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Background: Osteonecrosis, also known as avascular necrosis, of the femoral head is a debilitating
disorder that commonly affects 30- to 50-year-old individuals. Currently, definitive treatment is
limited to total hip replacement. However, recent studies have demonstrated bone regeneration in
the femoral head after the infusion of bone marrow-derived mesenchymal stem cells. In addition,
local injection of adipose tissue-derived stem cells has been shown to regenerate medullary bone-
like tissue 3 months after treatment. However, there have been no long-term follow-up studies on
humans treated with adipose tissue-derived stem cells for osteonecrosis.

Objectives: To determine if treatment with adipose tissue-derived stem cells and platelet-rich
plasma leads to the regeneration of medullary bone-like tissue and long-term reduction of hip pain
in patients with femoral head osteonecrosis.

Methods: This report of two clinical cases was in compliance with the Declaration of Helsinki.
Also, the Korean Food and Drug Administration has allowed the use of adipose tissue-derived stem
cells (ADSCs) in medical treatments since 2009. To obtain ADSCs, lipoaspirates were obtained from
lower abdominal subcutaneous adipose tissue. The stromal vascular fraction was separated from the
lipoaspirates by centrifugation after treatment with collagenase. The stem-cell-containing stromal
vascular fraction was mixed with calcium chloride-activated platelet rich plasma and hyaluronic acid,
and this mixture was then injected into the diseased hip. The affected hip was reinjected with
calcium chloride-activated platelet rich plasma weekly for 4 weeks. Patients were subjected to pre-
and post-treatment magnetic resonance imaging (MRI) scans.

Results: Two patients (34- and 39-year-old men) with femoral head osteonecrosis and severe hip
pain were treated with adipose-derived stem cells. The MRI scans of the affected hip in both patients
showed segmental areas of low signal intensity (T1 axial views) in the subchondral bones with a
“double line sign” consistent with osteonecrosis. The visual analog scale score, physical therapy
testing, and Harris Hip score of both patients improved after stem cell treatment. Both patients
also demonstrated post-procedure improvement in their MRI scans, evidenced by positive T1 signal
changes consistent with medullary bone regeneration. Further, the long-term reduction in hip pain
was correlated with the MRI findings indicative of bone regeneration.

Limitations: A biopsy of the regenerated tissue was not conducted in either patient. Thus, the
true nature of the treatment-induced changes is unknown. Further, the MRI results may contain
artifacts due to the difficulty in capturing the exact treatment location. It can only be speculated that
there was neovascularization to support the newly regenerated medullary bone-like tissue.

Conclusion: These 2 cases demonstrate the presence of sustained, regenerated medullary bone-
like tissue in 2 severely necrotic femoral heads and suggest that this rather simple, minimally invasive
percutaneous procedure may hold great promise as a therapy for patients with femoral head
osteonecrosis.

Key words: Femoral head osteonecrosis, avascular necrosis, bone necrosis, cell-based treatment,
bone regeneration, hip pain, adipose tissue-derived stem cells, ADSC.
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steonecrosis, also known as avascular

necrosis, of the femoral head is a painful

disorder that commonly affects 30- to
50-year-old individuals. In the United States, it is
estimated that 15,000-20,000 new cases of femoral
head osteonecrosis occur each year (1). As necrosis
progresses, the femoral head may collapse, which can
cause symptomatic arthritis and necessitate total hip
replacement (THR). In North America, osteonecrosis is
the reason for approximately 5-8% of the more than
500,000 total hip arthroplasties performed annually (1).

In osteonecrosis, the osteocytes in the cortical
bones and the bone marrow are destroyed due to in-
sufficient blood circulation. As a pathological entity, os-
teonecrosis is defined by empty lacunae in the osseous
matrix and necrotic bone marrow in the interstices of
the trabeculae (2). The region of necrosis is surround-
ed by reparative tissues, including neovasculature and
newly formed bone (2,3). Unfortunately, this healing
process does not return the femoral head’s structural
stability to its predisease state (4,5).

