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ABSTRACT

Background: Intervertebral disc disease (IDD) is responsible for a large portion of back pain with historically
suboptimal treatments for long-term improvement. IDD pathogenesis is thought to arise at a cellular and biochemical
level, making biologically based injections an area of clinical interest. Although human studies have shown promise,
emerging data suggest there may be risks inherent to such injections that were previously unrecognized. The aim of this

review is to summarize the known risks to date and provide mitigation steps to reduce potential complications in the
future. In addition, we present a small case series of serious adverse events (SAEs) from our clinical practice.

Methods: A literature review was performed to identify human intradiscal autologous biologic injection studies to

date, including mesenchymal signaling cells (MSCs) and platelet-rich plasma (PRP) preparations, which were reviewed
for complications. Cases of complication following intradiscal orthobiologic injection were identified from a single
outpatient center and reviewed.

Results: Publications of MSC-based intradiscal injection documented 136 total patients treated with two SAEs
reported, one infection and one progressive disc herniation. Publications of PRP intradiscal injection included 194
patients with one SAE reported. We also review three cases of previously unpublished SAEs, including one case of

confirmed infection with Cutibacterium acnes (C acnes) and two presumed cases of discitis without pathogen
confirmation. Bone marrow concentrate was the injectate in all three cases.

Conclusions: Although biologic intradiscal injection shows promise for the treatment of discogenic back pain,
there are inherent risks to be considered and mitigated. We currently recommend a leukocyte-rich PRP and a two-needle

delivery technique coupled with intradiscal gentamicin to mitigate the risk of postinjection spondylodiscitis. Further
research is needed using large registries to not only track clinical outcomes but also complication rates.

Complications

Keywords: intradiscal biologics, platelet-rich plasma, bone marrow concentrate, complications, percutaneous injection

INTRODUCTION

Low back pain is a leading cause of disability

with a large associated socioeconomic burden from

direct treatment-related healthcare expenditure and

indirect cost from decreased productivity.1,2 Dis-

ruption of intervertebral discs (IVDs) accounts for

approximately 22% of back pain cases.3 The IVD is

a unique structure with a high water content and

particular glycosaminoglycan-to-collagen ratio, al-

lowing for tolerance of mechanical stress from

multidirectional force vectors.4 However, the ana-

tomic and molecular structure makes the IVD

particularly susceptible to injury via supraphysio-

logic mechanical load.5 In addition, the disc

microenvironment is hypoxic, acidic, and poorly

vascularized, and thereby relies on diffusion for

nutrient absorption and the elimination of waste.6

For this reason, IVDs can contribute to chronic
pain via multiple pathways due to diminished
inherent healing ability once injured or degenerat-
ed.7

Many treatments for disc-mediated back pain
have been tried, including conservative management
with physical therapy, epidural steroid injections, a
variety of intradiscal injections, denervation of the
annulus, and surgical intervention.7 Minimally
invasive treatments have historically shown limited
success, and there is debate whether surgical
intervention for discogenic axial low back pain
improves outcome over nonoperative treatment.8

More recently, animal models have shown promise
using biologic materials, including a variety of
individual growth factors, platelet-rich plasma
(PRP), and mesenchymal signaling cell (MSC)
preparations, to improve water content, disc height,
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and cell proliferation in degenerative IVDs.9,10 In
humans, several studies have demonstrated func-
tional improvements and global decreases in pain
following intradiscal injection of MSCs and/or
PRP.11–16 Indeed, 2019 American Society of Inter-
ventional Pain Physicians practice guidelines were
updated to demonstrate level 3 evidence for intra-
discal PRP and MSC injections.17 This was further
supported by a consensus statement published by
the American Society of Interventional Pain Physi-
cians in 2020 regarding the evidence-based use of
bone marrow concentrate (BMC) for musculoskel-
etal disorders.18

Although early clinical reports are promising,
there is an inherently higher risk of injection within
the intradiscal space due to its harsh environment
compared with other musculoskeletal tissues for
which biologic injectates are indicated, such as
tendons, ligaments, or joints. Although the proce-
dures have a high overall safety profile, complica-
tions have been reported. The purpose of this review
is to catalog published complications following
intradiscal biologic injection, present a case series
of previously unpublished cases, and review safety
considerations as well as mitigation strategies to
optimize patient safety when performing such
procedures.

