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This study was aimed at researching the effect of adipose-derived stem cell (ADSC) composite with new nanomaterials on
repairing osteonecrosis of the femoral head (ONFH). Nanophase hydroxyapatite/collagen bone material was composited with
ADSCs to form a new nanobone material. 24 bone defect rabbits were divided into S1 group (implanted with ADSC composite
with nanophase hydroxyapatite/collagen bone material 14 days after modelling), S2 group (implanted with nanophase
hydroxyapatite/collagen bone material), and S3 group (simple models). HE staining was used to measure the percentage area
of trabecular bone and bone mineral density in rabbit femoral tissue, the load strength of femoral head was measured by
orthopedic biomechanical tester, and the number of FVII-Ag-positive cells was detected by immunohistochemistry. There were
8 rabbit models in each group. ADSCs showed black nodules after alkaline phosphatase staining, which was a positive reaction.
The OD value of ADSC cells showed a trend of increasing first and then decreasing. The growth rate of ADSC cells was
relatively slow in 1-4 days, the growth rate was significantly accelerated in 4-6 days, and the growth inhibition period was
entered after 6 days. After hematoxylin-eosin (HE) staining, many scattered bone trabecular structures and bone marrow
tissues were found in the rabbits in the S1 group. The nanomaterials were still observed in the rabbits in the S2 group after
surgery, and large sheets of bone trabecula appeared with the formation of medullary cavity partially. The bone marrow tissues
of the rabbits in the S3 group disappeared partially after surgery, and undifferentiated mesenchymal stem cells and capillaries
appeared with many scattered bone trabeculae. The rabbits in the S1 group had significantly higher trabecular bone percentage
area and bone mineral density (59:76 ± 6:23; 0:141 ± 0:015 g/cm2) than the S2 group (42:51 ± 7:03; 0:113 ± 0:008 g/cm2), and
the differences were statistically significant (P < 0:05). The postoperative load strength of rabbits in group S1 was significantly
higher than that in group S2, and the difference was statistically significant (P < 0:05). ADSC composite with the new
nanomaterial had a good repairing effect on ONFH.

1. Introduction

Osteonecrosis of the femoral head (ONFH) refers to a dis-
ease in which the blood supply of the femoral head is inter-
rupted or damaged. It causes the death and subsequent
repair of bone cells and bone marrow components, then
leading to changes in the structure of the femoral head, col-
lapse of the femoral head, and joint dysfunction. Also known
as avascular necrosis of the femoral head, it is a common
refractory disease in orthopedics [1–3]. There are many fac-
tors that cause ONFH, including hip trauma, glucocorti-
coids, and long-term drinking. According to different

causes, it can be classified into traumatic ONFH and non-
traumatic ONFH [4]. In the early stage, it is mainly mani-
fested as pain of side buttocks, groin, or waist; radiating
pain in the knee joint; and chills, asthenia, and soreness
and tingling of the lower limbs [5]. These symptoms may
persist and be gradually worsened, or they may disappear
in a short term and have repeated attacks. In the middle
and late stages, pain and stiffness are gradually increased,
and claudication occurs [6, 7]. However, these early symp-
toms are not typical, which makes the difficulty of early
detection and treatment greatly in the clinical practice. The
current treatment for ONFH is mainly to prevent the
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collapse of the femoral head and try to maintain the biolog-
ical hip joint for a long time, which includes nonsurgical
treatment and surgical treatment [8, 9]. Nonsurgical treat-
ment is suitable for people with a small area of ONFH and
no bone collapse. For more serious cases, surgical treatment
is required.

