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Abstract

Introduction: Thermoplastic polymers have many
potential uses in medicine and dentistry as anmraltee
to the commonly used titanium. Due to several athges
of these materials, metal-free restorations aréopamg
an important role in current medical therapies. &ime of
this review was to evaluate PolyetheretherketorteE(

as an alternative material to titanium in medicad dental
clinical cases.

Methods: Original scientific articles published in
Medline-Pubmed database were electronically sedrthe
accomplish the objectives of the study. Only agtcl
published in English were included from 2000 tosprd
using a variety of keywords in combination. Thedsts
relevant to our review were analysed and compared.

Conclusions: The literature suggests that PEEK offers an
alternative to titanium, especially in cases ohopaedics
and trauma. Its properties make it an interestirzgenmal

in oral implantology to be performed with CAD-CAM.
Further studies are required to obtain sufficienergtific
evidence to enable its uses as a permanent material

Keywords: Titanium; Biocompatibility; Bioactivity;
Polyetheretherketone; Polymers; PEEK; PAEK; High-
Performance Polymer; CFR-PEEK; Dental Implants;l Ora
Medicine; Orthopaedics
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1. Introduction in the 1980s for industrial applications in
the manufacture of aircraft, turbine blades,
1.1. The history of PEEK piston parts, cable insulation, bearings and

. compressor plate valves, among others [1-
Of the many currently available polymers, 2]. PEEK later became an important
such as FI)TFE' fPMMA’ PLA’dUTMWbPE’ alternative for metal implant components,
PGA, only a few are used for bone ggnecially in  traumatic  applications,

replacement purposes, because MOSE thopedics and spinal implants [1-4
polymers absorb liquids, swell, leach ped pinatimp [1-4].

undesirable products and they can be1.2. Structureand propertiesof PEEK
affected by sterilization. Moreover, some

polymers are also too flexible and too weakAccording to Ma et al. PEEK, a member of
for use in orthopedic implants [1]. In 1978 the polyaryletherketone family (PAEK),
a group of English scientists developedhas an aromatic molecular backbone, with
PEEK (poly-ether-ether-ketone), a semi- cOmbinations of ketone and ether
crystalline linear polycyclic aromatic functional groups between the aryl rings as
thermoplastic. It was first commercialized show Figure 1 [1].

oo

in

Figure 1: Chemical structure of PEEK

PEEK is a radiolucent material that is Removal of the implant alleviated the
chemically and physically stable and patient’s allergic symptoms [2].

resistant to radiation damage. It is alsoNevertheless, the literature has reported
wear-resistant, compatible with many only one case, suggesting that tissue
reinforcing agents (such as glass andreactions to PEEK are extremely rare.

carbon fibers), stable at temperatures o . .
exceeding 300°C. This polymer is very Regarding its mechanical properties, PEEK

cause toxic or mutagenic effects; thereforecortical bone (3-4 GPa), suggesting the
it is indicative in patients allergic to Potential for a more homogenous stress

titanium [1,4-6]. Notwithstanding, distribution to the support tissues [1,3].

Maldonado-Naranjo et al. described a ©85€The inert character of the bone-to-implant
report with clinical evidence of allergy to contact (BIC) of PEEK needs to be
PEFTK'dTrEe s_;t/n;lprtloms delfﬁ”bedf V¥ﬁreimproved. To this end, two strategies are
angioedema, itching, Swelling 0 € currently being pursued. One involves

f[ﬁtngrue;ta&dlsklzl)rllzémckenlng f(;lltlo;/vmr?t_arr]} surface modification (surface treatment
intervertebra cage INtervention. aione or in combination with a surface
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coating); and the second consists of1.4 Composite Preparation
composite preparation [1]. ) _ o
A good strategy to improve the bioactivity
1.3. Surface modification of PEEK is by impregnating it with
. bioactive materials. Depending on the size
PEEK can be modified by two treatments. of these materials, PEEK composites are
The first is a chemical treatment, which is ¢|assified as conventional PEEK and nano-

rarely used, and only two options are gjzeqd (<100nm) PEEK composites.
available: wet chemistry modification and

