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ABSTRACT

Aim: To assess the impact of various beverages on the fracture
resistance of CAD/CAM polyetheretherketone (PEEK) and
monolithic zirconia materials.

Materials and Method: We fabricated eighty CAD/CAM
materials from PEEK polymer (CopraPeek; Whitepeaks Dental
Solutions GmbH, Germany) and monolithic zirconia (inCoris TZI;
Dentsply Sirona Systems GmbH, Bensheim, Germany), with ten
samples per group. These samples were submerged in either
distilled water, cola, coffee, or red wine and stored at 37°C for 12
days. We utilized a universal testing machine (Lloyd LRX; Lloyd
Instruments Ltd., West Sussex, UK) to measure each sample’s
fracture resistance. The t-test provided a comparison of normally
distributed variables between the two groups. For multiple group
comparisons, we executed an analysis of variance (ANOVA).

Results: A statistically significant difference was observed
between the PEEK and zirconia groups in terms of maximum load
and elastic load-bearing capacity values (p<0.05), with zirconia
materials yielding higher values. However, there was no critical
difference in these measures obtained from different solutions for
neither PEEK nor zirconia samples (p>0.05).

Conclusion: CAD/CAM monolithic PEEK material stored in
various solutions demonstrated lower fracture resistance and
elastic strength than monolithic zirconia materials. Despite
this, PEEK exhibited the highest fracture resistance to intraoral
occlusal forces. Accordingly, due to its chemically inert nature
and superior force absorption, we recommend PEEK as a viable
alternative material for posterior crowns in fixed restorations.
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OZET

Amag: Bu calismanin amaci; farkl igeceklerin CAD/CAM
polietereterketon (PEEK) ve monolitik zirkonya malzemelerinin
kirilma direnci Gzerindeki etkilerini degerlendirmektir.

Gereg ve Yontem: PEEK ve monolitik zirkonyadan her grupta
10 6rnek olmak lizere toplam 80 CAD/CAM malzemesi uretildi.
Ornekler 12 giin boyunca 37°C’de distile su, kola, kahve ve kirmizi
sarapta saklandi. Her numunenin kirilma direncini belirlemek igin
Universal test cihazi kullanild.

Bulgular: PEEK ve zirkonya gruplari arasinda maksimum yuk
ve elastik yuk tasima kapasitesi degerlerinde istatistiksel olarak
anlamli fark tespit edildi (p<0.05). Zirkonyum malzemeler en
yuksek kirilma direnci sergilerken hem PEEK hem de zirkonya
orneklerinin farkli iceceklere maruz birakilmasi neticesinde
maksimum yuk ve elastik ylik tagsima kapasitelerinde istatistiksel
olarak anlaml bir fark tespit edilmedi (p>0.05).

Sonug: Farkli solisyonlarda bekletien CAD/CAM PEEK
malzemesi, monolitik zirkonyaya goére daha dusuk kiriima
direncine ve elastik mukavemete sahipti. Ancak, PEEK dental
materyallerinin kimyasal olarak inert yapisi ve yiksek absorpsiyon
kapasitesi nedeniyle yine de posterior bdlgenin sabit restorasyonu
icin alternatif bir kron materyali olarak kullanilabilecegini
oneriyoruz.
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INTRODUCTION

While the biological and functional properties of ma-
terials used in posterior restorations are essential in
dentistry, aesthetic outcomes take precedence in an-
terior restorations. The choice of restoration material
depends greatly on the location and extent of tooth
tissue loss. Thanks to advancements in technology,
computer-aided design/computer-aided manufactur-
ing (CAD/CAM) restorations have gained popularity
due to their proven durability. These are frequently
used in inlays, onlays, laminate veneers, and all-ce-
ramic crown restorations."

Dentists often use metal-supported fixed restorations
for rear teeth due to their affordability and durability.
Nonetheless, with the latest digital innovations, the
spectrum of dental materials has broadened, facili-
tating more robust, aesthetic, and fast restorations.
The use of all-ceramic and other materials is becom-
ing increasingly common in restorations. Nowadays,
dentists can create dental restorations with supe-
rior aesthetics, biocompatibility, and mechanical
strength compared to traditional methods, bypassing
the need for labs.??