METHODS

A literature review was performed using search
terms of ((intervertebral disc) OR (intervertebral
disk)) AND ((stem cell) OR (bone marrow) OR
(platelet rich plasma) OR (regenerative medicine))
AND (injection) with a human species filter to
identify relevant studies in two unique databases.
The databases queried included PubMed and
Cochrane Reviews. The results were compiled and
articles were reviewed. Those studies involving any
form of autologous mesenchymal stromal cells
injected percutaneously into lumbar IVDs in hu-
mans were included. Studies using biologics to
augment surgery, animal studies, or unrelated
papers were excluded. Primary research articles
were identified and cross-referenced with review
articles to maximize the identification of studies.
Case reports, case series, and randomized controlled
trials were included and analyzed for the number of
complications reported. Publications documenting
the same cohort over time were included once as the
final publication or were otherwise noted.

In addition to a review of the literature for
identification of previously reported complications
following intradiscal orthobiologic injection, we
present three cases known to a single, private
interventional sports and spine practice. These cases
were reviewed for patient characteristics, type of
complication, injectate, laboratory values, treat-
ments, and outcomes.

RESULTS

The PubMed and Cochrane Review search
yielded 142 unique publications, respectively. Re-
view papers from the search identified an additional
6 studies. No duplicates were identified. One
hundred twenty-nine abstracts were reviewed and
excluded, leaving 19 studies meeting inclusion
criteria. Of these, 11 were original studies evaluating
autologous bone marrow-based injections (3 of the
same cohort),12,14–16,19–25 and 8 were original studies
evaluating autologous platelet-based injections (2 of
the same cohort)11,26–33 (Figure 1). Eleven articles
were review papers.34–44 Two patients were reported
to have major complications. Subach et al24

published a case report of a patient treated at an
outside institution with an autologous adipose graft
and BMC with resultant cauda equina syndrome
secondary to spondylodiscitis and epidural abscess.
In a retrospective cohort study by Centeno et al,16

of 33 patients undergoing intradiscal injection of
hypoxic cultured bone marrow derived mesenchy-
mal stem cells (BM-MSCs), 1 patient had a

Figure 1. Flowchart outlining literature review and identification of primary

articles.
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progressive disc herniation at 3 months. Otherwise,
a small number of patients had self-limited post-
procedural pain. It is unclear whether the disc
herniation was related to the injection because it
occurred in a remote fashion. Infection does appear
to be related to the procedure, thereby suggesting a
complication rate of 0.74% for intradiscal MSC
injection within the published literature. Nine
publications document intradiscal injection of PRP
with a total of 194 patients treated. One major
complication was published as a case report,
suggesting a complication rate of intradiscal PRP
of 0.52% (Table 1). In addition to the previously
published cases, here we present three additional
cases of adverse events following biologic intradiscal
injection.

Case 1

An otherwise healthy 55-year-old male nonsmok-
er was initially seen in consultation for axial low
back pain without radiculopathy in June 2019 by
author GL at a private outpatient spine and
musculoskeletal practice. He failed conservative
treatment with physical therapy, oral corticoste-
roids, and cyclobenzaprine. Previous injections
included Regenokine administration to his facet
joints at a different institution with partial relief. His
physical exam was notable for pain in extreme
ranges of flexion and extension. He had no dural
tension signs and an intact neurological examina-
tion. Magnetic resonance imaging (MRI) showed a
mild disc bulge at L4-5 with moderate degeneration
at L5-S1 and facet arthrosis, left greater than right,
at the lower lumbar segments. There was no
significant canal or nerve root compromise. Due
to ongoing discogenic pain that was significantly
interfering with the patient’s quality of life and
ability to be active, he elected to undergo L4-5 and
L5-S1 intradiscal injections with BMC as well as
BMC injections to the left lumbar facet joints. The
procedure was performed on August 8, 2019, using
a Marrow Cellutions Bone Aspiration System
(Ranfac Corporation, Avon, MA) with a unilateral
draw from the posterior superior iliac spine. A total
of 60 mL was aspirated and then further concen-
trated to 8 mL using a bone marrow concentration
device (EmCyte Corporation, Fort Myers, FL). A
sterile preparation and draping was performed.
Following intravenous (IV) administration of cefaz-
olin, intradiscal injections were performed using a
double-needle technique with an 18-gauge introduc-

