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The preferred desire of orthopedic surgeons is to preserve the femoral head in the
early stages of femoral head osteonecrosis; however, hip arthroplasty is needed in
most cases. The outcomes of traditional surgical treatments alone are not favorable.
Thus, femoral head osteonecrosis frequently follows an unpredictable course
resulting in significant hip arthritis. Through the years, it has been identified that
decreased proliferation capacity and content of bone marrow stem cells (BMSCs)
in the femoral head region play a key role in the pathogenesis of osteonecrosis of
femoral head (ONFH). In the past two decades, researchers have focused on cell-
based therapies for ONFH treatment. The regenerative potential of damaged cartilage
and bone tissue with stem cells has become a new treatment approach in the field
of orthopedics. Ongoing basic science and clinical studies are progressing toward
efficient standard treatment options for this extremely challenging condition. In this
article, we reviewed the recently developed methods of cell therapy for these types

of musculoskeletal conditions.
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Introduction

The most common site of human osteonecro-
sis is the femoral head. The crude incidence rate
of non-traumatic osteonecrosis of femoral head
(ONFH) is 2.58 cases per 100,000 person-years,
with a range of 1.5-3.7 per 100,000 people. In the
United states, ONFH is the reason for about 10% of
primary hip arthroplasties. With an annual rate of
330,000 primary hip replacements, it seems that
more than 30,000 Americans annually undergo
hip replacement with this diagnosis (1-4).

ONFH diagnosis is based on X-ray and magnetic
resonance imaging (MRI). Popular classifications
are Ficat and Association Research Circulation
Osseous (ARCO) (5). With the necrosis of an area
of the femoral head, the articular surface will no

longer be supported by the subchondral bone, and
collapse of the femoral head would be inevitable.
ONFH frequently follows an unrelenting course re-
sulting in significant hip arthritis (6)

Despite attempts to use conservative treatments
in the first stages of the disease, total hip arthro-
plasty is required in most cases. Core decom-
pression (CD) is a favorable prophylactic surgery
used in pre-collapse osteonecrosis, and structural
allograft or autograft are usually combined with
this technique. The outcomes CD alone generally
worsen with more advanced lesions (7). In ad-
vanced stages, free vascularized fibular graft has
been used as the treatment of choice and salvage
surgery for decades. However, it is not indicated
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for all patients with ONFH and still remains tech-
nically challenging (8). Fibular allograft and other
types of structural grafts were relatively effective,
but there is no strong evidence supporting them
(9-11).

Decreased proliferation capacity and number
of BMSCs in the femoral head region is in associa-
tion with ONFH (11). Hernigou et al. described the
idea of cell therapy in ONFH for the first time. They
added bone marrow concentrate (BMC) to CD in
an invented method and performed it on sickle cell
patients at the early stages of ONFH (12). Over the
past 20 years, orthopedic surgeons have focused
their work on cell-based therapies for ONFH. On-
going basic science and clinical studies are pro-
gressing toward effective standard treatment op-
tions for this extremely challenging condition (12).

Table 1. Studies about unprocessed bone marrow injection.

Literature Review
Unprocessed bone marrow

The simplest way to obtain stem cells is to in-
ject a bone marrow aspiration after drilling or CD.
Bone marrow is usually collected from the ante-
rior (supine or lateral position) or posterior por-
tion of the iliac crest (lateral or prone position). A
direct puncture of the needle is possible most of
the time, but overweight patients require a stab
incision. Drawback of this technique is the low
stem cell content of the injected material. Fat, clot
debris, red blood cells, and polynucleate cells con-
stitute a major portion of this fluid. Implantation of
bone marrow has been shown to prevent further
progression of the early stages, but it is less effec-
tive than BMC (Table 1) (13).