While all-ceramic restorations present excellent
aesthetic and mechanical results in standard aes-
thetic dentistry applications, their use in posterior
restorations is limited due to low fracture resistance.
Monolithic zirconia, characterized by high fracture
resistance, considerable elastic modulus, and frac-
ture toughness of up to 2000 MPa, is commonly
used in posterior aesthetic restorations.* However,
zirconia has its downsides: it tends to degrade at
low temperatures and the superstructure may chip
during function, caused by the thermal expansion
coefficient disparity between zirconia and the su-
perstructure.?2* Consequently, the use of monolithic
zirconia in posterior restorations has become more
prevalent. Despite their robustness, zirconia-based
materials may weaken over time due to fatigue and
accumulated microcracks, reducing their durability
under functional forces.®

Polyetheretherketone (PEEK) is a high-performance
polymer frequently used in clinical dentistry due to
its exceptional characteristics. These include low
water and moisture absorption (0.5 g/mm?3), high
resistance to chemical agents and temperature

changes, and enhanced patient comfort due to its
lightweight nature.® PEEK is also highly biocom-
patible—its semi-crystalline structure is less brittle
than that of zirconia oxide. It boasts tensile strength
similar to enamel and dentin and has demonstrat-
ed no cytotoxic, mutagenic, or carcinogenic effects.
Additionally, PEEK can absorb occlusal forces.
Furthermore, PEEK is well-suited for fixed pros-
thetic restorations because of its unique proper-
ties like lower failure rates and ease of shaping
and polishing.®'® However, it does have shortcom-
ings. Its grayish color and high opacity are unsuit-
able for aesthetic restorations when used solely.
To counter this, composite resins are applied for
veneering. Since PEEK’s inert chemical struc-
ture is highly resistant to surface alterations, con-
nection issues with the superstructure may arise.
As such, PEEK is recommended for posterior
fixed restorations where aesthetics are not a fo-
cal point." "2 |t can also offer a reliable solution for
patients with bruxism or parafunctional habits, as
it does not cause wear on opposing teeth and can
absorb excess stress.' Though there is limited liter-
ature about fixed prosthetic restorations using CAD/
CAM PEEK materials, its practical use is growing."

The hardness of restoration surfaces can be degrad-
ed due to external factors such as colorants in food
and drinks, dietary habits, oral hygiene products,
and cigarettes, possibly leading to wear or damage
to the material’'s surface structures.™ This in vitro
study hypothesized that monolithic CAD/CAM PEEK
and zirconia materials would exhibit comparable
fracture resistance against various beverages. The
study’s purpose was, thus, to examine the impact
of different beverages on the fracture resistance of
these materials.

MATERIALS AND METHOD

We prepared samples from PEEK discs and mono-
lithic zirconia blocks with a precision cutting ma-
chine (Mod-Dental, Esetron, Ankara, Turkey). From
semi-sintered zirconia blocks (inCoris TZI; Dentsply
Sirona Systems GmbH, Bensheim, Germany), we
obtained 15x12x2 mm sections. These sections
are suitable for monolithic use. We accounted for a
possible 20% reduction during the sintering process.
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Before sintering, we dried the samples in a porcelain
oven (Programat P300; Ivoclar Vivadent AG, Liech-
tenstein, Germany) at 80°C for 30 min. We used a por-
celain furnace (inFire HTC, Dentsply Sirona Systems
GmbH, Bensheim, Germany) to sinter the dried sam-
ples as per the manufacturer’s instructions. We heat-
ed them from 25°C up to 1,510°C over a period of 2 h.

During the sintering process, the samples shrank by
20% to 12 x 10 x 1.5 mm. We produced a total of
40 samples. We used a digital calliper (Alpha Tools
GmbH, Mannheim, Germany) to determine the thick-
ness of the samples from three different regions.

