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Abstract
Purpose The purpose of this study is to assess safety and
feasibility of intradiscal bone marrow concentrate (BMC) in-
jections to treat discogenic pain as an alternative to surgery.
Methods A total of 26 patients (11 male, 15 female, aged 18–
61 years, 13 single level, 13 two level) that met inclusion
criteria of chronic (>6 months) discogenic low back pain,
degenerative disc pathology assessed by magnetic resonance
imaging (MRI) with modified Pfirrmann grade of IV–VII at
one or two levels, candidate for surgical intervention (failed
conservative treatment and radiologic findings) and a visual
analogue scale (VAS) pain score of 40 mm or more at initial
visit. Initial Oswestry Disability Index (ODI) and VAS pain
score average was 56.5 % and 80.1 mm (0–100), respectively.
Adverse event reporting, ODI score, VAS pain score, MRI
radiographic changes, progression to surgery and cellular
analysis of BMC were noted. Retrospective cell analysis by
flow cytometry and colony forming unit-fibroblast (CFU-F)
assays were performed to characterise each patient’s BMC and
compare with clinical outcomes. The BMC was injected into
the nucleus pulposus of the symptomatic disc(s) under fluo-
roscopic guidance. Patients were evaluated clinically prior to
treatment and at three, six, 12 and 24months and radiographically
prior to treatment and at 12 months.
Results There were no complications from the percutaneous
bone marrow aspiration or disc injection. Of 26 patients, 24

(92 %) avoided surgery through 12 months, while 21 (81 %)
avoided surgery through two years. Of the 21 surviving patients,
the average ODI and VAS scores were reduced to 19.9 and
27.0 at threemonths and sustained to 18.3 and 22.9 at 24months,
respectively (p≤0.001). Twenty patients had follow-up MRI
at 12 months, of whom eight had improved by at least one
Pfirrmann grade, while none of the discs worsened. Total and
rate of pain reduction were linked to mesenchymal stem cell
concentration through 12 months. Only five of the 26 patients
elected to undergo surgical intervention (fusion or artificial
disc replacement) by the two year milestone.
Conclusions This study provides evidence of safety and fea-
sibility in the non-surgical treatment of discogenic pain with
autologous BMC, with durable pain relief (71 % VAS reduc-
tion) and ODI improvements (>64 %) through two years.
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Introduction

Back pain is the second most common reason for physician
visits in the USA and the most common cause of missed work
[1]. The cost to the USA for back pain is estimated to be
US$100 billion annually [1, 2]. Current treatments for
discogenic back pain include activity modification, chiroprac-
tic care, exercise, physical therapy, steroid injections and med-
ications [3, 4]. Surgical treatments for chronic, severe,
discogenic back pain include spinal fusion or artificial disc
replacement [5–7]. Clinical results of a one- or two-level lum-
bar fusion for back pain are mediocre compared to other or-
thopaedic procedures [7, 8]. Patients with more than two ab-
normal discs typically have no surgical options based on a
consensus against three-level or more fusion surgeries in the
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medical community. Many insurance companies will not au-
thorise a lumbar fusion for discogenic back pain because of
the expense (US$50,000–100,000) and the published results
of patients averaging only a 35 % improvement in pain [8, 9].
However, there remains a void between current nonoperative
and surgical treatments [10]. A cell therapy approach may
address underlying sources of disc degeneration by mitigating
inflammation in the nucleus pulposus or herniation of the
annulus, rehydration of the nucleus by remodelling of the
tissue or recruiting peripheral cells, nutrients or blood vessels
and/or by restoring the disc height to remove pressure from
adjacent nerves. Using autologous progenitor cell prepara-
tions, including mesenchymal stem cells (MSCs), found in
bone marrow concentrate (BMC) may provide a treatment
option, which would expand the options beyond nonoperative
and operative treatments [11, 12]. This study provides clinical
data with 24-month follow-up of the 26 patients suffering
from discogenic low back pain who received an intradiscal
injection of autologous BMC obtained from aspirate of the
iliac wing.

Materials and methods

Study design

This study is a prospective, open-label, non-randomised, two-
arm study conducted at a single centre with an Institutional
Review Board (IRB) approved clinical protocol. Patients were
enrolled as subjects in the study who presented with symp-
tomatic moderate to severe discogenic low back pain as de-
fined according to the following criteria: centralised chronic
low back pain that increased with activity and lasted at least
six months, nonoperative management for three months with-
out resolution, a change in normal disc morphology as defined
by magnetic resonance imaging (MRI) evaluation, have a
modified Pfirrmann score of 4–7, a Modic grade II change
or less, disc height loss of <30 % compared to an adjacent
non-pathologic disc, pretreatment baseline Oswestry Disabil-
ity Index (ODI) score of at least 30 on the 100-point scale and
pretreatment baseline low back pain of at least 40 mm on the
100-mm visual analogue scale (VAS). An intact annulus was
not required to be in the study. Standard exclusion criteria
included: an abnormal neurologic exam, symptomatic com-
pressive pathology due to stenosis or herniation or any
spondylolisthesis or spondylolysis. Of 26 enrolled patients,
seven required discography to confirm affected disc levels at
least two weeks prior to treatment.

