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The effect of aging on

the accuracy of marginal
adaptation and fracture
resistance of CAD/CAM
PEEK single crown restoration

Afaf A. Almabadi'*

Aim: In recent years, great advances have been made in the
use of CAD/CAM to prepare fixed restorations. The marginal
and internal fit of these restorations is a principal determinant
for their clinical success. In addition, the nature of the oral
environment affects the mechanical properties of these
restorations. Therefore, this study aimed to investigate the
effect of aging process under conditions that simulate the
oral environment on the marginal adaptation, and, fracture
resistance of crowns fabricated from polyether ether ketone
(PEEK) using CAD/CAM methods. Methods: Twenty identical
crown restorations were fabricated by using CAD/CAM
methods to mill polyether ether ketone (PEEK) material. These
crowns were produced by using a software design of an epoxy
resin replica of the prepared maxillary first premolar tooth. All
PEEK crowns were cemented and randomly divided into two
equal groups (A, B). Each group was divided into subgroups
(A1, A2 and BT, B2). Group A1 and A2 were used to measure
marginal adaptation and fracture resistance, respectively,
before aging, while group (B1 and B2) were measured after
aging. The cemented crowns were mounted in resin molds to
facilitate the sectioning process. The measurements of the
marginal gap were performed after sectioning at four points
using a stereomicroscope. The fracture resistance of the
crowns was investigated using a universal testing machine.
A statistical analysis was performed using the GraphPad
Prism® software version and unpaired Student's t-test.
Results: The results revealed that aging affected the marginal
gap, and the fracture resistance of the PEEK crowns. While
aging, negatively affected the conditions under investigation,
however the least significant difference of marginal gap was
found in the margin region. Conclusions: PEEK-CAD/CAM
is considered as a good alternative prosthodontic material
for fixed prostheses. The CAD/CAM technique used to make
PEEK crown restorations in our study offers the advantages of
high marginal accuracy and fracture resistance for long-term
performance in the oral environment.

Keywords: Computer-Aided Design. Ketones. Polymers. Dental
marginal adaptation.
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Introduction

Marginal and internal adaptation of fixed prostheses are one of the significant fac-
tors that affects prosthodontic treatment success. The marginal fit preserves healthy
periodontal tissues, prevents cement dissolution and increases retention of the pros-
theses. Many clinical problems can arise from inaccurate fabrication of dental pros-
theses, such as, recurrent carries, deposition of dental calculus, plague accumulation
and restoration failure’?.

The selection of the best treatment modality for patients has been greatly influenced
by the recent advances in material science and technologies®. At present, prostho-
dontic materials, can be accurately produced by new technologies that include com-
puter-aided design (CAD) and computer-aided manufacturing (CAM) techniques to
exactly produce the intended design of the prostheses. These methods can produce
prostheses with excellent quality in less time than the conventional techniques*.

Therefore, demands for dental restorations have increased the need for these aes-
thetically improved and biocompatible materials*®.

Polyether ether ketone (PEEK) is a popular prosthodontic material. It is a strong
material that is suitable for tooth color matching, and it has been widely used as a
metal-free fixed partial denture framework*”°. PEEK is a rigid, light in weight and more
aesthetically pleasing than other materials; therefore, it causes less torque on the
abutment tooth. Due to the fact that PEEK has the ability to resist fracture forces
and to dissipate these forces that cause fracture, this material has shown good clin-
ical performance, and it can be considered as a good substitute for glass and metal
ceramics. The value of Young’s modulus and the tensile properties of PEEK are close
to those of human bone, enamel and dentin™. In addition, it possesses high biocom-
patibility, good mechanical properties, high stability when exposed to thermal and
chemical changes, ability to be polished, good wear resistance, low plaque affinity
and high bond strength with composite veneers and luting cements™®,

Marginal fit that provides the seal and the uniform internal gap are two important cri-
teria to consider in establishing the precise fit of restorations’. To enhance the reten-
tion and resistance quality of restorations, a uniform internal gap is recommended to
provide the proper space for luting cement*1214,

It has been reported that the presence of marginal microleakage at the tooth-res-
toration interface of resin cement has negatively affected the fracture resistance
of full-ceramic fixed prostheses™"’. Multiple studies have measured the accuracy
of marginal and internal fit of fixed prostheses. However, it is almost impossible to
make a comparison because different findings were obtained under different testing
conditions. Therefore, several studies have been conducted to establish relationships
between these two properties and restoration prognosis''#?',

Since this matter is very important, the aim of our study was to evaluate the
effects of aging on the accuracy of marginal adaptation and fracture resistance of
pre-polymerized PEEK single crowns prepared by CAD/CAM technique using a stan-
dard cross-sectional method. Although the methodology was not following the cur-
rent standard, it was selected on the basis of results published in 20197
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Materials and Methods

A total of twenty PEEK full crown restorations of a maxillary first premolar phantom
typodont tooth (Nissin, Dental Product) were prepared by CAD/CAM and used to study
marginal adaptation and fracture resistance.

