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autologous bone marrow aspirate concentrate for spinal 
cord injury: a descriptive case series
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Abstract  
Administration of platelet rich plasma (PRP) and bone marrow aspirate concentrate 
(BMAC) has shown some promise in the treatment of neurological conditions; however, 
there is limited information on combined administration. As such, the purpose of this 
study was to assess safety and functional outcomes for patients administered combined 
autologous PRP and BMAC for spinal cord injury (SCI). This retrospective case series 
included seven patients who received combined treatment of autologous PRP and BMAC 
via intravenous and intrathecal administration as salvage therapy for SCI. Patients were 
reviewed for adverse reactions and clinical outcomes using the Oswestry Disability Index 
(ODI) for up to 1 year, as permitted by availability of follow-up data. Injury levels ranged 
from C3 through T11, and elapsed time between injury and salvage therapy ranged from 
2.4 months to 6.2 years. Post-procedure complications were mild and rare, consisting only 
of self-limited headache and subjective memory impairment in one patient. Four patients 
experienced severe disability prior to PRP combined with BMAC injection, as evidenced 
by high (> 48/100) Oswestry Disability Index scores. Longitudinal Oswestry Disability Index 
scores for two patients with incomplete SCI at C6 and C7, both of whom had cervical spine 
injuries, demonstrated a decrease of 28–40% following salvage therapy, representing an 
improvement from severe to minimal disability. In conclusion, intrathecal/intravenous 
co-administration of PRP and BMAC resulted in no significant complications and may have 
had some clinical benefits. Larger clinical studies are needed to further test this method of 
treatment for patients with SCI who otherwise have limited meaningful treatment options. 
This study was reviewed and approved by the OhioHealth Institutional Review Board (IRB 
No. 1204946) on May 16, 2018.
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Introduction 
Spinal cord injury (SCI) is associated with long-term, 
permanent disability as a direct result of damage to the 
nervous structures as well as by complex inflammatory 
and scar-forming events that reduce regenerative capacity 
(Kjell and Olson, 2016; Shende and Subedi, 2017). Unlike 
the peripheral nervous system, the central nervous system 
(CNS) shows little inherent ability to regenerate due to: 1) 
the presence of inhibitory factors present in myelin and scar 
tissue; 2) the intrinsic state of CNS neurons, which show 
limited upregulation of regeneration-associated genes; 
and 3) the physical barrier incurred by the presence of scar 
tissue (Huebner and Strittmatter, 2009). Altogether, the 
CNS has limited intrinsic ability to regenerate that is further 
exacerbated by complex post-injury sequelae. Due to these 
limitations, treatment for SCI has traditionally sought to 
minimize progressive damage through rapid administration 

of medications such as corticosteroids to reduce swelling and 
early surgical decompression of neural elements via fixation 
and stabilization of the bony spine. 

The more recent discovery that CNS neurons may be 
prompted to regenerate through alteration of the local 
environment (Benfey and Aguayo, 1982; Huebner and 
Strittmatter, 2009) has resulted in interest and enthusiasm in 
regenerative therapies that promote structural and functional 
recovery through cell and tissue replacement (Abbaszadeh et 
al., 2018). Cell transplantation in SCI has been explored with a 
variety of cell types that may minimize tissue loss and support 
axonal regrowth, most commonly Schwann cells, olfactory 
ensheathing cells, and progenitor and stem cells (Tsintou 
et al., 2015; Gabel et al., 2017). These cell transplantation 
therapies have shown promise in a number of in vitro and 
animal studies; however, there has been only minor observed 
functional benefit in patients with SCI, and growing evidence 
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suggests that functional recovery following SCI will not be 
possible with a single therapeutic strategy. 

