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ABSTRACT

Aim The aim of this study is to conduct a comparative analysis of
surface characteristics and hardness of three dimensional printed
PEEK and PEKK.

Materials and methods Total sample size was 60, in which 30
were PEEK and the other 30 was PEKK. The 10 mm diameter and
2 mm thickness circular disc was designed in CAD software and it
was 3D printed for manufacturing. PEEK and PEKK were compared
using AFM, wettability and contact angle test, SEM and Vicker's
microhardness test to know their surface characteristics when
used as an implant material. SPSS software version 22 was used to
evaluate the independent t test values for the average of contact
angle, microhardness and surface roughness in order to determine
their significance.

Results The material is hydrophobic in nature both PEEK and
PEKK, the materials hydrophilic property can be increased
by using various surface treatments. PEKK had more Vicker's
hardness numbers. The material seems to be less porous. The
surface roughness characterics of PEEK and PEKK were statistically
significant (P<0.05).

Conclusions PEEK and PEKK are polymers that have good
microhardness and surface roughness. These both materials are
highly aesthetic and can be used in aesthetic zones. Both PEEK and
PEKK can be used as implant materials.

INTRODUCTION

The placement of cosmetic implants is guided by both
a biological and restorative perspective. The implant
should be positioned aesthetically to suit the contour
requirements so that the restoration looks good. In or-
der to maintain the architecture of both hard and soft
tissues, it should be positioned biologically(1). There
are many clinical uses for prosthetic dental treatment,
including fixed, removable, and implant-supported
prostheses made of different materials(2). New goods
are continually being introduced, and material quali-
ties are always being improved. In recent years, poly-
ether ether ketone (PEEK) has become a material of
choice in dentistry. It is a poly(aryl ether ketone) poly-
mer based on ultra-high molecular weight polyeth-
ylene and has the chemical formula (-C6H4-O-C6H4-
0-C6H4-CO-)n. It is a semi-crystalline thermoplastic
biomaterial(3). This material, which was first created in
1978, has been employed as an alternative to metal
substructure treatments in orthopedic, maxillofacial,
and dental procedures. PEEK offers a wide range of
uses in dentistry, including as an aesthetic substitute
for metal systems in implants, braces, temporary abut-
ments, and fixed and removable prostheses(4). Its out-
standing chemical, thermal, and mechanical qualities
as well as its great biocompatibility are to blame for its
widespread use. PEEK is also a strong, long-lasting ma-
terial that deforms less under high temperatures than
other thermoplastics(5). Thermoplastic polyarylether-
ketone, or PEKK, is a kind of PAEK. It is comparable to
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PEEK, which is mostly used in dentistry for abutments
for temporary dental implants(6). It is being offered as a
metal substitute for dentures and bridges that are sup-
ported by implants. Recently, dental labs have started
employing it in place of metal for frameworks.

A material needs to be least impacted by oral flu-
ids and have the least amount of plaque buildup
on it in order to be used in the mouth for a long
time. Its surface must be finely polished in order to
achieve this. Surface roughness can result in tooth
abrasion, plaque buildup, coloring, or discolor-
ation(7). On the other hand, the surface roughness
increases the cell adhesion when used as implant
material. For a material to produce its maximum
yield, surface topography, roughness, hardness,
and abrasion properties are crucial. Prior to being
introduced into the mouth, a restoration might
also need additional procedures (like proximal
contact control and occlusion control). In these
situations, the restoration’s surface finish deterio-
rates as the material is taken off of it(7,8).

Vickers hardness measurements and surface
roughness (profilometer) analyses are tests used
to look at a material’s surface characteristics. The
surface structure of the material is quantified by
these mechanical tests, although the material’s
surface topography is not entirely covered(2). To
clearly see changes on the surface of the material
and evaluate its topography, scanning electron
microscopy (SEM), atomic force microscopy (AFM),
three-dimensional (3D) optical profilometers, and
confocal laser scanning microscope (CLSM) are uti-
lized(3). The natural circumstances and microscop-
ic characteristics of a material without any surface
coatings are examined using environmental scan-
ning electron microscopy (ESEM)(6). PEEK’s semi-
crystalline polymer chain sections do align into a
crystalline structure as it cools, giving it a sensitive
cooling process akin to that of Yttria-stabilized te-
tragonal zirconia polycrystal (3-YTZP)(1). The crys-
talline structure will experience higher thermal
stress and deformation if it cools too quickly. In
contrast, PEKK is likewise a semi-crystalline poly-
mer, but the key distinction is that PEKK crystalliz-
es at a far slower rate than PEEK, allowing it to be
handled similarly to an amorphous polymer. This
indicates that PEKK has better layer adhesion and
less bending because it is less impacted by cool-
ing in a lower-temperature build chamber(4). Our
team has extensive knowledge and research expe-
rience that has translated into high quality publica-
tions(9-18,19-24).