sulfonation treatment [1]. One conventional PEEK composite, known
N as HA (hydroxyapatite), has good
In contrast, PEEK can be modified by a piocompatibility, bioactivity and

large number of physical treatments: gsteoconduction, and can be used as a filler
plasma modifications (such as nitrogen andmaterial to prepare PEEK composit&&e

oxygen plasma, ammonia/argon plasma,increase in the amount of HA content
oxygen plasma, methane and oxygenimproves  tensile  modulus  and
plasma, ammonia plasma, oxygen andmjcrohardness, but decreases tensile

argon plasma, and hydrogen/argon plasma)strength and strain to fracture [1].
and accelerated neutral atom beam

(ANAB) [1]. 1.5. Medical Applications

Plasma modification has long been used toThe biocompatibility and human bone-like
modify PEEK. This modification was elastic modulus make PEEK a good
found to increase adhesion, proliferation, alternative to metal implant components,
and osteogenic differentiation. especially in orthopedic and traumatic

applications. Furthermore, this polymer is

ANAB has been shown inin Vitro  ysed in cardiovascular applications [1,3,6-
experiments to enhance the growth ofgy

human fetal osteoblast cells and increase
osteointegration [1]. Carbon fiber reinforced (CFR-PEEK)

) . fixation plates were developed as an
Regarding surface coating, a number ofgjiernative to stainless steel bone plates.
materials have been used such as titaniuUMgFR-PEEK is also used in fracture fixation

gold, titanium dioxide, ~diamond-like ang femoral prosthesis in artificial hip
carbon, tert-butoxides, and hydroxyapatltejointS [1,3-4].

(HA). The last of these is the most widely

used material due to its biocompatibility, PEEK is widely used as a material for the
bioactivity, and osteoconductivityn vivo. interbody fusion cage in vertebral surgery
Surface coatingsan be applied using the and spinal applications. It has also been
following techniques: aerosol deposition, considered for finger joint replacements
vacuum plasma spraying, arc ion plating, and total disc replacement [1,3-4].

plasma immersion ion implantation and ) ) )
deposition, physical vapor deposition, cold Orthopedic  implants  usually include
spray technique, electron beam depositionMmetals,  ceramics, ~ composites  and
ionic plasma deposition, radio-frequency Polymers. Metals, such as Ni-Ti, Ti, Co-Cr,

magnetron sputtering, and spin coating [1]. &€ used for permanent and temporary
implants, but they have drawbacks. The

drawbacks of metal include allergies, a

3
Copyright 2017 KEI Journals. All Rights Reserved.



Medical Research Archives. Volume 5, issue 5. May/72
Polyether ether ketone (PEEK) as a medical and dental material. A literaturereview

high elastic modulus, which can causemodulus of dental implants made with
stress on the peri-implant bone, and thePEEK may reduce the stress shielding
radiopacity of this metal causes artifacts ineffect [12].
CT-Scans [1,3-4].

2. Objectives
The drawbacks of ceramics include high

elastic modulus, low fracture toughnessThe aim of this study was to analyze the
and ductility [1]. In short, PEEK offers the history, composition and applications of
best biomaterial substitute for metal PEEK in medicine and dentistry.

implants and ceramics. : -
It also reviewed the characteristics of

1.6. Dental Applications PEEK (the elastic modulus, the types of

surface treatments required) and the types
Unlike metal, PEEK is biocompatible and available. The present study also undertook
has a natural tooth-colored appearanceto ascertain whether this polymer is used as

hence its widespread use in implants,a permanent/provisional material in
provisional abutments, implant supported dentistry and medicine.

bars, or clamp materials in the field of

removable dental prostheses and maxillary3. M ethods
obturator prostheses [9-11]. PEEK also

offers an alternative to orthodontic wires 3.1. Search strategy

:Irer rizzs?gsmegglslm;r:(cjl\/?gter?e ?Ztnhceetlcz}An electronic search of the literature was
metagls with TC [10] ’ performed using Medline-Pubmed from
' 2000 to December 2015. The search

