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Material properties and first clinical
applications of CA Pro, a novel aligner foil
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The present article describes the material properties of CA Pro
(Scheu Dental, Iserlohn, Germany), a novel aligner foil, and
demonstrates its performance in the orthodontic treatment of
two cases with different characteristics.

Introduction

The first aligner treatment dates back to 19441-3. Since the
mid-1990s, orthodontic therapy with sequential aligners
has experienced a significant boom owing to the introduc-
tion of CAD/CAM-supported processes. Recent study re-
sults, especially for Invisalign treatments (Align Technology,
San Jose, CA, USA), can be summarised as follows4-9:
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e therapy for more complex malocclusions is possible;

o the effectiveness of aligner treatments is, within specific
limits, comparable to that of fixed appliances;

e some individual tooth movements are more difficult
(e.g., extrusions and derotations);

e use of attachments and approximal enamel reduction is
often necessary;

e a high level of patient compliance is required (aligners
worn for 20 to 23 hours a day).

Various thermoplastics have been recommended as the
basic materials for aligner production. The requirements
for the material properties of thermoforming foils have
proven to be diverse and dependent on indications10-12,
The standard materials that have been used to date are
single- or multilayer polyethylene (polyethylene tereph-
thalate glycol copolyester [PET-G]) or polyurethane foils
(Table 1).

As well as commercial providers, Kim and Stlickrad'0
developed a concept in 1998 to plan and implement chair-
side-fabricated sequential aligner treatments in the dental
office. The basic principles were as follows:

e use of foils of different thicknesses (0.50/0.65/0.75 mm);
e use of PET-G aligner material;

e setup creation on a plaster cast;

e vacuum and pressure thermoforming;

e regularimpression taking;

e activation using specific forceps, if necessary.
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# Three-layered ABA foil

# Outer layers (A): copolyester
# Inner layer (B): thermoplastic elastomer

Foil thickness, mm

A A: Copolyester (hard)

_-{ B: Thermoplastic elastomer (soft)

A: Copolyester (hard)

# Hygroscopic material: foils are sealed individually
> Must be processed within 15 minutes after opening the barrier bag
# Processing temperature: 150°C-175°C
# Indication: correction of malocclusion using aligner therapy
# Contraindication: CA Pro is not indicated for use with acrylic monomer

» Hard layer
» Soft layer

A layer thickness 0.17 0.21 0.25
B layer thickness 017 021 0.25
Alayer thickness 017 021 025 Fig 1 The new CA Pro film:

three-ply structure. The
outer layers are composed
of abrasion resistant
copolyester material and the
core of thermoplastic
elastomer.

Table 1 Materials used for aligner production

Aligner Manufacturer

CA Clear Aligner Scheu Dental

Invisalign Align Technology

CA Pro Scheu Dental

Further development and clinical applications were con-
tinued by Echarril? and supplemented by both analogue
and digital planning aids.

During treatment implementation, various factors have
proven decisive for success'1-14. In addition to precise and
clinically orientated planning, variables such as material
type, processing technique, material thickness and accur-
acy of fit have been found to be particularly important1-14,

Seo et al'2 used simulated tooth movements in a finite
element model to show that both 0.50- and 0.75-mm-thick
aligner foils applied effective forces for dentoalveolar trans-
formation processes, and found that approximately 6%
more stress is expected in the periodontal ligament when
using a stronger foil.

Using 3D microcomputed tomography (microCT), Lom-
bardo et al'3 indicated that aligner fit depends on the ma-
terial used and showed a significant variance between differ-
ent products. In contrast, Mantovani et al'4 demonstrated a
comparably accurate fit for Invisalign aligners (Align Technol-
ogy)and CA Clear Aligners (Scheu Dental, Iserlohn, Germany).