The aim of this study is to conduct a comparative
analysis of surface characteristics and hardness of
three-dimensional printed PEEK and PEKK. Where null
hypothesis stated that there is no difference between
PEEK and PEKK when compared for surface character-
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istics and hardness.
MATERIALS AND METHODS

Sample size estimation

In the prosthodontics department of a university hos-
pital, an in vitro study was conducted. G power soft-
ware was used to estimate the sample size, and the
sample included 60 samples (30 PEEK and 30 PEKK).

Ethical Approval

The ethical approval was obtained from the insti-
tutional ethics committee. Number: IHEC/SDC/UG-
1801/22/PROSTHO/635.

Sample preparation

The 10 mm diameter and 2 mm thickness circular disc
was designed in CAD software and it was 3D printed
for manufacturing. The 3D printed disc was cleaned
with deionized water thoroughly, keeping it on a
magnetic stir for 10 mins.

Wettability and water contact angle

Contact angle measurements were used to analyze
the surface characteristics. When a liquid droplet is
deposited on a solid surface, the contact angle is the
angle between the solid surface and the liquid-vapor
interface. Here, we gauge the wettability of the PEEK
and PEKK samples by measuring the contact angle be-
tween water and the material. Based on contact angle
measurements made using the static sessile drop
method and deionized water at 22°C, PEEK surface
wettability was calculated. Deionized water in the
amount of 67 3 1 was suspended from a Kruss needle
(model NE62, OD = 1 mm, ID = 0.82 mm) and allowed
to fall freely to the substrate surface. The freefall mo-
tion was captured by a high-speed camera. DSA10-
Mk2 drop shape analysis contact angle system, Ossila
goniometer (Fig.TA) was used to analyze the angle
formed between the surface and the water droplet.
Each sample’s surface was measured three times, and
a circular algorithm technique was used to calculate
the droplet angle.

Vicker’s microhardness test

In Vickers microhardness testing, a surface is im-
pressed by a pyramidal diamond indenter with a
136° facing angle under a specified load for a prede-
termined amount of time. The imprint width that re-
mains after the diamond has been removed is used to
compute the area of the indentation that remains. The
machine used in this study was the Shimadzu HMV-
G31DT Micro Vickers Hardness Tester(Fig.1B). The force
used for this microhardness test was HV0.3 (2.942N)
and the holding time was 20 seconds. The following
equation yields the Vickers microhardness number:
HV=0.1891 x F/d2. Where F is the applied load and d is
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FIG. 1 The above figureis a
machine used for analysis of
contact angle and microhardness.
A contact angle tester (ossila
goniometer)

B Shimadzu HMV-G31DT Micro
Vickers Hardness Tester.

FIG. 2 The above Fig. shows the results of contact angle and Vicker’s microhardness. A-B represent the contact angle values of PEEK and PEKK respectively.

(D represent the Vicker's microhardness number of PEEK and PEKK.
the average of the imprint’s two diagonals.

Sem analysis

The specimen was examined with an FEI XL-30 FEG high
resolution SEM (FEI, Hillsborough, OR, USA) employing
secondary electron imaging under a 7 kV acceleration
voltage (SE). Digital images were acquired directly as
TIFF grayscale files with a resolution of 1424 x 968 and
8 bits per pixel. The identical specimen was then pol-
ished flat, sectioned along its longitudinal axis with a

high precision diamond-coated disc, and implanted in
glycol methacrylate (Technovit 7200 VLC, Heraeus Kul-
zer, Hanau, Germany).