Additionally, we made 40 more samples of the
same size from a 95 x 15 mm PEEK disc (Co-
praPeek; Whitepeaks Dental Solutions GmbH,
Germany) using the precise cutting machine. We
measured the thickness of these samples, as be-
fore, at three separate points with a digital calliper.

Finally, we divided both the PEEK and monolithic
zirconia samples into four equal groups, each con-
taining differing solutions for the fracture test. Each
group held ten of both the PEEK and monolithic zir-
conia samples.

Group 1: Distilled water

Group 2: Cola (Coca-Cola igecek A.S., Istanbul, Tur-
key)

Group 3: Red wine (Kayibag Sarapcilik, Denizli, Tur-
key)

Group 4: Coffee (Blend #37; Nestle Turkiye Gida
Sanayi A.S., Istanbul, Turkey). In accordance with
the manufacturer’s recommendation, 2 g of coffee
was added to 200 mL of hot water, mixed, and kept
until room temperature.

Ten sample groups were stored in 50 mL Falcon tubes,
each with 20 mL of solution. Typical daily beverage
consumption was estimated at 3.2 cups, each last-
ing 15 min, with a 12-day waiting period interspersed
throughout a 1-year period.'® To simulate this annual
consumption pattern, the samples were kept in the
solutions for 12 days with the same consumption rate.

For experimental purposes and to imitate the oral en-
vironment, the samples were stored in an oven (Ed-
wards Vacuum, Crawley, UK) at 37°C for 12 days. The
solutions were refreshed every two days and mixed
daily to prevent sediment deposit accumulation.

Subsequently, the samples were tested using a
universal testing machine (Lloyd LRX; Lloyd Instru-
ments Ltd., West Sussex, UK) at 1 mm/min. All sam-
ples underwent three-point loading tests, which were
repeated until breakage occurred.

Statistical analysis

We conducted all statistical analyses using IBM
SPSS software version 22.0. Descriptive data is
presented as either mean * standard deviation (SD)
or as a number and frequency, where needed. The
Shapiro-Wilk test indicated a mix of normal and
non-normal data distribution across different groups.
To compare non-normally distributed variables be-
tween the two groups, we employed the Mann-Whit-
ney U test, while the Kruskal-Wallis H test was used
for multiple group comparisons. The t-test was used
to compare normally distributed variables between
two groups, with the analysis of variance (ANOVA)
applied for multiple groups. Finally, we used the
Pearson correlation coefficient to identify potential
correlations between variables.

RESULTS

There was no statistically significant difference both
maximum loading values and the elastic strength
values of the zirconia material in different solutions
(p>0.05) (Tables 1 and 3). Likewise, there was no
significant difference these values of the PEEK ma-
terial in different solutions (p>0.05) (Table 2 and 4).
In the meantime, the results indicated that monolithic
zirconia demonstrated maximum fracture strength in
distilled water and elastic strength in red wine. It was
observed that the PEEK material had the optimal
fracture and elastic strength when in cola.

Significantdifferences were observedin the maximum
load values (measured in Newtons) between PEEK
and zirconia samples, with zirconia showing higher
values (p<0.05) (Table 5). Zirconia samples also
showed higher elastic strength (measured in MPa)
compared to the PEEK samples (p<0.05) (Table 6).

The Spearman correlation test demonstrated a
significant and positive correlation between the
maximum load (N) and elastic strength (MPa) val-
ues (r=0.955; p<0.05). Thus, an increase in maxi-
mum load (N) corresponds to an increase in elastic
strength (MPa).
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Table 1. Maximum loading values of zirconia (Newton)

Maximum loading (N) Zirconia ANOVA test
n Mean+SD Min Max P

Distilled water 10 1238.6+£275.3 752.9 1785.4

Cola 10 1184.74240.0 830.2 1609.5 7

Coffee 10 1127.2+171.8 884.1 1324.9

Red wine 10 1200.6+£256.1 706.9 1513.5

SD: standard deviation
*No significant difference between the test groups (p>0.05).

