
INTRODUCTION

Polyetheretherketone is a semi-crystalline thermo-

plastic, which has sufficient strength and stiffness with long-

term biocompatibility. Due to its similar mechanical pro-

perties to that of natural bone and excellent biocompatibility,

polyetheretherketone is used in a wide range of medical

applications such as orthopedic, bone plate and spinal

implants. Compared with traditional implants such as

stainless steel, Co-Cr-Mo and Ti6Al4V alloy, the modulus of

polyetheretherketone is closer to that of natural bone1. These

excellent performances could effectively reduce stress shielding

due to the match in modulus of elasticity and stiffness between

implant and bone. However, a major difficulty encountered

with polyetheretherketone implants is to achieve a secure

attachment between the implant and the surrounding bone

because of its deficient bioactivity. For improving the

biocompatibility of polyetheretherketone as an orthopedic

implant, various studies have focused upon the bioactive prop-

erties of the polymer, either via adding bio-ceramic agents or

surface modification2, 3.

In this paper, the surface modification technologies which

used to improve the bioactive properties of polyetherether-

ketone were investigated.
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Polyetheretherketone has been increasingly employed as biomaterials due to its excellent biological characteristics. In this paper, the

bioactivity of polyetheretherketone was investigated. The results showed that the bioactivity of polyetheretherketone could be improved
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but also increasing the mechanical properties of polyetheretherketone.
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Surface modification: Surface modification is mainly to

change the surface physical and chemical properties of the

materials, such as the improvement of wettability and reinforce-

ment of cell adhesion capacity on the materials surface, so as to

achieve the aim of improving surface bioactivity. The technolo-

gies used to improve the bioactivity of polyetheretherketone

based composites are mainly focused on the four aspects such

as plasma treatment, surface grafting, surface coating and

addition of bio-ceramics in polyetheretherketone matrix.

Plasma treatment: Plasma treatment technology is that

the modified materials are placed in a specific environment to

receive plasma irradiation or ion implantation. The surface

physical and chemical properties such as wettability or surface

hardness then would be changed due to the plasma irradiation

or ion implantation.

Ha et al.4 investigated the polyetheretherketone surface

bioactivity through plasma activation treatment in a N2/O2

plasma environment. It was observed that plasma treatment

environment had a significant effect on the wettability of the

polyetheretherketone surface. The bioactivity experiment

results showed that plasma activation followed by hydroxy-

apatite nucleation in a supersaturated calcium phosphate

solution had a positive effect on the growth rate of the layer

on polyetheretherketone. McKenzie et al.5 investigated the
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influence of different gases such as oxygen, argon, hydrogen

and deuterium plasma treatment on the biological properties

of polyetheretherketone. The results showed that the contact

angle of polyetheretherketone treated with oxygen is obviously

smaller that that of polyetheretherketone treated with argon.

The deeper the treatment the longer the time required to recover

the original hydrophobic character. Furthermore, the hydrogen

treatment produced the deepest modification and the oxygen

treatment produces a distinctly different modification to that

produced by the other gases. On the other hand, Briem et al.6

analyzed the influence of plasma treatment environment of

polyetheretherketone surfaces on the cell proliferation and

differentiation of primary fibroblasts and osteoblasts. The

results revealed that the plasma treatment environment has

significant effects on the proliferation of fibroblasts and the

proliferation rate can either be stimulated or suppressed. The

surface activation of polyetheretherketone by NH3 plasma

caused the proliferation rate of human fibroblasts was signi-

ficantly higher compared to control material. Conversely, the

surface passivation of polyetheretherketone by H2 plasma

caused a suppression of cell growth compared to the control

material by means of the DNA content of the cells. Schroder

et al.7 investigated the behaviour of human osteoblasts with

respect to cell adhesion and growth on plasma-treated

polyetheretherketone and Ti surfaces. The results showed that

osteoblasts cells adhere faster and occupy a wider cell area on

the plasma-treated compared to untreated surfaces.

Surface grafting: Surface grafting modification is mainly

through the material surface grafted with hydrophilic or specific

functional groups to improve the surface hydrophilicity and

wettability, thus enhancing bioactive performance of the

material.

In order to promote cell attachment on polyetherether-

ketone, Joseph and Schwartz8 developed a novel surface

bioactive treatment technology by grafting nano-scale

adhesion layer such as RGD on polyetheretherketone surface.

The result showed that the thickness of the adhesion layer can

be controlled by exposure time. Compared with untreated

polyetheretherketone, the cell adhesion ability and distribution

was obviously improved. Kyomoto et al.9,10 graft a highly

hydrophilic nano-scale bionic lubrication layer on the surface

of polyetheretherketone by photo-induced graft polymerization

of 2-methacryloyloxy-ethyl phosphorylcholine (MPC). The

poly(MPC)-grafted polyetheretherketone surface exhibited

unique characteristics such as high wettability and high lubri-

cation as well as high anti-protein adsorption. The density and

thickness of the poly(MPC) (PMPC)-grafted layer were contro-

lled by the photo-irradiation time and monomer concentration

during polymerization, respectively. The results showed that

both the water wettability and lubricity of the PMPC-grafted

polyetheretherketone were considerably lower than those of

the untreated polyetheretherketone surface.