Adipose-derived stem cells (ADSCs) are derived from
the mesoderm during embryonic development. They are a
type of adult stem cells with self-renewal and multidifferen-
tiation potential. They can be induced to differentiate into a
variety of cells of fat, bone, cartilage, pancreatic islet β cells,
and myocardium under specific conditions, widely used in
clinical practice [10–12]. Studies have shown that ADSCs
can have an induced differentiation into chondrocytes in
the microenvironment in vivo. With the proliferation and
passage of chondrocytes, the therapeutic effect of cartilage
repair is achieved, which provides a basis for the treatment
of osteonecrosis [13]. With the development of nanotech-
nology, more and more nano-biomaterials have been devel-
oped and utilized [14]. Guo et al. [15] prepared a polyvinyl
alcohol/nanohydroxyapatite/polyamide 66 biocomposite,
which was used in the repair and treatment of articular car-
tilage and subchondral defects in rabbit knee joints. It was
found that the nanocomposite has good histocompatibility
and is a satisfactory substitute for articular cartilage and sub-
chondral bone. Xiong et al. [16] analyzed the repair effect of
porous nanohydroxyapatite/polyamide 66 (n-HA/PA66)
composites on bone defects and firstly performed biosafety
experiments. The porous n-HA/PA66 composite material
had no cytotoxicity, no sensitization, and no thermogenic
reaction, and the hemolysis rate was less than 5%. The mate-
rial was applied to a rabbit model of tibial defect, which
finally showed that the porous n-HA/PA66 composite had
good biosafety, good biocompatibility, osteoinduction, and
osseointegration. Nanophase hydroxyapatite/collagen bone,
as a new nanobone material, has been approved for clinical
treatment; and its crystal composition and size are very close
to those of natural bone. Thus, it can provide a more natural
microenvironment to help bone cells grow, proliferate, and
adhere, having splendid bone repair performance [17].
Therefore, 24 healthy New Zealand white rabbits were
selected as research samples, rabbit ADSC cells were isolated
and cultured, and a rabbit model of femoral head necrosis
was constructed. The rabbits were divided into S1 group
(implanted with ADSC composite with nanophase hydroxy-
apatite/collagen bone material 14 days after modelling), S2
group (implanted with nanophase hydroxyapatite/collagen
bone material), and S3 group (simple models), with 5 rabbits
in each group. Finally, the load strength of the three groups
of rabbit femoral head and the number of FVII-Ag-positive
cells and HE staining were analyzed to comprehensively
explore the repairing effect of ADSC cells combined with
new nanomaterials on femoral head necrosis, so as to pro-
vide further reference for the treatment of osteonecrosis.

2. Materials and Methods

2.1. Research Animals. 24 healthy New Zealand white rabbits
purchased from the animal experiment center were selected

as the research samples, with the weight of 2 ± 0:2 kg of each
one. They were given normal water and food and raised in
an environment of 25°C and 65% relative humidity. The ani-
mal processing and experimental procedures in this study
conformed to the national laboratory animal standards and
had been approved by the ethics committee.

2.2. Cell Isolation and Culture of Rabbit ADSCs. The operat-
ing steps were described as follows. After anesthetization, the
paradidymal fat of the rabbits was taken, and the small blood
vessels and fascia in the fat were removed. Then, the fat was
washed with phosphate buffer solution (PBS) (Wuhan Pro-
ceeds Life Technology Co., Ltd., China) and cut into pieces.
0.16% type I collagenase (Nanjing Xinfan Biotechnology Co.,
Ltd., China) with 2 times of the volume was added to the fat,
and it was incubated with shaking at 37°C for 50 minutes.
Dulbecco’s modified eagle medium/nutrient mixture F-12
(DMEM-12) medium (Suzhou Meilun Biotechnology Co.,
Ltd., China) was used to stop the culture, and 155mM
ammonium chloride (Ammonium Chloride, Zhejiang Long-
sheng Group Co., Ltd., China) was added after filtering. It
was incubated at 37°C for 15 minutes and then was centri-
fuged at 2500 r/min for 20 minutes. After being washed with
PBS, it was centrifuged again to collect the precipitated cells.
The collected cells were inoculated in 4mL DMEM-12 cul-
ture solution and were cultured in an incubator at 37°C with
5% carbon dioxide (CO2). The culture medium was changed
every two days. When the cells grew to about 85% to fuse,
they were washed with PBS, and then, 1mL trypsin/ethyl-
enediaminetetraacetic acid (EDTA) (0.25%/0.02%) mixture
was added. It was waited for 5 minutes, and DMEM-12
medium containing serum was added to shut down the cul-
ture. The obtained thing was centrifuged at 1200 r/min for 5
minutes, and the supernatant was aspirated. An appropriate
amount of DMEM-12 medium was then added for subcul-
ture. When the cells were cultured to the third generation,
dexamethasone at a concentration of 10-8/mol, sodium glyc-
erophosphate (Tianjin Jinyao Group Co., Ltd., China) at
8mmol/L, and ascorbic acid (Hubei Nona Technology Co.,
Ltd., China) at 45μg/mL were added to obtain the osteoblast
culture medium.