er needle and a 22-gauge needle threaded to inject
the disc. Omnipaque contrast dye, 0.5 mL, com-
bined with 500 mcg of gentamicin was used for
confirmation, followed by a 2-mL injection of BMC
at each level. The left L4-5 and L5-S1 facet joints
were injected under fluoroscopy with 1 mL of BMC
at each level. There was moderate to severe
concordant pain with injection of the L5-S1 disc
with a grade 3 annular fissure noted (Figure 2A–D).

The patient had some moderate postprocedural
pain controlled with 50 mg of tramadol and 10 mg
of cyclobenzaprine. On day five postinjection, he
developed constipation. He subsequently traveled to
Spain with continued increasing crescendo pain with
peak severity resulting in presentation and admis-
sion to a hospital on day 19 postinjection. Despite
not having any systemic symptoms of fever, chills,
or sweats, he was admitted for severe pain and
found to have a C-reactive protein (CRP) level of
115.5 mg/L, an erythrocyte sedimentation rate
(ESR) of 35 (mm/hr), and a white blood cell count
of 8.59 109/L. An MRI with and without contrast
was notable for endplate changes consistent with
L5-S1 spondylodiscitis and enhancement of the L4-
L5 facet joints with extension into the right L4-L5
paravertebral space and the right psoas. No biopsy
or cultures were performed, and the patient was
treated with 6 weeks of IV cloxacillin followed by
oral rifampicin and moxifloxacin for an additional 6
weeks. Three months after his initial admission, he
returned for follow-up with no further active signs
of infection. His MRI showed interval resolution of
the spondylodiscitis (Figure 2E–H), and he was
increasing his activity with physical therapy and no
longer required opiate pain medication.

Case 2

A 35-year-old male nonsmoker was seen by
author GL on May 6, 2020, for consultation and
management of presumed spondylodiscitis follow-
ing intradiscal injection with BMC performed at a
different institution on March 13, 2020. The patient
had a medical history significant for traumatic
injury to his low back with subsequent L4-L5
laminectomy and microdiscectomy 5 years before
presentation. This surgery was revised 1 year later
and complicated by cerebral spinal fluid leak. He
continued to have refractory pain and disc extru-
sions at L3-4, L4-5, and L5-S1 with right-sided
radiculitis. He underwent intradiscal BMC injec-
tions at L3-4 and L4-5 without immediate compli-
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cations. He was given 1 g of IV cefazolin before the

procedure. Autologous BMC (3 mL) harvested from

a unilateral posterior superior iliac spine were

injected into the L3-L4 and L4-L5 discs. The patient

had usual postprocedural pain for 2 days followed

by a period of significant pain improvement.

However, on day seven, he developed sudden-onset

severe low back pain, fever, and constipation. He

presented to the hospital with admission and

extensive infection workup for fever of unknown

origin. MRI of the lumbar spine was concerning for

L3-L4 discitis with epidural abscess (Figure 3). His

white blood cell count on admission was 6.3 109/L,

CRP was 4.9 mg/L, and ESR was 49 (mm/hr).

Blood cultures were negative. He underwent a

computed tomography (CT)-guided aspiration of

the spinal fluid with no growth at .14 days. No

antibiotics were administered before the fluid

collection aspiration. The remainder of the workup

was negative. Despite negative bacterial culture, he

was treated for presumed spondylodiscitis with 6

weeks of IV cefepime and vancomycin. Due to

persistent pain following treatment with broad

spectrum antibiotics, the treating infectious disease

physician administered high-dose dexamethasone

with marked symptomatic improvement within 24
hours.

