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Abstract: Polyetheretherketone (PEEK) exhibits appropriate biomechanical strength as well as
good biocompatibility and stable chemical properties but lacks bioactivity and cannot achieve
highly efficient osseointegration after implantation. Incorporating bioceramics into the PEEK
matrix is a feasible approach for improving its bioactivity. In this study, nanohydroxyapatite
(n-HA) and nano-calcium silicate (n-CS) were separately incorporated into PEEK to prepare
n-HA/PEEK and n-CS/PEEK biocomposites, respectively, using a compounding and injection-
molding technique, and the in vitro degradation characteristics were evaluated. Discs with a
diameter of 8 mm were inserted in 8 mm full-thickness cranial defects in rabbits for 4 and
8 weeks, and implantation of pure PEEK was used as the control. Three-dimensional microcom-
puted tomography, histological analysis, fluorescence microscopy of new bone formation, and
scanning electron microscopy were used to evaluate the osseointegration performance at the bone/
implant interface. The results of the in vitro degradation study demonstrated that degradation of
n-CS on the surface of n-CS/PEEK could release Ca and Si ions and form a porous structure.
In vivo tests revealed that both n-CS/PEEK and n-HA/PEEK promoted osseointegration at the
bone/implant interface compared to PEEK, and n-CS/PEEK exhibited higher bone contact ratio
and more new bone formation compared with those of n-HA/PEEK, implying that n-CS/PEEK
possessed a stronger ability to promote osseointegration. These two PEEK biocomposites are
promising materials for the preparation of orthopedic or craniofacial implants.

Keywords: polyetheretherketone, composite, osseointegration, hydroxyapatite, calcium
silicate

Introduction

As a polycyclic aromatic thermoplastic, polyetheretherketone (PEEK) is widely used
in orthopedic clinics. PEEK has an adjustable mechanical property that is similar to
that of human cortical bone, and this can mitigate concerns over the risks of bone
resorption caused by stress shielding as a result of elasticity mismatch between metallic
implants and human bones.! Moreover, PEEK exhibits stable chemical properties, good
biocompatibility and natural radiolucency.** However, PEEK is a bioinert material,’
and its implantation in a living body could result in encapsulation of fibrous tissues
that isolates the implant from the surrounding bone tissues.* In a study of interver-
tebral fusion, the osseointegration efficiency of PEEK-Cage was lower than that of
Ti-Cage.” Webster et al® implanted machined PEEK in a skull defect and found the
bone contact ratio was only approximately 8%. In a clinical study, the combined use
of bone morphogenetic protein-2 (BMP-2) with PEEK increased the fusion rate (FR)
t0 90.6%,” while the FR of pure PEEK was only 70.6%.% However, the use of BMP2
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is too expensive and may induce ectopic bone formation,
radiculitis, and soft tissue swelling.’

Modifying PEEK to improve its bioactivity can reduce the
rate of implantation failure caused by poor osseointegration and
avoid secondary surgeries, reducing the economic burden of
the patients. Currently, two strategies are available for improv-
ing the bioactivity of PEEK including composite preparation
(incorporating bioactive materials into PEEK) and surface
treatment/coating with physical/chemical methods.? Among
these strategies, impregnating bioactive materials into PEEK
has become an attractive approach for improving the bioactivity
of PEEK while maintaining its mechanical properties.'’ Ceram-
ics with bone-bonding ability are defined as bioactive ceramics,
such as hydroxyapatite (HA), calcium silicate (CS), bioglasses,
etc. Synthetic HA material is biocompatible and bioactive and
is clinically used as an important bone substitute.'' Some stud-
ies have proved that CS is biocompatible, biodegradable, and
bioactive, with the ability to stimulate proliferation and osteo-