All patients underwent a pre-injection medical history and
physical examination including MRI, ODI and VAS. These
ODI andVAS tests were repeated at three, six, 12 and 24months
following the procedure. All patients had a normal neurologic
examination of the lower extremities, demonstrated a loss of

lumbar range of motion and had pain to deep palpation over
the symptomatic disc(s) with associated muscle spasm. Study
patient demographics are listed in Table 1. Of the patients, 13
underwent an interdiscal injection of autologous BMC at a
single symptomatic lumbar disc and 13 had two adjacent
symptomatic disc levels injected. Discography was performed
in four patients in the one-level group and three patients in the
two-level group to ascertain the symptomatic disc. All other
patients were injected based on MRI scanning. MRI scans
were repeated at 12 months and assigned a modified
Pfirrmann score by a blinded independent reviewer.

Bone marrow collection and processing

Bone marrow aspirate (BMA, 55 ml) was collected over acid
citrate dextrose-anticoagulant (ACD-A, 5 ml) from the pa-
tient’s posterior iliac crest. The procedure was performed with
IV sedation consisting of Versed and Fentanyl. Positioning of
the Jamshidi needle in the iliac wing was confirmed by fluo-
roscopy. BMAwas collected in a 60-ml syringe in a series of
discrete pulls on the plunger (targeting a collection of 5–10 ml
per pull), with repositioning of the needle tip between pulls
based on the reported enrichment of progenitor cells by
Hernigou et al. [13]. The BMA was processed using the
ART bone marrow concentration system (Celling Biosci-
ences, Austin, TX, USA) to produce a bone marrow concen-
trated cell preparation. Typically, a BMC volume of 7 ml (6ml
for injection and 1 ml for cell analysis) was drawn from the
processed device. Cell analysis included total nucleated cell
(TNC) concentration and standard 10-day in vitro colony
forming unit-fibroblast (CFU-F) assay at dilutions of 50,000
to 1 million TNC per well in 12-well plates.

Intradiscal injection

With the patient in a prone position, the injection site(s) was
treated with local anaesthetic (1 % buffered lidocaine). BMC
was percutaneously injected into the symptomatic disc(s)
through a standard posterior lateral discogram approach with
a two-needle technique. The injection point of the 22-gauge
needle was verified with fluoroscopy. Approximately 2–3 ml
of BMC was used per symptomatic lumbar disc injection.
Patients were prescribed pain medicine to be used as needed
for three days and put on restricted physical activity for twoweeks.

Clinical outcomes determination and statistical analysis

ODI and VAS scores were collected from patients by non-
investigator personnel employed by the clinic. Pre-
treatment and 12-month MRI were analysed by a blinded,
independent radiologist. Univariable data comparisons
were analysed by two-tailed Student’s t test with a 95 %
conf idence interval (α = 0.05, Microsof t Excel ) .
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Multivariable data were determined with analysis of variance
(ANOVA) using JMP 9 statistical analysis software
(SAS Institute, Cary, NC, USA). A p<0.05 was consid-
ered to be statistically significant.

Results

Cellular analysis

The average TNC concentration in BMC of non-surgery pa-
tients was 129.6 million/ml. CFU-F assay indicated an aver-
age frequency of 0.0021 % among TNC, corresponding to 2,
702 CFU-F (MSC)/ml.

Injection results

There were no complications associated with the injection of
BMC into the nucleus pulposus. Two year follow-up data were
obtained for all 26 patients (21 non-surgical, 5 surgical). Post-
injection pain relief and decreased impairment measurements
(VAS and ODI, respectively) for non-surgical patients prior to
treatment as well as at three, six, 12- and 24-month follow-up
visits are illustrated in Fig. 1. It was previously observed that
pain relief was linked to MSC (or CFU-F) concentration in the
BMC, with a natural segregation of patients with greater or
less than 2,000 CFU-F/ml. This trend was consistent through
24months (Fig. 2), although only statistically significant at three
and six month time points (p<0.01). The percentage of ODI
and VAS reduction from baseline is reported in Table 2. For
each patient cohort, the reduction in pain at every follow-up
time point was statistically significant from average baseline
scores (p<0.001).

