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o. HonasuiFes The application of polyetheretherketone (PEEK) in prosthodontics:
A systematic review
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The national community-based survey among adults 35-44 years, the overall
prevalence of partial edentulism with 21.8% in maxillary arch, 36.8% in mandibular arch and
13.7% in both upper and lower jaws.! Therefore, the need for fixed and removable partial
prostheses remains high and will continue to grow in the future.?

Advance in dentistry and development of technologies can be reached by improving
materials. Biocomnpatibility, low plague affinity, good aesthetics, and characteristics close to
dental structure are essential to modern materials used in advanced dentistry. It helps to
rebuild the defects of the teeth and dentition and pleases demanding patients.

Polyetheretherketone (PEEK) is an semicrystalline linear polycyclic aromatic polymer.
PEEK is white, radiolucent, rigid material with great thermal stability up to 335.8 °C.2 It is non
allergic and low plaque affinity.* > Flexural modulus of PEEK is 140-170 MPa, density 1300
kg/m? and thermal conductivity 0.29 W/mK.* > PEEK’s mechanical properties are not changed
during sterilization, using steam, gamma and ethylene oxide.® Elastic modulus and tensile
properties are close to human bone, enamel and dentin. PEEK is resistant to hydrolysis, non-
toxic and is one of the best biocompatible materials.> ® it has a speﬁial chemical structure,
which exhibits stable chemical and physical properties with low water solubility and
absorption.® PEEK is an essential high-performance dental material, with applications in

dental implant, prosthodontics, and orthodontics.> ™
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The aim of this systematic review was undertaken to summarize the experimental
and clinical studies conducted in relation to PEEK materials for applications in

prosthodontics.

& ABMIMBUNW/ASNTANY VY UANY
Search strategies

The present review was done according to preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines. An electronic and structured systematic
search was undertaken in September 2021, without any restrictions of time in the
Medline/Pubmed, Science Direct, Cochrane Library, Embase Wiley online library, Ebscohost,
and Web search Google Scholar. To identify other related references further hand search was
done.

Various combinations of keywords were used in search process, including “PEEK”,
“polyetheretherketone”,  “prosthodontics”,  “prosthodontics”,  “fixed  prosthesis”,
“removable prosthesis”, “denture”, “crown”, “post”, “post and core”, “dowel” and,
“obturator”.

Inclusion and exclusion criteria

Inclusion criteria comprised of articles related to PEEK materials and their applications
in prosthodontics. Because of limited number of availability of articles, no restrictions were
put on in study designs and all clinical and experimental studies and were included in the
review. Article published in English were only included. Articles not related to PEEK and their
applications in prosthodontics were excluded. Articles not available in abstract form and
article in languages other than English were excluded.

Study selection

Following the initial systematic search, title and abstracts of all potentially related
references were screened and evaluated to assess the suitability for full-text inclusion Then,
retrieved studies were independently assessed for eligibility according to the pre-specified
inclusion and exclusion criteria, not considering their results.

Data extraction

Data were collected from the included studies in form of parameters, according to
the aims and objectives of the review. The extracted data variables are included author, year
of publication, type of PEEK prosthesis or application, study design, purpose of study,

material used in study, number of specimens or patients, and main outcomes.
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Flowchart summarizing the process of selection of articles was presented in Figure 1.

The initial search identified 862 results. 861 articles were found by electronic searches and 1
additional article through manual searches of reference lists. 185 duplicated papers were
removed. A preliminary exclusion was performed on 516 articles based on reviewing titles
and abstracts. The inclusion and exclusion criteria were applied to 161 articles. Finally, 94

studies were included in the review.
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pmsﬂmom “ficed prosthesis”, ‘removeble prosthesis”, “denture’,
L “post”, -pos:mmmmw
Pubticaﬁmm no reslriction

Search results (n=862)
databases search through other sources
{n=B61) <= o AR
l 1
v
R after dupii were ed
(n= 185)
Rsl:i:mwwnd 2
(titie + Y - G
(n=677 v mwwumm 618)
Full-text articles
assessed for sligibiiity Fulltext  arik
{n=161) with reasons
na fuli-text {n = 30)
i review ariicles (n = 17)
-lack of adequate data (n = 2)
Studies intiutied in review
in=94)

Figure 1 Flow diagram of studies inclusion according to PRISMA guidelines.
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A systematic review aims to inform polyetheretherketone applications in

prosthodontics through research synthesis of multiple studies, enabling and efficient access
to evidence. This review objectively summarize large amounts of information, identifying

beneficial or harmful interventions which will be useful for clinicians and researchers.
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1. Some papers still not free and lack of access is still seen as a significant barrier.