1216 and CS has been shown

genic differentiation of osteoblasts,
to have higher bioactivity than calcium phosphate materials.'”"
Abu Bakar et al?® prepared 20 volume% (vol%) HA-reinforced
PEEK composite (HA/PEEK) with a porosity of 60% and pore
size ranging from 300 to 600 mm using a leaching of particulate
technique employing a suitable pore-forming agent, and these
materials were implanted into the distal metaphyseal femur of
pigs to evaluate the biological responses and tissue ingrowth
of the material. Histological studies revealed the presence of
fibrovascular tissue within the pores after 6 weeks and mature
bone formation after 16 weeks, indicating that the HA/PEEK
composite exhibited favorable osseointegration. Ma et al?!
successfully prepared a HA/PEEK composite via an in situ
synthetic process and implanted it into femurs of Sprague
Dawley rats. In this case, the new bone tissues surrounding
the composite implants grew faster with a higher HA content.
The interface between new bones and the HA/PEEK compos-
ite was seamless after 3 months of implantation, suggesting
that reliable biological fixation can be achieved. Kim et al*
fabricated CS-reinforced PEEK composite (CS/PEEK) with
0-50 vol% CS and soaked specimens in simulated body fluid
with pure PEEK as the control. Except for pure PEEK, all of
the CS-containing composites promoted apatite formation
on their surfaces, and the time required for the induction of
apatite formation on the composite surfaces decreased with
increasing CS content. Considering both mechanical properties
and bioactivity, these authors selected 20 vol% CS/PEEK as a
promising implant material.

Although most studies employ microsized particles to
impregnate PEEK, some nanosized materials have been used

to prepare nanocomposites to improve the biomechanical
properties and biological activity.?*** In previous studies, >
our research group used a compounding and injection-molding
technique to separately incorporate nanohydroxyapatite
(n-HA) and nano-calcium silicate (n-CS) into PEEK to pre-
pare n-HA/PEEK and n-CS/PEEK composites, respectively.
The optimal incorporating ratio for both n-HA and n-CS
was 40 weight% (wt%), and both n-HA/PEEK and n-CS/
PEEK exhibited good bioactivity, which was confirmed by
a simulated body fluid soaking test and in vitro cell tests.
In the current study, a skull defect model in rabbits was used
to evaluate the osseointegration of the two PEEK composites
in vivo.

Materials and methods

Preparation of materials

Our previous results?>?¢ indicated that elastic modulus and
compressive strength of the composite increased with increas-
ing n-HA or n-CS content from 0 to 40 wt%, while the highest
n-HA or n-CS content (60 wt%) yielded a lower elastic modu-
lus and compressive strength, so the concentration of n-HA or
n-CS in PEEK composite in this study was determined as 40
wt%. The 40 wt% n-HA/PEEK and 40 wt% n-CS/PEEK com-
posites were fabricated using a compounding and injection-
molding technique according to our previously reported
procedure,”?¢ and the pure PEEK sample was prepared
using an injection-molding technique. Briefly, the PEEK
and n-HA/n-CS powders were compounded in a high-speed
ball mill (QM-3B, T-Bota Scietech Instruments & Equip-
ment Ltd., Nanjing, People’s Republic of China) at a mixing
speed of 500 rpm for 1 hour; the mixtures were then dried at
150°C for 24 hours; and the samples were produced using
an injection-molding machine (Battenfeld BA-300/050CD,
Awans, Belgium) at an injecting and molding temperature of
380°C. All the samples were cut into discs with a thickness
of 2 mm and a diameter of 8§ mm and cleaned with deionized
water for 2 hours in an ultrasonic oscillator (B3500S-MT,
Branson, Danbury, CT, USA) followed by drying at 37°C
overnight and sterilization with ethylene oxide.

In vitro degradation test

The pure PEEK, n-HA/PEEK, and n-CS/PEEK samples were
soaked in a trihydroxymethyl aminomethane-hydrochloric
acid (Tris-HCI) buffer solution (pH =7.40) with a surface area-
to-volume ratio of 0.1 cm™ at a shaking speed of 120 rpm at
37°Cfor 1, 3,7, 14, 21, and 28 days. At each time point, the
samples were removed and the concentrations of calcium
(Ca) and silicon (Si) ions in the soaked fluids measured
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using inductively coupled plasma atomic emission spectros-
copy (ICP-AES; Varian, Palo Alto, CA, USA). The surface
morphologies of the samples prior to immersion and after
28 days of immersion were observed using scanning electron
microscopy (SEM; S-4800, Hitachi, Tokyo, Japan).