Furthermore, PEEK can be easily shapecstrands were designed to investigate which
with dental burs, although, owing to its low types of PEEK exist; their applications in
translucency and grayish pigmentation, itdentistry and in medicine (focusing more
still requires Veneering [11] on dentIStI’y); the treatments that are
applied on the surface of PEEK, and also to
Zoidis et al. described a case in which compare titanium and PEEK.
modified PEEK containing 20% ceramic o
fillers (BioHPP) was used, in combination Keywords used to search were titanium,

with acrylic resin, the traditional denture biocompatibility, bioactivity,
base, as an alternative framework materialPolyetheretherketone, polymers, PEEK,
for removable dental prostheses [6]. PAEK, high-performance polymer, CFR-

PEEK, dental implants, oral medicine,
The biocompatibility, flexural bone orthopaedics in combination
modulus, resistance to cracking, ease of o
polishing, and machinability of PEEK- 3.2. Eligibility criteria

OPTIMA _ (reinforced - poly-ether-ether- language restrictions were applied and

ketone), allows its use as a material in the S .
alatal section of maxillary obturator only papers reporting information related
P y to the outcomes of PEEK, used as a

gre(;:g,zses[gf in patients with large oral'n"jls"’“material in dentistry, were included. Papers

whose full-text versions could not be
Lee et al. when evaluating the fatigue retrieved and those published before 2000

limits and the effects of the low elastic Were excluded.
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3.3. Paper selection [2,6,8,18,24] and 35 were papers on PEEK
_ _ N ) _ surface treatments [13-17] how the
The titles identified in the literature pigactivity of PEEK can be improved
searches were screened to determings >1); the characteristics of CFR-PEEK
whether the papers should be conS|dere33,7’19_zo]; the biocompatibility of PEEK
for full-text review. Full-text papers that [5). pPEEK applications [4,8,10-11,30];
met the inclusion criteria were selected for peEk piofilm formation [22,31-34], PEEK

data abstraction. as an abutment material and as an implant
. material [12,23,25-29,35,40] and the use of
4. Literature search and results CAD-CAM with PEEK [36-39].

The literature search identified 40
references. Five were clinical reports

5 Clinical Reports

40 Papers identified
e Maxillary obturator prostheses

MEDLINE-Pubmed * Allergy to PEEK

\ 4

e PEEK as an implant material

e PEEK as a removable dental prosthesis
material

e (Case of immediate loading of PEEK

implants

Surface treatments (5)
Bioactivity improvement (2)

CFR-PEEK (PEEK OPTIMA) (4)

35 Papers Biocompatibility (1)

Biofilm (5)

Applications (5)
Abutment material (5)
PEEK implant material (4)

CAD-CAM (4)

Figure 2: Literature search results
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4.1. Characteristics of the study 4.5. Biocompatibility of PEEK

The 35 papers and 5 clinical reports Three papers reported the biocompatibility
selected for this review were published of PEEK. One of these [5] showed no
between 2000 and 2015. Approximately evidence of cell damage caused by
40% of the papers and case reportspolyetheretherketone. A case report, [2] in
included in this review were published contrast, described the clinical evidence of

between 2014 and 2015. allergy to PEEK, in which the removal of
the implant alleviated the patient’s allergic
4.2. PEEK surface treatments symptoms. Another case report [18]

Six papers [11,13-17] investigated the described 3 cases of how a PEEK implant

PEEK bonding techniques to dental lead  to poor — osseointegration and
composite resin materials. Sulfuric-acid subsequent infections and implant loss.
etching can improve the bond strength of4 g Aputment material

resin cements to PEEK surfaces [11,16-

17]. The use of hydrophobic adhesive Abutment material plays an important role
containing methylmetacrylates was able toin the prevention of soft tissue recession.
bond to PEEK and a composite resin [14-The most widely used materials used are:

15]. titanium, gold, base metals, zirconium or
aluminum oxide ceramics. PEEK is
4.3. BIC-Types of PEEK currently used as a provisional abutment,

Opecause this material has been

It has been reported that PEEK, compare demonstrated to reduce stress shielding

with titanium, presented the lowest BIC :
[31-32]. To achieve good bioactivity, many around  the implant  [23-25,27-28].

modifications for pure PEEK have been However, PEEK IS not used asa definitive
proposed [1,3-4,9,14,17-22]. It has been20UtMent material - because its  fracture
suggested that the incorporation of nano-rgg'ztgg%e 'S lower than that of titanium
sized particles, such as hydroxyfluorapatite[ ,29-30].

