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ABSTRACT 
Polyaryletherketone (PEK) materials have been extensively used in dynamic load-bearing applications in ortho-
paedics; however, their use as a dental implant screw is still not successful in its pure form. Formation of com-
posites with bioceramics has been advocated and used; however, with the risk of delamination and resorption of 
ceramic particles over time. One possible great solution for making clinically successful dental implants with 
PEK polymers is to modify them with chemical techniques to result in a robust, fully polymeric implant material 
that matches the required mechanical properties. This critical review focuses on a careful comparison of the 
mechanical properties of bone, PEK polymers, and titanium to point out essential factors that prevent translation 
of PEK polymers to dental implant screws and arrive at possible methods to improve the properties of PEK pol-
ymers. 
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INTRODUCTION 
The world of dental implants is dominated by 
titanium alloys, and is now slowly being explored 
by zirconia-based implants. The major reason for 
this dominance by metal is that the amount of 
mechanical properties required for an implant 
screw is easily satisfied only by metals, and to 
some extent, ceramics. The polymer class of 
materials is not even thought about for such 
applications. However, the advent of the modern 
class of high polymers does question this paradigm, 
since they possess properties similar to bone .1 
High mechanical properties of titanium are 
reported to cause a stress shielding effect in bone.2 
Further, titanium is known to cause an allergy in 
about 0.6% of patients.3 Further, the cost factor of 
titanium implant manufacturing is high, making the 
standard of care unaffordable to many classes of 
society. 
For solving these pertinent issues, alternative 
materials are constantly explored, of which 
polymers are a promising class for the purpose. 
Especially, poly aromatic ether ketone [PEK] group 
of polymers is advantageous due to clinically 
known biocompatibility towards bone tissue in the 
past two decades. It can be easily fabricated at low 
cost and custom-made for patient applications.4 
Their properties reach those of bone, spiking 
interest in their use as implant screws. The major 

question of the current critical review is that, 
despite the use of PEK-based polymers in clinical 
orthopaedics and dental implant parts, they have 
still not made their presence in the arena of dental 
implant screws. This review attempts to critically 
assess the obstacles in the clinical translation of 
pure PEK polymers for dental implants from the 
research scale analysis.5 
Modifications of PEEK for improving 
mechanical properties 
Modification of PEEK in bulk has been extensively 
explored in the literature and has been considered 
as the primary strategy to circumvent its inherent 
bio-inertness and inadequacies in mechanical 
properties. Among these modifications, the addition 
of hydroxyapatite is one of the commonly 
investigated additions. owing to its close chemical 
similarity to the mineralized part of the bone. 
PEEK with hydroxyapatite composites has been 
shown as a promising candidate for biomaterials 
placed in bone by numerous studies, especially in 
load-bearing applications. It has been repeatedly 
shown that the addition of HA contributes both to 
biological activity and to the improvement in 
mechanical behaviour. This does require 
optimization in filler dispersion and interfacial 
bonding.6 The hydroxyapatite phase in biomaterials 
in general and PEEK in specific plays a vital role in 
osteogenesis, which happens by promoting 
favourable protein adsorption and osteoblast 
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adhesion. When the ambience of cells is optimal, 
the cells proceed with extracellular matrix 
deposition and mineralization. When such a 
phenomenon happens, the mineralized bone tissue 
is deposited in closer proximity, manifesting as 
improved integration at the bone–implant interface. 
This critically contributes to the longevity of 
clinical service of the material.7 This has led to the 
proposal of PEEK-HA composites as suitable 
substitutes for cortical bone. Investigators have also 
taken this material to the next level  - the in vivo 
evaluation. For example, Geng et al. (2020) have 
evaluated PEEK/HA implants in a canine tibial 
model and reported significantly increased bone 
formation and bone–implant contact. The changes 
in biological activity were attributed to the 
presence of HA in the composite.8  
Further advancements in PEEK have been achieved 
by structural modifications, including the 
introduction of three-dimensional porous 
architectures in these composites. The presence of 
controlled porosity typically facilitates nutrient 
diffusion, neovascularization, and osteoblast 
differentiation. It therefore improves the biological 
response towards the material.9 Beyond 
conventional HA incorporation, numerous studies 
have explored different forms and deposition 
strategies of hydroxyapatite on PEEK matrices like 
nano-HA, surface-functionalized HA, and gradient 
composites.10-12 
 
