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ABSTRACT

About 1 in 3 people suffer from bone and joint disease, which is a disease of bone
and cartilage cells. Osteonecrosis of the femoral head (ONFH) is a typical example
of bone and joint disease involving bone cell necrosis. Osteonecrosis of the femoral
head leads to the occurrence of premature osteoarthritis of the hip and collapse of
the cartilage cells, and there is currently no effective drug treatment available. In
order to study the effects of “"bone-strengthening pill” (BSP) on the repair of bone
and cartilage cells, we investigated the potential effects of the herbal mixture BSP in
an animal model of avascular necrosis of the femoral head and in patients. Results
showed that 90% of rats injected with prednisone developed ONFH, whereas BSP
administration prevented ONFH development in 70% of prednisone-injected rats.
We evaluated the constituents of BSP by HPLC fingerprinting. We also evaluated the
clinical efficacy of BSP in a double-blind, randomized, controlled trial of 300 patients
with ONFH. The response rate was found to be higher in the treatment group than in
the control group, with a response rate of 82% in the treatment group. Treatment
with BSP also significantly reduced pain, improved hip function, reduced lameness,
and improved pathology by X-ray and MRI analysis, compared with patients who
did not receive BSP. These results suggest that BSP treatment inhibits and reverses
necrosis of the femoral head bone cells and cartilage cells to repair the femoral head,
promote the repair of bone and cartilage diseases.
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INTRODUCTION

About 1 of every 3 people suffers from bone and
joint disease, which is a disease of bone and cartilage cells.
Osteonecrosis is a disabling disease of multiple bone and
joints caused by the degeneration of bone tissue including
bone marrow cells, adipocytes, and subsequent necrosis.

Osteonecrosis of the femoral head (ONFH) is
a typical bone and joint disease involving necrosis.
Bone and joint diseases that comprises bacterial disease
(osteomyelitis and bone tuberculosis) And sterile disease
(osteonecrosis of the femoral head necrosis of, the talus,
osteonecrosis of the knee necrosis of the osteoarthritis,
of the fracture, and nonunion, of the bone infarction, of
fibrous dysplasia, etc.) and poses a serious threat to the
health of an individual. ONFH is a debilitating form of
bone necrosis caused by the progressive interruption of
the blood supply, leading to osteocyte and bone marrow
cell death and ultimately femoral head collapse [1-4]. The
occurrence of ONFH primarily affects men in their fifties,
leading to premature hip osteoarthritis and osteochondral
collapse [5—7]. In the United States, ONFH accounts for
5%—18% of total hip arthroplasties performed in recent
years [8, 9]. The pathogenesis of ONFH is complex,
involving genetic susceptibility (e.g., mutations in the
COL2A1 gene and polymorphisms in alcohol metabolizing
enzyme genes and multidrug resistance gene 1), and
environmental insults (eg corticosteroids and alcohol
consumption) [10—14]. Although conservative approaches
are available including extracorporeal shock waves and
pulsed electromagnetic fields, and surgical remedies such
as osteotomies, core decompression, and vascularized or
non-vascularized bone grafting, the treatment outcome of
ONFH remains unsatisfactory [1, 15—18]. Eighty percent of
patients diagnosed with ONFH will eventually need total
hip arthroplasty [19, 20]. Currently, there is no effective
method for preventing the onset and progression of ONFH.

The herbal mixture bone-strengthening pill
(BSP), also called Jiangusheng Wan, comprises an
empirical formula of pberetima, pearl, angelica, and
pseudo-ginseng and has been used for the treatment of
orthopedic diseases for many years [21]. Nevertheless,
preclinical and clinical evidence for its therapeutic
efficacy is lacking. To investigate the role of BSP in
the repair of bone and cartilage diseases, we evaluated
the potential curative effect of this herbal mixture and
studied its pharmacological mechanism in an animal
model of ONFH and in patients with ONFH.

RESULTS

Quality evaluation of BSP

The major constituents in 10 samples of BSP were
measured by HPLC fingerprinting. Eleven peaks were

observed (Figure 1A). The first peak was from pberetima
and pearl; the peaks 2, 3, 8, and 11were from angelica, and
the peaks 4, 5, 6, 7, 9, and 10 were from pseudo-ginseng.
Moreover, these peaks were stable even when the pills had
been stored for 60 months (Figure 1B).

