was

applied to the pads and light cured [66]. Transbond™ XT (3M Unitek) light cure paste was used to

bond the distalizer to the teeth, after the teeth were cleaned, etched and Transbond™ XT (3M Unitek)

primer applied [67].Figure 10. CMA Force 1 and 2 Class II elastics were used in the test.
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Figure 10. 3D printed cyclic distalizer tester.

The second testing tool was built using an Arduino Mega and a touchscreen. The software used

to drive this was written by ourselves. A stepper motor and stepper motor driver board were being

attached. A worm drive was connected to the stepper motor, moving a sled on which the distalizer

was attached. A load-cell of 10kg was used to measure the maximum load applied using 1/4’ 6oz.

and 3/16’ 8oz. elastics Figure 11. The tool was 3D printed with a Ultimaker 3 with peg filament. No

distalizers were damaged using this testing process.

Figure 11. 3D printed strain tester.

6. Clinical Application

The 3D printed distalizers were prepared, sandblasting the canine and molar bonding pads. Then

Transbond™ XT (3M Unitek)primer was applied to the pads and light cured [66]. Transbond™ XT

(3M Unitek) light cure paste was used to bond the distalizer to the teeth, after the teeth were cleaned,

etched and Transbond™ XT (3M Unitek) primer applied [67]. Before light curing excessive remnants

were being removed. The activation of the molar distalizers was done with class II elastics, during

testing from beginning until the end with 1/4 inch (6.35mm), 6 oz (170 g) and 3/16 inch (4.76mm), 8 oz

(230 g) elastics were connected from the canine pad to a button on teeth 46 or 47 and 36 or 37 [68–71].

7. Measurements The 3D scans were made with the 3Shape TRIOS® 4 and measurements were

done within the software of Medit-Link with the Medit design app (©MEDIT corp. 8, Yangpyeong-ro

25-gil, Yeongdeungpo-gu, Seoul, Republic of Korea) [72,73]. The measurements were done independent

by 2 researchers, each two times with 7 days between both measurements. The distalization was

measured on an overlay of the STL-file at the beginning and at the end, where a fixed point on the

canines and molars in both STL’s was used. A line connecting respectively canines and molars was
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drawn on which the same point on canines and molars in the overlay STL were measured in distance

perpendicular to the lines in the first STL.

The derotation was measured by comparison of the angulation of a line between distinct

point on the vestibular side and a distinct point on palatal side, whereas each researcher decided

independently [42,56,58].

3. Results

The objective was to propose a method of designing a molar distalizer library, and forthcoming

manufacture the molar distalizers in-office as described in the digital-design chapter.

The next objective was the evaluation of failure, both breakage and debonding and thus evaluating

the relative strength in vivo.

Table 1 shows the overview of 16 patients treated with these 3d printed molar distalizers.

Assuming a moderate effect (d = 0.7) and a alpha error of 0.05, the sample size calculation using

the G-Power analysis yields a total sample size of n = 13. In this table we list the age of participating

patients, the time the distalizers have been worn, the size of distalizers used and the failure rate.

Table 1. Results of clinical evaluation.

ID Age in Decimals Time Worn Size Right Size Left Failure Failure

# [years] [weeks] [mm] [mm] # #

1 14.95 16.71 25 25 0 0
2 14.95 16.71 25 25 1 0
3 12.62 11.57 25 25 0 0
4 15.41 17.71 26 27 1 0
5 11.74 17.57 26 26 0 1
6 14.28 9.14 24 25 0 0
7 17.91 13.57 24 24 0 0
8 49.34 14.00 26 26 1 1
9 12.94 11.29 19 19 1 1
10 14.92 17.14 27 27 1 1
11 14.11 10.00 26 26 0 1
12 11.89 24.86 26 26 1 0
13 15.41 10.29 25 25 1 1
14 14.06 19.57 24 25 0 0
15 13.07 9.86 18 18 0 0
16 15.34 13.29 24 24 0 1

We add Table 2 for descriptive purpose. We see an age span between 11-49 years of age, a range of

distalizers between 18 and 27mm. The short distalizers are those bonded from premolar to molar, the

longer ones (≥ 24mm) bonded from canine to molar. The time needed to achieve a molar Class I was

on average 14.6 weeks, with a total failure rate, left and right distalizer per patient combined, of 94%.

On average, we see a breakage of one distalizer, left or right, per patient. The failures were breakage of

the arm at the edge of the canine pad. Four of our patients had a failure on each side, while six patients

had no failures at all. These failures typically were caused by eating food, specifically forbidden for the

time wearing the distalizers (chocolate, popcorn, pizza crust, nuts, hard cookies). Patients admitted

experimenting with the "forbidden" list, but after breakage the co-operation was much better.

The results are shown using overlay of the STL files before and after treatment [1,42].

The overlay results of the 3D scans show the distalisation and derotation Figure 12.
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Table 2. Descriptive analysis.

Variable Statistics or Category Values

Age [years]
mean ± SD 1 16.43 ± 8.91
median (range) 14.60 (11.74 - 49.34)

Size [mm] median (range) 25.00 (18.00 - 27.00)

Time worn [weeks]
mean ± SD 14.58 ± 4.31
median (range) 13.79 (9.14 - 24.86)

Total failures 2 mean 0.94
1 SD: standard deviation; 2 Data of left and right distalizers combined for each individual patient.

Figure 12. The overlays of the 16 patients.