With the same mechano-biological effect of HA, 
other bioactive fillers have also been investigated, 
both as alternatives and as adjuncts to HA. 
Bioglass, calcium silicates, and other silicate-based 
ceramics have demonstrated similar effects with 
PEEK. These materials are also known for their 
ion-releasing property that stimulates cellular 
responses towards apatite formation in 
physiological environments. Their addition into 
PEEK as fillers has improved osteogenic 
differentiation and has in some cases shown to be 
of superior mechanical outcomes compared with 
HA alone.13 
In order to address the aforementioned mechanical 
and biological limitations of PEEK, fiber 
reinforcement strategies have been widely 
investigated. Carbon fiber–reinforced PEEK (CFR-
PEEK) has recently emerged as a promising 
candidate owing to its significantly enhanced 
mechanical properties. The mechanical properties 
can be tailored by varying fiber content, 
orientation, and distribution within the polymer 
matrix.14-16 These composites have achieved 
mechanical properties closer to those of cortical 
bone, reducing the stress shielding effect along 
with sufficient load-bearing capacity. Several 
studies have also proposed the use of CFR-PEEK 
in dental implant screws, critically highlighting its 
potential to withstand functional occlusal loads.17 A 

rather similar approach has been seen with glass 
fiber–reinforced PEEK (GFR-PEEK), which has 
also shown enhanced mechanical properties, 
slightly less than carbon fiber reinforcement. 
However, GFR-PEEK has other advantages such as 
aesthetics and radiolucency, making it an 
alternative in specific clinical scenarios.18 
While the findings discussed so far may seem 
promising, challenges remain in achieving the 
balance between mechanical performance and 
biological activity. Ma et al. (2020) have shown 
this in their comprehensive review of various 
PEEK modification strategies such as composites 
with hydroxyapatite, carbon fibers, zinc oxide, 
bioactive glass, titanium dioxide particles, and 
nano-silicates.19 The authors have noted that most 
of these technologies are still “immature,” 
particularly when analysed in terms of scalability, 
reproducibility, and long-term clinical validation. 
This has underscored the requirement for more 
efficient, practical, and standardized modification 
techniques for translation from experimental 
research to clinical use. 
Along with various bulk modification techniques, 
surface modification techniques have also been 
extensively reported for enhancing the 
biocompatibility of PEEK. These methods do not 
modify the bulk material, but act only on the 
outermost surface layer that interacts with the 
biological system. Therefore, these techniques 
preserve the intrinsic advantages of the polymer. 
Commonly explored surface modification 
techniques include sulfonation, plasma treatment, 
accelerated neutral atom beam (ANAB) treatment, 
acid etching, and application of bioactive 
coatings.19 Surface sulfonation is commonly 
achieved with concentrated sulfuric acid, and it 
introduces a porosity that is lined by a chemically 
active layer on the PEEK surface. It significantly 
improves hydrophilicity and thereby promotes cell 
attachment. Plasma treatment is another widely 
used approach, which involves exposure of 
material surfaces to ionized gases. This technique 
changes both the surface physics and chemistry, 
such as increased surface roughness, attachment of 
functional groups, and enhanced surface energy, all 
of which contribute to improved favourable protein 
adsorption, consequent cell adhesion, and overall 
osteo-compatibility.20, 21 Therefore, plasma 
treatment is a versatile and valuable tool in surface 
engineering of PEEK. 
The accelerated neutral atom beam (ANAB) 
technique provides a more precise and minimally 
invasive method for surface modification. It alters 
the surface at nanometre-scale depths (2–3 nm) and 
preserves the bulk properties while significantly 
enhancing surface bioactivity. ANAB-treated 
PEEK surfaces typically exhibit improved cell 
adhesion, proliferation, and mineral deposition.22 
Likewise, acid etching methods have also shown 
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significant improvements in surface roughness and 
wettability, leading to enhanced biological 
responses.23, 24 
Beyond all these mentioned techniques, surface 
coatings have been extensively researched for 
imparting bioactivity to PEEK. Coating of polymer 
surface with materials like titanium, titanium 
dioxide, hydroxyapatite, zirconium phosphate, and 
silicon nitride has been performed by various 
techniques such as plasma spraying, sputtering, and 
dip coating.25- 28 These coatings attempt to mimic 
the surface of conventional metallic implants, 
retaining the polymeric underlying structure. 
Obviously, these have shown improved cell 
attachment, proliferation, and bone–implant contact 
in experimental studies. 
With all these surface and bulk modification 
techniques, PEEK has reached the stage of being 
used in dental implant screws; however, it has not 
yet been translated clinically. One factor that may 
prevent clinical translation is that the material 
should intrinsically possess these properties, as 
modifications can have disadvantages. The major 
reason for contemplating pure polymers is to 
prevent the disadvantages of bonding issues in 
composite formation, like delamination between 
the matrix and the reinforcing agent. Modification 
of the polymer can afford many more mechanical 
advantages compared to composites. A pristine 
polymeric implant material has certain practical 
advantages relating to the long-term mechanical 
and biological stability. Major benefits lie in its 
homogeneity, which presents as a single-phase 
structure. Therefore, it eliminates the mechanical 
complications of interfacial boundaries present in 
reinforced composites. These interfaces are 
technically stress-concentrating regions and are 
predisposed to microcrack initiation. This may lead 
to delamination and fatigue failure, especially 
under cyclic masticatory loads. Homogeneous 
polymers present themselves as more predictable 
materials when it comes to stress distribution. 
The next critical aspect is the surface stability of 
the implant material. In the case of composites, 
exposure and consequent degradation of the 
reinforcing phases at the material surface may 
present as altered biological responses. This 
chemical alteration of exposed fillers can change 
the wettability over time and can lead to low-grade 
inflammatory reactions that are detrimental to long-
term clinical service. In composite implants, 
exposure of reinforcing phases at the surface at 
various stages such as manufacturing, placement in 
bone, and clinical service, can lead to the formation 
of microdomains with differences in biological 
affinities. Pristine polymers, when modified using 
controlled chemical methods, can offer a uniform 
and more importantly, predictable biological 
response over time. Processing becomes more 
controllable and reliable with pure polymers due to 