2.3. Detection of Proliferation Activity of ADSC Cells. The
growth and morphological characteristics of ADSCs were
observed under a microscope.

The cell viability was detected by the tetramethylazolyl
salt (MTT) (Shanghai Jining Industrial Co., Ltd., China)
method, which followed the steps below. The third-
generation ADSC cell was prepared into a single suspension,
and the concentration was adjusted to be 1 × 106/mL. It was
inoculated in a 16-well plate, with 1mL in each well. After
one day, the culture medium in the wells was aspirated,
and MTT in a concentration of 5mg/mL was added. It was
then incubated for 5 hours at 37°C with 5% CO2. After the
MTT solution was aspirated, 1mL trypsin/EDTA (0.25%/
0.02%) mixed solution was added for digestion, and then,
it was centrifuged at 1200 r/min for 5 minutes. 700μL
dimethyl sulfoxide (DMSO) (Shanghai Baijin Chemical
Group Co., Ltd., China) solution was added into each
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sample well and was shaken for 15 minutes at 25°C to fully
dissolve and mix well. Distilled water was used for zeroing,
then the optical density (OD) value was measured at
450nm, and the cell growth curve of ADSCs was drawn.

2.4. Fusion of ADSCs and Nanophase Hydroxyapatite/
Collagen Material. The nanomaterials were prewetted and
placed in a 16-well plate. The third-generation ADSCs, with
a concentration adjusted to 1 × 106/mL, were inoculated on
the nanomaterials. 120 minutes later, 2mL DMEM-12 cul-
ture medium was added. An inverted microscope was used
to observe the growth of cells in nanomaterials.

2.5. Construction and Administration of Rabbit ONFH
Models. The 24 rabbits were divided into groups S1, S2,
and S3, with 8 rabbits in each group. The rabbits in the S1
group were implanted with ADSC composite with nano-
phase hydroxyapatite/collagen material 14 days after the
models were made. Those in the S2 group were implanted
with nanophase hydroxyapatite/collagen bone material 14
days after the modelling, and those in the S3 group were
simple models merely.

The rabbits were anesthetized with 25mg/kg sodium
pentobarbital (Shanghai Weijin Biotechnology Co., Ltd.,
China) via an ear vein injection. The fur on the left hip
was shaved, and then, the position was disinfected with
iodine. A 5 cm long wound was cut on the posterior hip
joint, as it was completely cut open from the skin surface
to the joint capsule. After dislocation of the femoral head,
the retinaculum for blood supply was disconnected, and
then, the hip joint was reset and sutured. After the surgery,
the drugs of 450,000U/kg were injected intramuscularly
every day for 1 week.

14 days after modelling, the rabbits in the S3 group were
not treated. After the rabbits in the S1 and S2 groups were
anesthetized, the femoral head was exposed from the origi-
nal incision on hip joint. A window with the size of 3 × 3
mm was made under the femoral head with X-ray imaging.
From the window, the necrotic bone tissues were removed. It
was best to implant ADSCs with nanophase hydroxyapatite/
collagen material in rabbits in the S1 group and implant the
nanophase hydroxyapatite/collagen material in those in the
S2 group.

2.6. Observation of the Therapeutic Effect. For animal general
observation, the life status and wound healing of rabbits
were recorded at 1, 3, 5, and 7 weeks after surgery.