Restoration fabrication (Figure 1)

The maxillary first premolar phantom tooth typodont was scanned before preparation
with a dental laboratory optical 3D scanner Vinyl (Smart optics sensortechnik GmbH
Lise-Meitner, Germany), and the data were saved in a standard tessellation language
(STL) file. This phantom tooth was prepared for a full crown with the following speci-
fications: 1.5 occlusal reduction, 6 degree vertical angle; the convergence angle of the
wall was prepared to approximately 60°and Tmm chamfer margin using a high-speed
hand piece with water cooling.

The prepared phantom tooth was rescanned with the dental laboratory scanner using
an optical 3D scanner, and software was used to obtain a prepared die tooth. After the
scanning step of the workflow, the design of the crown was undertaken in the CAD soft-
ware package (Exocad GmbH, Darmstadt, Germany). The smart software automatically
defined an ideal path of insertion, detected the marginal line, and a cement gap (38um)
was selected. The scan data were exported for use in CAD software. The thickness of the
crown was set according to the data that were previously saved before the preparation.

Figure 1. Crown design process using CAD/CAM software (Exocad): a-Prepared tooth specimens and the
tooth scan, b-prepared epoxy resin replica, c-design of the cement gap and path of insertion, d-selected
crown design.
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The scanned die tooth was duplicated by using a 3D printer (Phrozen Sonic Mini 4K 3D
printer, USA), suitable for printing using epoxy resins (Mammoth resin for model hard
tough resin, China), to prepare twenty identical epoxy resin dies.

The crown restorations were designed by CAM software were milled from pre-polym-
erized blocks of PEEK (Bredent, Brecam BioHPP. GmbH, & Co, KG Germany) using a
milling machine. All crown restorations were examined for any defects and cracks,
and the internal surfaces were cleaned with distilled water.

Twenty identical crown restorations were cemented on their respective epoxy resin
dies with a resin luting cement Panavia F (Kurary, Dental Inc, Japan) according to
the manufacturer’s instructions at a static load of 10 N for 10 min using a specially
designed loading device. Excess cement was removed after initial setting using a
scalpel, and the margin interface was smoothed with flexible disks.

Allthe cemented crowns were stored in distilled water at room temperature (37°C) for
24 hours until the marginal adaptation and fracture resistance were measured before
and after aging.

Then, the twenty cemented crown restorations were divided into two groups (Group A
and Group B) of ten. Groups (A) and (B) were subdivided into (A1, A2) and (BT, B2)
each with five restorations, as shown in Table 1:

Table 1. Grouping

Groups Subgroup A1 Subgroup A2
Five cemented crown restorations Five cemented crown restorations
Group (A) used for measuring marginal used for measuring fracture
adaptation before aging resistance before aging
Group (B) Subgroup B1 Subgroup B2
Five cemented crown restorations Five cemented crown restorations
used for measuring marginal used for measuring fracture
adaptation after aging resistance after aging

Measurements of marginal gap (adaptation)

The marginal gaps of the crown restorations of subgroup (A1) were measured
before aging and subgroup (B1) after aging by sectioning the crown of the tooth
at the central fossa to evaluate four points at mesiobuccal (MB), distobuccal (DB),
mesiopalatal (MP) and distopalatal (DP). The measurements (in mm) were made
at the occlusal region, line angle, mid-axial wall and margin area using a stereomi-
croscope (Olympus Zoom Stereo Microscope, Japan, Model NO. 521145 TRPT) at
X20 magnification.
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Figure 2. Schematic illustration of measuring the marginal gap of subgroup A1 and subgroup B1 after
sectioning the cemented crown at four points (occlusal, line angle, mid-axial and margin)

Aging of the cemented crowns restoration

The remaining cemented crown restorations (subgroup B1 and subgroup B2) were
artificially aged by thermal cycles and load cycling. They were subjected to 600 ther-
mal cycles and 120000 mechanical load cycles up to 50 N in a water bath (5 to 55°C)
with a dwell tie (immersion time) for 30 seconds before testing?2°.