Although significantly improved since his hospi-
talization, the patient had continued pain 5 months
following his initial injections. He underwent a
surgical consultation, but was not offered surgery at
that time. To date, no organism or confirmation of
infection has been established, and his bloodwork
has normalized.

Case 3

A 34-year-old male nonsmoker presented for
evaluation of low back pain with radiculopathy
secondary to a disc bulge at L4-5 and disc extrusion
at L5-S1. His only medical history was degenerative
lumbar disc disease. After failing conservative
management, he underwent L4-5 and L5-S1 intra-
discal injections with a leukocyte-poor PRP on two
occasions in tandem with a structured rehabilitation
program. He had minimal to no improvement
clinically or on imaging following these injections.
One year later, due to refractory low back pain, he
was offered and underwent intradiscal BMC as an
orthobiologic treatment option on February 13,
2018, with author CL. He underwent a unilateral
posterior superior iliac spine bone marrow aspira-

Figure 2. Case 1. Procedural imaging and magnetic resonance imaging (MRI) 8 weeks postprocedure. (A) Fluoroscopy demonstrating bone marrow aspiration. (B)

Anteroposterior view fluoroscopy demonstrating intradiscal procedure. (C) Lateral view fluoroscopy demonstrating intradiscal injection with discograms. (D)

Contralateral oblique fluoroscopy demonstrating bone marrow concentrate (BMC) intra-articular facet injections at L3-4, L4-5, and L5-S1. (E) T2-weighted lumbar MRI

with sagittal view demonstrating endplate changes at L5-S1. (F) T1-weighted fat-saturated lumbar MRI with contrast in sagittal view also demonstrating endplate

changes with Schmorl’s nodes. (G) T1-weighted fat-saturated postcontrast lumbar MRI axial view demonstrating end plate changes at S1. (H) T1-weighted fat-

saturated postcontrast lumbar MRI axial view demonstrating enhancement of the L4-L5 facet joints with extension into the right L4-L5 paravertebral space.
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tion using a Marrow Cellutions Bone Aspiration
System (Ranfac Corporation). Sixty milliliters of
bone marrow was aspirated and concentrated to 7
mL by using a bone marrow concentration device
(EmCyte Corporation). Following administration
of IV cefazolin, fluoroscopy was used for double-
needle technique intradiscal injection of 2.5–3 mL of
BMC at each level (Figure 4A–C).

Thirteen days following the procedure, he con-
tinued to have severe pain requiring opioid analge-
sia. His examination showed restricted and guarded
range of motion in the lumbar spine with right-sided
dural tension signs, but no focal neurological
deficits. Early MRI of the lumbar spine at 2 weeks
postprocedure showed mild increased T2 signal in
the L4-5 high-intensity zone as well as an increase in

the disc protrusion at L5-S1 (Figure 4D). Because of
the development of fever and unremitting pain, he
underwent a CT-guided biopsy that was positive for
Cutibaceterium acnes (formerly Propionibacterium
acnes) at L5-S1. His repeat MRI at 4 weeks
postprocedure demonstrated increased endplate
changes and central bone remodeling at L5-S1
(Figure 4E,F). At their peak, CRP and ESR were
82.9 mg/L and 39 (mm/hr), respectively, while the
white blood cell count remained within a normal
range at 7.3 109/L. He was treated with IV
ceftriaxone for 42 days followed by oral amoxicillin
for an additional 42 days.

