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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background: Orthodontic clear aligners as an alternative to
traditional braces have become increasingly ubiquitous in the
last few years. Therefore, understanding the properties of the
aligner materials can help to produce more accurate results of
the treatment and provide more data for orthodontists who are
currently using or intend to use this technology. This study aimed
to investigate the effect of thermocycling on some mechanical
properties (Hardness and Elastic Modulus) of two thermoplastic
products used in the fabrication of orthodontic aligners.
Materials and methods: Two thermoplastic products of
Duran® 0.75 mm and Erkodur® 1 mm were used in this study.
A specially prepared disk fabricated from risen material with
dimensions of (15mm) in diameter and (6mm) in thickness
which was fabricated with a 3D printer was used for hardness
assessment. Twenty sheets were thermoformed over the round
disk for each product. Whereas, for elastic modulus, a Dog
bone specimen with dimensions 8 mm in width and 150 mm
in length was made from resin by using a 3D printer. The shore
D hardness test was used to measure the hardness of the two
products before and after thermocycling. For elastic modulus,
thermoplastic sheets that were less than Imm in thickness
were measured according to the ASTMD 882-02 and those
with lmm were measured according to the ASTMD 638-02a.
The elastic modulus was measured using a tensile test by a
universal testing machine before and after thermocycling.
Results: Erkodur model® was higher than Duran® in the
hardness test before and after thermocycling. But, Erkodur
model® showed significant, however, Duran® showed no
significant change in hardness before and after thermocycling.
The elastic modulus test for the two materials showed a
significant difference between Duran® and Erkodur® models.
The elastic modulus of Duran® was higher than Erkodur®
before and after thermocycling. Conclusions: The hardness of
the Erkodur® product was higher than that of Duran®, whereas
the elastic modulus of the Duran® product was higher than
Erkodur® before and after thermocycling. On the other hand,
thermocycling reduces the hardness of the Erkodur® product
more than that of Duran® and did not affect the elastic modulus
of each product.

Key words.
thermocycling.

Mechanical properties, aligner materials,

Introduction.

Dental smiles and the appearance of teeth become a
fundamental part of social life. For that reason, the number of
patients seeking attractive orthodontic treatment has increased.
To meet this need, the manufacturers started decreasing the
configuration of metal brackets and introducing tooth-coloured
ceramic brackets in addition to invisible or lingual brackets [1].
Hence, the esthetic orthodontic appliances have encountered
a profound and quick advancing upset. A clear aligner is one
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of the most fascinating appliances to the patient as it is almost
invisible and removable. Therefore, it will make less harm to the
teeth whether via caries, calculus, or white spots that typically
go with the fixed orthodontic treatment [2]. Orthodontic force
quality created by orthodontic aligners relies primarily upon the
hardness and flexible modulus of thermoplastic materials, the
measure of activation, material thickness, and the fabricating
interaction of the actual material [3].

Hardness is a mechanical property that indicates the ability
of a material surface to withstand local deformation, and it is
measured by applying a certain load for a specific time using a
micro-hardness tester [4]. Based on previous investigations, the
hardness of polymeric material is sensitive to residual monomer
content material similar to material thickness [5]. Hence, the
thickness of polymeric substances performs a position in
pressure delivery, and the amount of deflection can affect
structural characteristics and may additionally produce force
delivery changes [6]. Hardness cannot be defined specifically
as it is affected by multiple factors such as proportional limit,
strength, ductility, etc. However, the measurement of the
resistance to indentation is taken as an indicator of hardness
measurement [7]. Measuring the hardness is important as
it provides information that is significant together with the
structural, quality control, and failure analysis in determining
the capabilities of the material being used. Measuring the
hardness is useful in predicting the number of forces applied by
the aligners as they are greatly correlated [8].

The elastic modulus is the maximum critical characteristic of
the thermoplastic material. The elastic modulus is an indicator
of material stiffness. The stiffness of the thermoplastic material
is responsible for aligner retention and forces [9]. Therefore,
a better elastic modulus will result in greater tooth movement
and enhance the retention of the aligner which will increase
the difficulty of wearing and removal of the appliance by the
patient. In contrast, low elastic modulus material will make
easier placement and removal of the appliance, but with not
enough force to produce the desired tooth movement [9].

