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ABSTRACT: Polyether ether ketone (PEEK) has the advantages of high mechanical strength, excellent chemical stability, and

transparency to diagnostic X-rays, and its density and elasticity is closer to bones compared to metals. PEEK is widely used in

biomedical fields such as trauma, spine, and joints. However, PEEK is a bioinert material with insufficient osteointegration,

which limits the development and application in bone repair and replacement to a certain extent. Plasma spraying (PS)

technology is an important surface coating modification technology to solve the problem of bone integration of PEEK materials

due to its simple process, economy, and high adhesive strength of the coatings. Firstly, this paper briefly describes the coating

deposition mechanism of PS process, then titanium (Ti) and hydroxyapatite (HA) coatings manufactured by PS are introduced

respectively; Secondly, based on the different spraying processes and spraying parameters, the latest research progress of plasma

sprayed PEEK-based coatings on mechanical properties such as bonding strength in recent years is introduced in detail. The

effects of PS process on the initial properties of PEEK substrate, such as mechanical strength, fatigue strength, thermal

properties and chemical degradation are summarized and evaluated; The latest research progress of plasma sprayed PEEK-based

coatings on biological properties in vitro and in vivo is also introduced in detail; Finally, the clinical application of plasma

sprayed PEEK is prospected to provide theoretical guidance for the design of new PEEK-based biomaterials in the future.

KEY WORDS: PEEK; plasma spraying; mechanical property, biological property
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Fig.1 Schematic diagram of atmospheric plasma spray process
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Fig.2 Low thickness/low porosity Ti-coating (a), medium thickness/medium porosity Ti-coating
(b), high thickness/high porosity Ti-coating (c)>®
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Fig.3 Examples of different Ti coatings obtained with plasma spray technologies

[21].

a) low-roughness APS coating; b) high-roughness APS coating;
¢) high-porosity SPS coating; d) sponge-like VPS coating
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hFOBI.19 cells grown on different substrates™*”!
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Tab.1 A summary of bioactivity on plasma-sprayed PEEK implantsin vitro

Composites

Method

Results

Bioactive evaluation

PEEK-Ti

PEEK-TiO,-HA

PEEK-Ti

PEEK-Ti.
PEEK-HA .|
PEEK-TiO,-HA

PEEK-Ti

hMSCs cells were seeded
onto PEEK-Ti at an initial
density of 2.5%10* cells/cm®

MG63 cells were cultiv-
ated for 1 h on coating

Coatings were seeded with
BM-MSCs at a density of
5.6x10° cells/cm’

all samples were immers-
ed in SBF for 21 days

hFOB cells were seeded
onto coating at a density
of 2.5x10* cells/cm?

hMSCs tended to form stronger
adhesion and greater pseudopodia
extensions on finer rougher roug-
hness surfaces

Cells adhered and started to grow
on the TiO,-HA surfaces, mainta-
ining good cellular morphology

PEEK-Ti exhibited higher cell
count and markers of osteogen-
esis (ALP, OCN,VEGF, and
RUNX2)

bone-like apatite formation in the
samples which have HA layer on
the surface

undifferentiated osteoprogenitor
cells deposited calcium before
they differentiate into mature
osteoblasts

The morphology of rough titanium
surface directly affects cell adhes-
ion and bone growth

Show the clinical potential of the
presented bioactive coatings and
polymers

Future research is needed in animal
models to evaluate the osteointegra-
tion potential of PEEK-Ti in vivo

Ca and P elements in the HA coated
samples first dissolved in SBF en-
vironment and then precipitated ba-
ck to the surface by forming bone-
like apatite.

Contrary to popular view that only
mature osteoblasts deposit calcium.
More investigation is needed to
elucidate the mechanism of action.

(48]




B BT BN, 4. DR IR SR ik M P 5 8 W 0 3 T oA R - 59 -

VPS-Ti Uk JZ B -t AR G AL T PO i e o [
SE, WEUGE TR BE IR IR,

AW RIS IS T RAFRYZER , (A7 2P Y
i PR T A UE I O3 2 A R AR E P o SRR B A )

WA NIRE, Ti B2 HA B2

SRS TR AR R RN AV EREROBIT TS 25

W2,

Kl 6 A 12 &5 PEEK(a,c)fl PEEK-HA(b,d) I 7E AR T B S i i A 52
Fig.6 12 weeks after implantation, PEEK(a,c) and PEEK-HA(b,d) showed bone growth at the cancellous bone site,

respectively, indicating that PEEK presented a fibrous tissue interface, while PEEK-HA could observe a
bone-implant interface in direct contact!>
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Tab.2 A summary of bioactivity on plasma-sprayed biological coating PEEK implantsin vivo

Composites Method Results Bioactive evaluation Ref.
VPS-coated and PVD- ;r/};)es zzzg(\;aicrteorqsue a:fsiﬂrlf VPS-coated coating successfully mo-
. coated CFR-PEEK screws .. . ws W & dified the bone-implant interface and
PEEK-Ti - ificantly higher than that of . . . [50]
were placed in a sheep significantly improved the quantity
o uncoated screws and PVD-coated .
tibia. and quality of bone growth
screws
Elheasiggiifviio?el}dul:zﬁ HA-coated PEEK implants HA-Ti coated PEEK implants can
PEEK-Ti-HA in femur trabecula; bone stimulated higher bone form- be equally ossoeintegrated as the [37]
as well as in tibia ation and a better direct bone industrial standard HA-coated tit-
cortical bone contact than uncoated PEEK anium alloy implants.
Ti-coated PEEK significantly
Ti-coated PEEK implants improved the shear strength at The Ti-coated coating improved
PEEK-Ti were placed in cortical the bone-implant interface at 4 mechanical properties in the corti- [51]
bone and cancellous bone weeks and continued to imp- cal parts and the histology in
of adult sheep rove with time compared with cortical and cancellous parts.
PEEK
Elﬁt_scs:lf:treed 11; Ef(ﬁnlg;g: HA-Ti coated PEEK provides a
tical bonepan d cancell- A better direct bone contact more favorable environment than
ous bone of adult sheep V33 reported for HA-coated PEEK alone for bone ongrowth.
PEEK-HA at 4 and 12 weeks aI; PEEK compared to uncoated HA-coated PEEK improved Cerv- [52]
well as interbody cervic- samples in histological exa- ical fusion compared with PEEK
al fusion at 6 12y and 26 mination. alone as well as allograft bone
weeks > interbody devices.
After 12 weeks, coated implants
demonstrated higher pull-out Plasma-sprayed titanium and hyd-
PEEK-Ti In six sheep, 108 values in comparison to roxyapatite coatings on PEEK or
PEEK-Ti-HA implants were placed in uncoated implants. The double CFR-PEEK demonstrated a sign- [53]
- the pelvis. coating showed the most ificant improvement of osseoin-
favorable results after 2 and tegration.
12 weeks.
Post-surgical Cc_)a.ted 1mp.1anFs exhlb}ted & VPS-Ti coated PEEK implant pro-
clinically significant impro- . . .
follow-up of : . . vides rapid and stable fixation at
44 patients that vement In post-operative pain. the bone-implant interface, signif-
PEEK-Ti Successful arthrodesis with a > [54]

received a VPS-Ti
coated PEEK ALIF
implant.

solid fusion rate of 96 % at an
average of (7.3 £ 2.3) months
was observed.

icantly improving pain outcomes,
low implant subsidence and a high
definitive rate of arthrodesis.
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