Despite the technological developments that have oc-
curred in aligner therapy, there are clinical limitations to
achieving specific tooth movements. For instance, extru-
sion of the anterior teeth, derotation of rounded teeth and
torque movements are accomplished using aligners with
lower predictability'>16. One important step towards solv-
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Material

PET-G
Multilayer thermoplastic polyurethane

Three-layer copolyester elastomer

ing these common problems is seeking new aligner mater-
ials that are under consideration through scientific evalu-
ation and critical clinical testing.

Aim

In the following sections, the mechanical properties of a
new aligner material (CA Pro, Scheu Dental) are described
and compared with those of standard materials. Its inte-
gration into a digital workflow is demonstrated in two clin-
ical cases.

Mechanical properties of the novel
aligner material CA Pro

A three-layer composite of abrasion-resistant copolyester
material and a thermoplastic elastomer is presented as a
new development (Table 1 and Fig 1). For improved clinical
use in comparison with conventional PET-G materials, the
following properties were specified:

¢ high elasticity;

e good wearability;

e continuous force output;

e low force level.

Journal of Aligner Orthodontics 2022;6(3):163-181
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Table 2 Brief description of the novel aligner material

Characteristic Notes

Indications

Contraindications
acrylates

Procedure

Sequential aligner therapy to correct malocclusion

Known incompatibilities with the used materials, no adhesive buildup possible with

Vacuum and pressure moulding at 150°C to 175°C, insulating foil or CA Pro+ for 3D

printed models, block out undercut areas if necessary, must be processed within
15 minutes after opening the barrier bag, trimming and finishing with specific

instruments
Cleaning/care

Available material thicknesses | 0.50, 0.65, 0.75 mm

The processing of the new CA Pro aligner material was
based on a previously known workflow. The basic pro-
cedure is outlined in Table 2.

Material tests on the thermoformed foils were carried
out using a universal testing machine (ZwickRoell 1445,
ZwickRoell, Ulm, Germany) equipped with a 100-N force
transducer (Xforce, ZwickRoell) and a miniaturised three-
point flexural strength test apparatus in a water bath (in-
house customisation). To adapt the standard commonly
used to determine the flexural properties of plastics (DIN
EN ISO 178), a miniaturised test fixture was designed with a
support distance of L =8 mm. The support and compres-
sion fin radii of the structure corresponded to 0.5 mm. The
water bath, which was filled with distilled water, was con-
trolled using an external thermostat (Julabo, Seebach, Ger-
many) via a spiral heat exchanger. Prior to the test, the
water bath was preheated to 37°C (+ 0.1 K). During the
tests, the temperature of the water bath was recorded dig-
itally and maintained within a specified range.

Specimen preparation and conditions

The thermoforming foils (thickness 0.75 mm) were heated
according to the manufacturer’s instructions (BIOSTAR,
Scheu Dental) and moulded over a smooth strip of polypro-
pylene (thickness 2.00 mm, 90 x 60 mm). From the central
area of the resulting block, sample strips (40 x 105 mm)
were cut using a lever cutter (IDEAL 1058, Krug & Priester,
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No oxidising agents or solvents; optimal: specific cleaning powders for daily use

Balingen, Germany). The prepared samples were stored in
water at 37°C for 24 hours prior to testing and then placed
in the previously described test machine and allowed to
rest for another hour before testing began.

A bending test was performed at a traverse speed of
v =1 mm/minute. The starting point (deflection 0.0 mm)
was the initial contact between the fin and the specimen,
which was manifested by the increase in the measured
force and registered by the testing software (testXpert I,
ZwickRoell).

After reaching the initial contact, the fin was shifted to
the stress point of the specimen (deflection 0.3 mm), and
the initial bending force FO was determined. The course of
the bending force Ft was recorded over the following
24 hours. Stress relaxation, S, was the ratio of the bending
force to the initial bending force (S = Ft/FO0).

Cyclic loading and unloading tests were performed
using the same parameters as the fatigue loading test; how-
ever, in contrast to the latter, only the stress point (deflec-
tion 0.3 mm) was maintained for 16 hours.