The exact mechanism causing decreased blood
circulation to the femoral head is currently unknown.
However, trauma, alcohol, and steroid use are highly
correlated with this disease and are considered pos-
sible causes. Current research led to the development
of a number of theories for the mechanism of this dis-
ease, including venous occlusion, vessel wall injury, fat
embolism, microfracture from trabecular insufficiency,
intraosseous hypertension, intraosseous hemorrhage,
vasculitis, and intravascular coagulation (6-12).

THR remains the only definitive treatment for fem-
oral head osteonecrosis, but has drawbacks. Although
necrotic tissue is completely removed prior to recon-
struction with an implant, the durability and longev-
ity of the artificial implants (implants typically fail after
approximately 15 years) are not satisfactory in younger
patients because the procedure may need to be repeat-
ed 2 to 3 times in a patient’s lifetime (13, 14). Moreover,
THR requires a prolonged period of postoperative re-
covery and physical therapy.

In June 2009, due to increasing use of adipose tis-
sue and adipose tissue-derived stem cells (ADSCs) by
plastic surgeons, the Korean Food and Drug Adminis-
tration officially allowed the use of ADSCs in autolo-
gous cell transplantation as long as they were obtained
and processed within the same medical facility with
minimal processing (15,16). Thus, adipose tissue can
now be used as a source of mesenchymal stem cells
(MSCs) in Korea.

MSCs are found in numerous human tissues, in-
cluding bone marrow and adipose tissue. These cells
have been shown to differentiate into various con-
nective tissues, including bones and blood vessels (17-
27). Lipoaspirates from liposuctioned adipose tissue
contain many different types of cells, including stem
cells, pericytes, fibroblasts, endothelial cells, and pre-
adipocytes. Among these cells, stem cells and pericytes
have received significant attention. The pericytes in
the stomal vascular fraction of adipose tissue express
surface markers similar to those expressed on stem
cells in the bone marrow (28). These pericytes have
been shown to differentiate into blood vessels, and
there is speculation that pericytes and stem cells are
identical entities (28).

In 2002, Hernigous and Beaujean (29) reported
that autologous bone marrow transfer led to positive
results in 145 cases of femoral head osteonecrosis. In
2004, Gangji et al (30) published a double-blind, pro-
spective study of 18 cases of femoral head osteonecrosis
treated with concentrated bone marrow aspirates that
showed positive results. Gangji et al (31) again reported
positive results in 2005 in a large trial in which autolo-
gous mononuclear bone marrow cells were implanted
into the femoral head. This report demonstrated a sig-
nificant reduction in further osteonecrosis-caused de-
terioration, and was supported by subsequent imaging
studies. In 2008, Centeno et al (32) reported regenera-
tion of human hip bones with autologous culture-ex-
panded bone marrow-derived stem cells. In 2009, Wang
et al (33) reported positive results (including an 80%
success rate) in a study of 59 patients with femoral head
osteonecrosis treated with concentrated bone marrow.
Pak (34) reported the short-term regeneration of med-
ullary bone-like tissue in osteonecrotic femoral heads in
humans treated with ADSCs in 2011. The likelihood of
bone regeneration adds to accumulating evidence that
MSCs may play a major role in regenerating bone-like
tissue in femoral head osteonecrosis.

Platelet rich plasma (PRP) has been mixed with
ADSCs to provide the necessary growth factors and dif-
ferentiating factors. PRP contains multiple growth fac-
tors, including transforming growth factor, insulin-like
growth factor, fibroblast growth factor, and platelet-
derived growth factor. PRP has been shown to have
positive effects on the stimulation of bones, blood ves-
sels, and the formation of chondrocytes (35-38). Fur-
ther, hyaluronic acid has been added to ADSCs to act
as a scaffolding material, and calcium chloride has been
used as a PRP-activating agent (39).
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We are not aware of any published reports on
the long-term persistence of regenerated medullary
bone-like tissue in the osteonecrotic femoral heads of
patients treated with ADSCs. Although the cases men-
tioned above add to the growing evidence that MSCs
may be useful for bone regeneration, more research
with a larger number of patients is needed to deter-
mine whether this technique has clinical merit. How-
ever, this simple percutaneous procedure to repair a
necrotic femoral head may represent a promising, mini-
mally invasive, nonsurgical alternative for prolonged
pain reduction and the delaying of THR.