Author Protocol No. of Initial osteone- Follow-up Conclusion Level of evidence
Year patients/hips crosis of femoral (years)
Reference head class
Rastogi et al. CD+BMCvs  40/60 ARCO, I-11I 2 Stem cells have 111
(2013) unpro- better outcomes
14 cessed bone in early stages
marrow
Ma etal. CD+BM 53 Ficat I-1II 2 Good pain relief 1
(2014) buffy coat and prevention
13 of further pro-

gression

Ma et al. enrolled adult patients under 55 years
of age with the confirmed diagnosis of ONFH in
a randomized double-blind clinical trial. Control
group underwent CD surgery only and Treated
group received bone marrow buffy coat (BMBC)
in addition to CD. At the end of follow-up, pain re-
lief was significantly higher in the Treated group
(P<0.05). Furthermore, after two years, about
one-third of the CD treated patients progressed to
higher stages and four patients converted to total
hip replacement, while this rate was 8% in BMBC;
progression rate among Ficat stages I and Il was
0% (13).

Bone marrow concentrates (BMC)

In this method, all aspirates must pool in an en-
vironment containing cell culture medium, citric
acid, and dextrose. Fat and cellular aggregates
should be removed. Conventional CD (creation of
a tunnel with an 8-mm trephine) or multiple drill-
ing (two or three small tracts) were performed
through a proximal lateral femoral approach, and
BMCs were injected via these tracts to the ne-
crotic area. However, leakage of injected material
through the track during and after the injection
is a problem; therefore, bone plug or fibrin glue
injection at the last step is an option. The modern
drug delivery system like peptide hydrogels is also

reported to maintain the injected material at the
necrotic part (15-17).

Midterm results of a prospective study of 189
hips treated with BMC in a center showed more
than 80% success, and total hip replacement was
performed in only 34 hips (76% of them were Ficat
stages Il and IV before BMC implementation) (15).

Gangji et al. reported results of implantation of
bone marrow cells in a prospective level II study at
5-year follow-up, less than one-fourth of patients
who received BMCs combined with CD under-
went hip replacement (versus over 70% in control
group). Survival analysis showed a significant dif-
ference in time to failure (time needed to convert
to hip replacement procedures) between the two
groups at 60 months. Patients only showed minor
side-effects after the treatment (16).

We found two studies with high levels of evi-
dence regarding the effectiveness of BMCs. First,
Tabatabaee et al. in a randomized clinical trial
evaluated the advantages of BMCs in the early
stages of ONFH. Two years’ outcome showed con-
siderable improvement of pain and hip function
in BMCs group. Follow-up MRI at the end of this
study showed significant deterioration in patients
treated only with CD surgery without implemen-
tation of BMCs (18). Second, Sen et al. using the
same method in a clinical trial on forty patients
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reported an impressive improvement in patients
treated with implementation of BMCs, even those
who had clinical and imaging signs of poor out-
come at enrollment such as effusion and edema in

the first MRI and low functional hip scores (21).
We summarized the eligible reports that included
BMCs in treatment options (Table 2).

Table 2. Bone marrow concentrates treatment for osteonecrosis of femoral head.

Author Protocol No. of Initial osteone- Follow-up Conclusion Level of evidence
Year patients/hips  crosis of femoral (years)
Reference head class
Gangji et al. CD + BMC 13/18 ARCO, I-11T 2 Significant delay ~ III
(2004) in collapse
16
Wang et al. CD + BMC 45/59 ARCO, I-11I 2 Good pain relief I
(2010) and prevention
19 of further pro-
gression
Gangji et al. CD vs BMC 19/24 ARCO, I-1I 5 Significant pain I
(2011) relief -successful
20 in earlier stages
with BMC
Tabatabaee etal. CDvsCD+B- 18/28 ARCO, I-111 2 Significantly bet- I
(2015) MC ter  outcomes.
18 MRI worsening
was less in BMC
group
Sen et al. Multiple 40/51 ARCO, I-1I <2 Better  clinical I
(2012) drilling outcomes, specif-
21 +BMC vs CD ically in stage II
with BMC
Lim et al. Multiple 128/190 Ficat I-11 5 Almost the same III
(2013) drilling success rate
22 +BMC vs CD
+ bone graft
Liu et al. CD vs bone 34/53 ARCO, I-11I 2 Significantl I
(2013) filler +BMC higher results in
23 +CD BMC group