Table 2. Maximum loading values of PEEK (Newton)

Maximum loading (N) PEEK Kruskal- Wallis H test
n Mean+SD Min Max Rank average P

Distilled water 10 499.5+59.3 409.3 613.9 15.3

Cola 10 808.6+478.2 474.6 1743.9 27.3 a6

Coffee 10 502.6+£69.9 400.1 604.4 17.3 '

Red wine 10 536.5+41.5 468.6 606.0 221

SD: standard deviation
*No significant difference between the test groups (p>0.05).

Table 3. Elastic strength values of zirconia (MPa)

Elastic strength (MPa) Zirconia Kruskal-Wallis H test
n MeantSD Min Max Rank average P

Distilled water 10 878.7£217.3 619.8 217.3 14.5

Cola 10 965.1£185.4 688.6 185.4 20.7

Coffee 10 892.84£195.1 539.1 195.1 17.2 0.23

Red wine 10 1020.4+202.9 640.2 202.9 245

SD: standard deviation
*No significant difference between the test groups (p>0.05).

Table 4. Elastic strength values of PEEK (MPa)

Elastic strength (MPa) PEEK Kruskal-Wallis H test
n Mean+SD Min Max Rank average P

Distilled water 10 277.7£32.4 233.7 314.9 16.4

Cola 10 557.8+457.7 272.7 1434.6 234 017

Coffee 10 276.6+44.5 216.9 335.1 16.5

Red wine 10 316.6+35.2 2701 379.0 25.7

SD: standard deviation
*No significant difference between the test groups (p>0.05).

Table 5. Maximum loading values of the materials (Newton)

Maximum loading (N) Mann-Whitney U test
n Mean+SD Min Max Rank average P

Zirconia 40 1187.8+233.2 706.9 1785.4 58.4

PEEK 40 586.8+268.6 400.1 1743.9 22.7 0.00

SD: standard deviation
*There is significant difference between these groups (p<0.05).
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Table 6. Elastic strength values of the materials (MPa)

Elastic strength (MPa)

Mann-Whitney U test

n MeanSD Min

Max Rank average P

936.1£56.7 539.1
357.2422.6 216.9

Zirconia 40
PEEK 40

1438.9 56.8
1434.6 22.6

0.00

SD: standard deviation

* There is significant difference between these groups (p<0.05).

DISCUSSION

This in vitro study examined how various beverages
impacted the fracture resistance and elastic strength
of monolithic CAD/CAM PEEK and zirconia. The
findings showed significant variations in the fracture
resistance and elastic strength of dental materials,
with monolithic zirconia performing better.

Dental restoration materials used in prosthetic treat-
ments may lose durability due to thermal stress-
es. These stresses are frequently caused by the
consumption of hot and cold food and beverages.
Over time, these factors can result in stress on the
restoration materials, leading to the growth of mi-
crocracks. Furthermore, food and beverages can
degrade dental materials by dissolving their mono-
meric components. These reactions might diminish
material hardness, increase surface roughness, and
expedite teeth wear."”

Immersing dental materials in colouring liquids is a
straightforward procedure, but it is crucial to note
that these materials can absorb heat, moisture, pH,
alcohol, or dye-containing liquids. Such absorption
can negatively affect the mechanical resistance of
the dental materials.

According to a study by Sulaiman et al.®, the max-
imum restoration thickness for monolithic zirconia
should be 1.65 mm to ensure light transmission, ce-
ment polymerization, and durability. In a similar vein,
we prepared our study samples to a thickness of 1.5
mm.