Thermocycling has been extensively employed in dental
research as it encourages material ageing in a laboratory setting
by immersing objects repeatedly in distilled water at various
temperatures [10]. When exposed to heat, humidity, constant
forces, and saliva in the oral environment, resin polymers are
not inert and are susceptible to change [11]. Therefore, it seems
to sense that any weakening of aligner materials, whether after
the manufacturing process [12] or after exposure to the oral
environment [13], would limit their effectiveness, which would
lead to less predictable tooth movements [14].

Experts ought to get the limits and abilities of the different types
ofaligners while choosing cases to treat them [15]. Nevertheless,
understanding the properties of the aligner materials and plans
can assist with delivering more precise aftereffects of the aligners
and give more information to an orthodontist who is at present
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utilizing or planning to utilize this innovation [2]. According
to the best knowledge of the researcher, limited information is
available regarding the effects of thermocycling on hardness,
and elastic modulus properties of two important products used
in orthodontic aligner fabrication which are Erkodur® and
Duran® products. Thus, this study aimed to assess and compare
the effects of thermocycling on the hardness and elastic modulus
of two different thermoplastic products used in the fabrication
of orthodontic aligners. The study hypothesized that there is a
significant difference in hardness, and elastic modulus between
the two products used in the fabrication of orthodontic aligners
before and after thermocycling.

Materials and methods.

The necessary ethical clearance was obtained from the College
of Dentistry, University of Mosul which approved the study's
protocol (UoM.Dent/H.DM.47/22).

Study sample: A total of 40 specimens were prepared from
2 types of hard thermoplastic material [Duran® form SCHEU-
DENTAL GmbH\ Germany (0.75 mm), and Erkodur® from
Erkodent Erich Kopp GmbH\ Germany (1 mm)]. They
were divided into 2 major groups with 10 specimens before
thermocycling and another 10 after thermocycling for each
type respectively. AutoCAD (Autodesk company, USA) was
used to obtain the appropriate dimensions for each model and
export the STL file to a 3D printer (sprintRay pro95, USA) to
print the model by using hard printing resin (photec, Zhejiang-
China). For hardness testing, a round disk of resin material with
a dimension of (15mm) in diameter and (6mm) in thickness was
fabricated (figure 1). Whereas, for elastic modulus assessment,
rectangular specimens (dog bone shape) were made with
dimensions § mm in width and 150 mm in length. Each sample
for each product was thermoformed over the model by using
a thermoplastic vacuum device (MINISTAR S® SCHEU-
DENTAL, Germany). After thermoforming procedures, the
thermocycling process was conducted, and 200 cycles were
chosen to cover the 2 weeks to maximize the simulation with oral
conditions. Before thermocycling, each sample was immersed
in 37°C distilled water for 24 h, and then, thermal cycles that
included 5°C for the 20s, and 55°C for the 20s, with a transfer

Figure 1. Hardness testing model (0.05).
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time of 12s were exerted in distilled water via a thermocycling
machine was conducted.

Hardness test: Shore D hardness test was used to measure
the hardness of two products of hard thermoplastic materials
(ISO7619-1:2010). According to the American Society for
Testing Materials (ASTM D 2240-05), the minimum thickness
allowed for a test specimen was 6 mm and in order to reach
the required thickness, each material was thermoformed over a
round disk of resin material with a diameter of 15mm [7,10,16]
as follows:

1. Duran® samples: 20 sheets thermoformed (10 sheets before
thermocycling and 10 sheets after thermocycling),

2. Erkodur-al® samples: 20 sheets thermoformed (10 sheets
before thermocycling 10 sheets after thermocycling).

The process involved applying pressure to the material with
an indenter on a flat surface and then recording the results after
15 seconds (ASTM D 2240-05). Ten samples of each of the
two materials were examined. The flexible indentation depth of
the spring-loaded indenter used in the Shore hardness apparatus
(HT- 5610 D), which measures hardness on a scale from 0 to
100, is a measure of the material's Shore hardness. A reading
of 0 Shore describes the maximum possible indentation of
the rod into the specimen, and 100 Shore indicates almost no
indentation at all or a very high resistance to indentation. Using
aneedle with a 30°-point angle and a 0.8mm diameter tip, Shore
D is indicated for measurements on hard elastomer (figure 2).
The process involved applying pressure to the material with an
indenter on a flat surface and then recording the results after 15
seconds (ASTM D 2240-05). This procedure was conducted for
each sample before and after thermocycling.