After this loading phase, the fin was moved back to the
starting point of the test and the specimen was unloaded
for 8 hours. This was followed by a subsequent loading
phase. Each specimen was subjected to seven cycles of
loading and unloading, during which the bending force
curve was recorded. Additionally, the analysis of the force-
displacement data from the loading cycles allowed the per-
manent deformation of the foil caused by deflection to be
determined.
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Test results

The results of static fatigue loading are presented in Fig 2.
The conventional aligner material exhibited a very high ini-
tial bending force that decreased rapidly during the loading
test. After 24 hours, only 38% of the initially measured
bending force remained. In contrast, the three-layer CA Pro
sheet exhibited a lower initial bending force that decreased
less rapidly during the testing period. At the end of this
period, the CA Pro sheet retained 51% of its initial bending
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force. Based on these results, CA Pro aligners should have
a more constant force output over the treatment period
than conventional aligner foils. A lower initial force also in-
creases patient comfort.

Compared to the results of static permanent loading,
CA Pro is characterised by a less noticeable force decay
than the conventional aligner material (Fig 3). Throughout
all the loading and unloading phases, the force exerted by
CA Pro dropped less dramatically. In addition to the reduc-
tion in force over time, the cyclic test provided information

Journal of Aligner Orthodontics 2022;6(3):163-181
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Complete deformation
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Fig 4 Deformation of the
foil material as a percent-
age of the initial value,
depending on the number
of cycles. Bending test with
0.3-mm deflection.
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Fig 5 Discolouration of
CA Pro foil after immersion
in various solutions.

# Thermoplastic elastomer material is known to have a tendency to cause staining/discolouration

# CA Pro is exposed to strongly coloured media for an extended period of time (168 h)

4 Staining occurs mainly at the cutting line
» Here the thermoplastic elastomer is exposed to the media

» No extensive staining over a large area of the foil

about the plastic deformation of the foils under a physical
load. Figure 4 illustrates that after the first loading phase,
the conventional aligner foil already exhibited 50% plastic
deformation, whereas CA Pro retained only 30% of the de-
flection; this trend continued over all testing cycles. After six
cycles of loading and unloading, the conventional material
retained 70% of its deflection, whereas CA Pro only under-
went 50% plastic deformation. Applied to aligner therapy,
this indicates that CA Pro exerts a force on the teeth over a

Journal of Aligner Orthodontics 2022;6(3):163-181

longer distance and period of time and can thus contribute
to more efficient tooth movement.

Thermoplastic elastomers are known to tend to stain
upon contact with coloured substances and media, and in
the present study, CA Pro samples were exposed to various
coloured drinks for a prolonged period of time. The results
are shown in Fig 5. For CA Pro, discolouration only occurred
at the edges of the material, and was not widespread.
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Clinical use of CA Pro

Case 1

A 36-year-old woman presented to the office run by BL with

the following complaints (Fig 6):

¢ Angle Class I malocclusion in the permanent dentition;

e generalised attachment loss with wedge-shaped
defects;

e mandibular incisor protrusion;

e anterior crowding in the maxilla and mandible.

The patient was provided with comprehensive information
about the possibilities of orthodontic treatment with
aligners (wearing time 22 hours/day) and approximal
enamel reduction to prevent further attachment loss. The
intraoral situation was recorded using a CEREC Primescan
intraoral scanner (Dentsply Sirona, Charlotte, NC, USA) and
the initial data processing was carried out using Medit Link
software (Medit, Seoul, South Korea). The resulting stereo-
lithographic data were transferred to OnyxCeph Lab soft-
ware (Image Instruments, Chemnitz, Germany) for further
planning. The necessary steps within this software include
creation and orientation of the digital model (Fig 7), plan-
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Figs 6a-e Initial intraoral situation
showing an Angle Class | relationship on
both sides, anterior crowding and
rotation in the maxilla and mandible.

ning of the necessary tooth movements and approximal
enamel reduction (Figs 8 and 9), and output of printable
dental arch models (Fig 10).

