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ABSTRACT

Background: Epidural corticosteroid injections have long been used to treat pain and inflammation associated
with low back conditions including symptoms due to lumbar herniated disc, HNP; spinal stenosis, SS; and
degenerative disc disease, DDD. Amniotic fluid, AF, is rich in the proteins and factors that are believed to
contribute to healing by minimizing inflammation. AF injections in non-spinal conditions have been shown to be
safe and avoid adverse effects related to steroids.

Objectives: To investigate the safety and efficacy of a single amniotic fluid injection into the lumbar epidural
space for the treatment of low back pain. Specifically, this pilot study was to define indications for future large
scale comparative studies.

Methods: This IRB approved prospective clinical study of 3 cohorts included 20 patients each with HNP, SS, and
DDD with a 1-year follow-up. Patients were enrolled who had LBP =+ leg symptoms for >2 months, with clinical
and MRI findings for HNP, SS, or DDD. Inclusion criteria necessitated that study patients had not responded to
medications, physical therapy, and/or chiropractic. After obtaining consent, 20 patients in each diagnostic group
(HNP, SS, and DDD) had 2 cc’s transforaminal epidural AF injected at the primary symptomatic level using
fluoroscopy. Pre- and post-procedure outcomes measurements were obtained at follow-up periods of 2-3 weeks,
6-8 weeks, 3-4 months, 6-8 months and 1 year. Outcome measures were Visual Analog Scale (VAS) for back and
leg pain, Oswestry Disability Scale (ODI), Patient-Reported Outcomes Measurement Information System
(PROMIS) scores, and pain medication usage. Using the VAS and ODI measurements, Minimal Clinical Important
Difference (MCID) and Success (50 % improvement) rates were derived.

Results: The average age (years) of HNP, stenosis, and DDD patients was 46, 60, and 46 respectively. There were
no complications or other adverse effects. HNP patients had the greatest reduction in symptoms with average LBP
VAS improvement from 6.3 to 2.9, leg VAS from 5.9 to 2.2, ODI from 37 to 19, and PROMIS Physical component
13.1 to 14.7. SS patients had LBP VAS improvement from 6.8 to 5.3, leg VAS from 5.8 to 3.1, ODI from 46 to 33
and PROMIS Physical component 10.9 to 13.0. DDD patients had LBP VAS from 7.0 to 4.8, leg VAS from 3.9 to
2.7, ODI from 41 to 37 and PROMIS Physical component 12.0 to 13.1. HNP patients had a significant reduction in
pain medication use. Over the one year follow-up, the HNP group had the greatest rate of attaining MCID (65 %-—
79 %) and Success (47 %60 %). SS had a similar rate of Success for leg pain. ODI MCDI and Success rates were
significantly greater for HNP vs the other 2 groups. Overall, 15 % of patients had additional injections and 20 %
went on to surgery.

Conclusions: AF epidural injections are most effective for patients with lumbar HNP and moderately effective for
those with SS. AF injections for DDD patients gave inconsistent results. Future prospective studies of AF vs steroid
injections are warranted for HNP and stenosis patients, particularly in patients with known adverse reactions to
steroids.

1. Introduction

be prolonged. Patients with LBP, with or without radicular pain, are
usually first managed conservatively with activity modification, oral

Low back pain, LBP, is typically self-limiting, but in some cases may medications, physical therapy, chiropractic manipulation, and/or
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exercise [1-3]. If these efforts do not produce sufficient pain relief,
epidural injections of corticosteroid with anesthetic is often performed.
The goal of the epidural steroid injections, ESI, is pain reduction,
reduced nerve root inflammation, increased function, and in many cases
to allow for more optimal physical therapy/rehabilitation.

Aside from muscle strains, axial LBP from degenerative causes, may
be broadly categorized into three diagnostic categories, lumbar herni-
ated nucleus pulposus (HNP), degenerative disc disease (DDD), and
spinal stenosis (SS). Often patients may present with a combination of
the three but usually one of the diagnoses is primary. As part of a con-
servative management strategy, ESI have long been used to treat pain
related to inflammation associated with lumbar HNP, DDD and SS [4-7].
Additionally, successful ESI may reduce surgery rates [8,9]. The thera-
peutic intention of the injection is to achieve anti-inflammatory activity
that decreases back and leg pain symptoms in patients to varying de-
grees in each of these three groups. It is believed that corticosteroids
produce chemical stabilization of the local environment, as well as
decreasing cell-mediated inflammatory and immunologic responses [10,
11].