Clinical results

Two patients progressed to a lumbar fusion between six and
12 months following their initial injection. Between 18 and
24 months, three additional patients elected to proceed with
lumbar fusion or artificial disc replacement. Only one of these
five patients has reported improvement in VAS and/or ODI
following the surgical intervention. The other four patients
report ODI and VAS numbers similar to their pre-injection
pain and disability scores. Of 24 surviving patients, 20 re-
ceived MRI at 12 months. The modified Pfirrmann scale [1
(radiographically normal) to 8 (significant darkening of disc
and loss of disc height)] was used by a blinded independent
reviewer to assign quantitative scores for injected discs and
compared to pretreatment scores. Eight patients improved by
one grade, while the remaining twelve patients maintained
their previous score (discs did not worsen over 12 months

Fig. 1 Average outcome scores versus time for all non-surgery patients
(ODI blue, VAS green). 238×162 mm (300×300 DPI)

Table 1 Patient demographics:
number of discs (levels) injected,
age, gender, BMI, cause of injury,
Pfirrmann grade and BMC
characterisation

No. of enrolled patients 26

Age range 18–61 years (median 40)

Male to female ratio 11:15

Average BMI 26.6 (range 19–37)

Cause of injury Trauma 12

Unknown 14

Pretreatment modified Pfirrmann score (no. of discs) Grade IV 3

Grade V 11

Grade VI 15

Grade VII 10

No. of patients with improved Pfirrmann score at 12 months 8 of 20

Average total nucleated cell concentration in BMC 130×106/ml

Average CFU-F concentration in BMC 2,702/ml

Average CD34+/lineage– cell concentration 1.66×106/ml

Patients who received 2nd BMC injection 2

Patients lost to surgery by 24 months 5

BMI body mass index, CFU-F colony-forming unit-fibroblast
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after injection). None of the eight patients who improved by
MRI at 12 months went on to surgery through 24 months.
There was no correlation between the patients' pretreatment
Pfirrmann grade or discography and their progression to sur-
gery. Of the five patients who opted for surgery, four were in
the MSC concentration range of <2,000 CFU-F/ml.

Discussion

Discogenic low back pain is a major public health issue [2].
Chiropractic care, physical therapy, activity modifications and
medications have shown efficacy in the treatment of acute low
back pain [14–16]. There is, however, limited evidence to
show their efficacy to treat chronic discogenic low back pain
[17–21]. Phillips et al. published an excellent systematic re-
view on the treatment of chronic discogenic low back pain [7].
After establishing strict inclusion and exclusion criteria for the
available publications, they reviewed 26 studies. Six papers
reported on prospective randomised studies comparing fusion
versus non-surgical therapy in patients with moderate to se-
vere low back pain and disability that had persisted for one year
ormore [22–25]. The results of the six papers showed an average
of 35.3 % improvement in the surgical group (547 patients)

and a 20 % improvement in the non-surgical group (372 pa-
tients). Twelve prospective randomised studies were reviewed
comparing various fusion techniques [6]. The minimum
follow-up in every study was two years. Theweighted average
results in the 12 studies were a 43.3 % improvement in back
pain (1,420 patients) with a re-operation rate of 12.5 %.

Biologic approaches to treating discogenic pain are appeal-
ing due to their less invasive and financially costly nature
compared to surgery. Prior to the study, the authors were en-
couraged by early published results of cell therapies for disc
treatment, including juvenile chondrocyte therapies [26].
However, any cell preparations not meeting the US Food
and Drug Administration (FDA) guidelines of Section 361
(autologous, minimal manipulation, single procedure, etc.)
are classified as a drug (or 351 product) and are not currently
available for treatment outside of registered clinical trials. This
includes allogeneic cells, in vitro culture-expanded cells, en-
zymatically or ultrasound-digested adipose or stromal vascu-
lar fraction cells, cadaveric bone marrow cells and placental/
amniotic products. Platelet-rich plasma (PRP) offers autolo-
gous growth factors for regenerative applications and can be
prepared by several FDA-cleared devices, but PRP does not
provide any stem or progenitor cells as it is derived from
whole blood [27]. As the disc is an avascular or poorly
vascularised tissue and therefore contains few pericytes/
MSCs, it was hypothesised that any biologic injectate should
contain progenitor cells to participate in the healing event
either directly or through paracrine functions [11]. Autologous
BMC concentrated at the point-of-care was identified as an
FDA-compliant source of stem and progenitor cells for
discogenic pain therapy. This study was initiated to establish
safety and feasibility of the procedure while gathering prelim-
inary data to support a larger clinical investigation. The mag-
nitude and sustainment of pain relief and the correlation of
clinical outcomes with CFU-F/MSC concentration was not
expected.