At 3 months postprocedure, his blood work
normalized, and he had improvement in his pain
back to his preinjection baseline status. He was

Figure 3. Case 2. Imaging 4 weeks postprocedure. (A) T2-weighted lumbar magnetic resonance imaging (MRI) without contrast, sagittal view demonstrating

increased signal at L3-L4 with concern for epidural abscess. (B) Sagittal short tau inversion recovery (STIR) image demonstrating increased signal at L3-L4 with

endplate changes. (C) T1-weighted lumbar MRI postcontrast, sagittal view demonstrating enhancement at the endplates of L3 and L4 with increased signal in the L3-

L4 disc. (D) T2-weighted lumbar MRI without contrast, axial view of L3-L4 demonstrating left paracentral disc material versus abscess. (E) T1-weighted lumbar MRI

postcontrast, coronal view demonstrating endplate changes in vertebral bodies and disc enhancement at L3-L4.
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rarely using opioids and achieved pain control

primarily with nonsteroidal anti-inflammatory

drugs. He had no progressive neurological symp-

toms or continued fevers.

In summary, one case of confirmed discitis with C

acnes was identified, and two cases of suspected

spondylodiscitis were identified. All cases used BMC

as the injectate, and in all cases, one level of two was

found to have a complication. A summary of

characteristics can be found in Table 2.

DISCUSSION

Our clinical experience and review of the pub-

lished literature has demonstrated a small but

notable risk of spondylodiscitis following intradiscal

orthobiologic injections of PRP and/or BMC for

lumbar disc disease. Here, we present three previ-

ously unpublished cases of complications following

intradiscal injection with BMC. Review of the

published literature identified two previous cases

of spondylodiscitis following orthobiologic intra-

discal injections, one following combination BMC
and adipose injection and the second following
leukocyte-poor PRP injections. From the reports
that do exist in combination with the above series, it
is possible that bone marrow-based injections may
be more commonly associated with risk of infection
and/or complication. However, more comprehen-
sive multicenter retrospective data are needed to
confirm this trend. Reasons for this potential
increased risk are not entirely understood, but could
be related to several factors. First, increased
handling of the injectate may allow for possible
contamination. In order to process bone marrow, it
is transferred from the sterile field to a processing
device and centrifuge. Although the systems used in
the cases reported were closed, it is possible that
these additional steps allow for potential contami-
nation. Bacteria have been cultured from surgical
devices left on sterile trays for greater than 30
minutes and with suspected inoculated circulating
air.45 It is possible that a similar occurrence is
responsible for bacterial contamination during some

Figure 4. Case 3. (A) Lateral fluoroscopic image demonstrating L4-L5 and L5-S1 intradiscal needle placement. (B) Anteroposterior fluoroscopic view demonstrating

L4-L5 and L5-S needle placement and discogram. (C) Lateral fluoroscopic view demonstrating L4-L5 and L5-S needle placement and discogram. (D) Two weeks post-

procedure T2-weighted lumbar magnetic resonance imaging (MRI), sagittal view, demonstrating disc disease with minimal endplate edema at L5-S1. (E) Four weeks

postprocedure T2-weighted lumbar MRI, sagittal view, demonstrating increased subchondral edema at the L5-S1 endplates and subtle central bone plate remodeling.

(F) Four weeks postprocedure lumbar MRI, axial view, demonstrating large broad-based disc protrusion with associated annular fissure.
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portion of the BMC processing. In addition, rather
than a peripheral blood draw using up to an 18-
gauge or smaller-sized needle, bone marrow aspira-
tions are typically performed with larger, 11- or 15-
gauge bone marrow biopsy needles. Theoretically,

the larger size and surface area may be a higher risk
for contamination despite sterile technique.

Another possible explanation is new data regard-
ing the microbiota within various environments in
the body. One of the most compelling theories

relates to recent research identifying an intradiscal
microbiome. The assumption that the intradiscal
space is a sterile environment has recently come into
question.46,47 There appears to exist a complex
microbiome within the IVD with differing distribu-

tions and diversity of bacterial populations in
healthy discs versus in discs with degeneration and
herniation. This suggests a possible dysbiosis theory
underlying chronic disc degeneration.46,48 It is
possible that the combination of growth factors

causes an imbalance and overgrowth of the innate
microbiome already present within the disc. Re-
ported cases of spontaneous discitis49,50 further
support a possible skin/gut/spine microbiome axis
and dysbiosis model.48 This raises additional

questions regarding other microbiomes within the
body. It is possible that the bone marrow space
within the pelvis also harbors its own unique
microbiome, thereby allowing the transfer of
dormant bacteria into the discs during BMC

injection. Although, to our knowledge, a discrete
microbiome of the bone marrow space has not been
identified, studies do indicate a gut microbiome
influence on aging of circulating neutrophils47 and
the prevention of graft-versus-host disease following

allogeneic bone marrow transplantation in patients
with gut microbiome suppression,51 indicating some
degree of a gut/bone marrow axis.