Animal model

Mature female New Zealand White rabbits were used as the
experimental animals, and a skull defect was selected as the
bone defect model.”” The operative procedures and animal
care were performed according to the Principles of Shanghai
9th People’s Hospital on Animal Experimentation. Ethical
approval for undertaking the animal experiment was obtained
from the institutional ethics board of the Shanghai Ninth
People’s Hospital. Anesthesia was performed by intramuscular
injection of 2% xylazine (12 mg/kg) and ketamine (80 mg/kg).
The skull was shaved and washed, and the animals were
immobilized in the ventral position. After the area disinfected
with iodine, a longitudinal incision was made down to the
periosteum from the nasal bone to the occipital protuberance
at the left parietal bone. Then, a midline incision was made in
the periosteum, and the periosteum was undermined and lifted
off the parietal skull. The defect was drilled from the outside

Figure | Implantation of composites in rabbit skull defect.

plate, diplane, and internal plate in the middle of the left pari-
etal bone with a trephine (Med-X Research Institute, Shanghai
Jiaotong University, Shanghai, People’s Republic of China)
such that the outer diameter was 8.0 mm (Figure 1A). Care
was taken to make a full thickness defect without damaging the
underlying dura. After insertion of the implants (Figure 1B),
the periosteum, subcutaneous tissue, and skin were sutured
layer by layer (Figure 1C). To reduce perioperative infection,
the rabbits received an intramuscular injection of penicillin
(100,000 U per rabbit) within 3 days after surgery. After
4 weeks of implantation, the implants with the surrounding
tissues were retrieved and cut into small samples (2Xx2 cm).
The samples were scanned with microcomputed tomography
(Micro-CT; uCT80, SCANCO, Bern, Switzerland) with a reso-
lution of 21 um, radiographs were prepared, and then the CTvol
software package was used to reconstruct the three-dimensional
photos. Figure 1D shows the reconstructed photo of the skull
defect after 4 weeks, and the image indicates that the skull
defect model in the rabbit was successfully established.

Groups and implant retrieval
Thirty mature female New Zealand White rabbits weighting
2.440.2 kg were divided into three groups (ie, PEEK,

B

Notes: (A) Representative SEM image showed that n-HA was distributed evenly in the matrix of PEEK. (B) Implanted samples. (C) Implants were inserted into the parietal
bone defect. (D) The reconstructed image of the skull defect after 4 weeks of implantation.
Abbreviations: PEEK, polyetheretherketone; n-HA, nanohydroxyapatite; n-CS, nano-calcium silicate; SEM, scanning electron microscopy.
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n-HA/PEEK, and n-CS/PEEK groups, Figure 1B). Another
three rabbits without implants served as blank controls, which
were evaluated by Micro-CT only. The rabbits were intramus-
cularly injected with alizarin red solution (30 mg/kg), calcein
solution (20 mg/kg), and alizarin red solution (30 mg/kg)
at 3 weeks, 2 weeks, and 1 week prior being sacrificed,
respectively. After being sacrificed, the left parietal bones
were retrieved, and the soft tissues were removed. Then, the
samples were soaked in 75%/25% ethanol/water for 1 week;
this was followed by dehydration in an ethanol gradient at
ethanol/water volume fractions of 80%, 95%, and 100%
(2 days for each gradient).

Micro-CT analysis

The retrieved parietal bones containing the implants were cut
into 2x2 cm sizes with the implant in the center. The speci-
mens were scanned and reconstructed at 21 um (resolution)
using a micro-CT to observe the bone/implant interface.

Preparation of histological section

The specimens were placed into the embedded device
containing the methylmethacrylate (MMA) monomer (9100,
Technovit, Wehrheim, Germany) and then stored at 4°C.
After 1 week, the MMA monomer was discarded. Colloidal
MMA was added and stored at room temperature until
solidified. The embedded fragments containing the tissue
specimens were collected and cut into 150 um sections with
amicrotome (SP 1600, Leica, Wetzlar, Germany). Then, the
sections were adhered to organic glass slides and compressed
for 24 hours. The thickness of the section was polished to
50 um using P300, P800, and P1200 abrasive paper followed
by burnishing with flannelette and abradum to 20-30 um.

Histological evaluation

At least three sections of each implant were stained with
picric acid/fuchsine. The histological sections were soaked in
1% formic acid for 3 minutes, rinsed with running water for 5
minutes, and dried. Prior to rinsing with running water for 5
minutes again, the histological sections were soaked in 20%
methanol for 2 hours. Then, the picric acid/fuchsin staining
was performed. The histological sections were preheated at
60°C, stained with Stevenol blue for 5-15 minutes, rinsed
with distilled water and dried, stained with the VG staining
solution for 3—8 minutes, cleaned with 100% ethanol, and
dried. A light microscope (Leica Microsystems AG, Wetzlar,
Germany) was used for histological evaluation. Finally,
the bone contact ratio between the implant surface and the
surrounding bone were quantitatively analyzed using the

Bioquant Osteo II (Bioquant Image Analysis Corporation,
Nashville, TN, USA) image analysis software.