(n-FHA), could inhibit bacterial adhesion 47 cap-caM

and accelerate bacterial death, in order to

reduce the risk of peri-implantitis [14-22]. PEEK is a good material for producing
Therefore, n-FHA appears to have a goodfixed and removable prostheses with CAD-
potential for clinical applications as dental CAM, because it is easier to mill, its

implants materials. mechanical properties are not adversely
o _ affected by the milling process, and its
4.4. Biofilm formation fracture resistance is higher than that of

Three papers [30-32] concluded that other materials [36-40].
biofilm formation on the surface of PEEK 5. Discussion
was equal to, or lower than on the surface

of zirconia or titanium. 5.1. Treatmentsin the surface of PEEK

The clinical application of PEEK in full-
coverage monolithic restorations is limited
by its low translucency and grayish color.
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Therefore, additional resin composites for different pre-treatments applied in PEEK
veneering are still necessary [13]. surfaces, as explained in Table 1. The same

, authors used titanium as a control, and two
According to our research, the bonding materials [14]:

conventional protocol to treat the PEEK

surface was abrasion, acid etching, laser - Universal composite resin cement
treatment or plasma techniques. However, RelyX  Unicem (3M ESPE
most of these techniques are difficult to Minnesota, USA)
apply under clinical settings in dentistry - Unfilled resin material (Heliobond,
[14]. lvoclar Vivadent, Schaan,
o _ ) Liechtenstein) and a fine hybrid
Schmidlin et al., in their study on the composite resin material (Tetric,
bonding techniques of PEEK to dental Vivadent).

composite resin materials, described the

Group 1 Group 2 Group 3 Group 4 Group 5

Silica  coating
with  Rocatec
Pre for 10s and
Acid etching| Sandblasting Sandblasting subsequent
with sulfuric | with  alumina| with  alumina| Rocatec Plus
acid 98% for 1| (particle size off (particle size of (3M ESPE) for
minute 50) 110) 12s. Application
of ESPE Sil and
air-drying  for
5min

No treatment

Table 1: The different treatments applied on th&REurfaces [14]

Schmidlin et al. showed that a hydrophobic showed that the use of methylmetacrylates
adhesive was able to bond to PEEK and aontaining resin varnish (Luxatemp Glaze
composite resin, whereas the universal& Bond) on air-abraded PEEK resulted in
composite resin cement did not appear tothe highest median bond strength [15].

bond suitably to PEEK [14]. _
In a different study [11] the authors

Kern et al. evaluated the bond strength toanalyzed the bond strength of PEEK with
PEEK by using two different surface two veneering resins after different
treatments and two conditioning methods.applying conditioning methods. To
The first treatment was applied with air- evaluate the bond strength, they divided the
abrasion and Rocatec Pre (aluminaPEEK specimens into 5 groups, and
particles) for 15s and bonded with a resinapplied different treatments to each group.
(Luxatemp Fluorescence®). Then, the The results of Group B, in which the acid
PEEK was conditioned with different etching was applied with sulfuric acid,
primers: Ecusit Composite Repair® or achieved the highest shear bond strength.
Luxatemp Glaze & Bond® or Clearfil Similar results were obtained by Sproesser
Ceramic Primer®. The second treatmentet al. and Uhrenbacher et al. Both studies
was coated with silica (Rocatec-Plus) andconcluded that sulfuric-acid etching can
silanated either with Espe Sil® or Clearfil improve the bond strength of resin cements
Ceramic Primer. The results of their studyto PEEK surfaces [16-17]. The application
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of adhesive system such &gnum PEEK  strength of PEEK [17].
Bond or Visio.link increases the retention

Group A | GroupB Group C Group D Group E
No Acid etching with| Air-abrasion for| Air-abrasion  for| Silica coating using
treatment | 98% sulfuric acid forf 10s  with 50| 10s  with 110 Rocatec System