Compared to other cell-based therapies, bone marrow 
aspirate concentrate (BMAC) may be preferable based on 
its lower immunogenicity, wide availability, and absence of 
ethical concerns (Li et al., 2015). BMAC can be a rich source 
of stem cells (e.g., hematopoietic and mesenchymal stromal 
cells), other progenitor cells, white blood cells, platelets 
and a variety of growth factors (Chahla et al., 2016; Sugaya 
et al., 2018). Precise mechanisms of action for BMAC as a 
regenerative therapy have not been fully elucidated, but 
may include the ability of mesenchymal stromal cells (MSCs) 
within the aspirate to secrete trophic factors and cytokines 
(Joyce et al., 2010; Dasari et al., 2014). Few studies have been 
conducted in humans; although intrathecal administration of 
autologous bone marrow-derived stem cells (BMDCs) every 4 
weeks for 12 weeks (Bansal et al., 2016) and administration of 
BMAC once intrathecally or intralesion (Chhabra et al., 2016) 
corresponded to improved functional outcomes in small 
cohorts of patients. 

While there is evidence of the effectiveness of bone marrow 
mesenchymal cells and/or aspirate concentrate for use in 
SCI (Park et al., 2010), there are limitations associated with 
cell delivery and integration when BMAC is delivered alone, 
potentially because of variable ability for the transplanted 
cells to integrate with tissue in the areas of interest (Kador and 
Goldberg, 2012; Lee et al., 2015; Zhang et al., 2015; Kim et al., 
2018). Recent evidence suggests that regenerative capacity 
is improved when stem or stromal cells are co-administered 
with growth and differentiation factors (Steinert et al., 2012) 
and/or tissue scaffolds. One promising avenue of current 
research is the co-administration of stem cells with PRP. PRP 
contains high concentrations of growth factors, which have 
been shown to promote axonal growth in spinal cord tissues 
(Takeuchi et al., 2012; Salarinia et al., 2017) and act as a 
tissue scaffold (Shen et al., 2009; Lubkowska et al., 2012). 
In fact, co-administration of PRP and BMAC yielded positive 
healing effects in a rat model of SCI, as evidenced by astrocyte 
migration and axonal remyelination (Zhao et al., 2013). 

Given the evidence that cell-based therapies such as 
mesenchymal stem cells and BMDCs show better results when 
combined with PRP in various animal models (Cho et al., 2010; 
Lian et al., 2014; Hosni Ahmed et al., 2017), we propose that 
PRP in combination with BMAC may be a viable treatment 
option for patients with SCI. However, there is a relative 
paucity in the literature of studies utilizing both PRP and 
BMAC to treat SCI, and further exploration is warranted. The 
purpose of this case series is to describe the characteristics 
of patients that have received PRP combined with BMAC for 
SCI and to describe the clinical outcomes of these patients, 
including change in Oswestry Disability Index (ODI) and the 
occurrence of post-procedure complications. 
 
Subjects and Methods   
Study population
This retrospective case series included all patients (n = 7) 
who received PRP plus BMAC for SCI. All procedures were 
performed by a single physician (JAS) at Cedar Stem Cell 
Institute, Columbus, OH, USA, between January 2015 and 
August 2017. Follow-up data, when available, was obtained 
through 1 year following the procedure. There are no 
exclusion criteria; all patients who received PRP plus BMAC 
for any type of SCI are included in this case series. This study 
was reviewed and approved by the OhioHealth Institutional 
Review Board (IRB No. 1204946) on May 16, 2018 with a 
waiver of the informed consent requirement. 