Durability is a primary concern when selecting ma-
terials for fixed restorations in the posterior region,
which are subject to heightened occlusal forces.
Monolithic zirconia offers enhanced mechanical re-
silience and higher survival rates than many other
dental materials. In addition, it offers more aesthetic

results compared to metal-supported restorations.
Thus, it has become a popular choice for fixed res-
torations in the posterior region.'®? Recent research
indicates that PEEK could be a viable alternative for
these restorations, as it boasts high flexibility, mini-
mal wear, and a superior ability to absorb occlusal
stress. 221

The moist conditions found in the oral cavity general-
ly accelerate the development of subcritical cracks in
ceramic structures, prompting an unpredictable shift
from tetragonal to monoclinic structures of Y-TZP.
Consequently, this affects the durability of zirconia
restorations.® The growth of these subcritical cracks
comes from the interaction of water molecules
with the ionic-covalent bonds within the cracks.

Additionally, water molecules can integrate into
zirconia’s lattice structure. This reduces the en-
ergy barrier and accelerates the conversion from
tetragonal to monoclinic, which in turn speeds up
the conversion rate. The subsequent increase
in volume contributes to the formation of micro-
cracks in the lattice. Despite this process typi-
cally being slow at body temperature, it can still
undermine the strength of dental restorations.5#

In this study, we attributed the reduction in the elastic
strength of monolithic zirconia material kept in dis-
tilled water to the inclusion of water molecules in the
zirconia structure. In a separate study, it was noted
that the level of the Y203 stabilizer (yttrium oxide)
in zirconia materials kept in a neutral solution de-
creased over time. This indicated that Y-TZP could
become more vulnerable to degradation even in en-
vironments less humid and corrosive than average.?®
The study’s authors also reported that environmen-
tal impacts weakened the surfaces of zirconia mate-
rials, making them prone to corrosion.
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Several studies have highlighted the negative im-
pact of acidic solutions on the crystal structure and
mechanical properties of Y-TZP.?2425 The degree of
these effects, however, varies based on both the
specific acidic solution used and the surrounding
temperature. One particular study found that when
Y-TZP restorations were kept in acetic and citric
acid at room temperature, attributes like elastic re-
sistance, surface quality, and Vickers hardness re-
mained unaltered.?® A different investigation into the
fracture and elasticity of CAD/CAM dental materials
stored in various liquids, including cola, white wine,
orange juice, artificial saliva, and gastric juice at
37°C, showed the zirconia material had the highest
initial elastic strength. This strength, however, di-
minished over time with cyclic fatigue.?® Our study
supported these findings, revealing that monolithic
zirconia kept in acidic beverages such as red wine
and cola had significantly greater elastic resistance
when compared to other solutions. This enhanced
elastic resistance of monolithic zirconia may be due
to the temperature of the storage environment.

The study revealed that cola, which is a highly acid-
ic drink, caused less colour variation in resin-based
materials (such as Vita Enamic® and PEEK) com-
pared to coffee.” The researchers concluded that
the high polarity of cola resulted in decreased ab-
sorption and limited adhesion to the surface, which
could potentially aid in its removal from the material
surface when rinsed. Similarly, our study indicated
that cola showed the highest values for load capacity
and tensile strength, likely because PEEK material
is chemically non-reactive, and its high polarity pre-
vents cola from being absorbed.

Bite force varies significantly, ranging from 585 to
967 N, influenced by factors like age, craniofacial
morphology, and occlusal aspects.' It is crucial to
select materials resistant to these chewing forces.
While a sizable difference exists between monolith-
ic zirconia and PEEK material, PEEK exhibits am-
ple structure to withstand the expected bite forces
within the mouth.?” Elashmawy et al.? illustrated that
an increase in a dental material’s elastic modulus
leads to a marked rise in fracture resistance. A six-
month study in vivo demonstrated that CAD/CAM
PEEK crowns in the posterior region could serve as
an alternative to metal crowns, offering higher resis-
tance to occlusal forces.'? However, zirconia is more

prone to high-stress concentrations in pivotal areas,
leading to irreversible, catastrophic failures.?” Such
failures are less likely with PEEK materials, which
can be repaired if fractured. When a material’s elas-
tic modulus is closer to that of human dentin, the
force transmitted directly to the tooth and tissues
would be reduced, preventing fractures caused by
overload.?” PEEK material has a considerably lower
elastic modulus than zirconia, making it suitable for
crowning severely damaged teeth in crucial zones.