The calculated dental arches were output as a stereo-
lithography file and seven alignment models were pro-
duced through 3D printing (Grey Resin V4, Form 3, Form-
labs, Somerville, MA, USA). The thermoforming process was
conducted according to the manufacturer’s instructions
(BIOSTAR, Scheu Dental) to obtain a total of seven CA Pro
foils for both arches. The processing of the aligner material
was based on known working steps and proved to be un-
problematic. To improve the clinical hold, the foils were not
cutin a garland shape.

Approximal enamel reduction of up to 0.3 mm per tooth
and creation of space between the anterior teeth were
planned and carried out prior to the start of active aligner
treatment (Figs 9 and 10).

Compared with conventional aligner materials, the new
material was noticeably more elastic (Fig 11). Both insertion
and patient comfort when wearing the aligners were im-
proved. The course of treatment was monitored clinically,
then after 10 weeks, the following results were recorded
(Figs 11 and 12):

Journal of Aligner Orthodontics 2022;6(3):163-181
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Figs 7a-c Initial intraoral
situation in the digital
model. The mandibular right
central and lateral incisors
were removed virtually to
show significant enamel
defects and the red
colouring in the occluso-
gram indicates traumatic
deep bite relations

(OnyxCeph).

Maxilla

Tooth* 17-16 | 16-15 | 15-14 | 14-13 | 13-12 | 12-11 [ 11-21 | 21-22 | 22-23 | 23-24 | 24-25 | 25-26 | 26-27 Total
Amount of interproximal 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 +

reduction (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distance (mm) 0.00 0.00 0.00 -0.03 0.00 -0.17 -0.42 -0.08 -0.10 -0.09 -0.03 0.00 0.00 -0.92
Mandible

Tooth* 47-46 | 46-45 | 45-44 | 44-43 | 43-42 | 42-41 | 41-31 [ 31-32 | 32-33 | 33-34 | 34-35 | 35-36 | 36-37 Total
Amount of interproximal 0.00+ | 0.00+ | 000+ | 0.00+ | 0.00+ | 000+ | 0.00+ | 0.00+ | 0.00+ | 0.00+ | 0.00+ | 0.00+ | 0.00+

reduction (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distance (mm) 0.00 0.00 0.00 -030 | -0.31 -056 | -049 | -0.65 | -0.29 [ -0.23 | 0.00 0.00 0.00 -2.83
C

Figs 8a-c Virtual treatment plan: balancing crowding with the help of approximal enamel reduction and compensation of misaligned
teeth through virtual tooth movements. *According to FDI notation.

Journal of Aligner Orthodontics 2022;6(3):163-181 169
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Figs 9a-e Intraoral situation after
interproximal reduction in the maxilla and
mandible before insertion of the first
aligners.

Figs 10a-b After the virtual models were
created, the dental arches were 3D
printed, then three maxillary (a) and four
mandibular aligners (b) were fabricated
using CA Pro.

Figs 11a-e Interim intraoral results after
10 weeks. The tooth positions were
improved. A slight residual gap can be
seen in the maxilla, along with incomplete
derotation.

170 Journal of Aligner Orthodontics 2022;6(3):163-181
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Figs 12a-c Intermediate
intraoral results in the
digital model. Significant
improvement of the incisor
relations can be seen in the
detailed image and
occlusogram.

Figs 13a-b Virtual treatment planning in
the Visual Treatment Objective module.
The shaded grey-blue area indicates
planned fine adjustment with additional
aligners.

Figs 14a-b Final adjustments were made
with additional aligners, two in the maxilla
and two in the mandible.

¢ significant improvement of the dental arches;

¢ significant improvement of the occlusal relations;

e alignment of the maxillary and mandibular anterior
teeth;

e slight midline diastema;

e incomplete derotation in both arches.

