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Abstract
Purpose Porous tantalum (PT) has been widely used in orthopaedic applications for low modulus of elasticity, excellent biocom-
patibility, and the microstructures similar to cancellous bone. In order to improve the biological activity of PT, biologically active
factors can be combined with the material. The purpose of this study was to investigate if bone morphogenetic protein 7 (BMP-7)
modifications could enhance the repairing of cartilage of PT in osteochondral defect in medial femoral condyle of rabbits.
Methods A cylindrical osteochondral defect model was created on the animal medial femoral condyle of and filled as follows: PT
modified with BMP-7 for MPT group, non-modified PT for the PT group, while no implants were used for the blank group. The
regenerated osteochondral tissue was assessed and analyzed by histological observations at four, eight and 16 weeks post-
operation and evaluated in an independent and blinded manner by five different observers using a histological score.
Osteochondral and subchondral bone defect repair was assessed by micro-CT scan at 16 weeks post-operation, while the
biomechanical test was performed at 16 weeks post-operation.
Results Briefly, higher overall histological score was observed in the MPT group compared to PT group. Furthermore, more new
osteochondral tissue and bone formed at the interface and inside the inner pores of scaffolds of the MPT group compared to PT
group. Additionally, the micro-CT data suggested that the new bone volume fractions and the quantity and quality of trabecular
bone, as well as the maximum release force of the bone, were higher in the MPT group compared to PT group.
Conclusions We demonstrated that the applied modified PTwith BMP-7 promotes excellent subchondral bone regeneration and
may serve as a novel approach for osteochondral defects repair.
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Introduction

Articular cartilage is a tissue of tremendous durability and
resilience that permits pain-free movement by greatly

reducing friction between bones and distributing stress of nu-
merous loading cycles within our joints. Articular cartilage
has a low intrinsic regenerative capacity due to its avascular
nature. Unfortunately, when cartilage gets damaged due to
injury or disease, it has a limited capacity to heal and can lead
to rheumatoid arthritis and joint malfunction.

Regardless of the extensive efforts undertaken to success-
fully treat and repair cartilage damage and cartilage defects,
these still remain very complex issues in clinical practice
[1–4]. Although tremendous progress has been made in the
field of cartilage repair, current clinical therapies, including
hyaluronan injection, subchondral drilling, autologous chon-
drocyte implantation, and mosaicplasty, still encounter obsta-
cles such as fibrocartilage tissue formation and poor host in-
tegration [5–8]. To address these challenges, engineered re-
generative medicine has showed a promising role in providing
better solutions. Osteochondral autograft transplantation and
the mosaicplasty technique are considered a gold standard
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among the grafts. However, these methods are plagued by
limited donor sources, site morbidity, pain, and the risk of
infection as well as poor integration between the host and
donor tissues. The ideal orthopaedic implant material should
have good biocompatibility, enough mechanical strength,
three-dimensional porous structures similar to normal bone,
good plasticity, osteoconduction, and osteoinduction.
Recently, trabecular metal (TM) has been used in revision
arthroplasty procedures and for variety of different applica-
tions in reconstructive orthopaedic surgery [9–13]. TM has a
high mechanical strength that can provide good support for
new tissue growth, which is especially suitable for load-
bearing parts of bone repair. The commonly used porousmetal
materials are porous tantalum (PT), porous titanium, and their
alloys. The porous structure can facilitate the ingrowth of bone
tissue and form anchorage, significantly enhancing the bond-
ing strength between bone and implant. The rough surface can
effectively improve the stability of PT implant in vivo.
Furthermore, the porosity of PT material is 75~85%, with
average pore diameter of 400~600 μm, which is very suitable
for the entry of cells [14–17]. However, the widespread use of
PT in China is limited by the high price. To solve this problem,
in cooperation with numerous domestic research institutions,
Chongqing Runze Pharmaceutical Co., Ltd. (Chongqing,
China) has successfully developed PT materials, prepared by
slip-casting powder through teeming technology. The
physical and mechanical indexes showed that this kind of
PT possesses high porosity (65–80%), appropriate pore

diameter size (400–600 μm), and good mechanical character-
istics (Table 1) similar to those of human bone. The PT may
serve as an excellent substitute material for bone graft in the
future.