Patient Characteristics

This case study demonstrates long-term reduction
of hip pain in patients with femoral head osteonecrosis
treated with ADSCs and PRP, presumably through re-
geneneration of bone.

Patient #1

The first patient is a 39-year-old Korean man
with right hip pain due to osteonecrosis of the femo-
ral head (stage 4, as diagnosed by an orthopedic sur-
geon) who was offered THR. The patient tried oral
nonsteroidal anti-inflammatory drugs (NSAIDS) along
with acetaminophen for his pain, but this combina-
tion did not provide relief. On admission, the Harris
Hip Score was as follows: pain subscale = 10, function
subscale = 14, deformity subscale = 0, motion subscale
= 3, total score = 27 out of 100. The visual analog
score (VAS) was 7 at rest and 9 when standing and

walking. The functional rating index (40) and range
of motion (ROM) on physical therapy were decreased
(Table 1). Magnetic resonance imaging (MRI) T1 axial
views of the affected hip showed low signal intensity
in the femoral head and a classic segmental area of
osteonecrosis with a dark line denoting the border
between dead and live bone.

Patient #2

The second patient is a 34-year-old Korean man
with right hip pain due to osteonecrosis of the femo-
ral head (stage 3). Although this patient was only di-
agnosed with stage 3 osteonecrosis by an orthopedic
surgeon, he was offered THR due to severe pain not al-
leviated by the oral intake of NSAIDS and tramadol. On
admission, the Harris hip score was as follows: pain sub-
scale = 10, function subscale = 36, deformity subscale =
0, motion subscale = 4, total score = 50 out of 100. The
VAS score was 6 at rest and 8 when standing and walk-
ing, and the functional rating index and ROM were
moderately decreased (Table 2). MRI T1 axial views of
the affected hip showed low signal intensity and the
classic signs of osteonecrosis.

MEeTHODS

This series of clinical cases was in compliance with
the Declaration of Helsinki. Also, the Korean Food and
Drug Administration has allowed the use of ADSCs in
medical treatments since 2009. Informed consent was
obtained from each patient. The inclusion criteria, ex-
clusion criteria, and outcome are listed in Tables 3-5.

Table 1. Patient 1 functional rating index, visual analog score (VAS), and Harris hip score.

Outcome Measures Pre-injection 3 N.[O,nth? 6 N.[Oflth.s 12 IY[(Tntl{s
Post-injection Post-injection Post-injection
Functional Rating Index 15 8 7 7
VAS Walking Index 9 3 2 2
Harris Hip Score 27 71 71 71
Physical therapy, range of motion.
rsion | o T vas | uteion” [ Abduion o | i

Pre-injection Evaluation 100 9 20 8 15 9
3 Months Post-injection 120 2 30 2 20 2
6 Months Post-injection 120 1 30 2 20 1
12 Months Post- injection 120 1 30 2 20 1
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Table 2. Patient 2 functional rating index, visual analog score (VAS), and Harris hip score

Outcome Measures Pre-injection 3 IV.[o.n th.s 6 11'10‘nth? 12 r.mfnth.s
post-injection Post-ln_]ectlon Post-ln]ectlon
Functional Rating Index 15 8 7 7
VAS Walking Index 8 2 2 2
Harris Hip Score 50 96 96 96
Physical therapy, range of motion
rsein | e[| fobvios | Abucion [ i | Ao