Atsl et al.?® examined the fracture resistance of vari-
ous dental materials in a lab setting. They suggested
that ceramic-reinforced PEEK abutments may serve
as an alternative to zirconia abutments for anteri-
or region restorations. This is due to their optimal
fracture patterns and maximum anterior bite forces,
which might be because zirconia is more thermocy-
cling and material phase change sensitive. They also
found that the elasticity of ceramic-reinforced PEEK
was similar to a natural tooth and more flexible than
its crown, leading to easier repair in case of failures.

In another study, Liebermann et al.® assessed
the impact of different aging treatments on vari-
ous CAD/CAM polymers. They stored the sam-
ples in sodium chloride, artificial and physiological
saliva, and distilled water at 37°C for 180 days.
The results showed that PEEK had the lowest
water absorption and solubility. The authors con-
cluded that the more uniform the polymer, the
less water it absorbed and the less soluble it was.

Despite PEEK’s resistance to solutions in our study,
Liebermann et al.® noted significant changes in the
physical and mechanical properties within the first
30 days of testing. The divergence between our find-
ings and those of Liebermann et al. might be due to
the shorter testing duration in our study.

In a study by Prechtel et al*°, extracted human
maxillary and mandibular molars were used to cre-
ate samples from unfilled PEEK materials through
additive and fused layer manufacturing. The au-
thors found that all indirect inlays during a simulated
chewing experiment displayed a higher fracture load
than the forces encountered during normal chewing.
This was attributed to the lower Young’'s modulus
of PEEK compared to that of dentin and enamel.
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Our study also uses unfilled PEEK material, yielding
a higher fracture resistance than the forces present
in the oral cavity, despite differences in study design.
An in vivo study compared PEEK and zirconia inlay
restorations in the posterior region, concluding that
PEEK could serve as an alternative to zirconia. How-
ever, these authors utilized BioHPP, a biocompatible
high-performance polymer enhanced by adding a
20% ceramic filler." Weemployed unfilled PEEK ma-
terial in our study to evaluate the impact of beverage
solutions on the fracture resistance of the chemically
inert PEEK in comparison to zirconia.

Tartuk et al.” conducted an in vitro study to assess
the load-bearing abilities of monolithic PEEK, zirco-
nia, and hybrid ceramic molar crowns. Their find-
ings indicated no significant difference in the perfor-
mance of PEEK and hybrid ceramic molar crowns.
However, zirconia crowns demonstrated the highest
fracture load values. The authors inferred that all
three materials performed successfully. Additional-
ly, they noted PEEK’s effectiveness in withstanding
physiological occlusal forces, suggesting its suit-
ability for fixed prostheses in the posterior region.

Different from our study, the previous research used
a CAD/CAM monolithic crown with an occlusal thick-
ness of 2mm and an axial thickness of 1.55 mm. Al-
though the impact of post-cementation immersed in
solutions remains unclear, the findings were remark-
ably similar.

Monolithic zirconia has a lower elastic modulus com-
pared to dental tissue, and it does not accurately re-
flect the strength between an in vitro crown and a zir-
conia crown cemented on a tooth in the mouth. The
fracture resistance of the fixed restoration increases
as the elasticity modulus of the abutment increas-
es. Forces applied to the cemented restorations are
partially absorbed by the cement. In this study, the
impact of cement absence on the load-bearing ca-
pacity of PEEK and zirconia crowns could not be
evaluated. Similarly, this research did not explore the
effects of extra aging processes caused by chewing
simulation and thermal cycling on these materials.
To fully grasp these effects on monolithic CAD/CAM
PEEK and zirconia, further in vivo and in vitro stud-
ies are needed.

CONCLUSION

In conclusion, our study indicates that when stored
in various solutions, the fracture resistance and elas-
tic strength of CAD/CAM monolithic PEEK material
are lower than those of monolithic zirconia. Howev-
er, PEEK material demonstrates superior fracture
resistance against intraoral occlusal forces. Given
these results, we propose that PEEK dental mate-
rials, with their chemically inert structure and high
absorption capacity, provide a viable alternative for
fixed restoration in the posterior region.