Measurement of fractur.e resistance

The cemented crown restorations of subgroups (A2) before artificial aging and sub-
groups (B2) after artificial aging were subjected to compression loads in a universal
testing machine (Zwick/Roell 1445; Zwick, UIm, Germany) at a cross-head speed of
1T mm/min with a steel ball (diameter 5 mm) placed on the center of the occlusal sur-
face between the buccal and palatal cusps until fracture occurred; and fracture loads
(N) were recorded (Figure 3). To achieve an even force distribution, a 0.5 mm thick
piece of tin foil (Dentaurum, Ispringen, Germany) was placed between the occlusal
surface and the loading ball.

Figure 3. A PEEK crown restoration subjected to cyclic loading.
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Statistical Analysis

The results for parametric data were expressed as the mean+ SD. Comparisons
between the two groups (before and after aging) were analyzed using the Student’s
t-test. A statistical analysis was performed using the GraphPad Prism® software ver-
sion 9.4.1 (681) (CA, USA). The significance of the obtained results was determined at
the 5% level. Post hoc computation for achieved power was calculated using G*Power
version 3.1.9.2 to determine the sample size.

Results

The mean value and the standard deviation of the marginal gap for subgroup (A1)
before aging and subgroup (B1) after aging are graphically shown in Figure 4.
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Figure 4. The marginal gap before aging (subgroup A1) and after aging (subgroup B1). A: Occlusal marginal
gap, B: Angle marginal gap, C: Mid-axial marginal gap and D: Margin marginal gap.

After aging, there were statistically significant differences in the marginal gaps of
cemented crown restorations at the occlusal region among the four-measurement
points MB (P=0.041), DB (P=0.003), MP (P=0.006) and DP (P=0.019). The occlusal
region showed a higher mean value in subgroup (B1) after aging.

Additionally, there were statistically significant differences in the marginal gaps of the
cemented crown restorations at the angle region after aging among the MB (P=0.002),
and MP (P=0.002), but at the DB (P=0.058) and DP (P=0.064), there were no statisti-
cally significant differences.
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In the mid-axial region, there were statistically significant differences in the mar-
ginal gaps of cemented crown restorations after aging among the MB(P=0.004), DB
(P=0.011), and MP (P<0.001), however, at the DP (P=0.097), there was no statistically
significant difference.

Finally, in the margin region, there were statistically significant differences in the marginal
gaps of cemented crown restorations among the MB (P=0.003), DB (P=0.005), MP (P=0.001)
and DP(P=0.003). The lower mean value was shown in subgroup (A1) before aging.

The mean value and standard deviation of fracture resistance are shown in Figure 5,
and Graph 1. The mean value of fracture resistance of subgroup (A2) before aging
was 1162.16 + 2.88 N while subgroup (B2) after aging was 732.34 + 29.59 N. A com-
parison between subgroup (A2) and subgroup (B2) revealed a statistically significant
difference (P =< 0.05). Subgroup A2 showed a higher mean value.
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Figure 5. The fracture resistance of the tested subgroup (A2) before aging and subgroup (B2) after aging.
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Graph 1. Load displacement curve for CAD/CAM PEEK crown restoration in subgroup A2 and subgroup B2.

Discussion

A definitive restoration is considered successful when it exhibits a good marginal fit
that is strong enough to withstand the oral environment.
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PEEK was used in our study for the fabrication of crown restorations due to its excel-
lent mechanical, physical and chemical properties. It proved to be a suitable material
for fixed dental prostheses (FDPs) and long-term restorations because the material
was milled from a pre-polymerized block that did not undergo polymerization shrink-
age during processing and decreased the risk of porosities®?>2°.

The PEEK crowns were fabricated with CAD/CAM techniques. The crown restorations
were designed by using CAD software, which in turn sent commands to the CAM unit
for fabrication of the restoration™.

Our study was conducted using software that scanned the maxillary first premolar
before preparation, and these data were saved. The same tooth was prepared and
rescanned to exactly reproduce twenty identical resin dies to minimize any errors
reproduced from the nonstandard protocol used to assess the marginal gap of dental
restoration, which might lead to false interpretation and limit their comparison with
the results of other studies’.