Journal of Aligner Orthodontics 2022;6(3):163-181

Treatment continued with another intraoral scan and the
planning of two more aligners per arch (Figs 13 and 14).
After a total of 16 weeks, a very good treatment result was
achieved (Fig 15), and was secured with fixed retainers in
the maxilla and mandible (Figs 16 and 17).
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Figs 15a-e Final intraoral results after a
total of 16 weeks. Significant improve-
ments of the anterior tooth positions can
be observed.

Figs 16a-e The treatment result was
secured using fixed retainers in the
maxilla and mandible.

172 Journal of Aligner Orthodontics 2022;6(3):163-181
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Figs 17a-j Comparison of the initial and final intraoral situation.

Case 2 with in-office aligner treatment

A31-year-old man presented to the office run by WS, JF and
JHwith a desire for aestheticimprovement. Intraoral images
showed a molar Class | relationship with moderate crowd-
ing in the maxilla and mandible. Figure 18 presents the
extra- and intraoral situations during treatment planning.
The orthopantomogram showed adult dentition with res-
torations and a mucocele in the maxillary left sinus which
was referred to the dental surgeon for treatment (Fig 18l).
Figure 19a shows the aesthetic analysis with 4 mm of the
surface of the maxillary central incisors being visible in the
resting position, congruent midlines and no excessive gin-
gival display. The incisal edges demonstrated a straight re-
lation to the lower lip, and a slight dark buccal corridor was

Journal of Aligner Orthodontics 2022;6(3):163-181

visible on the left side (see also Fig 18c). A thorough diag-
nosis, including a short screening test, revealed no signs of
craniomandibular dysfunction (Fig 19b).

Ascan was performed using an intraoral scanner (Trios,
3Shape, Copenhagen, Denmark) and transferred into Onyx-
Ceph (Fig 20a). The treatment plan comprised 20 stages
with arch alignment (Fig 20b). Attachments were planned
on the maxillary central and lateral incisors and canines as
well as on the mandibular canines and left first premolar.
Interproximal reduction was necessary for alignmentin the
mandible up to 0.32 mm, and mesially in the maxilla for the
centralincisors (0.37 mm)to reduce black triangles (Fig 20c).
The material chosen for each stage 2 aligner was CA Pro,
with a thickness of 0.500 or 0.625 mm. The initial occlusion
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Figs 18a-l Extra- and intraoral situation with crowding in both arches. The orthopantomogram revealed a mucocele in the maxillary left
sinus and the patient was referred to the dental surgeon for medical evaluation.

showed a physiological dental relationship in the molars,
which therapeutically does not require improvement or im-
provement is not possible; the molar occlusion should
therefore not be changed. Fixed and unmoved teeth also
offer better anchorage than teeth that are actively being
moved, and can be marked in OnyxCeph using the fixation

174

tool. Figure 21 shows the lateral detailed and occlusal view
of the maxilla and mandible, demonstrating an occlusal
patternin the molar region and penetration of —0.63 mm at
the beginning of treatment. Figure 22 illustrates the planned
virtual situation without movement of the molars, and
offers an occlusal view of the maxilla and mandible and