Fluorescence microscopy of new bone

formation

The fluorescence of the new bone formation labeled with
alizarin red and calcein was visualized using confocal
laser scanning microscopy (CLSM, Leica TCS SP2, Leica
Microsystems, Heidelberg, Germany).

SEM observations

The specimens were sputter-coated with gold for 60 seconds,
and the interface between the implant and the bone was observed
using SEM in the backscattered electron mode (S-4800,
Hitachi). The accelerating voltage used was 10.0 kV.

Statistical analysis

All the data are presented as the means * standard devia-
tions. All the statistical analyses were performed using the
SPSS software (version 13.0; IBM Corporation, Armonk,
NY, USA). The statistical significance between different
groups was analyzed using a two-way analysis of variance
(ANOVA) test, and multiple comparisons were performed
using the least significant difference test. P-values <<0.05
were considered significant, and P-values <0.01 were con-
sidered highly significant.

Results

In vitro degradation test

Figure 2 shows the results of the in vitro degradation test.
The SEM images of then-CS/PEEK surface after soaking for
28 days indicated that a porous structure had formed after
the n-CS particles dissolved (Figure 2A). In contrast, no
obvious change was observed on the surface of PEEK and
n-HA/PEEK. Pure PEEK released neither Ca ions nor Si ions.
n-HA/PEEK released Ca ions at a high rate within 3 days
and at a low rate after 3 days (Figure 2B and C). In contrast,
n-CS/PEEK continuously released Ca and Si ions for up to
21 days. Within 3 days, n-CS/PEEK quickly released a mass
of Ca and Si ions, but after 3 days the release quantity and
rate of Ca and Si ions decreased substantially. From days
21 to 28, the dissolution curves for both the Ca and Si ions
reached a plateau, implying that little to no Ca or Si ions
were released from the composite.

Micro-CT analysis
The 3D reconstructed images of micro-CT are shown in
Figure 3. The PEEK was radiolucent, and n-HA and n-CS
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Figure 2 In vitro degradation.

Notes: (A) SEM images of the samples before and after immersion in a Tris-HCI solution for 28 days. The arrows indicated that a porous structure had formed after the
n-CS particles dissolved. (B) Concentration of Ca ions in the soaked solution. (C) Concentration of Si ions in the soaked solution.
Abbreviations: PEEK, polyetheretherketone; n-HA, nanohydroxyapatite; n-CS, nano-calcium silicate; SEM, scanning electron microscopy; Tris-HCI, trihydroxymethyl

aminomethane-hydrochloric acid.

could be imaged. The lack of gaps between the inorganic
particles and the surrounding bone indicated that bone con-
tact or bone integration existed (black arrows). At 4 weeks,
the surface of PEEK was relatively smooth and bone on-
growth was limited. However, a small portion of bone

contact was observed around n-HA/PEEK and n-CS/PEEK.
At 8 weeks, bone growth around PEEK was still limited,
and a majority of the bone contact had been formed on the
n-HA/PEEK surface even though a slight gap was observed
around it. In contrast, the interface around n-CS/PEEK
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4 weeks

8 weeks

Figure 3 Representative images of the 3D reconstruction of the cranial defect in rabbits using micro-CT at 4 and 8 weeks after implantation.

Notes: The black arrows indicate bone contact. The scale bar is | um.

Abbreviations: PEEK, polyetheretherketone; n-HA, nanohydroxyapatite; n-CS, nano-calcium silicate; 3D, three-dimensional; Micro-CT, microcomputed tomography.

was seamless, indicating the successful osseointegration
of n-CS/PEEK.

Histological evaluation

Figure 4 shows the histological results of osseointegration
after implantation. At 4 weeks, no direct bone contact was
observed, but a layer of fibrous connective tissue (indicated
by the black arrows in Figure 4) was observed around
PEEK. Bone contact (indicated by the white arrows in
Figure 4A) was found around n-HA/PEEK, and more obvi-
ous new bone tissues were in close contact with the surface
of n-CS/PEEK. At 8 weeks, the fibrous connective tissue
around PEEK still existed, and obvious bone tissues had
grown on the surface of n-HA/PEEK. In comparison, the
surface of n-CS/PEEK was covered by abundant bone tissue.
The bone contact ratio of n-HA/PEEK and n-CS/PEEK were
higher than that of PEEK (P<<0.01). In addition, n-CS/PEEK
exhibited a higher bone contact ratio than that of n-HA/
PEEK (P<0.05).