The crown restorations were cemented to their respective epoxy resin dies with resin
cement. This technique was selected because it was simple and able to bend to tis-
sues without any previous treatment, such as etching, priming, or bonding, and the
cement has a high viscosity'®. The crown restorations were stored in a 37°C water
bath for 24 hrs before testing to represent the exact oral temperature, which may
increase the polymerization of resin cement®°.

In this study, measurements of the marginal gap (32-46 um) were acceptable. This
result was in accordance with the Mclean study (< 120), as the PEEK crowns demon-
strated superior marginal gaps that were more uniform than required and within the
clinical acceptable range?®'.

The method used in this study for sectioning cemented PEEK crown restorations pro-
vided good accuracy and could be easily visualized with a stereomicroscope for imag-
ing quality and good distinction between the different materials®.

The mean marginal gap was larger after aging at the occlusal, line angle, mid axial
and margin areas than before aging. The aging process used in this study exactly
represented the conditions of oral environments and simulated clinical situations
for fitting the crown restorations®. However, the increase in marginal gap after
aging, can also, be explained by the fact that the marginal gap in milled restorations
is related to the brittleness index (BI), which is the ratio of the hardness and the frac-
ture toughness of the material. A larger brittleness index is obtained by increasing
of the hardness value and decreasing the fracture toughness value. As a result, this
can affect the chipping factor (CF), which is the ratio of total margin chipping over
the total marginal circumference of the restoration multiplied by 100 (%). Thus, this
may induce microfractures formation at the restoration margins, which increases
the marginal gap.

In addition, the larger mean value was found at the occlusal region may have been
be due to thermal and load cycling, which induced degradation of the cement
adhesive interface.
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The fracture resistance of the PEEK crown restorations was measured before and
after aging. The mean fracture resistance was larger before aging since the PEEK
material had a small modulus of elasticity, that allow material deformation to act as
a stress breaker by reducing the forces transmitted to the abutment teeth, and it had
a good wear resistance. The present study used a universal testing machine to apply
a vertical load and spread stress more consistently between restorative material and
dental tissues, thus reproducing normal occlusion®27:3435,

The limitations of this study included the following: the application of a single load
to produce failure did not reproduce clinical failures of the material as a step-stress
accelerated life testing. Additionally, fractography was not performed in this study to
evaluate the fracture surfaces. For future work, it is recommended to use fractogra-
phy method to assess fracture surfaces of the material and a step-stress accelerated
life test to reproduce clinical failures.

Within the limitations of this study, it was concluded that PEEK crown restorations fab-
ricated by CAD/CAM methods could be safely recommended as an alternative prost-
hodontic material for fixed restorations. The techniques used in this study offered
the advantage of high marginal accuracy and good fracture resistance for long-term
performance in the oral environment.

PEEK showed promise as a material that can provide successful clinical outcomes.

Declaration

A. Almabadi was the sole contributor to this manuscript. The author had the idea,
performed the experiments, collected of data, interpretated the results and wrote
the manuscript.

Conflict of interest

The author declares no financial interest. Additionally, the author certifies that the sub-
mission is a self-funded original work and not under review at any other publication.

Data availability

Data are available upon request from the corresponding author.

References

1. SonK, Lee S, Kang SH, Park J, Lee KB, Jeon M, et al. A Comparison Study of Marginal and
Internal Fit Assessment Methods for Fixed Dental Prostheses. J Clin Med. 2019 Jun;8(6):785.
doi: 10.3390/jcm8060785.

2. Son K, Lee K-B. Marginal and Internal Fit of Ceramic Prostheses Fabricated from Different
Chairside CAD/CAM Systems: An In Vitro Study. Applied Sciences. 2021;11(2):857.
https://doi.org/10.3390/app11020857.

3. AlOmar NEM, Idris KIA, Alagi HAA, Juraybi AYA, Jain S. PEEK” - ING into the future! a literature
review on use of PEEK polymer in prosthodontics. Saudi J Oral Dent Res.2021;6(1):29-33.
doi: 10.36348/sjodr.2021.v06i01.005.

Braz J Oral Sci. 2024;23:243158 9



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Almabadi A.

Bathala L, Majeti V, Rachuri N, Singh N, Gedela S. The Role of Polyether Ether Ketone (Peek) in
Dentistry - A Review. J Med Life. 2019 Jan-Mar;12(1):5-9. doi: 10.25122/jml-2019-0003.

Papathanasiou |, Kamposiora P, Papavasiliou G, Ferrari M. The use of PEEK in digital prosthodontics:
A narrative review. BMC Oral Health. 2020 Aug;20(1):217. doi: 10.1186/s12903-020-01202-7.