Elastic modulus test: The tensile test was used to determine
the elastic modulus of thermoplastic materials. The American
Society for Testing Materials (ASTM) states that thermoplastic
sheets with a thickness of less than 4 mm should be measured
in accordance with ASTM D 638-02a. Moulds for the tensile
test specimens were created from rectangular resin specimens
that were 150 mm in length and 8 mm in width (Figure 3A).
According to the manufacturer's instructions, these thermoplastic
sheets were thermoformed over the resin models, and after that,
the samples were cut with scissors from the model.

A universal testing machine was used at a rate of 50mm/
minute, and with an initial grasp separation of 100mm, (Figure
3B). Ten samples were taken from each product, and each
sample was stretched along its axis until it raptured. Both before
and after thermocycling, this operation was carried out. The
statistical analyses included descriptive statistics and two means
comparisons with a significant level (p> 0.05).

Results.

The means and standard deviation (SD) of the hardness tests
of samples from the two study groups are listed in table 1. The
highest mean value regarding hardness is 75.91 (5.69+) in
Erkodur® groups before thermocycling, whereas the lowest mean
value is 65.16 (6.77+) in Duran® groups after thermocycling.
The means and standard deviation (SD) of the elastic modulus
tests of samples from two study groups was listed in table 1. The
highest mean value regarding E modulus is 2096.33(207.27+) in

®

Duran® groups before thermocycling, whereas the lowest mean



Figure 2. Hardness measurement by using shore D hardness (Shore D
hardness tester \ India MART-INDIA 2022).

Figure 3. Prepared mode (A) Elastic modulus model (B) Elastic
modulus measurement.

Table 1. Descriptive statistics of the hardness and elastic modulus
tests of different aligners.

Variable

Hardness for Duran®
before thermocycling
Hardness for Duran®
after thermocycling
Hardness for Erkodur®
before thermocycling
Hardness for Erkodur®
after theromcycling
The elastic modulus
for Duran® before
thermocycling

The elastic modulus
for Duran® after
theromcycling

The elastic modulus
for Erkodur® before
thermocycling

The elastic modulus
for Erkodur® after
theromcycling

Mean SD Maximum Minimum

6548 £5.82 |74.00 56.30

65.16 |£6.77 |76.20 55.60

7591 £5.69 [89.20 70.00

71.15  £2.69 77.00 68.20

2096.33 |+£207.27 |1815.00  2502.00

1961.85 £54.27 |1886.50  2073.00

1388.09 |£82.04 1202.20  1480.00

1238.52 1+230.92 861.40 1437.00
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Table 2. Comparison of Hardness before thermocycling and after
thermocycling of two study groups.

t value p value Mean difference
Duran® group 0.114 0.911 0.32
Erkodur® group 2.388 0.033* 4.75
Significant at p<0.05*
Measurements are in Newton.

Table 3. Comparisons of the hardness test between Duran® versus
Erkodur®.

t- value | p-value Mean difference
Before theromcycling 4.047 0.001*  10.42
After thermocycling 2.599 0.003* 5.99
*Significant at p<0.05

Table 4. Comparison of elastic modulus in Duran® groups before and
after thermocycling.

t-value  |p-value  Mean difference
Duran® groups 1.985 0.063 134.47
Erkodent® groups 1.930 0.070 149.57

*Significant at p<0.05
Measurements are in: MPa

Table 5. Comparison of elastic modulus between Duran® versus
Erkodur® groups before and after thermocycling.

t-value p-value Mean difference
Before theromcycling 10.047  0.001* 708.24
After thermocycling 9.643 0.001* 1723.33
*Significant at p<0.05
Measurements are in MPa

value is 1238.52 (230.92+) in Erkodur® after thermocycling.

Comparison of Hardness before thermocycling and after
thermocycling of two study groups was shown in table 2. No
significant difference in hardness before and after thermocycling
in the Duran® groups. Also, there was a significant difference in
Erkodur® groups before and after thermocycling.

Comparison of hardness between Duran® versus Erkodur®
groups before and after thermocycling were shown in table 3.
There is a statistically significant difference between the two
groups before thermocycling, also there was a statistically
significant difference between the two groups after thermocycling
(Duran® versus Erkodur®).

Comparison of Elastic modulus before thermocycling and
after thermocycling of two study groups was shown in table 4.
No significant difference in Elastic modulus in Duran® groups
before and after thermocycling, also No significant difference
in Elastic modulus in Erkodur® groups before and after
thermocycling. The comparison between Duran® and Erkodur®
groups regarding elastic modulus was conducted before and
after thermocycling was shown in table 5. There is a statistically
significant difference between them.

Discussion.

