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3D Printing of Hydrogel/BaTiO; Composite Scaffolds with Highly
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Abstract: In clinical practice, the restoration of cartilage injury is a tough task. And manufacturing degradable cartilage
scaffolds with strong mechanical properties and electrical activity remains a significant issue. In this study, the
hydrogel/BaTiO; composite scaffolds with greatly improved mechanical, electrical, and degradable properties were
formed by digital light processing 3D printing. We found that the addition of BaTiO; powders enabled the significant
improvement of the compressive strength (212.8 kPa) and energy absorption (32.0 mJ/m®), which were as three and six
times as those of pure hydrogel scaffolds, respectively. Besides, the composite scaffolds showed a voltage output of
above 100 mV, which was two orders of magnitude higher than that of pure hydrogel scaffolds. This voltage output
allows for the simulation of electrical microenvironment in native tissues that promote cartilage regeneration and
remodeling. Finally, the degradation rate of the composite scaffolds reached 7.1% after 14 days of simulated body fluid
(SBF) immersion, while that of the pure hydrogel scaffolds was only 2.8%. This study provides insight into the fabrication
of high-performance functional scaffolds for treating cartilage defect.
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1. INTRODUCTION

The repair and regeneration of articular cartilage
injury is one of the challenges facing orthopedic clinical
treatment [1, 2]. The advent of bone tissue engineering
(BTE) presents an ideal therapeutic strategy for the
repair of cartilage defects [3]. As one of the key
elements of BTE, cartilage scaffold, offering necessary
mechanical and biological microenvironment for cell
proliferation and differentiation [4], has become one of
the forefronts of cartilage repair research at home and
abroad [5]. Hydrogels have been widely used in the
manufacture of cartilage scaffolds due to their similar
properties to cartilage tissue, such as permeability,
moisture retention and biodegradability [6-10].
However, the poor shape retention performance of
hydrogel materials and the high complexity of natural
cartilage structures make it a great challenge for
traditional methods to fabricate high-performance
biomimetic cartilage scaffolds [11-14].

Additive manufacturing (3D printing) technology
uses computer-aided design (CAD) to print the entity
layer by layer according to the pre-designed structure,
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which is especially suitable for manufacturing complex
structures [15-17]. 3D printing techniques include
stereo lithography appearance (SLA), direct ink writing
(DIW), two-photon polymerization (2PP) and so on
[18-20]. Kajsa et al. [21] used DIW technology to
achieve cell-based printing of human cartilage cells
based on nanocellulose. Shi et al. [22] successfully
created a scaffold that is both physically and
functionally optimized through 3D printing to treat
cartilage damage. Digital light processing (DLP) is a
representative additive manufacturing technology
based on ultraviolet lithography, which is characterized
by high molding precision and fast molding speed [23,
24]. As long as the bioink has photocuring properties, it
can be processed by DLP [25]. Chen et al. [26]
obtained ECM/GelMA/exosome scaffolds using DLP
printing technology which could enhance chondrocyte
migration. The biological function of hydrogel scaffolds
created using 3D printing technology, however, is
single. The vast majority of them concentrate on
mechanical microenvironment reconstruction while
ignoring the equally essential electrical
microenvironment.

Human bone tissue is reported to be a natural
piezoelectric body that generates an endogenous
electric field (ie., the physiological electric
microenvironment) through force-electric conversion
[27], which is essential for regulating metabolic
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processes such as bone formation, structural
remodeling, and bone repair [28-32]. Nguyen's team
[33] designed a piezoelectric polymer sheet scaffold
made of poly-L lactic acid (PLLA) nanofibers for the
repair of knee cartilage in rabbits. They discovered that
a weak but stable electric field at the joint is essential to
cartilage growth. As a result, the physiological electric
microenvironment plays a significant role in cartilage
repair [34, 35]. Barium titanate (BaTiO3;, BTO) is a
biocompatible piezoelectric ceramic that has attracted
a lot of attention in recent years because of its high
piezoelectric coefficient and approved
biocompatibility[36]. However, at present, few reports
on relevant studies of the additive manufacturing of
cartilage scaffolds can reconstruct the physiological
electric microenvironment at the moment [37], and the
regulatory mechanism of the electric microenvironment
of electroactive complex scaffolds remains unclear.