Journal of Aligner Orthodontics 2022;6(3):163-181
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Figs 19a-b (a) The aesthetic analysis shows 4 mm of the surface
of the maxillary central incisors in the resting position, congruent
midlines and no excessive gingival display. The incisal edges
demonstrated a straight relation to the lower lip and a slight
buccal black corridor was visible on the left side. (b) The short
screening test revealed no pathologies or signs of
craniomandibular disorder.
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*According to FDI notation. e e ) S
Maxilla
Tooth* 17-16 16-15 15-14 14-13 13-12 12-11 11-21 21-22 22-23 23-24 24-25 25-26 26-27 Total
Amount of interproximal reduction 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 +
(mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distance (mm) 0.00 0.00 0.00 -0.02 0.00 -0.21 -0.37 -0.19 -0.22 -0.22 -0.03 -0.05 0.00 -1.31
Mandible
Tooth* 47-46 46-45 45-44 44-43 43-42 42-41 41-31 31-32 32-33 33-34 34-35 35-36 36-37 Total
Amount of interproximal reduction 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 + 0.00 +
(mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (mm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distance (mm) 0.00 -0.21 -0.23 -0.25 -0.26 -0.24 -0.32 -0.20 -0.22 -0.19 -0.23 -0.21 0.00 -2.56
*According to FDI notation.
C
Maxilla
Tooth* 18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
Mesial interproximal reduction (mm)
Distal interproximal reduction (mm)
Inclination (degrees) -3.70 -9.20 | -14.00 -13.70 -0.60 4.80 13.40 10.10 5.00 0.20 | -16.10 -14.40 -15.80 -8.90
Inclination +/- (degrees) 5.00 12.20 3.40 14.0 6.80 3.90 12.00 3.60
Angulation (degrees) 8.30 0.40 1.50 -1.70 0.60 13.20 0.60 3.50 8.00 10.10 1.80 4.50 5.80 0.40
Angulation +/- (degrees) -2.40 -5.90 -16.90 -5.30 -0.90 -2.50 -16.30 -0.90 -8.20 -3.50
Rotation +/- (degrees) 0.10 -18.70 -18.40 -11.80 -0.20 -5.50 -18.50 -3.90 |-12.80 0.30
Mesial +/= (mm) 0.20 0.59 -0.13 -0.16 0.43 -0.32 -0.93 -0.12 0.71 0.10
Vestibular +/- (mm) 1.03 1.06 0.84 -0.11 2.05 0.17 -0.12 0.61 1.26 1.04
Occlusal +/= (mm) 0.10 1.11 0.78 1.20 0.96 0.94 0.79 0.16 0.01
Mandible
Tooth* 48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
Amount of mesial interproximal reduction (mm)
Amount of distal interproximal reduction (mm)
Inclination (degrees) -35.50 | -38.40 | -38.40 -24.50 -14.40 -3.60 -2.30 0.30 2.40 -5.60 -22.80 -31.10 -25.70 -25.20
Inclination +/- (degrees) 4.40 8.40 7.80 4.30 9.40 0.20 -6.30
Angulation (degrees) 6.50 2.70 5.80 2.70 2.00 -3.50 8.20 | -3.90 -3.90 -2.30 -3.80 -1.70 11.30 0.50
Angulation +/- (degrees) -0.70 0.70 0.90 | -6.30 -1.10 5.90 -5.80
Rotation +/- (degrees) -0.10 -10.30 4.50 31.10 | -2.00 | -10.00 2.50 30.20
Mesial +/- (mm) 0.05 -0.10 -0.20 -1.29 | -0.32 -0.34 -0.79 -1.07 0.06
Vestibular +/= (mm) 1.22 0.15 0.13 117 2.07 0.76 0.35 -0.93 0.03 0.55
Occlusal +/= (mm) -0.31 0.08 -0.01 -0.61 -0.31 -0.28 0.64
*According to FDI notation.
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Fig 21 Beginning of the first treatment phase. The occlusal
contact tool revealed good initial posterior occlusion.
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Fig 22 Planned end of the first treatment phase. The occlusal
view of the maxilla and mandible demonstrated an occlusal
pattern in the molar region compared to the initial situation
without movement of the molars.

Figs 23a-f Intraoral situation after the first treatment phase and 20 aligners. The arches have been aligned. Further root angulation was
planned for the mandibular left central incisor; thus, additional scans were taken. The initial molar support and occlusal contacts
remained. No posterior change or intrusion of molars with posterior open bite had occurred.

shows the distribution and penetration of the occlusal con-
tact pattern after the planned first phase. The red contact
points demonstrate that the overall maximal penetration
(maxillary and mandibular teeth) was —0.68 mm.