The changes of necrosis of femoral head decreased
the BSP of rats Steroids induced necrosis of the femoral
head in rats. Ten rats showed necrosis of the femoral
head, and 9 showed damage or defects on the surface of
the femoral head (Table 1). After treatment with BSP,
70% of the treated rats recovered (Figure 2A-2C). After
administration of prednisone, disturbance, curvature
and rupture of bone trabecula and focal necrosis of the
marrow cells were observed. Additionally, prednisone
reduced the bone trabecula volume and width, bone
cortex width, and osteoid width of the femoral head but
significantly increased the percentage of empty lacunae;
all these effects were attenuated by BSP (Table 1B,
Figure 2D-2G). Steroids have been shown to induce
fat accumulation during ONFH. In our experiments,
prednisone significantly increased the number of cells
with fat particles, and this number was reduced by BSP
treatment (Table 1C, Figure 2H-2J). Prednisoneinduced
reduction of the capillary vessels of the femoral head
and the disappearance of the arcuate cup of capillary
vessels; the effects were also abolished by BSP (Figure
2K-2M). We next assessed serological markers related
to bone turnover. Prednisone increased the serum
levels of tartrate-resistant acid phosphatase (TRAP; a
biomarker of bone resorption) but reduced ALP levels (a
biomarker of active bone formation). These serological
changes were reversed after treatment with BSP
(Table 1D).

BSP administration reduces osteonecrotic
changes in ONFH patients

We evaluated the efficacy of BSP in patients with
avascular necrosis of the femoral head using a double-
blind, randomized controlled trial. A total of 300 ONFH
patients were included in this study (Table 2A). Of these,
100 were salvia tablets were used as the control pills. The
effective rate of BSP was 82%, which was significantly
higher than that of the control pills (Table 2B). The rate
of improvement in pain relief, hip joint function, and
claudication was significantly better in the BSP group
than in the control group (Table 2C-2F). Sex, age, or
etiological subtypes had no effect on the response to BSP
(Table 2G-2I). Representative cases are shown in Figure
3A and 3B. Moreover, BSP could significantly ameliorate
ONFH as evaluated by X-ray analysis (Table 2J). The
results from routine blood, urine, heart, liver, and kidney
tests showed that BSP was safe, and BSP significantly
ameliorated ONFH as evaluated by MRI analysis (Table
2K, Figure 4A and 4B).

www.impactjournals.com/oncotarget

97080

Oncotarget



DISCUSSION

ONFH is a painful and debilitating condition, which
affects both middle-aged and young adults [3, 22-24]. The
pathogenesis and etiology of ONFH are complex and no
single factor can fully explain how the blood supply to
the femoral head is damaged, culminating in the death of

A

hematopoietic cells, bone cells, and adipocytes [25-27].
As the blood vessels of the femoral head are minute with
a large distribution angle and slow blood flow, they are
susceptible to insults such as trauma and hormone-induced
intravascular changes [28-30]. Although a number of
studies have attempted to resolve the mechanism by which
these insults trigger ONFH, effective medical treatment
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Figure 1: Quality evaluation of the bone-strengthening pill (BSP). The major constituents in 10 samples of BSPs were measured

by HPLC fingerprinting.
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Table 1A: BSP reduces osteonecrotic changes in ONFH rats

Group N Type Samples N%

Control 10 A 4 40
B 5 50
C 1 10

BSP 10 A 0 0
B 3 30
C 7 70

A: Break or defect of femoral head surface; B: Only a change of bone cells, cartilage cells, and myeloid cells, no change of

femoral head surface; C: Normal.