For morphological observation, tissue specimens were
taken after the rabbits were killed. The tissues were fixed
with neutral formalin solution and made into paraffin-
embedded sections. The sections were processed with
hematoxylin-eosin (HE) staining and then were observed
under a high-definition microscope to measure the area ratio
of bone trabecula and bone mineral density.

In terms of biomechanics, MX-0580-orthopedic biome-
chanics tester (produced by Shanghai Hengyi Precision
Instrument Co., Ltd.) was used to measure the loading inten-
sity of the femoral head.

The number of FVII-Ag-positive cells was counted
through immunohistochemical staining: with xylene and
100% absolute ethanol, the tissue sections were put in dis-
tilled water. They were taken out, wiped dry, and placed in
0.3% hydrogen peroxide (H2O2) solution for 20 minutes.
Then, they were washed with distilled water and soaked in
PBS. After that, the sections were placed in the blocking
solution for 15 minutes. As they were wiped dry, first

(a) (b)

(c)

Figure 1: Microscopic observation results of ADSCs (400×). ((a)–(c) showed the cells on the first day of primary culture, the cells on the
third day of primary culture, and the third-generation ADSCs, respectively).
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antibody solution was dropped on them. After overnight at
4°C, the sections were washed and infiltrated with PBS.
Then, the secondary antibody was added dropwise. After
15 minutes at 37°C, they were washed and infiltrated with
PBS again. Streptavidin-peroxidase solution was added
dropwise, and the sections were placed for 15 minutes at
37°C. After PBS was added, they were placed again for 15
minutes at 37°C. 3,3′-Diaminobenzidine color developing
solution was then added dropwise, and they were incubated
at 25°C for 15 minutes. After being washed with water, the
sections were counterstained with hematoxylin for 2
minutes. They were dehydrated with gradient alcohol and
became transparent with xylene and then were fixed with
neutral gum and sealed. Ten fields of view were selected
under a high-definition microscope, to observe and record
the number of FVII-Ag-positive cells. The average value
was also calculated.

2.7. Statistical Methods. The data in this study was processed
by SPSS19.0. The measurement data were expressed by the
mean ± standard deviation (�x ± s), and the enumeration data
were expressed by percentage (%). Pairwise comparisons
were performed by one-way analysis of variance, and the dif-
ference was statistically significant as P < 0:05.

3. Results

3.1. Microscope Observation Results of ADSCs. Figure 1
showed the microscopic observation results of ADSCs. It
was observed that a small number of ADSCs had grown
from the original mononuclear cells to spindle cells, and
small colonies formed 1 day after primary culture. Three
days after primary culture, the number of ADSCs increased
significantly. The cells grew into a long spindle shape, with
clear boundaries between nucleus and cytoplasm and larger
colonies. The cultured third-generation ADSCs became
larger and linked each other to form colonies; a large num-
ber of the cells tended to aggregate in a spiral arrangement.

3.2. Cell Staining Results of ADSCs. Figure 2 showed the
results of alkaline phosphatase staining of ADSCs. Black
nodules were observed in the ADSCs after alkaline phospha-
tase staining, which was a positive reaction.

The alizarin red staining results of calcium nodules in
ADSCs were shown in Figure 3. The calcium nodules in
ADSCs were bright red, and there were adherent osteoblasts
around the calcium nodules. The cells were spindle-shaped
and polygonal with purple-brown particles inside.

3.3. Cell Viability of ADSCs. Figure 4 showed the cell growth
curve of ADSCs. The OD value of ADSCs first increased and
then decreased. The growth of ADSCs was relatively slow in
1-4 days and was significantly accelerated in 4-6 days. After
6 days, it entered the growth inhibition period after 6 days.

3.4. Morphological Observation of Femoral Head Tissues of
Rabbits in the Three Groups. From the results of HE staining
of the femoral head tissues of rabbits in Figure 5, it was
observed that the bone marrow tissues of the rabbits in the
S3 group had partially disappeared after surgery.

Figure 2: Alkaline phosphatase staining results of ADSCs (100×).