In this study, a method of additive manufacturing of
hydrogel/BaTiO; composite cartilage scaffolds with
high mechanical strength and adjustable electrical
activity was proposed. A hydrogel/BaTiO; composite
bioink with high stability and ultraviolet light (UV)
curable properties was developed, and its rheological
and photocurable properties were characterized. The
composite hydrogel/BaTiO3 scaffold was formed by a
DLP 3D printer, and its mechanical and electrical
properties were systematically characterized. Finally,
to confirm the composite scaffolds' degradation, in vitro
degradation tests were carried out. Results revealed
that our hydrogel/BaTiO; composite scaffolds have
much higher mechanical characteristics than pure
hydrogel, which resemble human cartilage.
Furthermore, the composite scaffolds have good
piezoelectric capabilities and can generate a voltage
output of 100mV. The composite scaffolds are
biodegradable, with a disintegration rate of 7.1% after
14 days of SBF immersion.

2. MATERIAL AND METHODS

2.1. Materials

BaTiO; (BTO, purity 99.9%) powders were
purchased from Sigma-Aldrich (Shanghai, China). Poly
(ethylene glycol) diacrylate (PEGDA, average
molecular weight 600) and polyvinyl alcohol (PVA,
alcoholysis degree 99%) were purchased from Aladdin
(Shanghai, China). Lithium Phenyl
(2,4,6-trimethylbenzoyl) phosphinate (LAP, purity 99%)
was provided by SinoBioPrint Biotech Ltd (Shanghai,
China). Tartrazine (purity 85%) was obtained from
Sigma-Aldrich (Shanghai, China). Phosphate buffered
saline (PBS, pH=7.4) was obtained from Biosharp Life

Sciences (Anhui, China). Simulated body fluid (SBF,
pH=7.4) was purchased from Phygene Life Sciences
Company (Fujian, China).

2.2. Preparation of Bioinks

PEGDA (20 vol.%) and PVA (5 vol%) were
dissolved in deionized water supplemented with lithium
Phenyl (2,4,6-trimethylbenzoyl) phosphinate (LAP)
((0.5 wt.%) and tartrazine (0.025 wt.%). Then, BTO
powders of 0, 1.0, 2.5, and 5.0 wt.% were added into
the above solutions and thoroughly mixed to produce
the UV-curable bioinks, denoted as PP, PP/1%BTO,
PP/2.5%BTO and PP/5%BTO, respectively.

2.3. Fabrication of Scaffolds

The CAD models were designed as gyroid-type
TPMS structures which can be modeled by Matlab
software according to the following parametric Eq. (2.1)
[38]:

sin (27” x) cos (%ny) + sin (%ny) cos (%nz) +

sin (%ﬂz) cos (%ﬂx) =t (2.1)

where a means the cubic cell length, and t represents
the physical volume fraction of TPMS. The side length
of the cubic gyroid structural model was 10 mm, and
the relative density was 40% (a=2mm, =0.4). Then, the
model was sliced by the 10 Dim software with slice
layer thickness setting as 25 pym and imported into the
DLP printer (AUTOCERA-R, Beijing TenDimensions
Technology Co., Ltd., China). The Beer-Lambert model
mathematically analyzed the dependency between the
curing depth and exposure energy, given by Eq. (2.2)
[39]:

C4 = DpLnE; — D,LnE, (2.2)

where Cyis the curing depth, D, is the penetration
depth, E; is the actual exposure energy, and E; is the
critical energy. A micrometer was used to measure the
curing depth of the bioinks. The PP, PP/1%BTO,
PP/2.5%BTO and PP/5%BTO groups were printed with
the exposure energy of 240, 300, 320, 360 mJ/cm?.

2.4. Characterization Measurements

The particle size of the BTO powders was
determined by a laser particle size analyzer (LPSA,
Mastersizer 3000, Malvern, UK). The morphology of
BTO powders and scaffolds was characterized by a
thermal scanning electron microscope (SEM,
JSM-7600F, Nippon Electronics, Japan) equipped with
the energy dispersive spectrometer (EDS). The UV
absorption properties of the bioinks were tested by an
ultraviolet-visible  near-infrared spectrophotometer
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(SolidSpec-3700, Shimadzu, Japan), and the
wavelength range of the test was 275-450 nm. The
dynamic viscosity of bioink at variable shear rate of
0-1000 s was measured by rheometer (Mars60,
Haake, Germany). Phase components of the powders
were analyzed wusing an X-ray diffractometer
(XRD-7000, Shimadzu Company, Japan) with a
detection range of 5-80° and a scan speed of 5° per
minute. The chemical bonds of the samples were
detected by a fourier transform infrared spectroscopy
(Nicolet, iIS50R, Thermo, Scientific, USA), collecting at
wavenumbers ranging from 4000 to 500 cm™.