PRP and BMAC preparation
Patients were placed in a lateral position on a clinic table. A 

large bore intravenous line was started using normal saline 
at 150 mL/h rate. Then, 60 mL of peripheral blood was 
drawn from the upper extremity to collect PRP. This blood 
was then mixed with 10 mL of anticoagulant citrate dextrose 
solution and processed and centrifuged using the double 
spin technique and the Cyclone® Concentrating System 
(Alliance Spine, San Antonio, TX, USA). In brief, this technique 
consists of a first spin at 2237 × g for 1.5 minutes, followed by 
aspiration of the plasma supernatant and subsequent second 
spin of the supernatant at 2237 × g for 5 minutes. This yielded 
on average approximately 7–8 mL of PRP. 
To obtain BMAC, the patient’s right posterior iliac crest region 
was prepared and draped using sterile technique. The skin 
was anesthetized with an average of 5–10 mL of 2% lidocaine 
without epinpherine. Next, a JamshidiTM bone marrow biopsy 
needle (Ranfac Corporation, Avon, MA, USA) was introduced 
through the skin and past subcutaneous tissues into the 
right posterior iliac crest. A 60-mL locking syringe was used 
to slowly aspirate bone marrow, turning the needle 90 
degrees following every 10 mL of aspirate. This bone marrow 
aspirate was then processed using the EmCyte® bone marrow 
concentrating system (EmCyte Corporation, Fort Myers, FL, 
USA). In brief, this consisted of evenly dividing approximately 
50 mL of bone marrow into two 30 mL syringes along with 
1000 units/mL of heparin per syringe. This mixture was then 
filtered and centrifuged at 2008 × g for 10 minutes to yield an 
average of 17 mL of BMAC. The PRP was mixed with BMACs in 
a larger sterile syringe, resulting in a ratio of approximately 1:2 
(PRP:BMACs).   

PRP and BMAC infusion
First, a standard lumbar puncture was performed using sterile 
technique. Approximately 8 mL of cerebrospinal fluid was 
removed and discarded. Next, between 7 and 9 mL of the 
combination PRP and BMAC mixture were slowly injected 
intrathecally. Then, all of the remaining PRP + BMAC volume 
was given back to the patient intravenously via the proximal 
sideport of the intravenous line. Lastly, we allowed for a 
gentle normal saline bolus of approximately 500 mL given 
slowly. Patients remained supine for 30–45 minutes following 
treatment and were monitored in the office for 90 minutes 
prior to discharge to home. Patients were instructed to call 
at any time with complications and six of seven patients 
returned to the treating physician’s outpatient office 2 months 
post-treatment for routine follow-up. One patient was lost 
to in-person follow-up but did not report any complications 
to the treating physician. On average, patients received 8–9 
mL intrathecally and 12–18 mL intravenously (IV), except for 
case #2, for whom the IV dose was discarded due to lack of IV 
access in an office setting. 

Study variable collection and outcome assessment
Study data were collected and managed using Research 
Electronic Data Capture (REDCap) electronic data capture 
tools hosted at OhioHealth (Harris et al., 2009). REDCap is 
a secure, web-based application designed and provided by 
Vanderbilt University, Nashville, Tennessee, USA to support 
data capture for research studies, providing 1) an intuitive 
interface for validated data entry; 2) audit trails for tracking 
data manipulation and export procedures; 3) automated 
export procedures for seamless data downloads to common 
statistical packages; and 4) procedures for importing data 
from external sources. Data were copied from Cedar Stem 
Cell Institute medical records to REDCap by an independent 
clinical research coordinator from the OhioHealth Research 
Institute.  

Data collected included patient demographics, injury 
information, types of therapies (surgical and non-surgical) 
prior to receiving PRP plus BMAC treatment, procedure-
related complications at 90 minutes post-treatment and 2 
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month routine follow-up, and functional outcomes (ODI) for 
up to 1 year following the procedure when available. ODI is 
a measure of functional disability, on a scale of 0% to 100%, 
where higher scores represent higher disability (Fairbank and 
Pynsent, 2000; Davidson and Keating, 2002). ODI scores were 
tabulated utilizing a standard survey covering the following 
ten categories: pain intensity, personal care, lifting, walking, 
sitting, standing, sleeping, sex life, social life, and traveling. 
Patient responses to each category are assigned a point value 
from 0 (no disability due to injury) to 5 (maximum disability 
due to injury), and aggregate scores are divided by the total 
possible score of 50 to yield a percentage of functional 
disability. Data were summarized using descriptive statistics 
(mean, standard deviation, median, range for continuous data 
and frequency/percentage for categorical data). 