Another consideration is that one of the present-
ed cases did not have a confirmed microorganism

from his intradiscal, CT-guided biopsy and culture.
The patient did not significantly improve clinically
with IV antibiotics; however, they made a marked
recovery following administration of high-dose
corticosteroids. This raises the possibility of an

extreme inflammatory reaction to either the cells
within the BMC or an additive within the injectate.
It is also possible the aspiration was not adequate
for culture; however, it emphasizes the importance
of understanding the different growth factors and

Table 2. Review of case series patient characteristics.

Parameter

Patient

1 2 3

Sex M M M
Age, y 55 35 34
Prior surgery No L4-5 microdiscectomy and

laminectomy in 2015; revision
in 2016 with postsurgical CSF
leak

No

Prior steroids Methylprednisolone dose pack 3
mo prior

Corticosteroid epidural, date
unknown

Yes

Previous injection Lumbar facets with Regenokine Corticosteroid epidural, date
unknown

Yes, intradiscal LP-PRP twice

Injectate BMC BMC BMC
IV antibiotics Yes, cefazolin Yes, cefazolin Yes, cefazolin
Antibiotics in contrast Yes, 500 mcg gentamycin No No
Levels injected 2, L4-5, L5-S1 2, L3-5, L4-5 2, L4-5, L5-S1
Levels with complication 1, L5-S1 1, L3-4 1, L4-5
Confirmed pathogen No No, culture of fluid collection

negative
Yes, C acnes

ESR (mm/hr) 115.5 49 41
CRP (mg/L) 35 4.9 82.9
WBC (109/L) 8.6 6.3 7.3
Fever No Yes Yes
MRI findings Endplate edema Endplate edema Endplate edema
Treatment IV cloxacillin and oral rifampicin

and moxifloxacin
IV cefepime, ceftriaxone, and
steroids

IV ceftriaxone and oral
amoxicillin

Outcome Clinical improvement Clinical improvement in pain after
systemic steroids

Persistent pain leading to
consideration of surgical fusion

Abbreviations: BMC, bone marrow concentrate; CRP, C-reactive protein; CSF, cerebrospinal fluid; ESR, erythrocyte sedimentation rate; IV, intravenous; LP, leukocyte
poor; MRI, magnetic resonance imaging; PRP, platelet-rich plasma; WBC, white blood cell count.
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cell types within biologic injectates as well as their
specific effects within various environments in vivo.
While there is great enthusiasm for orthobiologic
treatment options, this enthusiasm has to be
tempered with ongoing safety and clinical outcome
studies to weigh the risk/reward for patients.

There are several key clinical takeaways from the
available data. First, patients in whom infection
was identified early went on to do reasonably well
clinically and did not need surgical fusion. Cre-
scendo pain should signal the clinician to evaluate
for infection early in the postprocedure time frame.
For many patients, intradiscal biologic injection
leads to an immediate increase in postprocedure
pain; however, this typically resolves by day
seven.12,22,23 Patients presenting with infection
often have an improvement in pain followed by
crescendo pain within 1 to 2 weeks, many times
with continued fluctuation and no overall im-
proved trajectory. In addition, MRI imaging
features pathognomonic for infection often lag
behind the clinical presentation of acute infec-
tion.52 Therefore, imaging alone is insufficient for
diagnosis, and any patient with persistent pain 2
weeks postinjection requiring continued use of
opioid analgesics should be evaluated for suspected
infection. Patients may not always present with
fever, and leukocyte counts can be within the
normal range. However, ESR and CRP are useful
markers, and elevated levels are highly predictive
of spondylodiscitis, especially when co-occurring
with fever and changes on MRI.53 When seen,
concerning changes on MRI include increased
endplate signal changes in T2 weighing and loss
of endplate definition in T1-weighted sequences.54