A high correlation was found between the derotation values of the left upper molar and the right

upper molar (ρ = 0.713; p = 0.002) (Figure 14C). There is no correlation between the right upper molar

distalization and the left upper molar distalization values (ρ = 0.214; p = 0.426) (Figure 14B), probably

because of Class II elastic prescription change once a molar Class I was reached on the one side and not

yet on the other side. There was a high correlation found between the right upper canine distalization

values and the right upper molar distalization values (ρ = 0.789; p = <0.001) (Figure 13C), even though

no correlation could be found between distalization values of the left upper canine and the left upper

molar (ρ = 0.417; p = 0.108) probably because of the derotation of the molar are part of the total molar

distalization value (Figure 13D). No correlation could be found between the displacement value of the

upper left molar and it’s derotation angle (ρ = 0.139; p = 0.608) (Figure 13B), and a high correlation

could be found between the displacement of the upper right molar and it’s derotation angle (ρ = 0.765;
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p = <0.001) (Figure 13A). There is a high correlation between the right upper canine distalization and

the left upper canine distalization values (ρ = 0.630; p = 0.009) (Figure 14A).

Figure 13. [A] Fit plot of right upper molar derotation and distalization; [B] Fit plot of left upper molar

derotation and distalization; [C] Fit plot of right upper canine and molar distalization; [D] Fit plot of

left upper canine and molar distalization

Figure 14. [A] Fit plot of the upper canine distalization; [B] Fit plot of the upper molar distalization; [C]

Fit plot of the upper molar derotation

Comparing the measuring results of the two researchers, showed with intraclass correlation

coefficients (ICC) a good interindividual and intraindividual agreement (interindividual: mean ICC:

0.95, range: 0.93 - 0.98; intraindividual: mean ICC: 0.99, range: 0.990-0.993).
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Table 3. Descriptive statistics of the distal tooth displacement, left and right, of the upper canines (mm),

upper first molars (mm), and the derotation angle of the upper first molars (°).

Mean SD 1 Minimum Maximum

Left upper canine displacement 3.054 1.476 0.88 7.06
Right upper canine displacement 3.620 1.471 1.24 6.63
Left upper molar displacement 2.597 1.565 0.82 7.06
Right upper molar displacement 2.333 1.097 0.83 4.21
Left upper molar derotation angle 5.711 4.488 0.58 15.98
Right upper molar derotation angle 6.484 4.108 0.63 16.08

1 SD: standard deviation.

Table 4. Descriptive statistics of the distal tooth displacement of upper canines (mm), upper first molars

(mm), and the derotation angle of the upper first molars (°).

n Mean SD 1 Minimum Maximum

Upper canine displacement 32 3.157 1.453 0.88 7.06
Upper molar displacement 32 2.465 1.336 0.82 7.06
Upper molar derotation angle 32 6.098 4.250 0.58 16.08

1 SD: standard deviation.

4. Discussion

The proposed method of 3D designing and 3D printing is just a new step in in-office designing

and manufacturing of orthodontic devices. Fusion 360 generative design and Finite Elements Analysis,

aid in designing with the use of artificial intelligence. More data of actual forces applied on distalizers,

is needed to be able to build a reliable mathematical model, thus improving artificial intelligence and

facilitating Additive Manufacturing. The 3D intra-oral scanners, 3D dental printers and biocompatible

3D printing resins available, facilitate the manufacturing in-office [2,12,14,59]. Even though breakage

and debonding incidents were noted, they were caused by patient-admitted non-compliance during

eating. Due to the transparency of the material, easy bonding by light curing was achieved. Even the

replacement of a broken arm of the distalizer was fast. After removing the remains of the canine or

premolar pad, the new arm can be easily clicked in the existing molar pad due to the preciseness of

the 3D printing procedure. The new arm with pad can then be bonded on the vestibular surface of

the canine or premolar. The results presented, show a proof of concept. Further research is ongoing

to reduce breakage of the presented molar distalizers. Not part of measurements done, but we still

also see distal tipping of upper molars and upper canines or premolars as part of the distalization. We

didn’t measure the incisal tipping nor the lower molar mesialisation. Our measurements were aimed at

measuring the relative distalization. As 3D intra-oral scanners and 3D printers flood the modern dental

clinics, as materials improve and already offer a vast array of dental treatment solutions, research will

remain ongoing. 3D printing of clear aligners [3,22], power arms [74], other appliances [17], unilateral

used distalizers [21], splints [9] or in-office 3D printing of orthodontic brackets [23] all have already

been proven feasible. Thanks to easily accessible software like 123D Design and its successor Fusion 360

from Autodesk™,TinkerCAD , FreeCAD — open source free 3D modeling software, Google™SketchUp

or Meshmixer from Autodesk™3D design is readily available. Additive Manufacturing poses a

challenge to the current and future generation of general practitioners and orthodontists alike. Adding

3D design and manufacturing to the dental curriculum could be interesting.

5. Conclusions

The results show the creation of a library of 3D printed distalizers, sizes 16-29mm, with the

possibility of changing form and size at any time, to be able to personalise the distalizer there where

needed. The library not only concises of readily distalizers, but also contains the four main structural

parts, being, The canine/premolar pad, the arm, the rotational part on the arm and finally the molar
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pad. There was an acceptable failure rate, even though full compliance can never be reached and yet

distalization and derotation capabilities comparable to CMA [1,21,40–42,47,48,50–52,54,56,58,75]. We

would like to remind once more that since the distalization of the upper canine/premolar and upper

molar and extrusion of the upper canine/premolar results in a clockwise rotation of the occlusal plane.

This type of distalizer is more suitable for patients with a horizontal or neutral growth pattern, and

contraindicated for patients with a vertical growth pattern. Further development and research will be

done to enhance the strength of the distalizers, thus reducing the failure rate.
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