Results
Table 1 summarizes demographics and characteristics for the 
seven SCI patients who underwent PRP plus BMAC treatment, 
including functional outcomes when available and post-
procedure complications. 

Patient demographics and injury characteristics 
The mean age of patients treated was 43.7 ± 16.9 years 
(median 46 years; range 22–65 years) and the majority (n = 
5) were male. Five patients suffered cervical injuries (C3 to 
C7) while the remaining two patients had thoracic injuries 
(T4 or T11).  Patients received the PRP plus BMAC treatment 
between 2.4 months and 6.2 years following the initial injury 
(mean: 2.5 ± 2.33 years; median: 2.1 years), and all patients 
had at least two interventions (surgery and physical therapy) 
prior to undergoing PRP plus BMAC therapy. Prior surgery 
types included laminectomy, corpectomy, fusion, anterior 
cervical discectomy and fusion and/or spinal cord stimulator 
placement. In addition to the above, two patients also engaged 
in occupational therapy prior to undergoing PRP plus BMAC 
injections. 

Procedure-related side effects and complications
Aside from a single patient who could not receive the IV dose 
due to lack of venous access, procedure-related complications 
were limited to a single patient who had a self-limiting 
headache (1–3 days) and self-reported difficulty with recall.   

Clinical outcomes 
ODI assessment results showed that with the exception of a 
single patient with minimal disability, remaining patients had 
significant functional disability (range: 48% to 68%) prior to 
PRP plus BMAC treatment.

Two patients (28.6%) provided baseline ODI scores with 
one or more follow-up evaluations. Both patients improved 
from “severe disability”, where activities of daily living were 
affected to “minimal disability”, where the patient can cope 
with most daily living activities (Table 1). Patient 5, who had a 
chronic phase C7 injury level, exhibited a 40% improvement 
in disability score at the 12-month follow-up. Patient 7, who 
had an acute-phase C6 injury, exhibited a 28% improvement in 
disability score at 2-month follow-up.

Discussion
In this study, we assessed the safety and effectiveness of a 
combined mixture of adult autologous PRP and autologous 
BMAC uniquely administered via both intrathecal and 
intravenous routes in SCI patients. Our patient population 
consisted primarily of individuals with chronic SCI who had 
undergone at least two prior interventions including surgery 
and physical therapy. In our cohort, one patient could not 
receive intravenous treatment due to lack of venous access in 
the office setting. Only one patient reported procedure-related 
complications, namely a self-limiting headache and subjective 

recall difficulty. Longitudinal ODI scores were obtained from 
two of the seven patients and demonstrated improved scores 
from “severe disability” to “minimal disability” for both.

Traumatic damage to the spinal cord is highly complex at 
the cellular level. It consists of hypoxia, ischemia, necrosis, 
excess production of pathological inflammatory factors, 
the accumulation of excitatory amino acids, the influx of 
large amounts of calcium ions, and significant amounts 
of oxygen free radicals and nitric oxide which induce 
apoptosis of neurons and neuroglia and disturb neurological 
function. Considering this cascade of events, the challenge 
of interventional therapies for SCI is to intervene at one 
or more of these levels to avoid further cellular apoptosis 
and to promote axonal regeneration and improve patient 
functionality. 