Afterward, the specimen was mounted as before, coat-
ed with carbon using an Emitech K250 flash evaporator
(Emitech, Montigny Le Bretonneux, France), and exam-
ined using the same FEG SEM that was running at an
acceleration voltage of 15 kV using backscattered elec-
tron (BSE) imaging.
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SAMPLE NUMBER OF MEAN=SD STANDARD 95%(l 95%(l tvalue P value
SAMPLES ERROR (Upper) (Lower)
PEEK 30 85.56 +2.87|0.52453 -11.43 -20.31 -8.497 0.00*
PEKK 30 756 +£2.81 |0.51327 -11.43 -20.31 -8.497 0.00*

TABLE 1 The values obtained were statistically estimated with an independent t test for the wettability and contact angle, the obtained result was

statistically significant, P<0.05;P value was derived from independent t test.

SAMPLE NUMBER OF MEAN=SD STANDARD 95%(l 95%(l tvalue Pvalue
SAMPLES ERROR (Upper) (Lower)
PEEK 30 27.00 0.151 -1.570 -2.429 -9.327 0.00*
+0.83
PEKK 30 29.00 0.151 -1.579 -2.429 -9.327 0.00*
+0.83

TABLE 2 The values obtained were statistically estimated with an independent t test for microhardness, the obtained result was statistically significant,

P<0.05;P value was derived from independent t test.

AFM for surface roughness

A tip attached to a flexible cantilever will travel across
the sample surface using atomic force microscopy
(AFM) to evaluate the surface shape at the atomic
level. By observing the cantilever’s deflection during
scanning, the forces between the tip and the sample
are calculated. This force depends on the material
qualities of the tip and the sample as well as the tip-
sample separation. Other properties of the sample,
the tip, or the medium in between can be investigat-
ed using additional interactions that emerge between
the tip and the sample. We were able to gauge the
roughness of PEKK and PEEK surfaces that had under-
gone plasma activation using AFM measurements.
The measurements were conducted using silicon can-
tilevers with a Si3N4 coating, a tip radius of 20 nm, a
spring constant of 40 N/m, and a resonance frequency
of 325 kHz (NSC15/A1BS, Mikromasch, CA, USA) on a
DimensionTM 3100 instrument (Veeco, Mannheim,
Germany) in Tapping Mode® in ambient air under dry
conditions. More information about the nanostruc-
tures created by the plasma may be provided by tips
with a radius of less than 20 nm. 2 x2 m2 and 1 x 1
m2 of the scan area were chosen, respectively. The
software Nanoscope 6.13R1 was used for the data pro-
cessing and roughness evaluation (Veeco Instruments
Inc., Santa Barbara, CA, USA).

Statistical analysis

The statistical analysis done was SPSS software
version 22. P value was derived using an in-
dependent t test. If the p<0.05, shows the sta-
tistical significance between PEEK and PEKK.

RESULTS

The contact angle results of PEEK, the average angle
was 85.62 degrees (Fig. 2A) and the contact angle re-
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sults of PEKK, the average angle was 74.44 degrees
(Fig. 2B). Both the materials are hydrophobic in nature.
From the results of independent t test to assess the
hydrophilicity of PEEK and PEKK, both the materials
were statistically significant (p<0.05). The mean VHN
of PEEK and PEKK was 27 and 29 respectively (Fig. 2C-
2D). The p value was less than 0.05 and statistically sig-
nificant for the microhardness of both PEEK and PEKK
(Table 2). SEM analysis of PEEK had fewer pores after-
cross section (Fig. 4 A-B) and SEM analysis of PEKK was
also less porous (Fig. 4 A-B). The average AFM value for
PEEK was 89.808 (Fig. 4A) and for PEKK it was 118.04
(Fig. 4B). The independent t test results for surface
roughness values of PEEK and PEKK respectively, the
p value was less than 0.05 which shows that both are
statistically significant (Table 3).

DISCUSSION

PEEK and PEKK has poor osseointegration due to its
bio-inertness and relative hydrophobicity, which
hinders its long-term clinical success. A successful
orthopedic implant is primarily determined by osseo-
integration, which occurs when the implant surface
and bone tissue bind together(25,26). In order for an
implant to become osseointegrated, the surface of
the implant material must allow osteoblast cells that
help create mineralized bone to adhere effectively.
Studies have shown that the hydrophilicity, rough-
ness, porosity, and presence of bioactive groups on
the implant surface have a significant impact on the
adhesion, proliferation, and differentiation of osteo-
blasts. Therefore, surface modification is a key step to
activate the PEEK implant’s surface for osteoblast ad-
hesion(27). From our study results the wettability and
contact angle average was 85.62 degrees and 74.44
degrees for both PEEK and PEKK respectively which
shows the poor wettability property. It is important to
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do a few surface treatments in order to increase the

hydrophilicity of the above material.