BMC: bone marrow concentrate, CD: core decompression, MRI: magnetic resonance imaging

Adipose tissue stem cell (ATSC)

Adipose tissue is an extra bone marrow appeal-
ing source of mesenchymal stem cells. Procure-
ment of adipose stem cells is less invasive and
much cheaper than BMSCs.

These stem cells can be extracted from isolated
adipose tissue since it retains higher resource of
stem cells than BMSCs (16). Zhu et al. reported that
human lipoaspirate contains plentiful amounts of
pluripotent cells and may represent an alternative
stem cell source (17).

Liposuction is the first step, and the next step
is digesting the lipoaspirates by collagenase to
achieve mesenchymal stem cells. Finally, collage-
nase is washed out by centrifugation (16).In 2011,
Pak reported that autologous ATSCs may have
bone regeneration capability. He injected ADSCS
percutaneously with platelet-rich plasma (PRP)
and hydroxyapatite into hip joints of two patients
and found clinical and MRI signs of regeneration
(24,25). These patients experienced significant
pain relief after one year, and MRIs showed posi-

tive T1 signal change consistent with the regener-
ation process (25).

Cultured mesenchymal stem cells

In a recently developed method, bone marrow
stem cells were cultured ex-vitro for about two
weeks, and then a considerable amount of stem
cells was implemented into the necrotic part of
the femoral head. In this technique, the primary
cells can be directly obtained from subtrochan-
teric bone marrow during CD without any further
iliac aspiration. The major advantage of this meth-
od is less morbidity of the incision site. Zhao et al.
concluded that this method can prevent femoral
head collapse. In a randomized clinical trial on 97
hips, they utilized ex-vivo expanded stem cells to
treat the early stages of ONFH. They compared the
volume of necrotic zone (based on T1 low signal
intensity regions) before surgery and at final fol-
low-up (5 years) between two groups. Cultured
stem cell group (53 hips) had a significantly small-
er necrotic zone in contrast to CD group (44 hips).
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In the first group, only two hips progressed to
higher stages of the disease and underwent vascu-

Two-Incision and Modified Watson-Jones Total Hip Arthro-
plasty in Patients with Osteonecrosis of the Femoral Head.
Biomed Res Int. 2017;2017:8915104.

larized graft surgery, whereas in the latter, about 3. Yamaguchi R, Yamamoto T, Motomura G. Incidence of non-
25% of the hips converted to hip replacement sur- traumatic osteonecrosis of the femoral head in the Japanese
: population. Arthritis Rheum. 2011;63:3169-3173.
gery or vascularized graft (26). 4. Singh JA, Chen ], Inacio MC, et al. An underlying diagnosis
of osteonecrosis of bone is associated with worse outcomes
Umbilical cord-derived stem cells than osteoarthritis after total hip arthroplasty. BMC Muscu-
: loskelet Disord. 2017;18:8.

One of t_he potential sources of mesenchymal 5. Sugano N, Atsumi T, Ohzono K, et al. The 2001 revised crite-
stem cells is the human umbilical cord (hUC). Um- ria for diagnosis, classification, and staging of idiopathic os-
bilical cord stem cells have been used in the field teonecrosis of the femoral head. ] Bone Joint Surg Am. 2016