2.5. Mechanical Test of Scaffolds

The compression tests were performed on an
electronic dynamic and static fatigue testing machine
(E1000, ITW Instron, USA) at room temperature. The
stress (o) of compression was calculated through Eq.
(2.3):

o= (2.3)
where F and A, represents the load force and the
sample's starting cross-section area perpendicular to
the direction of the load force, respectively.
Compression modulus (E.) refers to the ratio of stress
and strain of material under compressive force, which
is calculated by Eq. (2.4):

E, = g (2.4)

where ¢ is compressive strain. Generally, E; equals the
slope of the stress-strain curve at the elastic
deformation stage, which can be obtained from Origin
software. And the energy absorption (E,) refers to the
area enclosed by the stress-strain curve, which is
calculated by Eq. (2.5):

E, = J f(x)dx (2.5)

where f(x) is the compressive stress-strain curve.
When performing compression tests, the loading speed
was set to 2 mm/min. The average of each data point
was taken from three tests. To determine the fatigue
performance of the support, the cyclic compression test
was also set up. The maximum non-destructive strain
of each group was determined by previous
compression test. For PP, PP/1%BTO, PP/2.5%BTO
and PP/5%BTO group, it was set as 50%, 40%, 35%,
30%, respectively. The loading speed was set to 2
mm/s, and the cycle time was ten.

2.6. Electrical Test of Scaffolds

Before the electrical test, the scaffolds need to be
polarized under a high electrical field, so that the

electrical effect can be displayed. The scaffolds were
polarized by a high-voltage DC power supply (C2s,
Dongwen High Voltage, Tianjin, China) with a
parameter of -5 kV for 10 min. A cycle-compressed
device (E1000, ITW Instron, USA) was used to
periodically compress the electrical scaffolds. The
voltage output of electrical scaffolds was determined by
a digital source table (DMM7510, Keithley, USA). The
voltage output of various electrical scaffolds under the
same stress was tested first. For testing, attach
conductive tape to both sides of the scaffolds and
connect to the digital source table. Cyclic compression
was applied to the scaffolds, and the compression
stress was set to 50 kPa. The loading speed was set to
2 mm/s, and cycle time was 20. Then the effect of
different stress on the voltage output was also explored.
We tested the voltage output of the PP/5%BTO group
at 25, 50, 100 and 200 kPa, with other parameters
remaining the same.

2.7. In vitro Swelling Ratio Test

The in vitro swelling ratio test was conducted to
access the swelling ratio of scaffolds. To remove
moisture from scaffolds, freeze-drying was performed.
Record the initial mass W, using a precision electronic
balance (ME403, METTLER TOLEDO, Switzerland).
Then, soak scaffolds in a centrifuge tube filled with
PBS (pH=7.4) solution. Let stand for 24 hours to fully
absorb water to achieve swelling balance. Took it out
and dried it with tissue, and then weighed it again to get
the mass W; after swelling. The swelling rate is
calculated by Eq. (2.6):

Swelling ratio (%) = 100%x(W; — W,)/W, (2.6)

2.8. In vitro Immersion Experiment

The degradability of scaffolds was determined by in
vitro immersion experiment. The scaffolds were
immersed in SBF (pH=7.4) at 37°C in a shaker for 2,
4, 7 and 14 days, respectively. The ratio of scaffold
mass to solution volume was set as 1 g: 10 mL. Finally,
the scaffolds were cleaned with deionized water and
wiped carefully by tissue. The mass of the degraded
scaffolds was measured by a precision electronic
balance (ME403, METTLER TOLEDO, Switzerland).
The degradation rates were calculated using Eq. (2.7):

D, (%) = 100%x (W, — W,)/W, 2.7)

where D, is the degradation rate of the scaffold, and W,
is the mass of scaffold before immersion. W; is the
mass of scaffold after matching days of SBF
immersion.

3. RESULTS AND DISCUSSIONS
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Figure 1: Schematic illustration of the manufacturing of composite scaffold and cartilage repair.