1 min alumina alumina

Table 2: Conditioned PEEK surface groups

5.2. Types of PEEK implants; therefore it could be a potential

o substitute for metal implant material [21].
Many modifications to pure PEEK have

been proposed in order to modify its The incorporation of nano-sized particles
mechanical and biological properties, andsuch as hydroxyfluorapatite (n-FHA) has
increase its bioactivity for dental and been suggested to impart anti-microbial
orthopedic applications. Some examples ofproperties such astreptococcus Mutans
these modifications are: CFR-PEEK [14]. These particles could effectively
(carbon-fiber-reinforced-PEEK); GFR- prevent the proliferation and biofilm
PEEK (glass-fiber-reinforced = PEEK); formation of bacteria.

nano-TiO2/PEEK (PEEK combined with

nano-particles of titanium dioxide), etc The combination of nano-
[18]. fluorohydroxyapatite (n-FHA)-PEEK

influences the structure of biofiims and
CFR-PEEK has historically been used incould inhibit the bacteria adhesion and
spinal cages, in fracture fixation and accelerate the bacterial death, thus reducing
femoral prosthesis, in bone fixation screws,the risk of peri-implantitis [22].
and cardiac and neurological leads. The o
material has also been used in orthopedic®-3- PEEK vs. Titanium
implants, and may be ideal for articulating
implants. In the area of dentistry, CFR-
PEEK is used in the palatal section of

maxillary obturator prostheses in pat'entstitanium and its alloys, which were

with large oral-nasal defects [1,3-4,9,19]. ;. 4 ced in the late 1960s by Branemark
The high fatigue resistance and toughness[23]

of CFR-PEEK could minimize the risk of

implant fracture [20]. It has been demonstrated the use of
titanium in implants is correlated with a

erange of drawbacks. These include
hypersensitivity in the user, excessive
stress on the implant-bone due to the
gradient of difference in the elastic moduli,
as well as certain esthetic problems. PEEK,
which was first commercialized in April

Dental implants increase the quality of life
for many partial or fully edentulous
patients. The material of choice has been

n-TiO,, has been demonstrated to enhanc
the bioactivity of PEEK and improve
osteoblast attachment and cells on n-
TiO,/PEEK. This polymer is used in the
fabrication of biomedical materials,
especially dental implant orthopedic

8
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1998 as a biomaterial for implants [23-25], Of the variety of materials used to process
has been proposed an alternative toprosthetic abutments, titanium causes the
titanium. most significant stress shielding to the

adjacent bone. Prosthetic abutments made

Regarding abutments, it has been reportegrom this polymer can be expected to have
that abutment material plays an importantjmproved torque efficiency and they are

role in the preventiqn of soft tissge easier to remove in the event of fracture
recession. The most widely used materialsys;

used are: titanium, gold, base metals,
zirconium or aluminum oxide ceramics Neumann et al., comparing the fracture
[26]. resistance of titanium abutment screws and
) o ) PEEK and 30% CFR-PEEK abutment
Linkevicius et al. in a study showed that s¢crews, found that PEEK abutments screws
titanium abutments did not possess better;g 309 CER-PEEK abutment screws had
stability of peri-implant tissues than g |ower fracture resistance than titanium
abutments made of gold, base metalsgpytment screws. According to their study,
zirconium or aluminum oxide ceramics no differences were found between the
[26]. fracture resistance of PEEK and 30% CFR-
PEEK screws. Titanium had a higher
fracture resistance compared with the
olymers. The fracture location occurred at
he neck of the screw [25].