When test samples are unsuitable for macro-hard-
ness, microhardness testing is a method of determin-
ing a material's hardness or resistance to deformation.
A material's individual phases, very small/thin sam-
ples, complex shapes, and surface coatings/platings
can all be tested for hardness using microhardness
methods(28). When test samples are unsuitable for
macro-hardness, microhardness testing is a method
of determining a material's hardness or resistance

FIG. 3 The above figure represents
the results obtained from SEM
analysis, showing the morphology
of the sample.

A represents the SEM results of
PEEK before breaking.

B is SEM cross section results.

(D represents the SEM analysis
results of PEKK before and after
breaking.

The pictures were taken in 10
micrometers, using 3kv current.

FIG. 4 The above Fig. represents
the analysis of surface roughness
using the AFM test.

A represents the AFM of PEEK.

B represents the AFM of PEKK.

to deformation. A material's individual phases, very
small/thin samples, complex shapes, and surface
coatings/platings can all be tested for hardness us-
ing microhardness methods(29). The Vicker's micro-
hardness value for PEEK and PEKK was 97.9 and 99.7
respectively. As an implant material, PEEK and PEKK
demonstrate sufficient flexural strength, extending its
clinical longevity. Improved toughness prevents im-
plant fracture while increased hardness reduces the
likelihood of implant material wear.

Values for pore size, porosity, and interconnectiv-

SAMPLE NUMBER OF MEAN=SD STANDARD 95%(l 95%(l tvalue P value
SAMPLES ERROR (Upper) (Lower)
PEEK 30 86.76+4.21 0.769 -15.22 -20.31 -13.981 0.00*
PEKK 30 104.53+0.83 | 0.011 -15.21 -20.31 -13.981 0.00*

TABLE 3 The values obtained were statistically estimated with an independent t test for surface roughness, the obtained result was statistically significant,

P<0.05;P value was derived from independent t test.
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ity that have been shown to permit vascularization,
nutrient transport, and cell migration, all of which are
necessary for successful bone-implant integration. Both
PEEK and PEKK are porous before cutting and in cross
section the porosity of both materials is reduced(28,30).
Additionally, the results show that PEEK and PEKK does
not lose its specific strength (strength/density), indicat-
ing that the addition of porosity using this processing
technique only spreads the material out rather than
weakening it. The AFM values for both PEEK and PEKK
were statistically significant, the average value of PEEK
was 86.808 and PEKK was 118.04.

PEKK has been introduced as a possible substitute ma-
terial for titanium in long-term orthopedic applications
because of its outstanding biocompatibility. For spinal
surgery and oro-maxillofacial surgery, it has FDA ap-
proval. PEEK is also widely utilized as a prosthetic and
implant biomaterial in dentistry. It provides metal-free
restorations and is useful for allergy sufferers. Yuan et
al. studied the chemistry and surface microstructure
of osseointegration in PEKK as an implant material(29).
According to a report, the PEKK's other ketone group
enhances the capacity for surface chemical alteration.
The presence of -SO3H will be more prevalent on PEKK
than PEEK as there are more ketone groups(28). This re-
sults in a complex surface topography, a larger surface
area, and a micro-rough surface, all of which have an
impact on the behavior of the cells and the rate of os-
seointegration on the PEKK surface. The osseointegra-
tion property was improved by the surface modification
by increasing porosity and incorporating HA(31). By al-
tering the surface with different bioactive ceramics like
beta-tricalcium phosphate (-TCP), hydroxyapatite (HA),
and bioactive glasses, bioactive PAEK material can be
produced (BG). Converse et al. created HA whisker rein-
forced porous PEKK by combining several techniques,
including compression molding, particle leaching, and
powder processing. Walsh et al. reported that coating
PEEK with plasma-sprayed titanium improved the histo-
logical and mechanical characteristics of the bone-im-
plant interface after implantation in comparison to un-
coated PEEK(26). In terms of antibacterial activity, Wang
asserts that PEKK exhibits lower bacterial adhesion on
its surface than PEEK used in the orthopedic industry.
Staphylococcus epidermidis adhered to the PEKK sur-
face with 37% less adhesion. After five days of culture,
they discovered a roughly 50% reduction in Pseudo-
monas aeruginosa adhesion and development on PEKK
compared to PEEK without the use of antibiotics. PEEK
has advantages over metal parts due to its high heat
tolerance, excellent chemical resistance, and ability to
withstand mechanical and physical stress. PEEK is suit-
able for the automotive, aerospace, and other general
industrial settings thanks to these characteristics. In our
study PEEK had more VHN when compared to PEKK
which was 29.7 and 27.9 respectively. There was another
study supporting this, The hardness of PEEK and PMMA
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was 24 VHN and 19.4 VHN, respectively(32).