Akay C, Ers6z MB. PEEK in dentistry, properties and application areas. Int Dent Res. 2020;10(2):60-5.
doi: 10.5577/intdentres.2020.vol10.n02.6.

Ibrahim RO, Al-Zahawi AR, Sabri LA. Mechanical and thermal stress evaluation of PEEK prefabricated
post with different head design in endodontically treated tooth: 3D-finite element analysis. Dent
Mater J. 2021 Mar;40(2):508-18. doi: 10.4012/dm;j.2020-053.

Najeeb S, Zafar MS, Khurshid Z, Siddiqui F. Applications of polyetheretherketone (PEEK)
in oral implantology and prosthodontics. J Prosthodont Res. 2016 Jan;60(1):12-9.
doi: 10.1016/j.jpor.2015.10.001.

Song CH, Choi JW, Jeon YC, Jeong CM, Lee SH, Kang ES, et al. Comparison of the Microtensile Bond
Strength of a Polyetherketoneketone (PEKK) Tooth Post Cemented with Various Surface Treatments
and Various Resin Cements. Materials (Basel). 2018 May;11(6):916. doi: 10.3390/ma11060916.

Ayesha N, Ali SMS, Shastry YM, Reddy KM. A comparative assessment of bond strength of PEEK
crowns to natural teeth with two different resin cements. Int J Dent Med. 2020 Aug;6(1):7-12.
doi: 10.11648/}.ijdm.20200601.12.

Vojdani M, Torabi K, Farjood E, Khaledi A. Comparison the Marginal and Internal Fit of Metal Copings
Cast from Wax Patterns Fabricated by CAD/CAM and Conventional Wax up Techniques. J Dent
(Shiraz). 2013 Sep;14(3):118-29.

Lovgren N, Roxner R, Klemendz S, Larsson C. Effect of production method on surface roughness,
marginal and internal fit, and retention of cobalt-chromium single crowns. J Prosthet Dent.
2017 Jul;118(1):95-101. doi: 10.1016/j.prosdent.2016.09.025.

Das G, Rana MH, Khan SA, Chaudhary MAG, Sibghatullah M, Kumar B. Assessment of
fracture resistance of peek and fibre posts of the endodontically treated teeth. Mater Plast.
2022;59(1):207-13. doi: 10.37358/MP22.1.5573.

Tekin S, Cangiil S, Adiglizel O, Deger Y. Areas for use of PEEK material in dentistry. Int Dent Res.
2018;8(2):84-92. doi: 10.5577/intdentres.2018.vol8.n02.6.

Zuskova L, Mortadi NAA, Williams RJ, Alzoubi KH, Khabour OF. Comparison of Overall Fit of
Milled and Laser-Sintered CAD/CAM Crown Copings. Int J Dent. 2019 Jul; 2019:7310175.
doi: 10.1155/2019/7310175.

Rosentritt M, Preis V, Behr M, Hahnel S. Influence of preparation, fitting, and cementation on
the vitro performance and fracture resistance of CAD/CAM crowns. J Dent. 2017 Oct;65:70-5.
doi: 10.1016/j.jdent.2017.07.006.

Hafezeqoran A, Koodaryan R, Hemmati Y, Akbarzadeh A. Effect of connector size and design on
the fracture resistance of monolithic zirconia fixed dental prosthesis. J Dent Res Dent Clin Dent
Prospects. 2020;14(4):218-22. doi: 10.34172/joddd.2020.039.

Park JY, Bae SY, Lee JJ, Kim JH, Kim HY, Kim WC. Evaluation of the marginal and internal gaps of
three different dental prostheses: comparison of the silicone replica technique and three-dimensional
superimposition analysis. J Adv Prosthodont. 2017 Jun;9(3):159-69. doi: 10.4047/jap.2017.9.3.159.

Boitelle P, Tapie L, Mawussi B, Fromentin O. Evaluation of the marginal fit of CAD-CAM zirconia
copings: Comparison of 2D and 3D measurement methods. J Prosthet Dent. 2018 Jan;119(1):75-81.
doi: 10.1016/j.prosdent.2017.01.026.

Zeller S, Guichet D, Kontogiorgos E, Nagy WW. Accuracy of three digital workflows for implant
abutment and crown fabrication using a digital measuring technique. J Prosthet Dent.
2019 Feb;121(2):276-84. doi: 10.1016/j.prosdent.2018.04.026.