The current authors previously published the minimum one
year follow-up data from the present study [28]. Key findings
from the 12-month study include the following: average re-
duction in disability was 58 % based on the ODI and average
reduction of pain was 61 % based on the VAS. Most of this
improvement occurredwithin threemonths of the disc injection,

Fig. 2 Average ODI and VAS scores of patients through 24 months
according to CFU-F concentrations <2,000 (blue) or >2,000 (green)
CFU-F/ml in BMC. 238×162 mm (300×300 DPI)

Table 2 Average improvement
(% from baseline): ODI and VAS
reduction by patient cohort (non-
surgery patients only, n=21)

% ODI improvement % VAS improvement

Months after injection 3 6 12 24 3 6 12 24

Non-surgery patientsa 65 % 66 % 60 % 67 % 67 % 77 % 66 % 72 %

MRI improved patientsa 66 % 75 % 73 % 59 % 78 % 79 % 75 % 67 %

Patients >2,000 CFU-F/mla, b 74 % 79 % 73 % 74 % 79 % 88 % 70 % 77 %

Patients<2,000 CFU-F/mla, b 41 % 40 % 48 % 51 % 50 % 66 % 60 % 64 %

a p values comparing follow-up scores to initial scores were all less than 0.001
b p values comparing >/<2,000 CFU-F/ml at each time point were all less than 0.01
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but was sustained through 12 months. Mesenchymal cell
count concentration was linked to pain and disability mitiga-
tion. Patients with greater than 2,000 MSC/ml averaged 70 %
reduction in ODI and 69 % reduction in VAS, versus patients
with less than 2,000 MSCs/ml having a 52 % reduction in
ODI and 60 % reduction in VAS. Only two of 26 patients
progressed to surgery between six and 12 months. As patient
questionnaire-based pain scores can be viewed as subjective,
quantifiable results were measured via MRI [29]. Of the 20
patients with a 12-month MRI scan, eight improved at least
one Pfirrmann grade, as determined by a blinded reader
experienced in the modified Pfirrmann scoring rubric.

The results of this study, in which patients suffering from
discogenic low back pain (similar to that recently reported on
by Phillips et al.) received an intradiscal injection of autolo-
gous BMC obtained from the iliac wing under IV sedation in a
45-minute outpatient procedure, have shown durable pain and
ODI improvements out to two years. These results aremarkedly
better than fusion or no treatment in terms of pain and disability
mitigation [7]. The overall improvement in ODI was 67 %
and 72 % for VAS (p<0.001) in the 21/26 patients who had
not undergone surgery at the two year follow-up. Only five
patients elected to proceed with surgery (spinal fusion or artifi-
cial disc replacement). Only one of these five patients reported
any significant improvement in pain or quality of life follow-
ing the surgery. The other four patients’ ODI and VAS scores
are similar to those from before the intradiscal BMC injection.
The remaining 21 patients have improved such that none re-
ported contemplating surgery at the 24-month follow-up
point. No patient was made worse from the BMC injection
and there were no serious complications associated with the
procedure. Overall, a majority of patients enrolled in the study
have reported a durable improvement in VAS and ODI levels
following a single intradiscal injection of BMC at the two year
milestone.

Limitations of this study include: the small population (26
patients), the lack of randomisation with a control group and
thatMRIs were only obtained in 20 of 24 remaining patients at
the 12-month follow-up point. Processing disposables were
provided at no cost by Celling Biosciences (Austin, TX,
USA) without any further financial contributions to the study
or principal investigator. Future studies should include a pro-
spective randomised control group. The authors are not aware
of a comparable, published study in which a patient’s autolo-
gous concentrated BMA has been injected intradiscally to
treat degenerative disc disease (DDD) and also are unaware
of other cell-based therapies that have achieved the degree of
improvement in VAS and ODI scores shown in this study at
the two year milestone. The lack of adverse events during the
course of the study, whether at the site of aspiration or the disc
injection, strongly supports the clinical feasibility for using
autologous BMC for treating patients suffering from DDD.
The reported correlation of the degree of durable VAS and

ODI improvements with patients receiving >2,000 MSC/ml
of injectate further emphasises the need to provide BMC with
a greater concentration of the mononuclear cell fraction, in-
cluding progenitor cells like MSCs.

These preliminary results strongly suggest that the
intradiscal injection of a patient’s autologous BMC into a
pathogenic disc has the potential to provide a non-surgical
option for treating discogenic back pain after conventional
therapy has failed, prior to progressing to surgical fusion.
The morbidity and cost of this percutaneous procedure (per-
formed in a treatment room with fluoroscopy) are substantial-
ly less than surgical resolution, and the clinical results appear
to be superior [28] so far for the majority (approximately
80 %) of patients still enrolled at the two year milestone com-
pared to those who progressed to a surgical procedure.
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