Table 1B: The effect of BSP on the bone

Group N TBV% MTPT MAR MOSW
Normal 10 61.80+3.38" 108.08+6.17" 1.26+0.15™ 1.63+0.11™
Prednisone 10 55.03+5.14 93.53+12.28 0.66+0.11  0.83+0.05
BSP 10 63.73+6.44™ 108.20+6.56™ 1.06+0.17" 1.44+0.29™

Compared to normal group: “P<0.01; compared to prednisone group: “P<0.01. Femoral head (TBV), bone trabecula width
of femoral head (MTPT), Bone mineralization rate (MAR) and osteoid width (MOSW).

Table 1C: The effect of BSP on the number of cells with fat particles

Group N Fat deposition rate % P
Normal 10 4.7443.11 <0.01
Prednisone 10 16.64+7.42 -
BSP 10 4.63+2.22 <0.01
Table 1D: The effect of BSP on blood biochemical indices in the rat
Result

Group n

TRAP(B-L) ALP(U)
Normal 10 2.08+£0.244 5.13+£0.96
Prednisone 10 2.40+0.33 4.57+1.44
BSP 10 1.47+0.32" 6.55+1.34"

ACompared to normal group: P<0.05; “compared to prednisone group: P<0.01.

for this condition is still lacking [31, 32]. In traditional
Chinese medicine theory, ONFH is considered as a type
of bone erosion and bone atrophy, and the pathogenesis
of which is Qi stagnation and blood stasis, meridians
stasis, and marrow death. We according to the principles
of TCM treatment of ONFH blood circulation, activate
collaterals and blood bone. In this study, we used HPLC
fingerprints to measure 10 samples of BSP and found 11
peaks. The major components of this pill are pberetima,
pearl, angelica, and pseudo-ginseng. Moreover, the peaks

of this pill did not change after 60 months of storage.
We then established a rat model of ONFH induced by
prednisone; ONFH occurred in 90% of prednisone-
treated rats, and treatment with BSP caused 70% of rats
to recover from ONFH. TBV, MTPT, CBV, and MOs
W significantly decreased and the percentage of Nocy
significantly increased. However, TBV, MTPT, CBV and
MOs W significantly increased and the percentage of
Nocy significantly decreased after treatment with BSP.
Prednisone treatment significantly increased the number
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ONFH+pill

Figure 2: The bone-strengthening pill (BSP) reduces osteonecrotic changes in osteonecrosis of the femoral head
(ONFH) in rats. Histological observations of the femoral head are shown. (A) The surface of the femoral head is smooth and the cartilage
cells show columnar growth pattern. (B) The surface of the femoral head is necrotic and shredded. Collapse and defectsare observed. (C)
The surface of the femoral head is smooth and the cartilage cells show columnar growth pattern. (D) Curvature, disturbance, and rupture
of bone trabecula are observed. (E) There is abundant distribution of bone trabecula, which has a normal structure. (F) Focal necrosis
of marrow cells. (G) No necrosis of marrow cells is observed. (H) A few fat particles adhering to the surface of the cartilage cells were
observed. (I) A large amount of fat particles are observed inside the cartilage cells. (J) A few fat particles adhering to the surface of the
cartilage cells were observed. (K) Abundant capillaries with clear marginsare observed to form a capillary network and arcuate cup. (L) The
capillaries were sparse inside the femoral head and the arcuate cupdisappeared. (M) There was a significant increase in capillaries inside
the femoral head with clear margins, with recovery of the arcuate cup.
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Table 2A: Clinical pathologic characteristics of patients

Parameter BSP Control P
Gender Male 62 65 >0.05
Female 38 35
Age <40 33 29 >0.05
>41 67 71
Etiology Trauma 31 31 >0.05
Other 69 69
Table 2B: Curative effect in different groups
Group N Excellent Effective Invalid R
BSP 100 35 47 18 0.6644
control 100 0 25 75 0.3356
Table 2C: Curative effect of BSP
Group N Excellent Effective Invalid N%
BSP 200 62 103 35 82.5

Table 2D: Pain improvement of different groups

Group N Pre-treatment Post-treatment
BSP 100 3.20+0.81 1.17+1.05
Control 100 3.34+0.79 2.27£1.00

Table 2E: Functional improvement of different groups

Group N Pre-treatment Post-treatment
BSP 100 3.26+0.92 2.00+1.06
Control 100 3.31+0.83 2.89+0.98