Nevertheless, tantalum is a kind of inert metal material, and
lack of adequate tissue-implant integration can lead to early
implant failure, which is actually one of the most significant
clinical challenges. Strategies attempting to address this issue
include generating porous implant surfaces to encourage bone
ingrowth, applying biological interface for adhesion prolifer-
ation and differentiation of seed cells, promoting the genera-
tion and calcification of extracellular matrix to establish solid
bone interface, and meeting the requirements of clinical early
weight-bearing activities. In a previous study, we found that
PT scaffolds modified with the RGD peptide can enhance
repair of segmental bone defects in rabbit radius [18]. This
time, we used bone morphogenetic protein 7 (BMP-7) for
surface modification, which has been used in bone and carti-
lage repair [19–21]. BMP-7 plays an important role in bone
development, bone defect repair, and cartilage differentiation
and is commonly associated with fibronectin and accelerates
cartilage defect healing [22–25]. In our previous experiment,
BMP-7 had shown the good bioability in promoting chondro-
cyte adhesion and proliferation on the surface of PT in vitro.

The purpose of this study was to investigate if BMP-7
modifications could enhance the repairing of cartilage of PT
in osteochondral defect in medial femoral condyle of rabbits
and to provide experimental evidence for future clinical
applications.

Materials and methods

Animals

Forty-eight adult male New Zealand white rabbits (weight,
2.5–3.0 kg) were provided by the Experimental Animal
Center of North China University of Science and
Technology (Tangshan, China). All animal studies (including
the mice euthanasia procedure and experimental protocols)
were done in compliance with the regulations and guidelines

Table 1 Material physical and chemical performance indicators

Indicators Range

Density (g/cm3) 3.5–7

Porosity (%) 65–80

Pore diameter (μm) 400–600

Elasticity modulus (GPa) 2.0–4.6

Ultimate strength (MPa) 110–210

Yield strength (MPa) 75–120

Compressive strength (MPa) 100–170

Tensile strength (MPa) 80–120

Bending strength (MPa) 80–150

Fig. 1 Appearance of porous
tantalum
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of North China University of Science and Technology
Institutional Animal Care and conducted according to the
AAALAC and the IACUC guidelines.

Biomaterial preparation

PT (Chongqing Runze Pharmaceutical Co., Ltd.) selected was
− 250-mesh pure tantalum powder with a certain amount of
additives and added sponge carrier to control the pore diame-
ter of porous materials, porosity, and pore distribution and
approved by slip-casting forming and through 1500–
2100-°C high temperature sintered and post-treatment tech-
nology of necessary preparation (preparation method has been
submitted for patenting). The PT scaffolds were oval-shaped
cylinders, 4 mm in diameter and 5 mm in height (Fig. 1). All
sample rods were rinsed with double distilled water,
autoclaved, and exposed to UV light for 20 min prior each
experiment.

Tantalum loaded with BMP-7 (ProSpec company, pro-770,
Israel) was prepared according the following protocol: 5-mg
rhBMP-7 was dissolved at a concentration of 10 ml of 6-M
urea solution. Consequently, PT rods were immersed in the
solution, preserved for 12 hours in 4 °C, and then freeze-dried
and disinfected with chloroform steam.