2. This review was done by one author, hence each review procedures take a long time.
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Several in vitro studies and clinical reports suggested that PEEK could be suitable for

fabricated fixed and removable dental prostheses and also in implant prosthodontics due to
its favorable mechanical, chemical, and physical properties. However, further stidies are
needed to elevate the long-term performance of this prostheses before PEEK can be safety

recommended as an altemative to well-establish prosthodontic materials.
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. VONAUEBY Clinical evaluation of polyetheretherketone versus metal ceramic

single crowns: Randomized controlled clinical trial
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The indication of full crowns in molars is a treatment that mainly aims to restore

masticatory function due to the magnitude of the occlusal forces present in this region.! The
Porcelain Fused to Metal (PFM) system is still widely used to fabricate crowns and fixed
partial dentures and is considered as the gold standard treatment in dentistry. It combines
the good mechanical properties, clinically acceptable marginal and internal adaptation in
addition to satisfactory esthetic results.? It has high survival rate reaching 97% over seven
years or more but many studies concluded that metal ceramic restorations exhibit porcelain
veneer and metal framework fracture® in addition to high prevalence of allergy to many
metal elements as nickel, palladium, cobalt and chromium. So esthetic concerns have
stimulated the development of new dental tooth-colored systems as polymers.*
Polyetheretherketone (PEEK) is a synthetic, tooth colored polymeric material that has
been used as a biomaterial in many medical and dental applications.” It can be modified
easily by incorporation of other materials as carbon fibers, glass fibers or ceramic fillers.’
PEEK is semi-crystalline, thermoplastic and radiolucent. It is characterized by low density,
light weight, shock absorber, biocompatible and can be veneered with composite resin.” It is
used for fabrication of frameworks for fixed and removable dental prostheses and also
implant prostheses. PEEK can be fabricated via CAD/CAM technology by milling PEEK blanks.
It is also can be pressed by using granular or pellet-shaped PEEK Such unique physical and
mechanical properties may promote the PEEK to be considered as a prcmising material for

dental application.”

ala UNTASIEH/UUIAUAA/UDLEUD
Dental technology is the science and art of designing and making medical oral devices

that restore function and improve esthetic appearance. An ideal restoration that mimics the

natural tooth’s appearance, longevity and durability is always the aim of dental
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professionals. After scrutinizing PEEK properties, use of PEEK in fixed dental prosthesis is
gaining popularity. Majority of the studies conducted till date are in vitro, and very few
clinical studies document the longevity of the restoration and its clinical performances.
Although taking into consideration the favorable mechanical properties of PEEK, there is lack

of acceptance.

TnguUssase

To evaluate the clinical performance and patient satisfaction of PEEK in cornparison
with PFM as single posterior crowns.
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1) Ethical considerations and approval

2) Study design: a randomized controlled clinical trial with a 1:1 allocation ratio.

3) Sample size estimation: Based on data from previously published studies, the
sample size was 22 (n=11) endodontically treated molar teeth obtained with 80%
power and at 5% significance. using a power analysis. Sample size calculation was
performed using G*Power Version 3.1.9.2

4) Participant’s selection: All participants fulfilled the following inclusion criteria:

1. Patients with at least one successful endodontically treated molar tooth.
2. Their ages ranged from 18 to 50 years.

3. Absence of parafunctional habits.

4. They had good oral hygiene and no periodontal diseases.

5) Randomization: Simple random sampling and dividing patients into two groups
(h=11) according to the material type of the restoration received. Group (1) received
PEEK single posterior crowns while group (2) received PFM single posterior crowns.

6) Intervention: For all of the twenty-two patients, the same procedure enlist below
was followed.

Preoperative status of the gingival tissue of the tooth to be restored will be
assessed. Radiographs and diagnostic casts will be made to analyze the periapical
status and contour and height of the tooth, respectively. The tooth preparation will

be done according to standard operative procedures. The standard operative

procedures were developed based on the guidelines given by Shillingburg et al,,
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2020.8 The tooth to be restored will be prepared with a chamfer finish line of 0.8-1
mm and an overall reduction of 2 mm. 1.5-2 mm of occlusal clearance. After tooth
preparation complete, isolation will be carried out, and then, gingival retraction cord
(Easy cord, Miller-Omicron GmbH & Co.KG, Germany) will be placed using a cord
packer into the gingival sulcus. This help in achieving sufficient retraction following
which impressions of the prepare tooth will be made using stock trays loaded with
putty (Amcoflex Putty, Germany) and light body elastomeric impression material
(Amcoflex light body, Germany). The impression of the opposing arch will be made as
well. Temporary crowns will be fabricated using 3M ESPE PROTEMP 4. They will be

finished and cemented using noneugenol-based temporary luting cement (Temp-
Bond NE, Kerr, USA).