Figure 3: Alizarin red staining results of calcium nodules in
ADSCs (100×).
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Undifferentiated mesenchymal stem cells and capillaries had
appeared, and there were many scattered bone trabeculae.
For the rabbits in the S2 group, the nanomaterial could still
be observed after surgery, the blood vessels were reduced,
large sheets of bone trabeculae appeared, and medullary cav-
ity formed in some parts. In the S1 group, the nanomaterial
was basically absorbed after surgery, and a large amount of
scattered bone trabecular structure was observed, and the
bone marrow tissue repair was formed.

3.5. General Conditions of Rabbits in the Three Groups after
Surgery. The observation results of the general conditions of

rabbits in the three groups after surgery were shown in
Figure 6. It could be observed that the surface of the femoral
head was obviously pale and the cartilage tissue was obvi-
ously defective in the S3 group. The femoral head in the S2
group was round, the surface was not smooth enough, and
red cartilage tissues appeared, but the degree of defect was
low. The surface of the femoral head in the S1 group was
slightly pale, the surface was relatively smooth, red cartilage
tissues appeared, and the size did not change.

3.6. Comparison of the Number of FVII-Ag-Positive Cells of
Rabbits in the Three Groups after Surgery. Figure 7 showed

(a) (b)

(c)

Figure 5: HE staining of rabbit femoral head tissues in three groups (100×). Note: (a)–(c) represented the S1 group, S2 group, and S3 group,
respectively.
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the distribution of FVII-Ag-positive cells of rabbits in the
three groups after surgery. The number of FVII-Ag-
positive cells of the rabbits in the S1 and S2 groups was sig-
nificantly higher than that in the S3 group, and the differ-
ence was statistically significant (P < 0:05). Besides, the
number of FVII-Ag-positive cells in the S1 group after sur-
gery was significantly higher than that in the S2 group, with
the statistically significant difference (P < 0:05).

3.7. The Area Ratio of Bone Trabecula and Bone Mineral
Density of Rabbits in the Three Groups after Surgery.
Figure 8 showed the comparison of the area ratio of the bone
trabecula and bone mineral density after surgery of rabbits

in the three groups. The area ratio of the bone trabecula
and bone mineral density in the S1 and S2 groups were sig-
nificantly higher than those in the S3 group, and the differ-
ences were statistically significant (P < 0:05). The rabbits in
the S1 group had significantly higher trabecular bone per-
centage area and bone mineral density (59:76 ± 6:23; 0:141
± 0:015 g/cm2) than the S2 group (42:51 ± 7:03; 0:113 ±
0:008 g/cm2), and the differences were statistically signifi-
cant (P < 0:05).

3.8. Comparison of Postoperative Loading Intensity of
Rabbits in the Three Groups. It was shown in Figure 9 that
the postoperative loading intensity of the rabbits in the S1
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Figure 6: Observation results of the general conditions of rabbits in the three groups after surgery. Note: (a)–(c) represented the S1, S2, and
S3 groups, respectively.
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and S2 groups was significantly higher than that in the S3
group, as the differences were statistically significant
(P < 0:05). The loading intensity of the S1 group rabbits
was significantly higher than that in the S2 group as well,
and the difference was statistically significant (P < 0:05).

4. Discussion

ADSCs is a type of new seed cells with the advantages of
strong reversibility, easy access, and no immune rejection,
and it is an important research technology in bone tissue
repair currently [18]. Clinical filling materials for bone
defect repair include autologous bone, xenogeneic bone,
and artificial bone. The artificial bone can serve as a scaffold
and avoid the insufficient bone repair, now it is combined
with nano-biomaterials in clinical treatment [19–21]. In this
study, the nanophase hydroxyapatite/collagen bone material
was selected and fused with ADSCs to form a new nanobone
material. 24 New Zealand white rabbit bone defect models