REFERENCES

1. Rajamani VK, Reyal SS, Gowda EM, Shashidhar MP.
Comparative prospective clinical evaluation of computer aided
design/computer aided manufacturing milled BioHPP PEEK inlays
and Zirconia inlays. J Indian Prosthodont Soc 2021;21:240-8.

2. Soares PM, Rodrigues ACC, Borges ALS, Valandro LF, Pereira
GKR, Rippe MP. Load-bearing capacity under fatigue and FEA
analysis of simplified ceramic restorations supported by PEEK or
zirconia polycrystals as foundation substrate for implant purposes.
J Mech Behav Biomed Mater 2021;123:104760-70.

3. Li RWK, Chow TW, Matinlinna JP. Ceramic dental biomaterials
and CAD/CAM technology: State of the art. J Prosthodont Res
2014;58:208-16.

4. Lan TH, Pan CY,Liu PH,Chou MC. Fracture resistance of
monolithic zirconia crowns in implant prostheses in patients with
bruxism. Materials 2019;12:1623-34.

5. Kohorst P, Dittmer MP, Borchers L, Scholz MS. Influence of
cyclic fatigue in water on the load-bearing capacity of dental
bridges made of zirconia. Acta Biomater 2008;4:1440-7.

6. Gupta AK, Gupta R, Gill S. Evaluation of the failure modes
and load-bearing capacity of different surface-treated polyether
ether ketone copings veneered with lithium di-silicate compared
to polyether ether ketone copings veneered with composite: An in
vitro study. J Indian Prosthodont Soc 2021;21:295-303.

7. Tartuk BK, Ayna E, Basaran EG. Comparison of the load-
bearing capacities of monolithic PEEK, zirconia and hybrid
ceramic molar crowns. Meandros Med Dent J 2019;20:45-50.

8. Alexakou E, Damanaki M, Zoidis P, Bakiri E, Mouzis N, Smidt
G, et al. PEEK high performance polymers: A review of properties
and clinical applications in prosthodontics and restorative
dentistry. Eur J Prosthodont Restor Dent 2019;27:113-21.

9. Seving EHD, inal CB, Aydin C. Protetik Dis Hekimliginde
Polietereterketon Materyalinin Yeri. ADO Klinik Bilimler Der
2022;11:176-83.

10. Nagas IC, Egilmez F, Ergun G, Vallittu PK, Lassila LPJ. Load-
bearing capacity of novel resin-based fixed dental prosthesis
materials. Dent Mater J 2018;37:49-58.



Demir Seving E. H., Demirdag E. D., Gonder A., Gékdeniz B., Kiligarslan M. A.

Cilt: 13, Sayi: 2, 2024 Sayfa: 320-327

11. Rodriguez V, Tobar C, Suarez CL, Pealez J, Suarez MJ.
Fracture load of metal, zirconia and polyetheretherketone
posterior CAD-CAM milled fixed partial denture frameworks.
Materials (Basel) 2021;14:959-70.

12. Kimura H, Morita K, Nishio F, Abekura H, Tsuga K. Clinical
report of six-month follow-up after cementing PEEK crown on
molars. Sci Rep 2022;12:19070-20.

13. Alsilani RS, Sherif RM, Elkhodary NA. Evaluation of colour
stability and surface roughness of three CAD/CAM materials (IPS
e. max, Vita Enamic, and PEEK) after immersion in two beverage
solutions: An in vitro study. Int J Appl Dent Sci 2022;8:439-49.

14. Munusamy SM, Yap AU, Ching HL, Yahya NA. Degradation

of computer-aided design/computer-aided = manufacturing
composites by dietary solvents: An optical three-dimensional

surface analysis. Oper Dent 2020;45:176-84.