3.1. Characterization of Raw Materials

BTO powders showed a regular shape with an
average particle size of about 1 ym (Figure 2A-B).
According to the XRD pattern (Figure 2C), the electrical
effect is demonstrated by the splitting peak at about 20
of 45° [40]. The fourier infrared absorption spectra
(FT-IR) (Figure 2D) displayed the standard absorption
peak of C=0 stretching vibration of PEGDA
(~1726 cm™") before and after UV crosslinking [41].
Peaks at 1095cm™ and 2867 cm™' were ascribed to
the chemical structure of PEGDA, -COOR and -CHj,,
respectively. Before crosslinking, peaks at 1625 cm™
and 810 cm™' were observed which are characteristic
of C=C double bonds but absent after crosslinking.

i GOV
o S0

A8 9

These results showed that PEGDA was completely
polymerized after UV irradiation.

3.2. Fabrication of Scaffolds

Viscosity is an element that plays a crucial role in
the DLP 3D printing process [23]. Therefore, it is
necessary to explore the viscosity of bioinks first. The
viscosity of each group of bioinks was depicted in
Figure 3A. At a shear rate of 100 s”, the viscosity of PP
was the lowest at 617.7 mPa-s, while the viscosity of
PP/1%BTO was the highest at 730.3 mPa-s. The
viscosity of PP/2.5%BTO and PP/5%BTO were 646.4
mPa-s and 694.4 mPa-s, respectively. After adding
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Figure 2: Characterization of raw materials (A) SEM images of BTO powders. (B) particle size distributions of BTO powders. (C)
X-ray diffraction spectrum of BTO powders. (D) FT-IR spectra of PEGDA before and after UV crosslinking.
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Figure 3: Dynamic viscosity (A) and UV absorption properties (B) of bioinks with different BTO powder content. (C) Curing depth
of bioinks at different exposure energies. (D) Photography of one scaffold and its corresponding 3D model picture.

BTO powders, the viscosity of the bioinks was slightly
improved, among which PP/1%BTO had the highest
viscosity. But in general, the viscosity of bioinks was in
the suitable range for DLP 3D printing.

We investigated the UV light absorption of bioinks.
As shown in Figure 3B, all bioinks had high UV light
absorption values below the wavelength of 350 nm,
while the values above 390 nm were already low.
Therefore, UV light with a wavelength of 405 nm was
chosen as the light source of the DLP 3D printer.

Curing depth and forming precision are the key
factors that influence the quality of scaffolds, which are
determined by the exposure energy [42]. The
relationship between curing depth and exposure
energy was tested, and mathematical fitting was done
according to Eq. (2.2). The results were shown in
Figure 3C. With increasing BTO content, the slope of
the fitting Eq. (D,) gradually decreased, which meant it
required more exposure energy to obtain a certain
curing depth. While the excess exposure energy would
cause poor forming accuracy. Taking both into
consideration, the exposure energy of PP, PP/1%BTO,
PP/2.5%BTO and PP/5%BTO was selected as 240,
300, 320 and 360 mJ/cm?, respectively.

The successful printing PP/5%BTO scaffold is
shown in Figure 3D. The small picture in the lower left

corner of Figure 3D is the 3D model corresponding to
the scaffold. The scaffold accurately restored the
model, and some details, such as the aperture, are
preserved, indicating that the printing parameters are
suitable.

3.3. Characterization of Scaffolds

The microstructure of composite scaffolds is shown
in Figure 4A. The surface of PP scaffolds was very
smooth, while the surface of other scaffolds with BTO
added showed the presence of BTO particles. The
surface roughness of the scaffolds increased as the
amount of BTO particles increased. Simultaneously,
there were several small holes scattered across the
surface of the scaffold, showing that the composite
scaffolds had a porous structure that was
advantageous for cell adhesion and growth [43, 44].
According to Figure 4B—C, EDS mapping of the
PP/5%BTO showed that the special elements (Ba and
Ti present in BTO) were uniformly distributed,
indicating that BTO particles were evenly distributed in
the scaffolds.

The scaffolds' FT-IR spectra are shown in Figure
4D. The peak at 810 cm™ which represented the C=C
double bond vanished indicating PEGDA was
completely polymerization. As the BTO content grew,



54  Journal of Composites and Biodegradable Polymers, 2023, Vol. 11

Zhang et al.