Surgical procedure

Forty-eight rabbits were randomly divided into three groups: all
rabbits were operated, modified porous tantalum (MPT) group
(n = 20), PT group (n = 20), and blank group (n = 8) (two extra
rabbits in each group to ensure sufficient sample size). The
materials were implanted on the right side of themedial femoral
condyle. Surgical procedures were performed under general
anesthesia (intraperitoneal injection of 10% chloral hydrate).
Briefly, after preforming the medial parapatellar arthrotomy,
the patella was dislocated and flipped laterally. A 4-mm-diam-
eter, 5 mm-deep osteochondral defect was then created in the
femoral medial condyle using a dental drill. The defects were
carefully and sufficiently lavaged using 0.9% saline solution.

Rods were then inserted into the right knee hole in theMPTand
PT groups (Fig. 2). Contrary, osteochondral defects in the knee
treated with matrix were used for a blank group. Consequently,
rabbits were allowed unrestricted motion within their cages and
operated limbs were not immobilized. After four, eight and
16 weeks post-operation, rabbits were euthanized and the treat-
ed knees were harvested and analyzed in ex vivo. Post-
operative animal care was done by experienced trained person-
nel and supervised by veterinarians.

General observations

Bone defect sites and bone surrounding areas were harvested
on four, eight and 16 weeks post-operation. The cartilage de-
fects were observed to examine bone defect healing. Boner
repair effect of each group was analyzed according the general
standard [26, 27] (Table 2).

Fig. 2 The operation process. a
Osteochondral defect on the
condylus medialis femoris (right).
b Porous tantalum was implanted
into the defect on the medial
femoral

Table 2 Gross observation standard for evaluation of cartilage defect
repair

Observation index Score

Repair defective edge

Completely covered defect area 2

Partially covered defect area 1

Uncovered defect area 0

Surface regularity smooth and intact

Smooth and intact 2

Partially smooth and intact 1

Rough 0

The defect filled

Completely filled defect area 2

Partially filled defect area and slight depression 1

Significant depression or overgrowth 0

Neocartilage color and transparency

Transparent 2

Translucent 1

Opaque 0
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Fig. 4 Gross appearances during
4, 8, and 16 weeks in a MPT
group, b PT group, and c blank
group

Fig. 3 The images of MTS- 858
and push-out testing
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Scanning electron microscope analysis

The PTs were removed and analyzed on four, eight and
16 weeks post-operation, and histological evaluations were
sequentially performed on the same specimen. Briefly, the
specimen was washed twice using 0.1% phosphate buffer,
dehydrated with gradient tert-butanol, and stored at − 10 °C
for one hour. Consequently, the specimen was dried using
vacuum, fixed using conductive adhesive on the copper, and
metal spraying. Finally, the tantalum rod surface of cartilage
and bone tissue growth was observed by SEM.

Hard tissue section analysis

After observing the experimental animal specimens, the im-
plant material with surrounding 0.5-cm tissue was removed,
washed with PBS, then trimmed, and fixed in 10% formalde-
hyde. Following dehydration, infiltration, embedding (20-g
benzoyl peroxide in 800-ml methacrylic acid methyl ester,
phthalic acid, and 200-ml dibutyl), and polymerization, a met-
al slicer was used to cut the material along the direction par-
allel to the longitudinal axis of the PT rod, fully exposing its
plane. The plane was polished and 70-μm slices were pre-
pared, which were ground down to 20 μm, dried, and exposed
to glycol ether ester to remove any plastic. The optical micro-
scope was used to observe the tissue voids within the cartilage,
as well as the growth of the bone within the PT and
surroundings.

CT examination

On 16 weeks post-operation, three specimens were randomly
selected from MPT and PT groups, respectively, and the PT
and the surrounding bone were scanned using an micro-CT
device (eXplore Locus SP, GE Healthcare, London, Canada).
Three specimens of each groups around the bubble fixed were
placed vertically in the sample holder. The scanning parame-
ters were as follows: 14-μm resolution, 270-minute scanning
time, 360° rotation, 0.4° rotation angle increment, 3000-ms
exposure time, 80 kV, 80 μA, 2960-ms exposure time, the
average frame of 4, and pixel combination for 1 × 1. The in-
terface and the surrounding bone in 16 weeks were observed
and analyzed using three-dimensional reconstruction, recon-
struction fringe normalization correction software, Hounsfield
scale correction, and visualization software (MicroView ABA
2.1.2, GE Healthcare, London, Canada).