fewer variables affecting the reproducibility. 
Pristine polymers are devoid of concerns regarding 
particle release and long-term interfacial 
degradation, positioning the pure polymer materials 
as more reliable, biologically acceptable, and 
mechanically capable candidates for dental implant 
materials. Summarily, PEEK has been made into 
composites with calcium phosphate ceramics for 
custom implant making.29 However, the long-term 
success is in question because of the 
aforementioned reasons. However, carbon fiber 
may be a viable alternative to these ceramics due to 
biological and chemical stability. These materials 
may be seen as evolutionary materials until a pure 
polymeric implant is formed.  
Analysis of mechanical and biological properties 
These PEK class of polymers are made of aromatic 
benzene rings connected by ether or ketone 
bridges.30, 31 The ether group and ketone group are 
chemically different and hence contribute 
differently to mechanical properties. Ether groups 
increase the flexibility and reduce the toughness of 
the final polymer. These groups increase chain 
mobility due to a low rotational energy barrier, 
increased torsional freedom leading to increased 
toughness and ductility, and significantly reduce 
elastic modulus. The oxygen group in the ether 
moiety does not form strong dipole interactions, 
thereby reducing chain-chain packing efficiency, 
crystallinity and, hardness. It also lowers the glass 
transition [Tg] due to higher mobility of chains, 
making it more workable but less stiff final 
product. On the other hand, ketone groups increase 
stiffness, strength, and thermal resistance due to 
their rigid, highly polar, and planar nature, creating 
more ordered and cohesive chains. It provides a 
rod-like backbone, elevating the stiffness, tensile, 
and compressive strengths. It has more 
intermolecular interactions and can increase chain 
packing, crystallinity potential, and consequent 
higher hardness and wear resistance. It also 
elevates the glass transition temperature [Tg] due to 
restriction of freedom of movement. It makes the 
final product more brittle.32, 33 Therefore, there 
should be a balance between these groups to arrive 
at a workable polymer. Ether to ketone ratios 
having slightly more ketone groups, like 1:1.2, may 
be needed to achieve higher mechanical properties. 
Table 1 below compares key mechanical properties 
among the materials. 
 