Y
D ; E
'
'
'
y ' .
= |pP2.5%BTO ' - 3
] s <
3 ' : S
= ' S = 2004
= ' z g
% PPI%BTO S Z [PP25%BTO 2
S I~ ~ . e ~ £ =
= \\ f \,L\\/\/\/ : £ =
V/ 3 = lepnBro 7 1004
: ‘ n
A —
)
'
'
'

1800 1500 1200 900 600 10 20 30
Wavenumber (¢cm™)

50 60 70 80

30 “'\'0
2 Theta (degree) v ‘,w\“l»“ ‘,vl“»:""“ vw;_.o)u

Figure 4: (A) SEM of PP/5%BTO. (B) Element distribution of scaffold (Ba). (C) Element distribution of scaffold (Ti). FT-IR spectra
(D), X-ray diffraction spectrum (E) and swelling ratio (F) of each group of scaffolds.

so did the strength of the peak at 1100 cm™. The whole
curve exhibited a minor move to the right, indicating
that there were few hydrogen bonds formed.

The X-ray diffraction spectra of scaffolds are shown
in Figure 4E. In addition to PP, the characteristic peaks
of other groups appeared at 21.98°, 31.36°, 38.64° and
so on, which positions were as same as those of BTO
powders showed in Figure 2C. The splitting peak at
about 26 of 45° can also be observed in PP/1%BTO,
PP/2.5%BTO and PP/5%BTO, which demonstrated the
electrical properties of scaffolds. Furthermore, the
strength of the characteristic peaks rose as BTO
content in the scaffolds increased, and this meant the
improvement of the electrical properties of scaffolds
with the increase of BTO powder content.

The ideal scaffolds should be able to absorb fluid
buildup from cartilage damage and maintain moist
microenvironment [45]. The swelling rate of the
scaffolds is shown in Figure 4D. After soaking in PBS
for 24 hours to achieve swelling equilibrium, there was
little difference in the swelling rate among the four
groups. The swelling rate of the PP/1%BTO was the
highest, which was 291%. With the increase of BTO
content, the expansion rate gradually decreased, and
swelling rate of the PP/5%BTO was already lower than
that of the PP. In general, the swelling rate of the
scaffolds was to meet the clinical requirements.

3.4. Mechanical Properties of Scaffolds

The ideal electrical cartilage scaffolds should have
similar mechanical properties to human cartilage[46],

which has certain strength, elasticity, and fatigue
properties [47]. The mechanical properties of the
scaffolds were indicated by the compression test. The
scaffolds' compressive stress-strain  curves are
depicted in Figure 5A. A photograph of the
compression test is also contained. Compared with PP,
the strength of other groups had improved. As the
content of BTO increased, the compressive strength of
scaffolds improved. The strength of PP/5%BTO was
increased by three times. The compression modulus
also had the same trend as shown in Figure 5B.
Compared with PP, modules of other groups had
improved, too. Among them, the modulus of
PP/5%BTO almost doubled. The energy absorption of
scaffolds is shown in Figure 5C. The addition of BTO
powders increased the energy absorption of scaffolds
several times, and PP/5%BTO had the highest
increase, which was almost five times higher than PP.
The addition of BTO powders made composite
scaffolds possess a superior ability to resist
deformation.

Cyclic compression tests were carried out to
determine the fatigue properties of the scaffolds. The
result of PP/1%BTO is shown in Figure 5D and results
of other groups can be found in supplementary
information. Results showed that the PP/1%BTO cloud
tolerated consecutive loading-unloading deformation
for ten cycles at 40% strain, demonstrating that the
scaffolds had sufficient damage tolerance under
pressure. However, to complete ten cycles, the strain
of PP/2.5%BTO and PP/5%BTO must not exceed 35%
and 30%, respectively. Of course, the bigger the
scaffold's BTO powder content, the greater the force



3D Printing of Hydrogel/BaTiO; Composite Scaffolds

Journal of Composites and Biodegradable Polymers, 2023 Vol. 11

55

A 250

200 A

PP
- PP/1% BTO
=+ =PP/2.5% BTO
PP/5% BTO
_—

—

h

=
1

Stress (Kpa)

—_

=3

=
1

Strain (%)

b=

0 T

) 9 0
e o o= = ovls W

Figure 5: Mechanical properties of scaffolds. (A) Compressive
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required to generate the same strain. All results
revealed that the addition of BTO powders significantly
improved the mechanical strength of the scaffolds
while having some negative effects on the fatigue
characteristics. Therefore, it's significant to determine
the amount of BTO powders added so that the
scaffolds can achieve an excellent balance between
mechanical properties and flexibility.