PTmaterial and the surrounding area of the 5-mm diameter
cylindrical were selected as main region of interest (RIO).
Main parameters of the software automatic generation includ-
ed: (1) bone intertrabecular space (trabecular spacing, Tb. Sp),
μm representation; (2) bone density of tissue mineral density
(tissue mineral density, TMD): per unit volume is higher than
the set value of bone mass, expressed in mg/cm3; (3) bone

trabecular thickness (trabecular thickness, Tb, Th); (4) trabec-
ular number (trabecular number, Tb. N), expressed as a 1 mm;
and (5) bone volume fraction (bone volume fraction, BV/TV)
which the trabecular bone volume (BV) divided by the ROI
volume (TV), expressed as %.

Launch experimental

In this study, the displacements recorded by MTS 858 (MTS
Inc., Arlington, VA, USA) were used to calculate the specimen
deformation. Briefly, on the 16 weeks post-operation, six spec-
imens were randomly selected from MPT and PT groups, re-
spectively. The specimen sections were placed on the MTS de-
vice, and the launch test was performed using the displacement
rate of 2 mm/min until the specimen loosed. Consequently,
stress/displacement curve, stress plot, and deformation were
measured [28] (Fig. 3).

Statistical analysis

Values were presented as mean ± standard error of mean
(SEM). ANOVA and Student’s t test were used to compare
data between groups. P < 0.05 was considered as significant
different. Data collected from quantitative parameter was an-
alyzed using independent t test. Values were presented as
mean ± SEM. Differences at 5% level were considered signif-
icant. All analyses were performed using SPSS 20.0 software.

Fig. 5 The gross score of cartilage repair

Table 3 The gross score of cartilage repair (X ± S, n = 6)

Group 4w 8w 16w

A 2.500 ± 0.548 5.500 ± 0.548* 7.833 ± 0.408*

B 2.167 ± 0.408 4.000 ± 0.632 5.167 ± 0.753

t value 1.195 4.392 7.628

P value 0.260 0.001 0.000

*Compare with B group, P < 0.05
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Results

Post-operative observations

All rabbits were awake within 2 h after the operation and were
immediately placed on a normal diet. Movement and body
weight two weeks post-operatively. No post-operative com-
plications such as wound dehiscence or infections were ob-
served. All the animals survived uneventfully.

General observation

In week four, small amount of cartilage like-tissue was ob-
served on the defect surface of MPT group, while no tissue
was observed in the PT group (Fig. 4, fourth week).
Consequently, in week eight, cartilage like-tissue was observed
in both MPT and PT groups (Fig. 4, eighth week). Moreover,
defects in the untreated rabbits (blank group) did not heal

(Fig. 4c). In addition, incomplete osseous filling with a purely
fibrous top layer was found in the blank group. Moreover, no
signs of tissue inflammation and graft-host reaction were ob-
served in MPT and PT groups. Histological score suggested
that the cartilage repair gross score was spastically higher
(P < 0.05) in eight and 16 weeks post-operation in the MPT
group compared to a PT group (Table 3) (Fig. 5).