Pre-injection Evaluation 110 8 30 6 20 9
3 Months Post-injection 125 1 40 1 25 2
6 Months Post-injection 125 1 40 1 25 1
12 Months Post- injection 125 1 40 1 25 1

Table 3. Inclusion criteria

MRI evidence of osteonecrosis

Orthopedic evaluation that determined that patient was a
candidate for a unipolar or bipolar hip prosthesis

Either male or female

Under 60 years of age

An unwillingness to proceed with hip prosthesis

The failure of conservative management

Ongoing disabling pain

> =

N Uk W

Table 4. Exclusion criteria

1. Active inflammatory or connective tissue disease thought
to affect the patient's pain (i.e., lupus, rheumatoid arthritis,
fibromyalgia)

2. Active endocrine disorder that might affect the patient's pain
(i.e., hypothyroidism, diabetes)

3. Active neurological disorder that might affect the patient's pain
(i.e., peripheral neuropathy, multiple sclerosis)

4. Active cardiac disease

5. Active pulmonary disease requiring the use of medication

Table 5. Outcome endpoints (obtained at 3, 6, and 12
months post-treatment )

Pre- and post-treatment VAS

Pre- and post-treatment Functional Rating Index
Pre- and post-treatment Range of Motion

Pre- and post-treatment MRI

Lol A e

Medication Restrictions

Patients were restricted from taking steroids, aspi-
rin, NSAIDS, and Asian herbal medications for one week
prior to the procedure.

Liposuction

In the operating room, approximately 40 g of
packed adipose tissue were obtained by liposuction of
the subcutaneous layer of the lower abdominal area us-
ing sterile techniques (34).

ADSC treatment

ADSCs were extracted through the use of digestive
enzymes (0.07% type 1 collagenase) and centrifugation
(41). The total volume of the solution containing the
stem cells was approximately 8 mL. While preparing
the ADSGCs, 30 mL autologous blood were drawn along
with 2.5 mL anticoagulant citrate dextrose solution. Af-
ter centrifugation, approximately 4 mL of platelet-rich
plasma along with the Buffy coat were obtained. Hy-
aluronic acid (one mL) was added as a scaffold to this
mixture, and CaCl2 was added to activate PRP.

After the right hip was cleaned with povidone-io-
dine and draped in a sterile fashion, the injection site
was anesthetized with 2% lidocaine. The stem cell mix-
ture was injected into the femoral head posterolater-
ally with a 22-gauge, 3 1/2-inch needle under ultrasonic
guidance. The patient returned to the clinic for CaCl2-
activated PRP injections every week for 4 weeks.
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REesuLTs

It has been estimated that approximately 400,000
ADSCs are contained in one g of adipose tissue (42).
Since 40 grams of centrifuged adipose tissue were har-
vested, it is believed that approximately 16,000,000
stem cells were extracted and injected into the dis-
eased hip. After 2 weeks of ADSC-PRP mixture injec-
tions, both patients noticed a reduction in hip pain.

The hip pain continued to improve up to the 12th
week post-treatment. The VAS pain scores, function-
al rating indices, ROM testing scores, and Harris Hip
Scores of both patients were all dramatically improved
(Patient 1, Table 1; Patient 2, Table 2). Further, the
post-procedure MRIs of both patients showed changes
consistent with bone regeneration (Figs. 1-6).

i months After treatment

1E montns After trestment

posterolateral injection site at 16 months post-treatment.

Fig. 1. MRI results of Patient 1 (axial views). A. T1 axial sequential views showing apparent signal changes along the postero-
lateral injection site at 3 months post-treatment. B. T1 axial sequential views showing the persistence of signal changes along the
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Fig. 2. MRI results of Patient 1 (coronal views). A. T1 coronal sequential views showing apparent signal changes along the pos-
terolateral injection site at 3 months post-treatment. B. T1 coronal sequential views showing the persistence of signal changes along
the posterolateral injection site at 16 months post-treatment.
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Fig. 3. MRI results of Patient 1 (sagittal views). A. T1 sagittal sequential views showing apparent signal changes along the pos-
terolateral injection site at 3 months post-treatment. B. T1 sagittal sequential views showing the persistence of signal changes along
the posterolateral injection site at 16 months post-treatment.