The models will be made from the final impression using die stone (Elite rock,
Zhermack, Italy) then scanned using a scanner. The coping will be designed using a
CAD program. The PEEK (DD peek MED, Germany) coping will be milled using CAM.
PEEK frameworks will be coated with Visiolink (Bredent, Germany) followed by
layering with composite (ADORA Composite, Shofu Ceramage) as per design. The final
restoration will be checked intraorally for any premature contacts. Once all aspects
will be evaluated the restorations will be cemented using resin cement (RelyX U200,
3M ESPE, Germany). The patient will be recalled after a week and rubber base
impressions will be made. Interocclusal records will be made using silicone for future
analysis of anatomical form and occlusal wear. This will be done by measuring the
cast in terms of cuspal height of the restored tooth using a digital Vernier caliper.

The patient will be recalled at intervals of 3 months and 6 months and 1 year.
At the recall intervals, the restorations will be evaluated using modified Ryge’s
ariteria.” The criterion included assessment of anatomical form, restoration staining,
marginal discoloration, color match, surface roughness, marginal adaptation, and
periodontal status (Table 1). At the recall visit of 1 year, the crowns will be
evaluated on the same basis as done on the previous two recall visits and the
patients will be asked to fill a self-administered questionnaire developed for this
study to assess their level of satisfaction, on a 5-point Likert scale. Patient
satisfaction will be evaluated using this questionnaire that allowed patient to grade
their fixed crowns according to a scale from 1 to 5, in which 1 is least favorable

(Table 2). The data will be recorded and evaluated. The data obtained will be 7
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systematically organized, and statistical analysis will be carried out.

Table 1 Modified Ryge’s criteria

Anatomical form (percentage of tooth volume lost)
l. <10% loss

II. 509%-90% still remaining

ll. <50% still remaining

Restoration staining (Buccal/Lingual/Occlusal surfaces only)

l. None - No staining on the surface of the restoration is visible
Il. Mild - <25% of the surface of the restoration is stained

lll. Moderate - <50% of the surface of the restoration is stained

IV. Severe - >50% of the surface of the restoration is stained

Marginal discoloration (Whole Buccal margin only)
. No staining — No staining of the margin is visible

II. Staining — Staining of the margin is visible

Color match

. Acceptable — The restorative material matches the adjacent tooth
structure

Il. Unacceptable — The match between the restorative material and

adjacent tooth structure is beyond an acceptable range

Surface roughness
l. Smooth - The surface of the restoration feels smooth to the probe

Il. Rough - The surface of the restoration feels rough, pitted or grooved

Marginal adaptation

l. No catch - The probe does not catch when drawn over the margin of
the restoration

Il. Catch - The probe does catch when drawn over the margin of the

restoration

Periodontal status
| - Healthy gingiva
Il - Mild inflammation - Slight color change and edema, no bleeding on
probing
Il - Moderate inflammation - Redness, edema and glazing, bleeding on
probing

IV - Severe inflasmnmation - Marked redness and edema, tendency to

spontaneous bleeding i
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Table 2 Patient satisfaction questionnaire

Very bad Bad Average Good Bxcellent

How do you rate your prosthesis

with respect to chewing?

How do you rate your prosthesis

with respect to color matching?

How do you rate your prosthesis

with respect to contouring?

How do you rate your prosthesis

with respect to comfort?
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This study will be conducted to intraorally check the durability, longevity, and

performance of newly introduced PEEK crowns compare to the gold standard porcelain
fused to metal crowns restore molar teeth. To support the clinical evidence of use PEEK

material as fixed prosthodontics, which can be useful decision-making tools for clinicians.
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1. The clinical survical rates of single posterior crown restorations fabrication by PEEK

comparison to metal ceramic after one year observation period.
2. Evaluation of clinical performance and patient satisfaction by assessment of
anatomical form, restoration staining, marginal discoloration, color match, surface

roughness, marginal adaptation, and periodontal status.
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