Microscopic analyses of porous tantalum

Surface characteristics of PT discs were observed under
SEM, (Fig. 6). Briefly, open three-dimensional structures
of Ta with dodecahedral pores fully interconnected by
smaller openings were observed. Material surface and
cross-sections had an interconnected pore distribution, with
a pore diameter of 400–600 μm. The trabecular pillars had
a microporous structure, with a diameter of 100 μm. Pore
distribution was uniform and the pores were interconnected.

a

b

Fig. 6 Scanning electronmicrographs of unseeded porous tantalum using
50, 200, 500, and 1000 magnification. a Porous tantalum specimen
morphology, with a rough and irregular surface and interconnected
pores with diameters of 400–600 μm. Material surface and cross-
section show interconnected pore distribution, with a pore diameter size

of 200–400 μm (scale bar, 200 μm). b Trabecular pillar exhibits a
micropore structure, with the diameter of the interval of the trabecular
pillar 100 μm (scale bar, 100 μm). Micropore structure of the trabecular
pillar, where the diameter of the micropores was 10μm (scale bar, 50μm)
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The microporous structure with interconnected pores had a
diameter of 200–400 μm, the particle diameter was 20–
50 μm, and there were 50–200-μm interstices between
the particles (Fig. 6a–e).

Microscopic analyses of the implant
and the surrounding tissue

Four weeks post-operation, small amounts of calcium salt,
new cartilage, and osteoblasts were found on the material
surface in MPT and PT group. Osteoblasts were attached
to PT surface by pseudopodia. Small amount of new bone
tissue was observed within the pores in both groups. Most
importantly, during week four, higher amount of calcium salt
deposition, higher cartilage formation, and higher number of
osteoblast were observed in the MPT group compared to PT.
Consequently, during weeks eight and 16, the deposition of
calcium salt gradually increased, the new cartilage and bone
cells connected the flakes, extracellular matrix covered the
surface pores of PT, and the emergence of a large number of
new bone tissue was observed, in both groups; however,
once aging, higher amount of calcium salt deposition and
extracellular matrix coverage were observed in the MPT
group compared to PT (Fig. 7).

Histological analyses

At four, eight and 16 weeks after surgery, new bone mass and
maturity gradually increased at the interface and inside the
inner pores in theMPTand PT groups, the new bone gradually
grew from the surrounding to the inner pore, and the new bone
formed in the MPT group was better than that of the PT group
(Fig. 8).

Micro-CT analysis

Cross-sectional and coronal scanning as well as three-
dimensional reconstruction images at 16 weeks after sur-
gery showed that there were newly formed bones in the
surrounding and inner pores of the implants; the combi-
nation at the interface between the implant and host bone
was firm without PT fracture (Fig. 9). On the 16th week
after surgery, every specimen scanning results of three-
dimensional reconstruction and bone histomorphometric
analysis showed that the interior surface and the sur-
rounding bone TMD, BV/TV, TB. N, as well as the
TB. Th, and Tb. Sp were significantly higher in the
MPT compared to the PT group (P < 0.05), however the
Tb. Sp (Table 4).

4 week

                                                              8 week

16 week

a1 a2 b1 b2

a1 a2 b1 b2

a1 a2 b1 b2

Fig. 7 The SEM images of porous tantalum after surgery (SEM ×1000) in a MPT group and b PT group. 1: 4 weeks; 2: 8 weeks; 3: 16 weeks
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Launch experimental analysis

During four, eight and 16 weeks after surgery, the launch
experimental results showed that the maximum launch force
increased overtime in both groups. However, the higher max-
imum launch force was observed in the MPT group compared
to PT group (P < 0.01) (Table 5).

Discussion

Injuries of cartilage and subchondral bone are still challenging
issues in orthopaedics. Bone graft replacement is one of the
commonly employed methods for the treatment of cartilage
defects. Suitable bone graft materials should possess the

spatial structure, mechanical properties, and bone induction.
At the same time, with cartilage subchondral bone being dam-
aged, the material should provide good support for
subchondral bone defect and a good platform for the repair
of articular cartilage injury. Thus far, PT has shown to be a
promising material for bone tissue engineering. The PT has
high porosity (75–80%), good tissue compatibility, a large
surface friction coefficient, and the appropriate elastic modu-
lus that closely matches that of human bone. Due to all these
qualities, PT has been widely applied in arthroplasty, spinal
fusion surgery, and the femoral head necrosis treatment [29,
30]. BMP-7 is a member of the bone morphogenetic protein
family, which has very strong ectopic osteogenesis, can form
ectopic new bone, and has an important role in the repair of
bone defects and cartilage differentiation [31, 32]. Engineered