Figure 23 shows the intraoral situation after placement
of 20 aligners and arch alignment. The mandibular right
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central incisor was scheduled for further root angulation;
thus, an additional scan was performed. Figure 24a shows
the transfer of the scan into OnyxCeph once again. An add-
itional vertical rectangular attachment was added to the
mandibular right central incisor for root angulation of the
mandibular left first premolar for anchorage for extrusive

Journal of Aligner Orthodontics 2022;6(3):163-181



MATERIAL PROPERTIES AND FIRST CLINICAL APPLICATIONS OF CA PRO

Figs 24a-c Second treatment phase.

(a) Transferral of the scan into OnyxCeph
for finishing. (b) Planned end of the
second treatment phase. Additional
attachments were placed on the
mandibular left central incisor and first
premolar. Four additional stages were
planned in the mandible for finishing.

(c) Planned movements in the mandible;
interproximal reduction was not planned
in this phase. *According to FDI notation.

Mandible

Tooth* 48 |47 46 45 a4 43

42 41 31 32 33 34 35 36 37 38

Mesial interproximal reduction (mm)

Distal interproximal reduction (mm)

Inclination (degrees) -39.50 |-47.40 |-42.20 [-22.10 |-17.60

-4.40 | -4.70 | -0.80 | -3.40 | -8.70 |-20.30 |-38.60 |-37.30 |-24.10

Inclination +/- (degrees) -0.30 0.40
Angulation (degrees) 7.00 3.70 0.70 450 | -0.90 | -3.20 320 | -0.80 | -5.40 | -7.60 | -2.90 6.20 | 16.50 3.60
Angulation +/- (degrees) 0.70 | -5.00
Rotation +/- (degrees) 3.10 | -2.80
Mesial +/- (mm) -0.01 0.09 0.10 0.02 0.02
Vestibular +/= (mm) 0.20 0.25 | -0.01
Occlusal +/- (mm) 0.26 | -0.25 1.30 0.20 0.20

T o=

Fig 25 Situation at the beginning of the second treatment phase
transferred into OnyxCeph showing the fixed and unmoved
position of occlusal contacts in the molar region compared to
the beginning of treatment. As the molars were not moved
during the first phase, the occlusal contacts showed a penetra-
tion of -0.41 mm after the first phase and at the beginning of
the second phase compared to the treatment plan after an initial
penetration of molars prior to treatment of -0.68 mm. Penetra-
tion of molar occlusion was maintained. Despite the planned
overcorrection, the maxillary left first premolar showed only
slight occlusal contact without penetration.

movement. Four additional stages (CA Pro 0.500 and
0.625 mm) were planned in the mandible only (Figs 24b
and ¢).

The beginning of the second phase showed the fixed
and unmoved positions of the occlusal contacts in the
molar region (Fig 25). As the molars were not actively moved

Journal of Aligner Orthodontics 2022;6(3):163-181
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Fig 26 Situation at the end of the second treatment phase
compared to the virtual plan. Occlusal contacts were planned
virtually on all the posterior teeth from the first premolars to the
second molars with maximal penetration of —0.32 mm. The
canines were in minimal occlusal contact and the incisors just
out of contact. On the maxillary left first premolar, planning of
overcorrection for penetration might have been more
successful.

during the first phase, the occlusal contacts showed a pene-
tration of —-0.41 mm after the first phase and at the begin-
ning of the second phase compared to the virtual treatment
plan after aninitial penetration of molars prior to treatment
of -0.68 mm. Penetration of the molar occlusion remained.
At the end of the second phase, occlusal contacts were
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Figs 27a-l Extra- and intraoral situation with aligned arches. The radiograph revealed no pathologies and the mucocele was being

treated by the dental surgeon.

planned virtually on all posterior teeth from the first pre-
molars to the second molars with a maximal penetration of
-0.32 mm. The canines were in minimal occlusal contact,
with the incisors just out of contact (Fig 26).