 
Table 1: Comparative mechanical properties34, 35 

Property Cortical Bone PEEK PEKK 

Elastic modulus [GPa] 10–20 3–4 
5–12 [depending on isomer & 
crystallinity]

Tensile strength [MPa] 70–150 90–100 110–150 

Compressive strength 100–230 110–120 150–200 



Page: 3 8 8   

 
 
 
 

POLYETHER KETONE FOR DENTAL IMPLANT SCREWS: A CRITICAL REVIEW 

 

IJDDT, Volume 16 Issue 57s, 2026 

 
 

[MPa] 

Shear strength [MPa] 50–70 ~40 50–70 200–250 

Hardness [Vickers HV] 40–70 20–30 25–45 200–350 

Fracture toughness 
[MPa√m] 

2–12 2–4 2–5 55–115 

Fatigue strength [MPa] 30–70 ~60 70–120 450–600 

Creep resistance at 37°C High [quasi-elastic] Moderate–poor Good–very good Excellent 

Wear resistance Moderate Low Moderate High 

Density [g/cm³] 1.9 1.3 1.3–1.4 4.4–4.5 

Surface energy [mN/m] 40–50 ~20 20–30 40–55 

Modulus mismatch vs 
bone 

None Too flexible Close [optimized grades only] 
Too stiff causes stress 
shielding 

 
From the biological point of view, the elastic 
modulus of implant screws should be close to that 
of cortical bone. For a whole tooth, the mechanical 
properties may be much higher than bone; 
however, due to the presence of the intervening 
periodontal ligament, the stress is properly 
distributed. In the case of osseointegrating 
implants, due to the absence of soft tissue in 
between, the force is directly transferred to the 
underlying bone, and a high elastic modulus leads 
to stress shielding, typically in titanium. PEEK in 
this regard is overly flexible, leading to poor 
primary stability and thread deformation, whereas 
PEKK polymers can be tuned to acheive an elastic 
modulus closest to bone.34, 35 
About mechanical Strength properties, PEKK has 
properties adequate for moderate loading, whereas 
PEEK has borderline properties for screw threads. 
For preservation of the thread during insertion, the 
screw material should be of higher hardness. In 
both these aspects, titanium is the best; however, 
PEKK is favourable. As one can assume, titanium 
exhibits extremely high fatigue strength, creep, and 
deformation under load properties, and PEKK is 
suitable but not comparable to it. Hence, PEKK 
may be the optimal polymer candidate, requiring 
geometric optimisation, surface modification, 
crystallinity tuning, and possible bulk 
copolymerization.36 
Polymer chemistry strategies to improve the 
mechanical properties of PEK polymers 
Multiple chemical strategies are required to 
improve the mechanical properties of PEK-based 
polymers. The beauty of polymer science lies in its 
ability to modify the polymer physics and 
chemistry according to the requirement.37 An 
increase in ketone groups and molecular weight can 
toughen the final product. It may be advised to 
reach about 105 gm/mol for the best results.38, 39 In 
addition, better crystallinity can offer better 
mechanical properties.40 Various techniques of 
crosslinking can prevent the slippage of chains on 
one another, making the final product stronger.41 
Co-polymerisation with useful monomers that can 

cross-link, help compaction, and add biological 
functionality to the polymer which are extremely 
useful.42 Some of the probable means are listed in 
the Table 2 below.36,43-46 
 
Table 2: Polymer chemistry techniques to 
improve the mechanical properties of PEK 
polymers 

Sl No. 
Technique/Mecha
nism 

Principle of strengthening Expected improvement in properties

1 
Increase fraction of 
ketone linkages in 
backbone 36 

Ketones increase chain rigidity, dipole–dipole 
interactions, and packing, leading to higher 
glass transition temperature, modulus, 
hardness and reduced creep 

Modulus increase, glass transition 
temperature increase, creep decrease, 
tensile/compressive strength increase; 
may reduce toughness [need 
toughness/processing tuning].

2 
Increase chain 
entanglement 
density43 

More entanglements resist plastic flow, raise 
tensile strength, and toughness and lower 
creep 

Tensile strength increase, toughness 
increase, creep decrease moderately.