Table 2F: Claudication improvement of different groups

Group N Pre-treatment Post-treatment
BSP 100 3.23+0.75 1.78+1.06
Control 100 3.14+0.76 2.74+0.97
Table 2G: The influence of gender on efficacy in the BSP group
Group i N Excellence Effective Invalid P
Male 118 37 61 20 0.4569
Female 82 25 42 15 0.4491
Table 2H: The influence of age on efficacy in the BSP group
age N Excellence Effective Invalid P
18-30 26 8 11 7 0.4285
31-40 35 11 17 7 0.4494
41-50 55 18 28 9 0.4652
51-60 56 17 30 9 0.4541
61-70 28 8 17 3 0.5332
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Table 2I: The influence of etiology on efficacy in the BSP group

Etiology N Excellence Effective Invalid p
Trauma 68 21 35 12 0.4527
hormone 63 20 32 11 0.4575
Alcohol 23 7 9 7 0.4178
unknown 46 14 27 5 0.4677
Table 2J: X-ray improvement of different groups
group Pre-treatment post-treatment

n X+S P n X+S P
BSP 100 3.13+1.06 100 2.81£1.05
>0.05 <0.05
Control 100 3.02+1.37 100 3.18+1.08
I, IT stage: 1 point; III stage: 2 point; IV stage: 3 point; V, VI stage: 4 point.
Table 2K: MRI improvement of different groups
Group pretherapy post-treatment

n X+S P n X+S P
BSP 30 3.13£1.07 30 2.80+0.93
>0.05 <0.01
Control 30 3.14+0.98 30 3.07+0.88

I, IT stage: 1 point; III stage: 2 point; IV stage: 3 point; V, VI stage: 4 point.

of cells with fat particles compared with those in control
rats. In addition, the number of cells with fat particles
significantly decreased after treatment with BSP. After
prednisone treatment, the capillary vessels of the femoral
head decreased and the arcuate cup of the capillary vessels
disappeared; this was reversed by BSP treatment. Serum
TRAP significantly increased and serum ALP decreased in
ONFH rats compared with the values in control rats. These
parameters were significantly improved by BSP treatment.

With the aim of translating the results of our animal
study into clinical benefits, we used a double-blind,
randomized trial to assess the potential therapeutic effect
of BSP in 300 ONFH patients and found that the positive
response rate was over 82%. Treatment with BSP was
also accompanied by improved hip joint function,
claudication, and imaging results as compared with the
results reported for the control group. The response
to BSP was independent of age, sex, and etiological
subtypes (hormone, trauma, and alcoholic intemperance).
Routine functional tests on different vital organs also
demonstrated that BSP was safe. These data support the
use of BSP as a therapy for ONFH in different patient

subgroups. In addition, histological sections and MRI
showed that the bone and cartilage cells of the femoral
head before treatment had been damaged and lost. The
damage to the femoral head was restored after BSP
treatment. These results suggest that BSP can promote
bone and cartilage repair. Experiments and Figure
2 show that BSP can increase the number of blood
vessels and bone mineral density. Figure 3 and 4 show
that ONFH repair is gradual from peripheral to center.
This suggests that BSP may be restored by necrosis of
the femoral head blood supply, activate and promote
the surrounding normal bone repair and related factors
(such as osteogenic cell— Stem Cell and osteoblast
osteogenic function, etc.) to accelerate the proliferation
and differentiation, crawling, substitution, bone tissue
reconstruction.

However, the limitations of this study should not be
ignored. First, the compounds that mediate the therapeutic
effect of BSP in ONFH are still unclear. Similar to other
traditional Chinese herbal mixtures, it is very difficult to
identify the active ingredients of BSP given the potential
synergistic actions among the different constituents. This
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Figure 3: Representative case of osteonecrosis of the femoral head (ONFH) by X-ray analysis. (A) 52-year-old male patient,
alcoholic. 1 and 2: The density of the femoral head was not uniform and bone trabeculae disappeared, especially on the right side. 3 and 4:
After treatment with the bone-strengthening pill (BSP), the pathological radiographic findings disappeared and the patient resumed work.
(B) 58-year-old male patient, no clear etiology was determined. 1: The outline of the femoral head was disrupted with the disappearance of
the joint space and loss of bone trabeculae. 2: After treatment with BSP, the surfaces of the femoral head became smooth with joint space
restored and clear margins of bone trabeculae. The patient started light work after treatment. 3: A 16-year follow-up showed a smooth
surface of femoral head, clear joint space, and bone trabeculae.