PEEK abutments have only recently been
introduced into implant dentistry, and

thanks to the fact these abutments reduc
stress shielding between dental implants

also available as abutments for provisionalcompared the fracture strength  of

implant restorations. composite resin crowns fabricated directly

Tetelman et al., presenting 3 clinical casesover PEEK and titanium abutments. The

using PEEK as a provisional abutment, authors also analyze_d the Iocatior_1 qf the
showed that this polymer provides frac'ture .(central incisor, Iaterall incisor,
acceptable labial/buccal contours and $anne. first premolar) and the fallu_re types
support for the papillary tissues. (irreparable or reparable). The majority of

Furthermore, the PEEK abutment is cost-:lhoe ]jsaiullrj1irfei§arvl\{er§if;gr6eprla::r:sblel'JerCE(rai Wtif
effective, easily modified to support a 9

temporary prosthesis at the time of implant?nb;)fmaerntséei?;pﬁngsge t?\(()eSIiI((e)rrr]] %fr;rhe
placement, and its color makes it easier toabutmer):ts fabricated Witf’l PEEK rgsentgd
achieve a good provisional aesthetic result”. P

[27-28] significant lower fracture strength [28].

However, PEEK provisional abutments Sarot et al. in a study using finite-element
analysis (FEA) compared the stress

showed less fracture resistance than”. =72°>> \ . .
titanium abutments, therefore the use ofd!StrIIOUtIon in the pe_r"'”.‘p'a”t bone in fo_ur
PEEK abutments ’is recommended fordlfferent models of titanium abutment with
placement of provisional fixed prosthesis tlt_anlu_m _|mpI§1nt, CFR.' PE.EK abutment
for 1-3 months, in contrast to titanium W/ fitanium implant, titanium abutment
temporary ab,utments which are with CFR-PEEK implant, and CFR-PEEK

- . butment with titanium implant. Their
recommended longer periods in the mouth2PY! :
(6-12 months) [29-30]. findings suggest that CFR-PEEK implants

9
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presented a higher load concentration in thedemonstrated a lower deformation of
cervical area and at the cortical bone,titanium implant and abutment, and a
whereas the titanium implants presentedhigher deformation in CFR-PEEK implant
equivalent stress peaks in the cervicaland abutment. The CFR-PEEK implant did
portion and a more homogenous loadnot present any advantages in relation to
distribution throughout the whole implant the titanium implant regarding stress
body. The total demonstration analysis distribution to the peri-implant bone [3].

Model Implant Abutment
A Titanium Titanium
B Titanium CFR-PEEK

CFR-PEEK Titanium

CFR-PEEK CFR-PEEK
Table 3: Characteristics of the different testedlats [3]

The finding of Sarot et al. seems to indicateand evaluated at 4 months; PEEK
that a stronger reinforced PEEK dental presented the lowest BIC [32].
implant could reduce stress peaks at the o _ ) )
bone-implant interface, as a result of aPEEK it is slightly radiopaque, so is not
reduced elastic deformation [3,7]. easily ~ visualized on  conventional
radiographs and the range of diameters and
Schwitalla et al. evaluated bone stressedengths available is rather restricted as
and deformation in three materials for a compared to most current implant systems
platform-switched dental implant- [32].
abutment. Type 1 consisted entirely of . . .
titanium; Type 2, of a powder-filled PEEK; Regarding the biocompatibility of PEEK,
and Type 3, of Endolign (an implantable Very little is known about the long-term
carbon fiber reinforced with 60% endless 'esults and complications related to use of
carbon fibers). The results demonstratedPEEK in oral surgery. Khonsari et al.
that Endolign distributes the stressesdescribed three cases of severe infectious
similarly to titanium implant stresses [7]. ~ complications from PEEK-based
compounds. The compound used in the 3
Hahnel et al. compared bone-implant- cases was PEEK+TCP+TiO,. In the first
contact (BIC) and shear strength of case, the CT-scan showed alveolar bone
titanium-coated and uncoated CFR-PEEKIoss around the implant and confirmed the
implants. The titanium implants showed absence of osseointegration of the PEEK
significantly higher BIC values [31]. implant [18].

