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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 1mm in thickness 
were measured according to the ASTMD 882-02 and those 
with 1mm 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. Mechanical properties, aligner materials, 
thermocycling.
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 

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 
of aligners 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 8 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 

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 
a needle 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 1. Hardness testing model (0.05).



79

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 

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.

Variable Mean SD Maximum Minimum
Hardness for Duran® 
before thermocycling 65.48 ±5.82 74.00 56.30

Hardness for Duran® 
after thermocycling 65.16 ±6.77 76.20 55.60

Hardness for Erkodur® 
before thermocycling 75.91 ±5.69 89.20 70.00

Hardness for Erkodur® 
after theromcycling 71.15 ±2.69 77.00 68.20

The elastic modulus 
for Duran® before 
thermocycling

2096.33 ±207.27 1815.00 2502.00

The elastic modulus 
for Duran® after 
theromcycling

1961.85 ±54.27 1886.50 2073.00

The elastic modulus 
for Erkodur® before 
thermocycling

1388.09 ±82.04 1202.20 1480.00

The elastic modulus 
for Erkodur® after 
theromcycling

1238.52 ±230.92 861.40 1437.00

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

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 2. Comparison of Hardness before thermocycling and after 
thermocycling of  two study groups.

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

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 4. Comparison of elastic modulus in Duran® 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* 723.33
*Significant at p<0.05
Measurements are in MPa

Table 5. Comparison of elastic modulus between Duran® versus 
Erkodur® groups before  and after thermocycling.
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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 1mm 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 

disagree with Alhendi et al. [6], who exposed different aligner 
sheets (Eon®, Clarity®, SureSmile®, Invisalign®) into artificial 
saliva for 2 weeks in 37c 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 Ihssen 
et al. [20], yet Ihssen 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 1mm 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® 1mm 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 1mm 
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 
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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]. If the 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.
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