Fluorescence microscopy of new bone

formation

The new bone formation around the implant surface
was fluorescently labeled and observed by CLSM, and
the results are shown in Figure 5. Red fluorescence was
due to alizarin labeling, and yellow-green fluorescence
was due to calcein labeling. Three fluorescence bands
were observed from the material side to the bone side as

follows: red fluorescence, yellow-green fluorescence, and
red fluorescence. The width between two fluorescence
labels (interlabeled width) represents the amount of new
bone formation within each time interval. At 4 weeks,
the three fluorescence labels around the PEEK surface
overlapped with each other (Figure 5A), indicating that
the new bone formation around PEEK was limited. Both
qualitative and quantitative results indicated that the
interlabeled widths around n-HA/PEEK and n-CS/PEEK
were larger than that of PEEK (P<<0.01), which indicated
new bone had formed around these two composites. At
8 weeks, significantly more new bone formation was
observed around n-HA/PEEK and n-CS/PEEK compared
with that around PEEK (P<<0.01). Comparisons between
n-HA/PEEK and n-CS/PEEK further indicated that more
new bone was formed around n-CS/PEEK compared with
that observed for n-HA/PEEK at 4 weeks (P<<0.01) and
8 weeks (P<<0.05) (Figure 5B).

SEM observations

The bone/implant interface was observed using SEM, and the
results are shown in Figure 6. The bone tissues bonded closely
with the surface of n-HA/PEEK (Figure 6B) and n-CS/PEEK
(Figure 6C) with no obvious gap, which demonstrated that
stable fixation had been achieved. However, an obvious
gap between PEEK and the surrounding bone was observed
(Figure 6A), indicating that the integration at the PEEK
surface was poor.
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Figure 4 Histological analysis of osseointegration 4 and 8 weeks after implantation.
Notes: (A) Histological micrographs. The black arrows indicate fibrous connective tissue, and the white arrows indicate bone contact. (B) Comparison of percentage of

bone/implant contact among the three groups. *Represents a significant difference compared with PEEK (P<<0.01), and #represents a significant difference compared with
n-HA/PEEK (P<<0.05).

Abbreviations: PEEK, polyetheretherketone; n-HA, nano-hydroxyapatite; n-CS, nano-calcium silicate.
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Figure 5 Fluorescence microscopy of new bone formation labeled by alizarin red and calcein after 4 and 8 weeks.
Notes: (A) Representative CLSM images. The red fluorescence is due to alizarin red labeling, and the yellow-green fluorescence is due to by calcein labeling. The scale bar is
100 um. (B) Quantitative analysis of new bone formation. *Represents a significant difference compared to PEEK (P<<0.01), and “represents a significant difference compared

with n-HA/PEEK (*P<<0.05, #P<0.01).

Abbreviations: PEEK, polyetheretherketone; n-HA, nanohydroxyapatite; n-CS, nano-calcium silicate; CLSM, confocal laser scanning microscopy.

Discussion

Osseointegration is the direct contact between the bone and
implant, without the presence of fibrous connective tissue
in-between, when observed under an optical microscope.?®
A bioactive implant must have the ability to stimulate a
biological response to achieve osseointegration at the bone/
implant interface.?”*” Only an integrated bone/implant
interface results in long-term stability of the structure and
function of the interface.?'*? For successful osseointegration,
the biomaterials should exhibit bioactive interactions with
osteoblasts. In general, an apatite layer that forms on the

material surface could mimic the environment of the recipient
bone to promote adhesion and differentiation of osteogenic
cells.!''3 Incorporation with bioactive particles or surface
modification can endow inert materials with the ability to
stimulate osteoblast growth.