3.5. Electrical Properties of Scaffolds

To detect the electrical properties of scaffolds, a
voltage output test was performed. As shown in Figure
6A, PP as a control also exhibited a tiny voltage of 3
mV under pressure. This may be due to the
triboelectricity generated by the scaffolds and
conductive tape during compression. Figure 6A shows
that after BTO powders were added, all scaffolds had a
certain voltage output, which was a manifestation of an
electrical effect. The voltage output of the PP/1%BTO,
PP/2.5%BTO and PP/5%BTO were approximately 50,
75 and 100 mV, respectively. It can be known that with
the increase of BTO content, the voltage output of the
scaffolds increased. Therefore, to improve the voltage
output of the scaffolds, increasing the amount of BTO
powders added is an effective way. However,
according to results in Section 3.3, the addition of
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excessive BTO powders will have some negative
effects on the mechanical properties. According to the
situation to determining the proportion of added BTO
powders so that the voltage output and mechanical
properties are in line with the cartilage scaffold
requirements is the most reasonable.

Further, the influence of different stress on the
voltage output of scaffolds was also investigated.
PP/5%BTO was selected as the representative of this
part for the test. As shown in Figure 6B, they
demonstrated the voltage output of scaffolds at stress
of 25, 50, 100 and 200 kPa, respectively. There is a
clear relationship between the voltage output and the
applied stress. When the stress increased, the voltage
output also improved. Initially we got a voltage output
of 100 mV under stress of 50 kPa. When the stress
increased to 100 kPa, the voltage output
correspondingly increased to 150 mV. Then, when the
stress further increased to 200 kPa, the voltage output
also reached 300 mV, which was three times the initial
value. Similarly, when the stress was reduced to 25
kPa, the voltage output was also reduced to only 50
mV. This showed that in addition to changing the
proportion of added powders, the voltage output of
scaffolds can be controlled by adjusting the applied
stress.
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Figure 6: Electrical properties of scaffolds. (A) Voltage output of scaffolds under 50kPa stress. (B) Voltage output of PP/5%BTO

under different stress.
3.6. In Vitro Degradation

Biomaterials must have good biodegradability to be
broken down and absorbed in the human body [48, 49].
The degradation ratio of all groups is shown in Figure 7.
All scaffolds are degradable. After 14 days of SBF
immersion, the degradation rate of PP was 2.8%. The
degradation rate of other groups with BTO powders
was higher than that of PP. The highest degradation
rate was 7.1% in PP/2.5%BTO. This could be because
the inclusion of BTO powders increased the number of
holes within the scaffolds. The degradation speed of
scaffolds in different stages was also different. In the
first four days, the degradation rate of the scaffold was
faster. After that, the degradation rate slowed down. In
general, the degradation rate of scaffolds was relatively
slow. These results indicated that the composite
scaffolds have good degradability and may be an ideal
choice for cartilage repair.
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Figure 7: Degradation rate of scaffolds.

4. CONCLUSION

In this study, we created photocurable
hydrogel/BaTiO; composite bioinks with viscosity and

other parameters suitable for DLP 3D printing. Then a
DLP 3D printer was utilized to fabricate composite
cartilage scaffolds with highly improved mechanical,
electrical, and degradable properties. The inclusion of
BaTiO; powders was discovered to significantly
improve the mechanical characteristics of hydrogel
scaffolds. Compared with pure hydrogel, the
mechanical strength of composite scaffolds rose
threefold, the compression modulus doubled, and the
energy absorption increased fivefold. Mechanical
property enhancements could increase the stability of
cartilage scaffolds and wide their application situations.
Besides, the composite scaffolds exhibited superior
electrical properties, with a voltage output of 100 mV
which was two orders of magnitude greater than that of
pure hydrogels. As a result, the composite scaffolds
can generate an electrical microenvironment
comparable to that seen inside the human body which
plays a critical function in stimulating -cartilage
regeneration and remodeling. Furthermore, the
composite scaffolds also had a high degradation rate
which reached 7% after 14 days of SBF immersion.
This lays the groundwork for the in vivo implantation of
composite cartilage scaffolds. In general, the
hydrogel/BaTiO; composite scaffolds have improved
mechanical properties, excellent electrical properties,
and superior properties. We believe it will contribute to
the clinical treatment of cartilage injury.
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