were divided into S1, S2, and S3 groups with 8 rabbits in
each group. The rabbits in S1 group were implanted with
ADSC composite with nanophase hydroxyapatite/collagen
bone material 14 days after modelling. Only the nanophase
hydroxyapatite/collagen bone material was implanted in
the rabbits in S2 group 14 days after the model were
papered. The S3 group was the simple model group. Firstly,
the results of isolation and culture of rabbit ADSCs were
analyzed. It was found that a small number of ADSCs had
grown from the original mononuclear cells to spindle cells
1 day after primary culture, and small colonies formed.
Three days after culture, the number of ADSCs increased
greatly and the cells grew to be long fusiform with clear
nuclei and cytoplasmic boundaries, and larger colonies
formed. The third-generation ADSCs were linked in the
form of colonies, and a large number of cells had a tendency
to aggregate in a spiral distribution. The results were similar
to the previous results obtained from ADSCs culture, indi-
cating that the targeted induction culture of osteoblasts with
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rabbit ADSCs in this study was relatively successful [22].
Alkaline phosphatase belongs to phosphate monoester
hydrolase, a group of specific phosphatases. It is widely dis-
tributed in human tissues and body fluids and can reflect the
degree of differentiation from cells into osteoblasts [23]. It
was found in this study that ADSCs showed black nodules
after alkaline phosphatase staining, which was a positive
reaction showing that ADSCs were more mature for osteo-
blast differentiation.

The postoperative conditions of rabbits in the three
groups were compared; it was first discovered that a great
many scattered bone trabecular structures and bone marrow
tissue repair were in rabbits in the S1 group after surgery. In
the S2 group, nanomaterials still existed, blood vessels
reduced, large pieces of bone trabeculae appeared, and the
medullary cavity was formed in some parts after surgery.
The bone marrow tissues of the rabbits in the S3 group dis-
appeared partially after surgery, and undifferentiated mesen-
chymal stem cells and capillaries appeared together with
many scattered bone trabeculae. The HE staining results
proved that the repairing effect of ADSC composite with
nanophase hydroxyapatite/collagen material was better than
that of single nanophase hydroxyapatite/collagen material
on rabbit ONFH models [24]. The postoperative area ratio
of bone trabecula and bone mineral density of rabbits in
both S1 and S2 groups were greatly higher than those in
the S3 group, while those in the S1 group were also higher
than those in the S2 group, and all the differences were sta-
tistically significant (P < 0:05). This was indicated that both
ADSC composite with nanophase hydroxyapatite/collagen
bone material and single nanophase hydroxyapatite/collagen
bone material could have a significant repairing effect on
ONFH in rabbits. However, the repairing effect and degree
of calcification of ADSC composite with nanophase
hydroxyapatite/collagen material were better than those of
the single nanophase hydroxyapatite/collagen material [25].
Bone biomechanical characteristics are indicators that
directly reflect the quality of bone tissues [26]. In this study,

the postoperative loading intensity of rabbits in the S1 and
S2 groups was significantly higher than that in the S3 group,
while that in the S1 group was significantly higher than that
in the S2 group, as the differences were of statistical signifi-
cance (P < 0:05). This was suggested that ADSC composite
with nanophase hydroxyapatite/collagen material was better
than single nanophase hydroxyapatite/collagen material in
the microstructure of bone tissues.

5. Conclusion

In this work, nanophase hydroxyapatite/collagen bone mate-
rial was fused with ADSC cells to form a new nanobone
material, which was then applied to the treatment of bone
defect in New Zealand white rabbits. Finally, it was found
that both ADSC composite with nanophase hydroxyapa-
tite/collagen material and the single nanophase hydroxyapa-
tite/collagen material had obvious repairing effects on
ONFH in rabbits. But ADSC composite with nanophase
hydroxyapatite/collagen bone material had the better repair-
ing effect as well as bone mineral quality than the single
nanobone material. However, there were still some deficien-
cies in this study that needed to be improved. Only the effect
of ADSC composite with nanophase hydroxyapatite/colla-
gen material in bone repair was discussed, without the fur-
ther analysis of the optimal dosage of nanobone composite
material. Therefore, in the follow-up research, it would con-
tinue to select animal experimental samples, compare the
different dosages of the nanomaterials, and analyze the opti-
mal dosage of nanomaterials. In short, the results of this
study gave a reference for the application of ADSC compos-
ite with nanomaterials in bone repair.

Data Availability

The data used to support the findings of this study are
included within the article.
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