a1

a2 a2a2 a2

b1

b2 b2b2

Fig. 8 The toluidine-blue-stain of
repaired osteochondral defects
after surgery in a MPT group, b
PT group. 1: 4 weeks; 2: 8 weeks;
3: 16 weeks
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regenerative medicine and supplemental growth factors have
been used to repair damaged hyaline cartilage; nevertheless,
there are only few reports relating to the development in re-
cipient’s defective region from scaffold implantation during
the post-operative rehabilitation stage [33–36]. In the present
study, the PT material was loaded with BMP-7 and was im-
planted in the rabbit model with femoral condyle cartilage
defect. Gross observation, hard tissue section, SEM method,
micro-CT, and biomechanical experiments were used to ob-
serve the effect of PT and BMP-7 complex on rabbit articular

subchondral bone and cartilage defect repair and to provide
experimental evidence for future clinical applications. The
limitation of the present study is a lack of BMP-7 only group,
which would provide more information about the BMP-7 pro-
moting repairing process of osteochondral defect. A previous
study used fibrin gel combined with porous titanium as scaf-
fold material, to investigate the effects of BMP-2 on bone
defect repairing, with a BMP-2 only group that loaded
BMP-2 on fibrin gel only [37]. However, in the present study,
we used the PT as the only scaffold material in the present

Fig. 9 Coronal (a), sagittal (b),
and transverse (c) images of and
3D reconstructed micro-CT in
each group at 16 weeks after the
operation

Table 4 The results of bone
histomorphometry (X ± S, n = 6) MPT group PT group T P

TMD (mg/cm3) 992.608 ± 10.845* 856.523 ± 16.435 16.929 0.000

BV/TV (%) 0.193 ± 0.007* 0.122 ± 0.008 16.882 0.000

Tb. N (mm) 41.643 ± 1.185* 33.69 ± 1.153 10.066 0.000

Tb. Th (mm-1) 3.793 ± 0.053* 3.298 ± 0.098 10.919 0.000

Tb. Sp (mm) 192.967 ± 11.799* 271.925 ± 9.803 12.608 0.000

*Compare with PT group, P < 0.05
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study, which limited our ability to set up an only BMP-7
group. Further, we do not think it is appropriate that injection
of BMP-7 is only in the osteochondral defect without any
scaffold material.

In the present study, we established rabbit model with fem-
oral condyle cartilage defect in the femoral condyle weight-
bearing area which is the predilection site.

Previous studies have suggested that after six weeks, the
defect diameter less than 3 mm will partly or completely heal;
so in the present study, we selected the defect region with 4-
mm diameter and 5-mm depth [38]. Experimental results re-
vealed that in the control group, 16 weeks post-surgery, carti-
lage defect regions were covered with fibrous tissue and
fibrocartilage, and there was no self-healing. Also PT com-
pound BMP-7 group and pure PT group had different levels of
repair, which implies that the models were successful.

Post-operative general observations that increased with
time were as follows: the combined material and host bone
gradually closed, cartilage defect region was gradually cov-
ered by new cartilage tissue, and the overall situation of the
cartilage repair with PT compound BMP-7 was better com-
pared to PT group. The control group also observed a success-
ful healing, but with the internal defect formation and without
the formation of chondroid tissue. The results suggested that
PT could repair the defect of the subchondral bone; neverthe-
less, the high pore ratio and porosity of the composite mate-
rials are beneficial for the osmotic release of BMP-7 and the
transfer of cellular factors from the host bone to the defected
regions, which in turn provides favorable conditions for carti-
lage repair. Previous studies have shown that BMP-7 com-
pound with biological materials can significantly accelerate
the integration of host bone and material and has the obvious
effect on bone conduction [39]. The results of this study also
suggest that the PT compound with BMP-7 can create the
microenvironment favourable for cartilage and bone regener-
ation and provide a new experimental basis for repairing car-
tilage defect.