One therapy that has shown promise for SCI rehabilitation in 
pre-clinical studies is PRP (Takeuchi et al., 2012; Salarinia et 
al., 2017; Chen et al., 2018). The enhancing effect of PRP is 
based on the premise that a large number of platelets in PRP 
release significant quantities of growth factors that aid the 
healing process. These factors include platelet-derived growth 
factor, transforming growth-factor beta, insulin-like growth 
factor, vascular endothelial growth factor, epidermal growth 
factor, fibroblast growth factor, keratinocyte growth factor, 
connective tissue growth factor, and interleukin-8 (Fernandes 
and Yang, 2016). Salarinia et al. (2017) demonstrated benefits 
of PRP using a rat SCI model simulating blunt trauma and cord 
contusion. They demonstrated functional motor recovery as 
well as axonal regeneration following intrathecal PRP injection 
24 hours post-lesion. Chen et al. (2018) directly injected 
PRP into rat spinal cords and examined the effect of PRP on 
normal and injured spinal cord. In normal spinal cords, PRP 
induced microglia and astrocyte activation. In the SCI rats, 
PRP enhanced locomotor recovery and spared white matter, 
promoted angiogenesis and neuronal regeneration, and 
modulated blood vessel size. While the exact mechanisms 
remain elusive, Takeuchi et al. (2012) showed that human PRP 
promoted axon growth in neonatal rat cerebral cortex and 
spinal cord co-culture in an insulin-like growth factor-1- and 
vascular endothelial growth factor-dependent manner.

Another therapy that has gained traction for SCI treatment 
is transplantation of BMDCs obtained from BMAC. BMDCs 
have been associated with functional locomotor recovery, 
preserved axons, increased myelin sparing, reduced scar 
tissue formation (Nakajima et al., 2012), preserved spinal 
ultrastructure and hind limb motor recovery (Karaoz et 

Table 1 ｜ Patient demographics, injury characteristics, functional 
outcomes, and complications

Demographics Injury information

Complications or 
adverse eventsPatient Age (yr) Sex

Highest 
level

Complete (C) or 
incomplete (I)

Years post-
injury

1 46 F C3 I 6.2 Self-limiting 
headache; patient-
reported memory 
impairment

2 22 F C4 C 0.7 No intravenous  
dose administered 
due to lack of 
intravenous access

3 65 M T11 C 0.5 None
4 33 M C7 C 2.1 None
5 55 M C7 I 3.2 None
6 59 M T4 I 4.9 None
7 26 M C6 I 0.2 None

Patient 5: Oswestry Disability Index (ODI) scores improved from 60 at time of 
treatment to 20 at 12 months post-treatment. Patient 7: ODI scores improved 
from 48 at time of treatment to 20 at 2 months post-treatment. F: Female; M: 
male.
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al., 2012), and reduced inflammatory reaction (Park et al., 
2005) in rat models of spinal cord contusion. In clinical trials, 
both the safety of autologous BMDC treatment (Callera and 
do Nascimento, 2006; Yoon et al., 2007) and capacity for 
functional improvement (Park et al., 2005; Dai et al., 2013) in 
SCI patients have been demonstrated. While it is known that 
bone marrow-derived MSCs possess tropism for damaged 
tissue sites, including in chronic SCI patients (Callera and de 
Melo, 2007), the exact mechanisms by which BMDC promote 
healing from SCI is unknown and may lie within spinal cord 
neuroneogenesis (Corti et al., 2002). 

One unique aspect of the present study is the combination 
treatment of both PRP and autologous BMAC for SCI patients. 
While PRP and BMAC have been proven safe and in many 
cases effective in treating SCI in preclinical and clinical models, 
their synergistic effects are much less studied. Positive 
synergistic effects of PRP combined with BMAC treatment 
have been demonstrated via improved bone healing in 
distraction osteogenesis of the tibia (Lee et al., 2014), 
rehabilitation of rotator cuff injury (Liu et al., 2019), and facial 
nerve repair in an acute nerve injury model (Cho et al., 2010). 
In a rat model of spinal cord hemisection, Zhao et al. (2013) 
demonstrated that a combination of PRP scaffolds with brain 
derived neurotrophic factor-overexpressing BMDCs resulted in 
a synergistic effect promoting astrocyte migration and axonal 
remyelination. Ammar et al. (2017) utilized a combination of 
hematopoietic stem cells and PRP along with a fibrin coating 
in SCI patients. This study demonstrated motor and objective 
sensory improvement in one patient, subjective sensory 
improvement in two other patients, and no improvement in 
one patient who received combination treatment. Of note, 
none of the patients demonstrated adverse effects and MRI 
studies proved non-migration of the inserted scaffolds 2–3 
years following treatment. While interesting, this study drew 
BMDCs from peripheral blood rather than bone marrow itself, 
likely resulting in a substantial proportion of hematopoietic 
stem cells with controversial neuronal differentiation 
capability as opposed to mesenchymal stem cells with the 
proven capability to mature into neurons (Ullah et al., 2015). 
Additionally, this study involved heavily invasive treatment 
methods including laminectomy and dural- and spinal cord- 
dissection under general anesthesia. 