To produce accurate and predictable tooth movement,
practitioners should know the limitations of aligner materials



such as a change in hardness and modulus of elasticity. Research
on the aligner materials' properties will provide the necessary
information that can address problems and limitations that
accompanied the aligner orthodontic treatment. For this reason,
the current research tried to assess and compare the mechanical
properties of aligner materials from two different products to
find the suitable properties for the best aligner action.

Kohda et al. [17], indicated that there is a strong relationship
between the hardness of different aligners and the amount
of applied force by them. Thus, changes in hardness can
correctly indicate changes in applied force and consequently
the effectiveness of aligner therapy. Regarding our work and
in contrast to Erkodur®, no significant difference in hardness
value was recorded before and after thermocycling in Duran®
groups. This is in agreement with Al Noor & Al-Joubori [7],
however, the previously mentioned study used Imm Duran®
sheet in hardness test without thermocycling procedures. The
expected effect of thermocycling is that it could make a change
in the crystalline structure of the Erkodur® sheet. Iijima et al.
[18], claimed that the hardness of aligners, such as Duran®, does
not change significantly after 500 thermal cycles. Since every
aligner is frequently used for about 2 weeks, the researchers in
the current work exerted 200 thermal cycles, and similar to the
mentioned study, it did not lead to changes in the hardness of
Duran®.

It is important to mention that, Schuster et al. [11], showed
an increase in the hardness of Duran® aligners after 14
days of intraoral ageing, however, they used a product of
Duran® with 1 mm in thickness which has one layer of hard
polyethylenterephthalat- glycol copolyester (PETG) but we
used the new three-layer film generation of Duran® sheet that
consists of 0.25 of copolyester (hard), followed by 0.25 of
thermoplastic elastomer (soft) then, 0.25 of copolyester (hard).
Another study by Bradley et al. [11] showed a decrease in the
hardness of Invisalign® after use by patients for 44+15 days.
However, it is difficult to compare the results as the previously
mentioned were in-vitro studies.

The result of our study showed that the hardness was higher
in Erkodur® than Duran® before thermocycling, also there
was a significant difference between Duran® and Erkodur®
after thermocycling (decrease in hardness of Erkodur). The
previously mentioned events are in agreement with Nguyena
[19], who mentions that Duran® has higher mechanical and
thermal properties than Erkodur®. However, they used PRT-G
0.75 mm of Clear.

Aligner® (Scheu-Dental), ACE and A+ (Dentsply), and
Invisalign® (Align Technology) in hardness comparison under
the effect of stimulated intra- oral conditions. The results
are difficult to compare with the available studies due to the
difference in methodological aspects. However, it is worth
mentioning that disagreement is recorded with Dalaie et al. [14],
who indicated that the hardness of Duran® (1mm), and Erkodur®
(0.8mm) did not differ significantly after thermoforming and
ageing. Also, our findings are consistent with Al-Noor [7] who
found that the hardness of three aligner types (Leone® 0.8mm,
Duran® 1mm and Clear aligner® 0.5mm) had no significant
differences in hardness comparison. Moreover, our results
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disagree with Alhendi et al. [6], who exposed different aligner
sheets (Eon®, Clarity®, SureSmile®, Invisalign®) into artificial
saliva for 2 weeks in 37¢ and found no significant differences
among the systems in regard to hardness.

In the present study, the elastic modulus of Duran® and
Erkodur® groups changed after thermocycling with a significant
decrease in Erkodur® groups. This is in agreement with Thssen
et al. [20], yet Thssen used 0.5mm thickness of Duran® and
assessed the effect of immersion in distal water for 41h and 40
minutes, thermocycling with 1000 thermal cycles. However,
they observed a significant decrease in elastic modulus after
immersion and thermocycling. This can be explained by the
Duran® group was minimal affect by thermocycling could be
due to the number of cycles not being enough to make a change
in the properties.

An agreement with our results could be recorded with Ryu
et al. [12], who observed attenuation of the elastic modulus of
Invisalign® after thermoforming. However, a direct comparison
cannot be conducted due to methodological variations. Also, in
agreement with Ryokawa et al. [21], who used Imm of Duran®
and observed no change in the elastic modulus of Duran® after
thermoforming and after immersion in 37°C distilled water.
Moreover, our results are in agreement with Tamburino et al.
[22], who showed an increase in elastic modulus of the aligner
materials of Duran® and Zendura® while Biolon® material
decreased after thermoforming.