Braz J Oral Sci. 2024;23:¢243158 10



21.

22.

23.

24.

28.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Almabadi A.

Souza RO, Ozcan M, Pavanelli CA, Buso L, Lombardo GH, Michida SM, et al. Marginal and internal
discrepancies related to margin design of ceramic crowns fabricated by a CAD/CAM system.
J Prosthodont. 2012 Feb;21(2):94-100. doi: 10.1111/j.1532-849X.2011.00793.x.

Son K, Lee S, Kang SH, Park J, Lee KB, Jeon M, et al. A Comparison Study of Marginal and
Internal Fit Assessment Methods for Fixed Dental Prostheses. J Clin Med. 2019 Jun;8(6):785.
doi: 10.3390/jcm8060785.

Vilde T, Stewart CA, Finer Y. Simulating the Intraoral Aging of Dental Bonding Agents: A Narrative
Review. Dent J (Basel). 2022 Jan;10(1):13. doi: 10.3390/dj10010013.

Monteiro RV, Dos Santos DM, Bernardon JK, De Souza GM. Effect of surface treatment on
the retention of zirconia crowns to tooth structure after aging. J Esthet Restor Dent.
2020 Oct;32(7):699-706. doi: 10.1111/jerd.12623.

ISO/TS 11405:2015. Dentistry — testing of adhesion to tooth structure. 3rd ed. Geneva, Switzerland;
2015. 12p.

Ldmkemann N, Eichberger M, Stawarczyk B. Bonding to Different PEEK Compositions: The Impact of
Dental Light Curing Units. Materials (Basel). 2017 Jan;10(1):67. doi: 10.3390/ma10010067.

Wimmer T, Huffmann AM, Eichberger M, Schmidlin PR, Stawarczyk B. Two-body wear rate of PEEK,
CAD/CAM resin composite and PMMA: Effect of specimen geometries, antagonist materials and test
set-up configuration. Dent Mater. 2016 Jun;32(6):e127-36. doi: 10.1016/j.dental.2016.03.005.

Schwitalla AD, Spintig T, Kallage I, Miller WD. Flexural behavior of PEEK materials for dental
application. Dent Mater. 2075 Nov;31(11):1377-84. doi: 10.1016/j.dental.2015.08.151.

Stawarczyk B, Beuer F, Wimmer T, Jahn D, Sener B, Roos M, et al. Polyetheretherketone-a suitable
material for fixed dental prostheses? J Biomed Mater Res B Appl Biomater. 2013 Oct;101(7):1209-16.
doi: 10.1002/jbm.b.32932.

Elbieh AY, Othman HI, Haggag KM. Effect of cement Gap on the retention of zirconia crowns.
Al-Azhar J Dent Sci. 2020;23(3):235-40. doi: 10.21608/ajdsm.2020.24992.1009.

Svanborg P, Hjalmarsson L. A systematic review on the accuracy of manufacturing techniques
for cobalt chromium fixed dental prostheses. Biomater Investig Dent. 2020 Jan;7(1):31-40.
doi: 10.1080/26415275.2020.1714445.

Sadr SM, Ahmadi E, Tabatabaei MH, Mohammadi S, Atri F. Comparison of internal fit of metal-
ceramic crowns in CAD/CAM and lost-wax techniques in all fabrication stages through replica
weighting, triple scanning, and scanning electron microscope. Clin Exp Dent Res. 2022 Jun;8(3):763-
70. doi: 10.1002/cre2.529.

Gomes RS, Souza CMC, Bergamo ETP, Bordin D, Del Bel Cury AA. Misfit and fracture load of
implant-supported monolithic crowns in zirconia-reinforced lithium silicate. J Appl Oral Sci.
2017 May-Jun;25(3):282-9. doi: 10.1590/1678-7757-2016-0233 .

Zoidis P, Bakiri E, Papathanasiou |, Zappi A. Modified PEEK as an alternative crown framework
material for weak abutment teeth: a case report. Gen Dent. 2017 Sep-Oct;65(5):37-40 .

Zoidis P, Bakiri E, Polyzois G. Using modified polyetheretherketone (PEEK) as an alternative material
for endocrown restorations: A short-term clinical report. J Prosthet Dent. 2017 Mar;117(3):335-9.
doi: 10.1016/j.prosdent.2016.08.009.

Braz J Oral Sci. 2024;23:¢243158 11