In the current study, we separately incorporated two
nanoscale bioceramics (n-HA and n-CS) into PEEK to
prepare PEEK biocomposites, and then, these biocomposites
were implanted into cranial defects of rabbits to evaluate
the osseointegration at the bone/implant interface. One
study was found reporting on osseointegration of carbon
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74 >
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Figure 6 SEM images of the bone/implant interfaces after 8 weeks.

v

Notes: The white arrows indicate the bone/implant interfaces around (A) PEEK, (B) n-HA/PEEK, and (C) n-CS/PEEK.
Abbreviations: PEEK, polyetheretherketone; n-HA, nanohydroxyapatite; n-CS, nano-calcium silicate; SEM, scanning electron microscopy.

fiber-reinforced polyetheretherketone—nanohydroxyapatite
biocomposite (PEEK/CF/n-HA) in the mandibles of beagle
dogs,* but no study has reported the in vivo osseointegration
of n-CS/PEEK composite in any animal model. Micro-CT is
often applied to calculate bone apposition around an implant,
analyze the three-dimensional structure of the scaffold, and
observe the bone ingrowth of the scaffold.’>*¢ The 3D recon-
structed micro-CT images indicated that the bone contact
around n-HA/PEEK and n-CS/PEEK was more obvious than
that around PEEK. In the histological micrograph, a large
amount of bone tissues was in close contact with the n-HA/
PEEK and n-CS/PEEK surfaces and PEEK was surrounded
by a layer of fibrous connective tissue. The quantitative
results indicated that the bone contact ratio of n-CS/PEEK
was significantly higher than that of n-HA/PEEK. The
improved osteointegration around the PEEK composites may
be caused by improved surface characteristics.

The surface characteristics of the material (ie, composi-
tion, topography, and hydrophilicity) are very important to
osseointegration.’”*® A surface with moderate roughness
and strong hydrophilicity is favorable for cell activity and
osseointegration.*“° In an animal test, Shalabi et al*! reported
that a rough surface exhibited a higher osseointegration
efficiency than that of a smooth surface. In our previous
study, addition of n-HA or n-CS improved the surface

roughness and hydrophilicity of PEEK, which are beneficial
to the adhesion, proliferation, spread, and osteogenic differ-
entiation of osteoblasts. In addition, because nanomaterials
support adhesion and differentiation of osteoblasts,*>* the
nanoscale HA on n-HA/PEEK and nanoscale CS on n-CS/
PEEK may also contribute to the improved osseointegra-
tion of the composites. Xu et al** developed a novel carbon
fiber-reinforced polyetheretherketone—nanohydroxyapatite
(PEEK/CF/n-HA) ternary biocomposite with a micro-/
nanotopographical surface. Their results indicated that the
micro-/nanotopographical PEEK/CF/n-HA biocomposite
exhibited outstanding ability to promote the proliferation
and differentiation of MG-63 cells in vitro as well as boost
osseointegration between the implant and bone in vivo.
New bone formation is often labeled by alizarin red and
calcein, which can combine with inorganic salts in vivo and
deposit in the mineralized bone matrix.”” More new bone
formation was observed around n-HA/PEEK and n-CS/
PEEK compared with that around PEEK at both the early
stage (4 weeks) and late stage (8 weeks), and more active new
bone formation was observed around n-CS/PEEK compared
with that around n-HA/PEEK. To the best of our knowledge,
this is the first study to demonstrate that both n-HA and
n-CS incorporation could improve the in vivo osseointegra-
tion of the composite and that n-CS/PEEK exhibits a higher
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osseointegration efficiency than that of n-HA/PEEK. The
better performance of n-CS/PEEK may be due to the higher
concentration of Ca and Si ions released from this composite.
The Ca and Si ions were beneficial for proliferation and dif-
ferentiation of osteoblasts,'” and a porous structure on the
composite surface permitted more new bone growth in the
pores, leading to better osseointegration. In addition, CS
offers improved bioactivity compared with that of calcium
phosphate materials.'®! In our previous study,” an apatite
layer was formed on the n-CS/PEEK composite, and the
entire surface of this specimen was nearly covered with a
thick and compact apatite layer after immersion for 28 days.
We predicted that apatite would form on the surface of n-CS/
PEEK in the early implantation period, and then, the bone
matrix would integrate with the apatite.

Conclusion

In this study, a rabbit model with cranial defect was used
to investigate the osseointegration around two PEEK
biocomposites (ie, n-HA/PEEK and n-CS/PEEK). On the
basis of the results of micro-CT scans, histological studies,
CLSM observations, and SEM observations, it can be seen
that the incorporation of both n-HA and n-CS into PEEK
materials promoted the osseointegration of implants in vivo
and that n-CS/PEEK induced more active bone formation
around the implants, which may be due to the Ca and Si
ions being released from the composite. These results
demonstrated that both n-CS/PEEK and n-HA/PEEK can
be used to make bioactive implants for craniofacial or
orthopedic uses.
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