The current study disagrees with Hallmann and Gerngro [23]
who found that elastic modulus and mechanical properties of
Duran® Imm were decreased after oral use. Moreover, in the
present study, the elastic modulus of the Duran® group was
higher than Erkodur® before and after thermocycling. This is
in disagreement with Hallmann and Gerngro [23] who used
a 1 mm sheet of Duran® after being stimulated of intra- oral
conditions.

A study by Dalaie et al. [14] compared Duran® 1mm and
Erkodent® 0.8 mm and observed in both materials that elastic
modulus significantly decreased after both thermoforming and
thermocycling. This difference in elastic modules could be
explained by the properties of Duran® which may be higher
than Erkodur® which showed a loss of thermo mechanical
properties after thermocycling. This analysis showed that elastic
modulus decreases significantly by increasing temperature and
the intensity of this decrement is greater at higher temperatures,
which emphasizes diminished mechanical properties at higher
temperatures [22], with decreased for different properties with
the gradual temperature variation [5,14,18].

The result of the current research could be explained by the
difference in thickness between 0.75mm of Duran® and Imm
of Erkodur® or may be that the Duran® group showed minimal
effect by hardness due to the compositions of material layers
(three layers A: copolyesterhard, B: thermoplastic elastomer
soft, C: copolyesterhard). Another explanation that is materials
such as Hardcast® (polypropylene) crystalline or semi-
crystalline plastic) are significantly decreased in mechanical
properties after 2,500 thermal cycles. On the other hand, Duran®
showed stable mechanical properties [18]. PETG should only be
affected by temperature-induced crystallization to a very small



extent, i.e., it is less likely to undergo annealing Nonetheless,
it is likely that during immersion and thermocycling annealing
takes place [24].

Aligner materials are resin polymers that change in a hot
environment [25]. PET-G is classified to be amorphous
or crystalline, the mechanical properties vary rapidly with
temperature application over time. Change in the mechanical
properties differs between amorphous and crystalline plastic
as crystalline remains intact after thermoforming [26]. In
addition, the polymer material may have molecular orientation
depending on the processing method and conditioning used[26].
Thus, the hardness may change with the transformation of the
amorphous into crystalline. Changes in the crystalline and
amorphous structures or the release of plasticizers (plasticizer is
a substance that is added to a material to make it softer and more
flexible, to increase its plasticity, to decrease its viscosity, and/
or to decrease friction during its handling in manufacture [27]
probably are linked to changing in the hardness after exerting
thermal cycling [14,28].

The elastic modulus is directly proportional to the force of
the thermoplastic materials and inversely proportional to their
thickness. Thus, the Elastic modulus was higher for thinner
materials and lower for thicker materials [ 12]. Ifthe thermoplastic
materials were subjected to a temperature higher than the glass
transition temperature, they can easily deform and decrease
in thickness. Moreover, they change from the amorphous to
the crystalline form with an increase in temperature, with the
crystalline phase affecting the mechanical properties [28].

The limitation of this study is that intraoral ageing was only
simulated by thermal cycling and fatigue that may be caused
by occlusal force loading in addition to the other effects
such as drink consumption or oral hygiene effects of the oral
environment cannot be assessed.

Conclusion.

The hardness of the Erkodur® product was higher than that
of Duran® before and after thermocycling which reduced the
hardness of the Erkodur® product more than that of Duran®.
The elastic modulus of the Duran® product was higher than
Erkodur® before and after thermocycling that did not affect the
elastic modulus of the two products.

Acknowledgement.

The authors wish to acknowledge the College of Dentistry,
University of Mosul, for the given support.

REFERENCES

1. Garg D, Rai P, Tripathi T, et al. Intra-oral skeletally
anchored maxillary protraction (I-SAMP) in skeletal class 111
malocclusion: an overview. European Journal of Biomedical.
2018;5:462-7.

2. Al-Shaibani M, Al-Saffar M, Mahmood A. The impact of
Aloe vera gel on remineralization of the tooth and its effect
against enterococcus faecalis: an in vitro study. Georgian
Medical News. 2023;338:63-8.

3. Bichu YM, Alwafi A, Liu X, et al. Advances in orthodontic
clear aligner materials. Bioactive Materials. 2023;22:384-403.

81

4. Comba A, Scotti N, Maravi¢ T, et al. Vickers hardness and
shrinkage stress evaluation of low and high viscosity bulk-fill
resin composite. Polymers. 2020;12:1477.

5. Bucci R, Rongo R, Levate C, et al. Thickness of orthodontic
clear aligners after thermoforming and after 10 days of intraoral
exposure: a prospective clinical study. Progress in Orthodontics.
2019;20:1-8.