o : 20;98:672-676.
Of_Chmcal hemat()logy for several years. It_ 1sa rel 6.  Ollivier M, Lunebourg A, Abdel MP, et al. Anatomical find-
atively easier method of stem cell collection with ings in patients undergoing total hip arthroplasty for idio-
no potential aspiration site morbidity in compar- pathic femoral head osteonecrosis. ] Bone Joint Surg Am.
: . : _ 2016 20;98:672-676.
1?01’1 to bone marrow; thlis' it became an alterna 7.  Kaushik AP, Das A, Cui Q. Osteonecrosis of the femoral head:
tive source of stem cell in ONFH (27). Recently, an update in year 2012. World ] Orthop. 2012;3:49-57.
Chen at al. reported in a case series that intraar- 8. Aldridge JM, Urbaniak JR. Vascularized fibular grafting for
terial injection of hUC could decrease the volume gfﬁ%’ﬁ:}‘?‘;&;hﬁef:n;%%il%%q;’;‘f;_‘i‘;‘iual indications.
of necrotic area and improve hip function. They 9.  Keizer SB, Kock NB, D.ijkstra'PD, et al. Treatnient of avascu-
harvested stem cells from hUC, and then cultured lar necrosis of the hip by a non-vascularised cortical graft. ]
iy : Bone Joint Surg Br. 2006;88:460-466.

stem cells were m]ecj(ed thr9ugh an arterial access 10. Peyvandi MT, Mazloomi M, Garadaghi M, et al. Clinical trial
(femoral artery) to nine patients. After 24 months, on femoral head osteonecrosis: simple core decompression
MRI showed that the volume of necrotic area had vs. core decompression and fibular allo-graft placement. ]
decreased by about 20% (28). Am Sci. 2014;10:74-77.

) . 11. Suh KT, Kim SW, Roh HL, et al. Decreased osteogenic differ-

All the above-mentioned treatment options entiation of mesenchymal stem cells in alcohol-induced os-
showed significant improvement in patients’ con- teonecrosis. Clin Orthop Relat Res. 2005;:220-225.
dition in early stages of the disease. Even though % fanspiantation n sicke-cell diseas. Efoct o o5tsonecro-
there is no consensus regarding the standard treat- sis: a case report with a four-year flollow-up. ] Bone Joint
ment for ONFH, the majority of reports showed Surg Am. 1997;79:1726-1730.
that precollapsed stages and small necrotic lesion 13. MaY, Wang T, Liao], etal. Efficacy of autologous bone mar-

. row buffy coat grafting combined with core decompres-

are correlated with better outcomes. The source sion in patients with avascular necrosis of femoral head: a

of stem cells, technique of harvesting and concen- prospective, double-blinded, randomized, controlled study.

; : Stem Cell Res Ther. 2014; 5: 115.

tration, _methOdS . of culture, culture media, and 14. Rastogi S, Sankineani SR, Nag HL, et al. Intralesional autol-

concomitant surgical procedures were completely ogous mesenchymal stem cells in management of osteone-

different among these studies making it difficult to crosis of femur: a preliminary study. Musculoskelet Surg.

T 2013;97:223-228.

compare the flndlngs. 15. Hernigou P, Beaujean E Treatment of osteonecrosis with

1 autologous bone marrow grafting. Clin Orthop Relat Res.
Conclusion 2002;:14-23.

There is notany standard treatment option for 16 G811 Haweur 1 ot esentofsone
early stages of ONFH, but it seems that cell-based bone-marrow cells: a pilot study. ] Bone Joint Surg Am.
therapy has a great clinical potential to optimize 2004;86-A(6):1153-1160.

: i 17. ZhuY,LiuT SongK, etal. Adipose-derived stem cell: a better
the outcomes of these patients. Further clinical stem cell than BMSC. Cell Biochem Funct. 2008;26:664-675.
trials with larger sample sizes and clearer char- 18. Tabatabaee RM, Saberi S, Parvizi ], et al. Combining concen-
acterizations of treatment methods are needed. trated autologous bone marrow stem cells injection with

core decompression improves outcome for patients with
Ack led t early-stage osteonecrosis of the femoral head: a compara-
cknowledgemen tive study. ] Arthroplasty. 2015;30(9 Suppl):11-15.
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