3 

Grow larger or 
more ordered 
crystalline domains 
44 

Crystalline domains act as rigid 
reinforcement, leading to increased modulus, 
hardness, dimensional stability, decrease creep 

Modulus & hardness increase depending 
on  crystallinity; creep decrease 
significantly; may decrease toughness if 
over

4 

Radiation 
crosslinking to 
create a light 
permanent network 
that limits chain 
sliding 45 

Crosslinks strongly restrict long-term viscous 
flow [creep] and stabilize geometry under load 

Creep decreased, modulus increase, 
strength increase; risk of reduced melt
processability and toughness if 
overcrosslinked

5 

Generate radicals 
that recombine to 
form interchain 
crosslinks45 

Non-chemical route to form bonds,  increases 
hardness, reduces creep, can improve fatigue 
resistance 

Creep decrease, surface hardness increase, 
fatigue resistance increase [dose
dependen
scission/embrittlement.

6 

Introduce strong 
reversible H-
bonding clusters 
that form transient 
networks46 

Reversible bonds act as dynamic crosslinks—
improve toughness, dissipate energy, heal 
microdamage and enhance fatigue life without 
permanent embrittlement 

Fatigue resistance increase, toughness 
increase, some reduction in creep; 
enhanced damage tolerance & self
healing behavior possible

7 

Install ionic groups 
[–SO₃H, –COO⁻] 
that pair with 
multivalent cations 
to form ionic 
crosslinks 45 

Ionic associations provide reversible strong 
interactions leading to raised modulus and 
damping while preserving some toughness 

Modulus increase, creep decrease, 
toughness can be maintained; beware 
water uptake/swelling and local acidity at 
high

8 

Add monomers 
that promote π–π 
interactions or H-
bond arrays36 

Stronger inter-chain interactions improve 
packing, glass transition temperature, modulus 
and creep resistance 

Modulus & glass transition temperature 
increase, creep decrease, po
toughness trade

9 

Covalently attach 
tiny aromatic 
oligomers that act 
as nucleation sites 
for controlled 
crystallites.46 

Produces finer, more uniform crystalline 
morphology [smaller spherulites] leading to 
better toughness & fatigue 

Toughness increase, notch sensitivity 
decrease, fatigue performance increase; 
also improved processing control

 
 
Use of backbone chemistry tuning, higher 
molecular weight, controlled crystallinity, network 
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chemistry [covalent or supramolecular], and strong 
interchain interactions can raise the mechanical 
properties modulus of PEK polymers to values 
closer to bone.  
Limitations of PEK, recommendations, and 
future directions 
PEK polymers may have to be synthesized with 
higher ketone, higher molecular weight, crosslinks, 
etc as discussed earlier, and surface chemistry 
alteration to make the surface osteoconductive is 
advantageous, and it can be achieved by surface 
phosphonation, sulphonation, amination, and 
carboxylation.  Substantial chemical modification 
may invite revision of the entire specification, and 
the biocompatibility test may have to be repeated. 
Evaluation may have to include mechanical 
(tensile, fatigue, creep), interfacial (thread 
performance, adhesion), physicochemical (XPS, 
AFM), and biological (ISO 10993, in vivo 
osseointegration) assessments.  
Conclusions 
While a fully-polymeric PEEK implant screw can 
be called an ambitious goal, chemical strategies can 
substantially improve PEEK’s properties, reaching 
at least the lower range of cortical bone mechanical 
behaviour. With proper progress, a well-performing 
PEK dental implant screw can be achieved. This 
critical review has exposed the clinical need for 
material scientists and material characteristics to 
clinicians, encouraging polymer scientists to 
explore the PEK materials for dental screws.  It is 
crucial to be aware that the translational trajectory 
of said materials heavily depends not only on the 
mechanical refinement but also on the long-term 
biological validation, especially under simulated 
functional loading conditions. Also, the 
standardization of surface modification protocols 
are essential for regulatory acceptance. This 
demands a seamless cooperation among material 
scientists, bioengineers, and clinicians for bridging 
the lacuna between laboratory innovation and the 
chair-side translation. 
The shift towards high-performance polymers from 
metal-based materials is a clear example of a 
paradigm shift in dental implantology. This change 
is driven by a preference towards  compatibility 
and flexibility alongside strength. Clearly, the 
future may be dominated by PEK-based systems, 
not as alternatives to metals and ceramics but as 
next-generation solutions for dental implant design 
and application.  
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