Figure 27 shows the extra- and intraoral situations with
aligned arches after treatment. Radiographs revealed no
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pathologies, and the mucocele was being treated by the
dental surgeon (Fig 271). The final scan showed equal occlu-
sal contact points on all posterior teeth in relation to the
virtual treatment plan (Fig 28). The premolars and molars
showed a maximum penetration of -0.35 mm (Fig 28). Ca-
nine guidance was achieved with minimal contact between

Journal of Aligner Orthodontics 2022;6(3):163-181
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Fig 28 Final scan transferred into OnyxCeph showing equal
occlusal contact points on all posterior teeth according to the
virtual treatment plan. The premolars and molars showed
maximal penetration of -0.35 mm. Canine guidance was
achieved with minimal contacts on the mandibular canines and
first premolars. The occlusal contact point situation of the
molars was maintained over the entire course of treatment.

Figs 29a-f Comparison of treatment before (a to c) and after (d to f) in-office aligner treatment.

the mandibular canines and first premolars. The occlusal
contact point was maintained over the entire treatment
period.

The total treatment duration was 9 months and com-
prised 24 stages. For retention, a lingual retainer was
bonded on the mandibular left first premolar to the right
first premolar (stainless steel, Penta-One wire, Masel, Carls-
bad, CA, USA), and a removable retainer was worn at night
in the maxilla. A comparison of the pre- and posttreatment
intraoral conditions is provided in Fig 29.

Discussion

The development of new materials for aligner therapy re-
quires intensive material testing and should be confirmed

Journal of Aligner Orthodontics 2022;6(3):163-181

by clinical studies'7-19, Elkholy et al20 defined the standards

for biomechanical measurements of aligner foils as follows:

e specimen length > 40 mm;

e thermoforming process according to manufacturer’s
instructions;

e three-point-bending test with 8 mm distance between
the lateral supports;

e tests of specimens after water immersion performed
under long-term loading for > 24 hours.

The authors demonstrated the advantages and disadvan-
tages of different testing conditions for aligner materials
and illustrated their behaviours depending on material
thickness, initial power load, time and storage conditions.
These results are comparable to those obtained for the
PET-G material.
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For standard aligner materials, Jaggy et al2! reported
comparable stress relaxation over time. The PET-G speci-
mens lost a substantial amount of their initial high force
within the first few hours and continued to decrease stead-
ily in force thereafter2!. In contrast to these findings, CA Pro
demonstrated a different behaviour in the present study,
with a comparable lower initial force and a significantly
smaller decrease under the same conditions. Stress relax-
ation of up to 50% of the standard material was also re-
ported by Lombardo et al?2, who pointed out that an opti-
mal aligner foil has a lower initial force that does not
decrease over time. The two-layer materials in their study
exhibited a very constant stress release, but at absolute
values up to four times lower than those of the single-layer
samples tested?22. In comparison, the three-layer foil in the
present study might perform better in a clinical setting,
starting with a force that is two to three times lower with
minimal stress relaxation over the next 24 hours in relation
to the standard material. The advantages of CA Pro were
also demonstrated under cyclic loading and unloading.

Discolouration of aligner material was reported in an-
other study and could be a clinical problem when using
long-term thermoplastic retainers23. Daniele et al?3 used
different methods to analyse the translucent material over
time and loaded it with specific substances such as coffee
and red wine. Such substances tend to reduce the aesthetic
features of standard aligner materials, as also shown in the
present results.

The advantages of the in vitro tested CA Pro material
could also be beneficial for clinical use. In two cases with
different orthodontic treatment complexities, the planned
goals were achieved without additional scanning processes
or any other manipulation. The lower initial forces of the
three-layer foil could contribute to improved patient com-
pliance, better patient comfort and continuous alignment.
The combination of new and well-known materials, as well
as individual software planning, allows for more diverse
options, especially when using in-office aligners.

Conclusions
The development of new materials for aligner therapy re-

quires intensive material testing and should be confirmed
by clinical studies. Initial clinical experience shows that
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CA Pro appears to be useful and offers some advantages
compared to conventional materials, especially for individ-
ual in-office planning using modern orthodontic 3D soft-
ware. Further clinical studies are necessary to confirm
these initial clinical results.
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