In the present study, hard-tissue specimen sections were
observed after implantation and the implanted tantalum rods
were taken out and scanned with electron microscope. Results
showed that with time, new cartilage and bone cells appeared
and increased on the interface of PT and host bone; the new
formed bone trabeculae began to grow into the pores; bone
tissue gradually combined with PT; and cartilage defect areas

were gradually covered by chondroid-like tissues. Hard tissue
slices and scanning electron microscopy results showed that
PT compound with BMP-7 was better compared to PT. From
the previous research on PT acetabular implantation in dogs,
the histology and SEM results of the combination of bone and
prosthesis interface found that the bone ingrowth depth was
0.2–1.2 mm, meaning host bone and prosthesis can form a
solid combination [40]. These conclusions were very similar
to ours. Furthermore, 16 weeks post-operatively, the speci-
mens were scanned bymicro-CT for three-dimensional recon-
structions and measured by bone histomorphometry. There
was a small amount of trabecular bone around the material
which gradually increased and finally achieved good integra-
tion with the surrounding host bone. Nevertheless, the quan-
tity and thickness of trabecular bone of PT were significantly
lower compared to the PT compound with BMP-7 group.

In the previous study of porous titanium composite/type I
collagen scaffold used to repair cartilage defect in caninemod-
el in glycosaminoglycan, micro-CT results showed that the
new bone tissue around the scaffold was higher compared to
scaffold itself, which overall had good healing effect on the
cartilage defected area, and the results were similar to ours
[41]. There are studies found that cartilage-associated genes
(collagen type II, AggC, Sox 9) could affect growth of carti-
lage tissue [42]. And some researchers have put forward and
defined the term chondroconductive as providing a scaffold
for the growth of cartilage and supporting structures [43]. PT
has an open-pore structure; it seems to stimulate the growth of
cartilage. They predicted that the remaining defect will then be
filled by periosteum-derived subchondral bone and
neocartilage formation. The strong bone integration capacity
of TM and the high grade of integration are observed from
periosteal chondrogenesis. In this study, PT combined with
BMP-7 may also promote hyaline-like cartilage tissue by af-
fecting cartilage-associated genes and established the support
of the subchondral bone to complete the development of peri-
osteal cartilage. However, the concrete mechanism will still
remain pending further investigation.

Furthermore, the biomechanical test was performed on the
samples, revealing that with the increase of time, the maxi-
mum power of every group gradually increased, and the time
data point were statistically different. At each time point, the
maximum power of the PT composite BMP-7 group was
greater compared to the PT group, and the difference was

Table 5 The maximum release
force (unit: Newton, X ± S, n = 6) Group 4w 8w 16w F P

MPT 291.764 ± 16.599* 506.332 ± 21.348*a 620.775 ± 23.211*ab 395.39 0

PT 230.511 ± 20.221 434.730 ± 16.236 515.125 ± 20.205 358.57 0

T 5.74 6.54 8.41

P 0 0 0

*Compare with PT group, P < 0.05
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statistically significant (P < 0.05). Also, the maximum power
of the PT composite BMP-7 group was greater compared to
the PT group (P < 0.05). These results suggest that PT can
form good integration with the host bone, and the better com-
posite effect is achieved with addition of BMP-7. The rough
surface of PT can enlarge the contact area with the host bone
and porous structure can form the mechanical interaction nec-
essary for bone ingrowth [44, 45].

According to the experimental results and presented re-
search review, PT compound with BMP-7 can form stable
connection and integration with the host, promoting cartilage
and subchondral bone defect healing. Furthermore, it provides
a new experimental basis for further cartilage and bone injury
repair via tissue engineering scaffolds.
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