In another study, implants of pure PEEK According to the literature, to be used as a
were inserted into a mandible next to permanent material, it needs an
implants made from titanium and zirconia increased/higher BIC, a lower stress

10
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distribution on the peri-implant bone and a significant difference: titanium presented
an increased fracture resistance [31]. most bacteria and also showed a higher

) mean incidence of species than did
Nevertheless, PEEK implants have some,iconia.

advantages over titanium. Their color is a

perfect match for the esthetic zone. In someThe material used in the abutment portion
cases, especially in thin soft tissue and alsmf the implant was a crucial to the quality

with gingival recession a small part of the of the attachment that occurs between the
titanium implant may become visible [31]. mucosa and the implant. In a study

) o . comparing the soft and hard tissue
Regarding biofilm formation on the surface regponses to titanium and polymer

of implant abutment materials, Hahnel et gpytments over a 3-month period,

al., evaluating the formation in titanium, koutouzis et al. observed the following

zirconia, PEEK and PMMA [31], found parameters at the 2-week and 3-months:
that blo_fllm formation on the surface of presence of visible plaque, probing depth,
PEEK is equal to or lower than the pieeding on probing, peri-implant mucosa
formation on the surfaces of zirconia or pejgnt, and the width of buccal keratinized
titanium. Similar results obtained by Volpe 1 cosa. Radiographic examinations taken
et al. [32] found no significant difference in after the surgery and at 3 months post-
the bacterial colonization between PEEK surgery (Figure 10), showed a significant
and titanium abutment. Hence, PEEK gjfference in plaque accumulation between
could be a viable alternative to titanium in pEEk and titanium abutments at the 2-
the fabrication of abutments [30]. week examination; however there was no
significant difference at 3 months. During

the 3 months, the two groups showed
minimal marginal bone loss [35]. Table 4

Nascimento et al. [33] in their study
evaluating biofilm formation exclusively in
titanium and zirconia concluded there were . . N
no significant differences between the two summarizes the main features of titanium
materials. Conversely, in other study, thealnd PEEK.

same authors [34] concluded that there was

11
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Rsntwvet . Number
Stress Cost | Colour abutmen ”]1 Control the| Fracture Stress BIC of
Shielding case O Biofilm resistance | distribution Implants
fracture -~
(easy/difficult) Y
PEEK v X X X X
TI X X X X v v v v v

Table 4: Characteristics of titanium and PEEK.

5.4. PEEK and CAD-CAM 6. Conclusion

CAD-CAM  (Computer-Aided-Designed The literature suggests that PEEK offers an
Computer-Aided-Manufactured) is  a alternative to titanium, especially in cases
design, fabrication and manufacturing of orthopedics and trauma.

process used for fixed restorative and

prosthodontic treatment procedures, usingThe  properties  of  PEEK  (its
biocompatible materials including alloys, biocompatibility, color appearance, similar
ceramics and high-performance polymers.elastic modulus to the cortical bone 3-4
CAD-CAM also reduces chairside time and GPa) make it an interesting material for

also produces good results [36]. dental implants, provisional abutments,
prosthodontic applications, such as fixed

PEEK is an attractive material for and removable prostheses, and esthetic
producing CAD-CAM fixed and removable orthodontic wires.

prostheses, because it is easier to mill than

titanium and it is also easy to polish. Furthermore, polyetheretherketone it is an
Milling with PEEK is highly recommended attractive material to produce fixed and
because the resulting non-allergenicremovable prostheses with CAD-CAM.
prostheses are lighter than those made of . :
other materials, such as Co-Cr or titanium, Studies report the use of this polymer as a

and the milling process does not adversely'€mporal abutment. " Its lower fracture
affect the mechanical properties of the resistance, stress distribution that causes

: deformation around the implant and
PEEK material [37-38]. . :
[ ] abutment, and its low BIC are likely the
It has been reported that the fracturereasons preventing the use of PEEK as a
resistance of the CAD-CAM milled PEEK permanent abutment or as an implant

fixed dentures is much higher than that of material. PEEK is used as a temporary
alumina, zirconia and lithium disilicate abutment because PEEK abutments are less

glass-ceramic [39-40]. likely to resist masticatory forces than
titanium abutments. Nevertheless in order
to increase its BIC, PEEK requires
improved its bioactivity. PEEK can be
modified easily without affecting its

12
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mechanical properties, by incorporation of decrease the stress distribution around the
other materials such as carbon fibersbone, and increase the fracture resistance.

(18GPa), glass fibers, hydroxyapatite, etc.
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