15. Colombo M, Cavallo M, Miegge M, Dagna A, Beltrami R,
Chiesa M, et al. Color stability of CAD/CAM zirconia ceramics
following exposure to acidic and staining drinks. J Clin Exp Dent
2017;9:1297-303.

16. Sarikaya |, Guler AU, Effects of different polishing techniques
on the surface roughness of dental porcelains. J Appl Oral Sci
2010;18:10-6.

17. Kumari CM, Bhat KM, Bansal R, dSingh N, Anupama A,
Lavanya T. Evaluation of surface roughness and hardness of
newer nanoposterior composite resins after immersion in food-
simulating liquids. Contemp Clin Dent 2019;10:289-93.

18. Sulaiman TA, Abdulmajeed AA, Donovan TE, Vallittu PK, Narhi
TO, Lassila LV. The effect of staining and vacuum sintering on
optical and mechanical properties of partially and fully stabilized
monolithic zirconia. Dent Mater J 2015;34:605-10.

19. Nakamura K, Harada A, inagaki R, Kanno T, Niwano Y,
Milleding P, et al. Fracture resistance of monolithic zirconia
molar crowns with reduced thickness. Acta Odontol Scand
2015;73:602-8.

20. Sola-Luiz F, Baixauli-Lopez M, Roig-Vanaclocha A,
Amengual-Lorenzo J, Agustin-Panadero R. Prospective study of
monolithic zirconia crowns: Clinical behavior and survival rate at a
5-year follow-up. J Prosthodont Res 2021;65:284-90.

21. Abhay SS, Ganapathy D, Veeraiyan DN, Ariga P, Heboyan A,
Amornvit P, et al. Wear resistance, color stability and displacement
resistance of milled peek crowns compared to zirconia crowns
under stimulated chewing and high-performance aging. Polymers
(Basel) 2021;13:3761-73.

22. Hjerppe J. The influence of certain processing factors on the
durability of yttrium stabilized Zirconia used as dental biomaterial
[tez]. Turku, Turun Yliopisto University of Turku; 2010.

23. Turp V, Tuncelli B, Sen D, Goller G. Evaluation of hardness
and fracture toughness, coupled with microstructural analysis, of
zirconia ceramics stored in environments with different pH values.
Dent Mater J 2012;31:891-902.

24. Egilmez F, Ergun G, Cekic-Nagas I, Vallittu PK, Lassila LV.
Factors affecting the mechanical behavior of Y-TZP. Journal of the
Mechanical Behavior of Biomed Mater 2014; 37:78-87.

25. Xie H, Shen S, Qian M, Zhang F, Chen C, Tay RT. Effects of
acid treatment on dental zirconia: an in vitro study. PLoS One
2015;10:e0136263.

26. Elraggal A, Afifi RR, Alamoush RA, Raheem A, Watts DC.
Effect of acidic media on flexural strength and fatigue of CAD-
CAM dental materials. Dent Mater 2023;39:57-69.

27. Elashmawy Y, Elashmawy W, Seddik M, Aboushelib M.
Influence of fatigue loading on fracture resistance of endodontically
treated teeth restored with endocrowns. J Prost Res 2021;65:78-
85.

28. Atsli SS, Aksan E, Bulut AC. Fracture Resistance of Titanium,
Zirconia, and Ceramic-Reinforced Polyetheretherketone Implant
Abutments Supporting CAD/CAM Monolithic Lithium Disilicate
Ceramic Crowns After Aging. Int J Oral Maxillofac Implants
2019;34:622-30.

29. Liebermann A, Wimmer T, Schmidlin PR, Scherer H,
Loffer P, Roos M, et al. Physicomechanical characterization of
polyetheretherketone and current esthetic dental CAD/CAM
polymers after aging in different storage media. J Prosthet Dent
2016;115:321-28.

30. Prechtel A, Stawarczyk B,Hickel R, Edelhoff D, Reymus M.
Fracture load of 3D printed PEEK inlays compared with milled
ones, direct resin composite fillings, and sound teeth. Clin Oral
Investig 2020;24:3457-66.