The PEKK has been used as a prosthesis and implant bio-
material with great success in dentistry. Due to PEKK's
good mechanical, fracture resistance, shock-absorbing,
and superior stress distribution properties, it has recent-
ly been used in many dental applications(33). Because it
allows metal-free restorations and is regarded as an al-
ternative to metal and ceramics, the PEKK has high bio-
compatibility(34). Low elastic modulus, high strength,
and good wear resistance are all characteristics of the
PEKK. It might be suitable for use as a restorative com-
ponent in fixed prosthodontics(35). Modern restorative
and prosthetic materials can now be created with great-
er accuracy thanks to computer-aided design (CAD) and
computer-aided manufacturing (CAM) technologies.
The wear resistance of entire dentures can be increased
by adding individual ceramics made using CAD/CAM
technology. Recently, PEKK prosthetic restorations have
been made using CAD/CAM technologies. With an indi-
rect composite veneer, Pekkton® ivory (PEKK) is used for
monolithic and bi-layered materials(36). Potential uses
for PEKK's high-performance, isoelastic properties in-
cluded in the field of oral implantology. The benefits of
PEKK include adequate strength, lightweight, resistance
to wear, and an elastic modulus that is comparable to
dentin. The percentages of bone contact for dental
implants made of thermoplastic resins have likewise
yielded respectable results(37). PEKK and PEEK is a ver-
satile material that can be used in oral implantology as
implant abutments, implant prosthesis framework, im-
plant biomaterial, and prosthetic crown materials. The
non-metal PEKK and PEEK material offers a titanium
implant substitute(38). The PEKK and PEEK abutments'
advantages include adjustability, compatibility with a
range of veneering materials, and the ability to serve as
the framework for an implant-supported prosthesis. A
material that can offer long-term retention in implant
prostheses is titanium combined with the PEKK and
PEEK attachment system(39).

CONCLUSION

Since both PEEK and PEKK are inert and nonallergenic
polymeric biomaterials recommended as substitutes for
metal alloys in various types of prostheses and orthoses,
biological requirements are not an issue. In SEM analy-
sis, both substances were capable of forming apatite
and shared a similar interconnected macroporous struc-
ture. These polymers are also biocompatible and have
an elastic modulus that is comparable to that of natural
bone and dentin. Wider uses in clinical dentistry may
also result from modifications and improved material
qualities. As PEEK and PEKK have only lately been used in
dentistry and there is little research available, long-term
evaluations are required but the only limitation was the
material was hydrophobic which has to be overcome by
doing various surface treatments. Overall PEKK is hav-
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ing better surface morphology and microhardness than
PEEK for implant biomaterial.

Acknowledgement

The authors are thankful to Saveetha Dental College,
Chennai, India for providing a platform to express our
knowledge and the company Intamsys Indian zone for
the support.

Conflict of interest
The author declares no conflict of interest.

REFERENCES

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

DingJ, WeiJ, Han B, Chen C. Advanced Materials for the Restoration and Reconstruction
of Dental Functions. Frontiers Media SA; 2021.239 p.

Kurtz SM. PEEK Biomaterials Handbook. William Andrew; 2011. 309 p.

Du Toit L, Kumar P, Choonara Y, Pillay V. Advanced 3D-Printed Systems and
Nanosystems for Drug Delivery and Tissue Engineering. Elsevier; 2020. 316 p.
Guastaldi FPS, Mahadik B. Bone Tissue Engineering: Bench to Bedside Using 3D
Printing. Springer Nature; 2022. 318 p.

Khurshid Z, Najeeb S, Zafar MS, Sefat F. Advanced Dental Biomaterials. Woodhead
Publishing; 2019.758 p.

Devine DM. Polymer-Based Additive Manufacturing: Biomedical Applications.
Springer Nature; 2019.277 p.

Marques AT, Esteves S, Pereira JPT, Oliveira LM. Additive Manufacturing Hybrid
Processes for Composites Systems. Springer Nature; 2020. 329 p.