5 days Befere treatment T menths After treatmant

injection site.

Fig. 4. MRI results of Patient 2 (axial views). T1 axial sequential views showing apparent signal changes along the posterolateral
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Fig. 5. MRI results of Patient 2 (coronal views). T1 coronal sequential views showing apparent signal changes along the postero-
lateral injection site.

sbEror

. |:':1J~¢"._¢. Betore®tmealment

Fig. 6. MRI results of Patient 2 (sagittal views). T1 sagittal views showing apparent signal changes along the posterolateral injec-
tion site.
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Discussion

An MRI of the hip was performed on both patients
before ADSC treatment for diagnosis. Consequently,
post-ADSC treatment MRIs were performed to com-
pare pre- and post-treatment images. The MRI T1
sequence was used for its ability to show bony anat-
omy. Due to slight differences in patient positioning
and slight movement of patients during the MRI pro-
cedures, there was some difficulty in capturing the
exact treatment location. However, the pre-and post-
MRI results can be compared with sequential views
to compensate for any possible errors. Further, the
slight differences in signal changes between pre- and
post-treatment MRIs can be compensated for by com-
paring the newly-regenerated tissue with the sur-
rounding acetabulum.

In this case series, significant MRI signal changes
were apparent in the T1 views of the femoral head
along the posterolateral injection site. These signifi-
cant signal changes can be interpreted as probable
signs of persistent, regenerated medullary bone.
For Patient 1, the medullary bone regeneration was
sustained for at least 16 months, and for at least 7
months in Patient 2. Due to reduction in hip pain,
both patients were reluctant to undergo a hip bone
biopsy to determine the true nature of the bone-like
tissue. Without the biopsy, the true nature of the
newly-formed tissue could not be determined. How-
ever, based on the comparison of this tissue to the
surrounding acetabulum, the tissue is believed to be
hydroxyapatite in nature, and the dramatic reduction
in hip pain supports this notion.

With regard to the possibility of new blood ves-
sel formation, it is speculated that there must have
been concomitant neovascularization to support the
newly-regenerated medullary bone-like tissue be-
cause without neovascularization, the newly-regen-
erated tissue could not have survived for a prolonged
period. Thus, the presence/absence of neovascular-
ization should be investigated by contrast medium-
enhanced MRI in a future study.

Another advantage of this simple, minimally in-
vasive procedure is the reduction in adipose tissue.
Being overweight can be detrimental for a patient
with femoral head osteonecrosis. In this procedure,
the patient may lose a few hundred grams of un-
wanted adipose tissue through liposuction, which
may be of some benefit.

ConcLusION

These 2 cases demonstrate the presence of sus-
tained, regenerated medullary bone-like tissue in 2 se-
verely necrotic femoral heads. The newly regenerated
tissue was sustained for more than 16 months in one
patient and 7 months in the other. In both patients, the
reduction in pain persisted after the post-procedure
MRIs. This is the first report that describes a relatively
long-term reduction in pain thought to be due to the
regeneration of medullary bone-like tissue. When con-
sidered in conjunction with previous studies that in-
volved bone marrow-derived stem cells, these 2 cases
suggest that it is likely that ADSCs help lead to the re-
generation of bone when administered to an osteone-
crotic femoral head.

We are unaware of any published reports on the in-
duction of long-term persistent regenerated medullary
bone-like tissue in humans treated with ADCSs for fem-
oral head osteonecrosis. More research with a greater
number of patients is needed to determine if this tech-
nique has clinical merit. This simple, minimally invasive
percutaneous procedure may hold great promise as a
therapy for patients with femoral head osteonecrosis..
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