Figure 4: Representative case of osteonecrosis of the femoral head (ONFH) evaluated by magnetic resonance imaging
(MRI). (A) 54-year-old male patient, alcoholic (250 ml of alcohol per day). 1 - 3: There were abnormal signals on the right side of
osteochondritis of the femoral head and an extensive area of abnormal signals under the perichondrium. 4 - 6: After treatment with the bone-
strengthening pill (BSP) for 6 months, the abnormal signals disappeared and the patient resumed normal work. 7 - 9: The MRI image had
no abnormalities at 1-year follow-up. (B) 49-year-old female patient, steroid administration 5 years ago and ONFH for 2 years. 1 - 3: MRI
showed slight collapse of the bilateral femoral head. There were large and irregular long T1 and long T2 signals on the anterior superior
segment of the bilateral femoral head. STIR revealed that the necrotic lesions exhibited a ladder-like, high, mixed, uneven abnormal signal,
disappearance of cartilage signal especially on the left side. 4 - 6: The abnormal signals decreased and the patient could undertake light
work after treatment for 6 months. 7 - 9: At 1-year follow up after treatment, the MRI was normal and patient could work as usual.
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leads directly to the second limitation: the molecular
mechanism by which BSP improves ONFH is still
uncertain. In conclusion, we have demonstrated that BSP
is a safe and effective treatment for ONFH in both animals
and humans, and acts partly by improving bone growth,
promoting bone density, and restoring blood circulation
to the femoral head. Bone necrosis disease is difficult to
treat, and BSP may be an option to repair the damage.
BSP could also be used to treat other types of orthopedic
diseases.

MATERIALS AND METHODS

Ethics approval

The clinical part of this study was approved by the
Research Ethics Committee of the Peking Union Medical
College Hospital and Beijing JianxingTraditional Chinese
Medicine Hospital. Human samples were obtained with
written informed consent from each patient. Patients were
from Peking Union Medical College Hospital, Wangjing
Hospital, the China Academy of Chinese Medical
Sciences, Shuguang Hospital, Shanghai University of
Traditional Herbal Mixture, Fujian Academy of Traditional
Herbal Mixture, and Hubei Academy of Traditional Herbal
Mixture. Animal use for the experiment was approved by
the Peking Union Medical College Hospital.

High-performance liquid chromatography

High-performance liquid chromatography (HPLC)
fingerprints of BSP were obtained with a Hitachi L-2130
series HPLC system equipped with a binary solvent
delivery pump, a manual sampler manager, a column
compartment, and an ultraviolet detector. Data were
analyzed with Hitachi L-2000 software. Methanol of
HPLC grade and other chemicals of analytical grade were
from Tianjing Kermel Chemical Factory (Tianjin, China).
Purified water generated by a Milli-Q water purification
system (Millipore, Bedford, MA, USA) was used.

Rat model of ONFH and treatment regimen

Wistar rats in the disease model group were
subcutaneously injected with prednisone (10 mg/kg) for
12 weeks on consecutive days, while rats in the healthy
control group received an equal volume of normal saline.
Half of the animals in the disease model group were then
given BSP in normal saline (2 ml) daily for 12 weeks,
whereas the other half of the diseasemodel control animals
received normal saline.

Tissue harvesting and processing

Whole blood (5 mL) was obtained from all rats
under general anesthesia, and the serum was aliquoted for
biochemistry analysis. Femoral heads were collected from

rats that were euthanized with xylazine plus ketamine. The
femoral specimens were fixed with 10% neutral formalin
at room temperature for 24 hours, and subsequently
decalcified with 10% EDTA-Tris solution at room
temperature for 4 weeks with the decalcification fluid
changed every 3 days. A femoral head was considered
completely demineralized if it could be pierced with a pin.
All samples were then dehydrated with a series of graded
ethanol washes, cleared with xylene for 2 hours at room
temperature, and then embedded in paraffin. Tissue blocks
were sliced into 4um parasagittal sections with a rotary
microtome, which were then processed for hematoxylin
and eosin staining and terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL). All slides
were sealed with neutral resin and imaged with an inverted
phase-contrast microscope equipped with a camera
system.