If there is concern for infection, it is recommended
that the patient undergo a CT-guided biopsy before
initiating antibiotics. This should be followed by
coverage with a broad-spectrum antibiotic, such as
ceftriaxone, while awaiting results. In addition,
because overgrowth of C acnes may be the
causative agent in many of these cases, cultures
need to be performed for at least 14 days under
both aerobic and anaerobic conditions so it is not
missed.55

Regarding mitigation strategies, among others, C
acnes discitis has been previously reported following
orthobiologic injection,26 was present in the CT-
guided biopsy of one case presented above, and has
been identified as the causative pathogen in cases of
spontaneous discitis.50 Although the introduction of

bacteria through needle contamination is theoreti-

cally possible, all procedures were performed with a

two-needle technique and strict sterile technique.

This technique has been shown to decrease the rate
of infection following discography from 2.7% to

0.7%56 and therefore should be used during biologic

intradiscal injection. The addition of antibiotics

effective against C acnes to contrast dye may further
reduce the risk for intradiscal infection and should

be studied to determine dosing as well as potential

toxicity to the biologic injectate. Although evidence

is not sufficient to recommend the addition of
antibiotics to contrast agents when using a two-

needle sterile technique for discography alone,57

gentamicin has demonstrated preserved biological

activity when added to iohexol in vitro58 and

therefore may be of value in the setting of biologic
intradiscal injection.

A recent study evaluating in vitro growth of C

acnes in response to the application of cefazolin and

various PRP preparations demonstrated an incom-

plete suppression of C acnes with this antibiotic.
Although cefazolin is a suboptimal antibiotic

choice, there was a significant reduction in bacterial

load when exposed to PRP with a higher neutrophil

content.59 Therefore, it would appear that the
antimicrobial properties in a leukocyte-rich PRP

preparation may have the potential to suppress

intradiscal infection and/or dysbiosis. As this is the

only intradiscal orthobiologic with both double-
blind randomized controlled trial and long-term

outcomes data,11 it is currently the preferred

injectate for use in the intradiscal space in our

practice.

Our review does have some limitations. The
reported infectious complications are from single

case reports and do not reflect the number of

uncomplicated procedures performed by those

clinicians and practices. This again highlights the

importance for a larger, multi-institution review to
identify a more accurate complication rate for

these procedures. In addition, the majority of

studies included in the review are case series with

retrospective review. Some patients may have been
lost to follow-up, thereby making it difficult to

fully ascertain rates of complication. Our review

also does not include studies of allogenic orthobio-

logic injections, which are emerging as promising

treatments13,60 but may present additional compli-
cation risks, such as human leukocyte antigen
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mismatch or other considerations outside the scope
of this paper.

CONCLUSION

A historically difficult pathology to treat, intra-
discal injections of biologic substances show prom-
ise in treating discogenic back pain. As more
knowledge is gathered about the complex microen-
vironments within the spine, including the micro-
biome, it is imperative to critically evaluate the in
vivo effects of injectates with biological activity.
Furthermore, although overall very safe within the
scope of invasive procedures, cases of spondylodis-
citis have been reported following intradiscal
orthobiologic injections, and a multicenter survey
is needed to more accurately quantify the true
incidence of these complications. At present, basic
science data support the use of a leukocyte-rich PRP
for safety optimization when performing orthobio-
logic intradiscal injections. Further studies are
needed through multicenter national registries to
track not only clinical outcomes of these therapies
but also complication rates and optimize injectate
preparations. In the meantime, clinicians perform-
ing these procedures are encouraged to share their
clinical experiences and report complications when
they occur so that clinicians can make informed
decisions to optimize patient safety.
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