Another unique aspect of the current study is the multi-focal 
administration of PRP plus BMAC therapy to SCI patients. 
In our study, PRP plus BMAC combination treatment was 
administered both intrathecally via lumbar puncture and 
intravenously for all patients except one who lacked optimal 
intravenous access. In addition to avoiding injection directly 
into the SCI site, which may potentiate previous damage, 
this unique multi-focal treatment method allows for 
multiple avenues of regeneration and potentially bypasses 
obstacles associated with either intrathecal or intravenous 
administration in any one particular patient. Syková et 
al. (2006) compared intra-arterial versus intravenous 
administration of bone marrow cells in subacute- and chronic-
SCI patients, noting partial improvement in sensory and 
motor impairment scores and evoked potentials in all four 
subacute SCI patients who received intra-arterial injection and 
in one out of four who received intravenous injection. While 
their group concluded that implantation of bone marrow 
cells intra-arterially or intravenously was safe and without 
complications, conclusions on functional improvement as a 
result of the treatment were unable to be drawn. Geffner et 
al. (2008) demonstrated that administration of bone marrow 
stem cells into acute and chronic SCI patients via multiple 
routes, including simultaneous administration directly into the 
spinal cord, directly into the spinal canal, and intravenously 
was safe, feasible, and had the capability to improve quality 
of life scores for SCI patients. In their cohort of 25 SCI patients 
with 3-month comprehensive follow-up, while most patients 

avoided adverse events, they do note transient lack of 
erection or ejaculation in four patients, sweating on one half 
of the body in two patients, and spinal cord canal fistula in 
one patient. 

One potential limitation of the current study lies in the 
number of patients enrolled. Seven total SCI patients, ranging 
from 2 months to 6.2 years post-injury, were treated under 
our unique treatment protocol. This study is also limited due 
to loss of regular patient follow-up post-treatment, which 
limits our ability to make inferences about long-term changes 
in sensory or motor impairment and overall functional 
recovery. Of the seven patients treated, immediate adverse 
events were noted in only one patient and were mild – a self-
limiting headache and patient-reported memory impairment. 
Patients were monitored for an average of 90 minutes post-
treatment, during which time the other six reported no 
complications. Although not significant enough to draw 
conclusions, one patient’s ODI score improved from 60 at 
time of treatment to 20 at 12 months post-treatment, while 
another patient’s improved from 48 at time of treatment 
to 20 at 2 months post-treatment. Future studies involving 
more patients and regular, uninterrupted follow-up will be 
necessary in order to further determine the safety, feasibility, 
and efficacy of combined intrathecal and intravenous PRP plus 
BMAC treatment for SCI. 

Conclusions
While PRP and BMAC are commercially available and 
considered safe and effective for numerous medical 
conditions, they are not yet United States Food and Drug 
Administration approved for SCI. Through our preliminary 
investigations, a combination treatment of PRP and BMAC 
appears to be safe and has the potential additive benefit 
of stem cells from bone marrow combined with the more 
ideal milieu of PRP, which is known to have potent growth 
hormones and cytokines. This therapeutic combination shows 
great potential for recovery from SCI and further studies are 
warranted to evaluate this cutting-edge treatment modality.
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