Alkaline phosphatase staining and activity assay

Alkaline phosphatase (ALP) staining was performed
using a commercial kit (Millipore, Boston, USA)
following the manufacturer’s instructions. Images were
captured using a Leica microscope, and the ALP activity
was determined using an ALP activity assay kit (Sigma)
following the manufacturer’s instructions.

Statistical analysis

All data are shown as mean + standard deviation
(SD). Student’s rtest and one-way analysis of Variance
(ANOVA) were performed to determine statistical
significance using the SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA). A value of P< 0.05 was considered
statistically significant.

CONCLUSION

BSP, a natural medicine, can be used for the
treatment of osteonecrosis including femoral head
necrosis. BSP can inhibit and reverse, promote the repair
of bone and cartilage diseases, thereby reducing the
number of people in the labor force, increase every year
for the community.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Pan ZM, Zhang Y, Cheng XG, Gao GC, Wang XR, Cao K.
Treatment of Femoral Head Necrosis With Bone Marrow
Mesenchymal Stem Cells Expressing Inducible Hepatocyte
Growth Factor. Am J Ther. 2016; 23:E1602-E11. https://doi.
org/10.1097/M;jt.0000000000000276.

www.impactjournals.com/oncotarget

97087

Oncotarget



10.

I1.

12.

Okura T, Hasegawa Y, Morita D, Osawa Y, Ishiguro N.
What factors predict the failure of curved intertrochanteric
varus osteotomy for the osteonecrosis of the femoral head?
Arch Orthop Trauma Surg. 2016; 136:1647-55. https://doi.
org/10.1007/s00402-016-2563-0.

Min HW, Xu F, Gu R, Han XZ, Wang AQ, Liu KM.
Potential diagnostic role of diffusion tensor imaging
in early-stage osteonecrosis of the femoral head. Exp
Ther Med. 2016; 12:3347-52. https://doi.org/10.3892/
etm.2016.3787.

Zhang L, Muheremu A, Bai XD, Cheng NT, Ma LF, Meng
H, Yu HM, Guo A. Tracing Stem Cells with Magnetic
Nanoparticles in the Treatment for Osteonecrosis of
Femoral Head. J Nanosci Nanotechnol. 2016; 16:9008-14.
https://doi.org/10.1166/jnn.2016.12741.

Kubo T, Ueshima K, Saito M, Ishida M, Arai Y, Fujiwara H.
Clinical and basic research on steroid-induced osteonecrosis
of the femoral head in Japan. Journal of Orthopaedic
Science. 2016; 21:407-13. https://doi.org/10.1016/j.
j0s.2016.03.008.

Kennon JC, Smith JP, Crosby LA. Core decompression
and arthroplasty outcomes for atraumatic osteonecrosis of
the humeral head. Journal of Shoulder and Elbow Surgery.
2016; 25:1442-8. https://doi.org/10.1016/j.jse.2016.01.022.

Chen C, Qu ZG, Yin XG, Shang CY, Ao Q, Gu YQ, Liu
Y. Efficacy of umbilical cord-derived mesenchymal stem
cell-based therapy for osteonecrosis of the femoral head: A
three-year follow-up study. Mol Med Rep. 2016; 14:4209-
15. https://doi.org/10.3892/mmr.2016.5745.

Johnson AJ, Mont MA, Tsao AK, Jones LC. Treatment of
Femoral Head Osteonecrosis in the United States: 16-year
Analysis of the Nationwide Inpatient Sample. Clin Orthop
Relat Res. 2014; 472:617-23. https://doi.org/10.1007/
s11999-013-3220-3.