6. Alhendi A, Khounganian R, Ali R, et al. Structural
Conformation Comparison of Different Clear Aligner Systems:
An In Vitro Study. Dentistry Journal. 2022;10:73.

7. Al-Noor HS, Al-Joubori SK. comparison of the hardness
and elastic modulus of different orthodontic aligners'materials.
2018;5:19-25.

8. Dasy H, Dasy A, Asatrian G, et al. Effects of variable
attachment shapes and aligner material on aligner retention. The
Angle Orthodontist. 2015;85:934-40.

9. Cowley DP. Effect of Gingival Margin Design on Retention
of Thermoformed Orthodontic Aligners. Thesis. 2012.

10. Vickers NJ. Animal communication: when i’m calling you,
will you answer too?. Current biology. 2017;27:R713-5.

11. Schuster S, Eliades G, Zinelis S, et al. Structural
conformation and leaching from in vitro aged and retrieved
Invisalign appliances. American journal of orthodontics and
dentofacial orthopedics. 2004;126:725-8.

12. RyuJH, Kwon JS, Jiang HB, et al. Effects of thermoforming
on the physical and mechanical properties of thermoplastic
materials for transparent orthodontic aligners. The korean
journal of orthodontics. 2018;48:316-25.

13. Gerard Bradley T, Teske L, Eliades G, et al. Do the
mechanical and chemical properties of Invisalign TM appliances
change after use? A retrieval analysis. European Journal of
Orthodontics. 2016;38:27-31.

14. Dalaie K, Fatemi SM, Ghaffari S. Dynamic mechanical and
thermal properties of clear aligners after thermoforming and
aging. Progress in Orthodontics. 2021;22:1-1.

15. Khosravi R, Gidarakou I, Salazar T. Essential factors in
developing an efficient in-office aligner system. InSeminars in
Orthodontics 2022.

16. Abdul-Razaq RW. The effect of two types of disinfectant on
shear bond strength, hardness, roughness of two types of soft
liners. Journal of baghdad college of dentistry. 2012;24.

17. Kohda N, lijima M, Muguruma T, et al. Effects of
mechanical properties of thermoplastic materials on the initial
force of thermoplastic appliances. The Angle Orthodontist.
2013;83:476-83.

18. Iijima M, Kohda N, Kawaguchi K, et al. Effects of
temperature changes and stress loading on the mechanical
and shape memory properties of thermoplastic materials with
different glass transition behaviours and crystal structures.
European Journal of Orthodontics. 2015;37:665-70.

19. Nguyena BN, Rohb HS, Merkela DR, et al. A multiscale
modeling approach to cryo-compressed hydrogen storage
pressure vessels—part II: constitutive modeling and finite
element analysis. 2021.

20. Thssen BA, Willmann JH, Nimer A, et al. Effect of in vitro
aging by water immersion and thermocycling on the mechanical
properties of PETG aligner material. Journal of Orofacial
Orthopedics/Fortschritte der Kieferorthopadie. 2019;80:292-303.



21. Ryokawa H, Miyazaki Y, Fujishima A, et al. The mechanical
properties of dental thermoplastic materials in a simulated
intraoral environment. Orthodontic waves. 2006;65:64-72.

22. Tamburrino F, D’Antd V, Bucci R, et al. Mechanical
properties of thermoplastic polymers for aligner manufacturing:
In vitro study. Dentistry Journal. 2020;8:47.

23. Hallmann L, GerngroB MD. Effect of dental thermoplastic
materials on the clinical effectiveness of clear aligner. Austin J
Dent. 2021;8:1151.

24, Kattan M, Dargent E, Ledru J, et al. Strain-induced
crystallization in uniaxially drawn PETG plates. Journal of
applied polymer science. 2001;81:3405-12.

82

25. Lombardo L, Martines E, Mazzanti V, et al. Stress relaxation
properties of four orthodontic aligner materials: a 24-hour in
vitro study. The Angle Orthodontist. 2016;87:11-8.

26. Macri M, Murmura G, Varvara G, et al. Clinical
performances and biological features of clear aligners materials
in orthodontics. Frontiers in Materials. 2022:2.

27. Cadogan DF, Howick CJ. Plasticizers.
encyclopedia of industrial chemistry. 2000.

28. Brazel CS, Rosen SL. Fundamental principles of polymeric
materials. John Wiley & Sons; 2012.

Ullmann's



	Title