Chen et al.11 fabricated hydrophilic layer on the surface

of polyetheretherketone by grafting of acrylamide (AAm)

through ultraviolet irradiation technology. The results demons-

trated a significant improvement of surface hydrophilicity for

the PAAm-grafted polyetheretherketone with the increase in

irradiation time and monomer concentration.

Surface coating: Surface coating technique is mainly

to improve the surface bioactivity of polyetheretherketone

composite by deposition of bioactive ceramics such as

hydroxyapatite and calcium phosphate.

Pino et al.2 fabricated apatite layers on the polyetherether-

ketone surface through exposure to supersaturated simulated

body fluid. The results showed that the apatite layer on the

surface of polyetheretherketone contained phosphate and

carbonate ions, in similar ratios to those in the apatite in dentine,

verifying bioactivity improvement of polyetheretherketone

after surface coating apatite layer. Han et al.12 prepared

polyetheretherketone coated with a pure titanium layer using

an electron beam deposition method in order to enhance its

biocompatibility and adhesion to bone tissue. The results

showed that the surface of polyetheretherketone formed a

dense, uniform and well crystallized Ti layer without deteriora-

ting the characteristics of the polyetheretherketone implant.

The Ti coating layer strongly adhered to the substrate and

remarkably enhanced its wettability. Both the in vitro cellular

behaviours and in vivo osteointegration experiments showed

that the proliferation and differentiation level of cells doubled

after the Ti coating. Furthermore, the in vivo animal tests

showed that the Ti-coated polyetheretherketone implants had

a much higher bone-in-contact ratio than the pure polyether-

etherketone implants. These in vitro and in vivo results

suggested that polyetheretherketone coating with Ti signifi-

cantly improved used of polyetheretherketone for hard tissue

applications12.

Wang et al.13 fabricated polyetheretherketone coated with

diamond-like carbon by plasma immersion ion implantation

and deposition to enhance the surface properties. The results

show that osteoblast attachment, proliferation and differen-

tiation are better on diamond-like carbon/polyetheretherketone

than polyetheretherketone. diamond-like carbon/polyether-

etherketone combines the advantages of diamond-like carbon

and polyetheretherketone and is more suitable for bone or

cartilage replacements.

Bioactive polyetheretherketone composites: As an

orthopedic implant, excellent bioactivity could effectively

improve interfacial bonding strength between implant and

natural bone, thus reinforcing the fixation stability of implant

with natural bone. In order to enhance the bioactivity of

polyetheretherketone biomaterials, addition bio-ceramics such

as hydroxyapatite and calcium phosphate into polyetherether-

ketone is currently used widely.

Bioactive polyetheretherketone composites were created

by compounding the polyetheretherketone with calcium

phosphate and hydroxyapatite. Tan et al.3 fabricated porous

hydroxyapatite/polyetheretherketone composite by rapid

prototyping techniques. The surface bioactivity of hydroxy-

apatite/polyetheretherketone was investigated by immersion

of specimens in simulated body fluid and in vitro cell culture on

the surface of specimens. Both the experiments for the bioacti-

vity evaluation of the hydroxyapatite/polyetheretherketone

specimens showed a positive effect3. Wilmowsky et al.14,15

investigated the effects of laser sintered polyetheretherketone

with incorporated osteoconductive and bioactive bone substi-

tution materials such as bioactive glass and β-TCP on cell
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viability, cell proliferation and cell morphology. The results

showed that osteoblasts could proliferate on all samples.

Furthermore, the bioactive glass reinforced polyetherether-

ketone samples showed highest values of osteoblasts proli-

feration and lowest values for β-TCP containing samples. The

experiment in porcine bone defects verified the excellent

bioactivity of laser sintered bioglass reinforced polyetherether-

ketone biocomposites.

Wong et al.16 developed strontium-containing hydroxy-

apatite/polyetheretherketone (strontium-hydroxyapatite/

polyetheretherketone) composites as alternative materials for

load-bearing orthopaedic applications. Both the apatite

formation in simulated body fluid and human osteoblasts-like

cell proliferation experiments verified that strontium-hydroxy-

apatite/polyetheretherketone composite was superior to

hydroxyapatite/polyetheretherketone in providing bioactivity.

This result was mainly attributed to the existence of strontium,

in the form of strontium-containing hydroxyapatite (Sr-HA),

was confirmed to enhance bioactivity in the polyetheretherketone

composites.

Conclusion

Polyetheretherketone has shown excellent biocompa-

tibility and was widely used in several orthopaedic applications,

including the femoral component of total hip replacements

and spinal implants. However, the bioactivity of polyether-

etherketone would be further improved while it is used as

orthopaedic implants. Recently, there have been many different

modification technologies to improve the biological perfor-

mance of polyetheretherketone, especially for the improve-

ment of bioactive properties. Addition of bio-ceramics such

as hydroxyapatite and TCP particles into polyetheretherketone

matrix is widely applied to improve bioactive performance of

polyetheretherketone. However, hydroxyapatite/polyethere-

therketone and TCP/polyetheretherketone composites have

involved a trade-off in mechanical properties in exchange for

their increased bioactivity. Therefore, how to effectively

improve bioactivity of polyetheretherketone under the premise

of retaining the mechanical properties is an important research

direction.
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