Yang S, Halim AY, Werner BC, Gwathmey FW, Cui QJ.
Does osteonecrosis of the femoral head increase surgical
and medical complication rates after total hip arthroplasty?
A comprehensive analysis in the United States. Hip
International. 2015; 25:237-44. https://doi.org/10.5301/
hipint.5000224.

Yan YG, Hu JZ, Lu HB, Wang WJ. Genetic susceptibility
to total hip arthroplasty failure: a case-control study on the
influence of MMP 1 gene polymorphism. Diagn Pathol.
2014; 9:177. https://doi.org/10.1186/s13000-014-0177-9.
Mayers W, Schwartz B, Schwartz A, Moretti V, Goldstein
W, Shah R. National trends and in hospital outcomes
for total hip arthroplasty in avascular necrosis in the
United States. Int Orthop. 2016; 40:1787-92. https://doi.
org/10.1007/s00264-015-3089-8.

Lin T, Liu JB, Yang SH, Liu XZ, Feng XB, Fu DH.
Relation between the development of osteoporosis
and osteonecrosis following glucocorticoid in a rabbit
model. Indian J Orthop. 2016; 50:406-13. https://doi.
org/10.4103/0019-5413.185606.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Li YZ, Guo YC, Wang QJ, Ouyang YR, Cao Y], Jin TB,
Wang JZ. Osteoprotegerin polymorphisms are associated
with alcohol-induced osteonecrosis of femoral head in
Chinese Han population from Henan province. J Genet.
2016; 95:983-9. https://doi.org/10.1007/s12041-016-0725-z.
He M, Wang JS, Wang GB, Tian Y, Jiang LL, Ren ZZ, Qiu
C, Fu Q. Effect of glucocorticoids on osteoclast function
in a mouse model of bone necrosis. Mol Med Rep. 2016;
14:1054-60. https://doi.org/10.3892/mmr.2016.5368.

Ancelin D, Reina N, Cavaignac E, Delclaux S, Chiron P.
Total hip arthroplasty survival in femoral head avascular
necrosis versus primary hip osteoarthritis: Case-control
study with a mean 10-year follow-up after anatomical
cementless  metal-on-metal  28-mm  replacement.
Orthopaedics & Traumatology-Surgery & Research. 2016;
102:1029-34. https://doi.org/10.1016/j.0tsr.2016.08.021.

Marquez-Lara A, Mannava S, Howse EA, Stone AV,
Stubbs AJ. Arthroscopic Management of Hip Chondral
Defects: A Systematic Review of the Literature.
Arthroscopy-the Journal of Arthroscopic and Related
Surgery. 2016; 32:1435-43. https://doi.org/10.1016/j.

arthro.2016.01.058.

Ma JH, Guo WS, Li ZR, Wang BL. Local Administration
of Bisphosphonate-soaked Hydroxyapatite for the
Treatment of Osteonecrosis of the Femoral Head in
Rabbit. Chin Med J (Engl). 2016; 129:2559-66. https://doi.
org/10.4103/0366-6999.192768.

Tran TN, Kowalczyk W, Hohn HP, Jager M, Landgraeber
S. Effect of the stiffness of bone substitutes on the
biomechanical behaviour of femur for core decompression.
Medical Engineering & Physics. 2016; 38:911-6. https://doi.
org/10.1016/j.medengphy.2016.05.008.

Zhang Y, Zhang LL, Ma XH, Jia YD, Wang HC, Zhu Y],
Liu YW. What is the optimal approach for tranexamic acid
application in patients with unilateral total hip arthroplasty?
Orthopade. 2016; 45:616-21. https://doi.org/10.1007/
s00132-016-3252-y.

Craiovan B, Woerner M, Winkler S, Springorum HR,
Grifka J, Renkawitz T, Keshmiri A. Decreased femoral
periprosthetic bone mineral density: a comparative study
using DXA in patients after cementless total hip arthroplasty
with osteonecrosis of the femoral head versus primary
osteoarthritis. Arch Orthop Trauma Surg. 2016; 136:709-
13. https://doi.org/10.1007/s00402-016-2423-y.