Dasari A, Yu ZZ, Mai YW. Polymer Nanocomposites: Towards Multi-Functionality.
Springer; 2016. 305 p.

Jayaraj G, Sherlin HJ, Ramani P, Premkumar P, Natesan A. Stromal myofibroblasts in
oral squamous cell carcinoma and potentially malignant disorders. Indian J Cancer.
2015 Jam;52(1):87-92.

Sekhar CH, Narayanan V, Baig MF. Role of antimicrobials in third molar surgery:
prospective, double blind,randomized, placebo-controlled clinical study. Br J Oral
Maxillofac Surg. 2001 Apr;39(2):134-7.

Khalid W, Varghese SS, Sankari M, Jayakumar ND. Comparison of Serum Levels of
Endothelin-1in Chronic Periodontitis Patients Before and After Treatment. J Clin Diagn
Res. 2017 Apr;11(4):2C78-81.

Khalid W, Vargheese SS, Lakshmanan R, Sankari M, Jayakumar ND. Role of
endothelin-1 in periodontal diseases: A structured review. Indian J Dent Res. 2016
May;27(3):323-33.

Putchala MC, Ramani P, Sherlin HJ, Premkumar P, Natesan A. Ascorbic acid and its pro-
oxidant activity as a therapy for tumours of oral cavity -- a systematic review. Arch Oral
Biol. 2013 Jun 1;58(6):563-74.

Ramesh A, Ravi S, Kaarthikeyan G. Comprehensive rehabilitation using dental
implants in generalized aggressive periodontitis. J Indian Soc Periodontol. 2017
Mar;21(2):160-3.

Padavala S, Sukumaran G. Molar Incisor Hypomineralization and Its Prevalence.
Contemp Clin Dent. 2018 Sep;9(Suppl 2):5246-50.

Keerthana B, Thenmozhi MS. Occurrence of foramen of huschke and its clinical
significance. Research Journal of Pharmacy and Technology. 2016;9(11):1835-6.
Patturaja K, Pradeep D. Awareness of basic dental procedure among general
population. J Adv Pharm Technol Res. 2016;9(9):1349.

Krishnan V, Lakshmi T. Bioglass: A novel biocompatible innovation. J Adv Pharm
Technol Res. 2013 Apr;4(2):78-83.

Ponnanna AA, Maiti S, Rai N, Jessy P. Three-dimensional-Printed Malo Bridge: Digital
Fixed Prosthesis for the Partially Edentulous Maxilla. Contemp Clin Dent. 2021 Dec
2112(4):451-3.

Merchant A, Ganapathy DM, Maiti S. Effectiveness of local and topical anesthesia
during gingival retraction [Internet]. Vol. 25, Brazilian Dental Science. 2022. p. €2591.
Available from: http://dx.doi.org/10.4322/bds.2022.€2591

Aparna J, Maiti S, Jessy P. Polyether ether ketone - As an alternative biomaterial for
Metal Richmond crown-3-dimensional finite element analysis. J Conserv Dent. 2021

22.

2.

2.

25.

26.

27.

28.

2.

30.

3L

32

3.

34.

35.

36.

3l

38.

39,

Nov-Dec;24(6):553—7.

Agarwal S, Ashok V, Maiti S. Open- or Closed-Tray Impression Technique in Implant
Prosthesis: A Dentist’s Perspective. J Long Term Eff Med Implants. 2020;30(3):193-8.
Maiti S, Saveetha Dental College and Hospitals, Saveetha Institute of Medical
and Technical Sciences, Saveetha University Chennai, Nadu T, India. Correlation
of soft tissue biotype with pink aesthetic score in single full veneer crown
[Internet]. Vol. 16, Bioinformation. 2020. p. 1139—44. Available from: http://dx.doi.
0rg/10.6026/973206300161139

Maiti S, Saveetha Dental College and Hospitals, Saveetha Institute of Medical and
Technical Sciences, Saveetha University Chennai, Nadu T, India. Data on dental bite
materialswithstabilityand displacementunderload [Internet]. Viol. 16, Bioinformation.
2020.p. 1145-51. Available from: http://dx.doi.org/10.6026/973206300161145

Jani GH, Fatalla AA, Mahdi AK. Evaluation of implant bonding strength for PEKK with
strontium hydroxyapatite as composite and coating implant material [Internet].
International journal of health sciences. 2022. p. 953244, Available from: http://
dx.doi.org/10.53730/ijhs.v6ns5.11670

Rodzen K, Mcllhagger A, Strachota B, Strachota A, Meenan B, Boyd A. Controlling
(rystallization: A Key Factor During 3d Printing with the Advanced Semi-Crystalline
Polymeric Materials Peek, Pekk 6002 and Pekk 7002 [Internet]. SSRN Electronic
Journal. Available from: http:/dx.doi.org/10.2139/ssrn.4231488

Marchi J. Biocompatible Glasses: From Bone Regeneration to Cancer Treatment.
Springer; 2016. 336 p.