Wang LL, Wang HM, Zhang J, Zhu LG, Shi YS, Dong
X, Xiao H. Experimental research into using bone-
strengthening pill to treat ischemic necrosis of femoral head.
Journal of Traditional Chinese Medicine. 2012; 32:249-55.

Cruz-Pardos A, Garcia-Rey E, Ortega-Chamarro JA, Duran-
Manrique D, Gomez-Barrena E. Mid-term comparative
outcomes of autologous bone-marrow concentration to
treat osteonecrosis of the femoral head in standard practice.
Hip International. 2016; 26:432-7. https://doi.org/10.5301/
hipint.5000366.

WWw

.impactjournals.com/oncotarget

97088

Oncotarget



23.

24.

25.

26.

27.

Kim SM, Oh SM, Cho CH, Lim SJ, Moon YW, Choi SH,
Park YS. Fate of subchondral fatigue fractures of femoral
head in young adults differs from general outcome of
fracture healing. Injury. 2016; 47:2789-94. https://doi.
org/10.1016/j.injury.2016.10.014.

Kuroda Y, Asada R, So K, Yonezawa A, Nankaku M, Mukai
K, Ito-Ihara T, Tada H, Yamamoto M, Murayama T, Morita
S, Tabata Y, Yokode M, et al. A pilot study of regenerative
therapy using controlled release of recombinant human
fibroblast growth factor for patients with pre-collapse
osteonecrosis of the femoral head. Int Orthop. 2016;
40:1747-54. https://doi.org/10.1007/s00264-015-3083-1.

Atsumi T, Kuroki Y. Role of Impairment of Blood-Supply
of the Femoral-Head in the Pathogenesis of Idiopathic
Osteonecrosis. Clin Orthop Relat Res. 1992: 22-30.

Dy CJ, Thompson MT, Usrey MM, Noble PC. The
Distribution of Vascular Foramina at the Femoral Head/
Neck Junction Implications for Resurfacing Arthroplasty.
Journal of Arthroplasty. 2012; 27:1669-75. https://doi.
org/10.1016/j.arth.2012.02.029.

Jin HT, Xia BJ, Yu NZ, He BJ, Shen Y, Xiao LW, Tong PJ.
The effects of autologous bone marrow mesenchymal stem
cell arterial perfusion on vascular repair and angiogenesis in
osteonecrosis of the femoral head in dogs. Int Orthop. 2012;
36:2589-96. https://doi.org/10.1007/s00264-012-1674-7.

28.

29.

30.

31.

32.

Soucacos PN, Kokkalis ZT, Piagkou M, Johnson EO.
Vascularized bone grafts for the management of skeletal
defects in orthopaedic trauma and reconstructive surgery.
Injury. 2013; 44:S70-S5.

Cai J, Wu Z, Huang L, Chen J, Wu C, Wang S, Deng Z,
Wu W, Luo F, Tan J. Cotransplantation of Bone Marrow
Mononuclear Cells and Umbilical Cord Mesenchymal
Stem Cells in Avascular Necrosis of the Femoral Head.
Transplant Proc. 2014; 46:151-5. https://doi.org/10.1016/j.
transproceed.2013.06.021.

Wang C, Wang Y, Meng HY, Yuan XL, Xu XL, Wang
AY, Guo QY, Peng J, Lu SB. Application of bone marrow
mesenchymal stem cells to the treatment of osteonecrosis
of the femoral head. Int J Clin Exp Med. 2015; 8:3127-35.

Zhao DW, Yu XB. Core decompression treatment of
carly-stage osteonecrosis of femoral head resulted from
venous stasis or artery blood supply insufficiency. Journal
of Surgical Research. 2015; 194:614-21. https://doi.
org/10.1016/j.jss.2014.12.007.

Liu YP, Zhao DW, Wang WM, Wang BJ, Zhang Y, Li ZG.
Hemodynamic changes in osteonecrosis treatment of the
femoral head with iliac bone flaps pedicled with the lateral
femoral circumflex artery ascending branch: A 10-year
report. Technology and Health Care. 2016; 24:S493-S8.
https://doi.org/10.3233/The-161173.

www.impactjournals.com/oncotarget

97089

Oncotarget