Shash YH, Elwakad MT, Eldosoky MAA, Dohiem MM. Evaluation of Stresses on
Mandible Bone and Prosthetic Parts in Fixed Prosthesis by Utilizing CFR-PEEK,
PEKK and PEEK Frameworks [Internet]. Available from: http://dx.doi.org/10.21203/
15.3.r5-2019200/v1

Villefort RF, Diamantino PJS, Zeidler SLV von, Borges ALS, Silva-Concilio LR, Saavedra
GDFA, et al. Mechanical Response of PEKK and PEEK As Frameworks for Implant-
Supported Full-Arch Fixed Dental Prosthesis: 3D Finite Element Analysis. Eur J Dent.
2022 Feb;16(1):115-21.

Rachel A, Marco E. Orbit Reconstruction with 3D Printed PEKK Implant [Internet].
Vol. 2, Journal of Head and Neck Surgery. 2019. Available from: http://dx.doi.
0rg/10.36959/605/535

Nayar S, Monika D. Peek a Polymer Material Feasible for Dental Implant Body/Implant
Fixture:A Systematic Review [Internet]. Vol. 10, Indian Journal of Public Health
Research & Development. 2019. p. 1212. Available from: http:/dx.doi.org/10.37506/
v10/i12/2019/ijphrd/192303

Mutneja P, Shrivastava SP, Dable R, Raj APN, Srivastava SB, Haque M. Comparison of
Mechanical Properties of PEEK and PMMA: An In Vitro Study [Internet]. Vol. 22, The
Journal of Contemporary Dental Practice. 2021. p. 179-83. Available from: http://
dx.doi.org/10.5005/jp-journals-10024-3077

Committee F, FO4 Committee. Specification for Polyetheretherketone (PEEK) Polymers
for Surgical Implant Applications [Internet]. Available from: http://dx.doi.org/10.1520/
12026-07a

Sahil¥n Z, Ergiin G, Ataol AS, Ergdcen S. Evaluation of Some Mechanical Properties
of CAD/CAM Polymers (PEEK/PMMA) and Conventional PMMA Materials: An In Vitro
Study [Internet]. Vol. 28, Turkiye Klinikleri Journal of Dental Sciences. 2022. p. 139-48.
Available from: http://dx.doi.org/10.5336/dentalsci.2021-83103

Diken Turksayar AA, Donmez MB. Stress behavior of an anterior single implant
restored with high-performance polymer abutments under immediate and delayed
loading: A 3D FEA study. J Prosthodont [Internet]. 2022 Aug 25; Available from: http://
dx.doi.org/10.1111/jopr.13598

Rozeik AS, Chaar MS, Sindt S, Wille S, Selhuber-Unkel C, Kern M, et al. Cellular
properties of human gingival fibroblasts on novel and conventional implant-
abutment materials. Dent Mater. 2022 Mar;38(3):540-8.

Peng TY, Shih YH, Hsia SM, Wang TH, Li PJ, Lin D), et al. In Vitro Assessment of the
Cell Metabolic Activity, Cytotoxicity, Cell Attachment, and Inflammatory Reaction
of Human Oral Fibroblasts on Polyetheretherketone (PEEK) Implant-Abutment.
Polymers [Internet]. 2021 Sep 3;13(17). Available from: http://dx.doi.org/10.3390/
polym13172995

Tiirksayar AAD, Atsii SS. Fracture Resistance of Zirconia, Polyetheretherketone,
and Polyetherketoneketone Implant Abutments After Aging. Int J Oral Maxillofac
Implants. 2021 Mar-Apr;36(2):332-40.

ZafarMS, Khurshid Z. Dental Implants: Materials, Coatings, Surface Modifications and
Interfaces with Oral Tissues. Woodhead Publishing; 2020. 324 p.

© ARIESDUE March 2024; 16 (1)