Although ESI is often effective in reducing symptoms. Corticosteroids
may have deleterious side effects relating to suppression of the
hypothalamic-pituitary axis, producing iatrogenic Cushing Syndrome
symptoms, hyperglycemia in diabetics, cataracts, osteonecrosis, and risk
of subsequent infections [12-14]. The potential adverse effects of ste-
roids limit the total dose of corticosteroid that can be injected. Addi-
tionally, patients who fail steroid injections and subsequently undergo
surgery, relative to those who do not have steroids, may have an
increased risk of spinal infection [15].

As a potential alternative anti-inflammatory agent to steroid, amni-
otic fluid (AF) contains multiple factors that may serve to ameliorate the
detrimental effects of osteoarthritis, DDD, and other musculoskeletal
conditions [16-21]. These studies as well as others have demonstrated
the safety of AF and other placental derived tissues [22-26]. Human AF
is obtained sterilely from women at the time of Caesarean section. At
term, AF is composed of not only fetal urine with fetal alimentary and
pulmonary tract secretions, but also placental derived proteins [27].
Anti-inflammatory components include inhibitors of
matrix-metalloproteinases and anti-inflammatory cytokines (in-
terleukins 4 & 10), but also pro-inflammatory cytokines, growth factors;
and it has low immunogenicity [28-40]. The anti-inflammatory
component of human AF suggests that this treatment may be benefi-
cial for the treatment of radicular pain in the conservative management
of pain related to symptoms of HNP, stenosis, and DDD (particularly
those with associated with inflammatory end-plate changes).

Prior to initiation of the current study, the investigators had a cu-
mulative experience of 52 epidural AF injections with generally grati-
fying results. Our uncontrolled anecdotal experience suggested that HNP
and DDD patients had longer lasting pain improvement than stenosis
patients, although only a few patients fit the stenosis category. Our re-
sults were encouraging enough to warrant this prospective study to
identify which subgroup of low back pain patients may best be treated
with epidural AF injections. We hypothesized that patients with a con-
dition related to greater inflammation would have the greatest
improvement in pain. That is, the reduction in pain severity is antici-
pated to be greatest for disc herniation patients, and less in stenosis and
DDD patients.

The objective of this study was to prospectively evaluate the safety
and effectiveness in symptom reduction of a single transforaminal
epidural AF injection at a level of symptomatic HNP, DDD, or SS over a
one-year period. Periodic assessments during the one-year follow-up
identified which of these 3 diagnostic groups had the greatest response
in pain and disability improvement, and which group(s) maybe be best
suited for a future comparative trial of epidural AF against epidural
steroid or placebo injection.
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2. Methods
2.1. Study IRB description

The present prospective study, approved by the institutional review
board (Sterling Institutional Review Board, Atlanta, Georgia, USA), re-
lates to outcomes for AF epidural injection in 3 diagnostic cohorts (n =
20 each). Entry criteria were minimum age of 18 years; low back +
radicular pain >2 months but <8 months; evidence of lumbar SS, HNP,
or DDD on MR clinical examination findings consistent with MRI
findings; inadequate response to conservative care including medica-
tion, physical therapy, and chiropractic. Exclusion criteria were active
infection, prior lumbar surgery at any level, systemic steroids for
another medical condition, pregnancy or breastfeeding, systemic ma-
lignancy, known allergy to iodinated contrast, anesthetic, or amniotic
products, history of solid organ or hematologic transplantation, auto-
immune disorder, current therapy with any immunosuppressive medi-
cation, chronic high-dose opioid therapy, severe uncontrolled renal,
hepatic, hematological, gastrointestinal, metabolic, endocrine, pulmo-
nary, cardiac, or neurological disease, inability to consent to procedure
due to cognitive issues or language barrier, inflammatory arthritis,
intradural disc herniation, or coagulopathy.

Placental tissues, including AF, amniotic membrane and chorion
were regulated as human cell and tissue products (HCTP) by the FDA (at
the time of the study). This regulation allows clinicians to use the allo-
graft materials for human injections. AF is obtained from carefully
screened healthy mothers at the time of scheduled cesarean section. The
mothers consented to donate tissues which would otherwise have been
discarded. The sterilely aspirated AF is concentrated and then stored
with a DMSO free cryoprotectant at —80 °C.

2.2. Procedures

Patients in each arm of the study underwent a transforaminal
epidural injection (following fluoroscopic confirmation of appropriate
perineural and epidural flow of contrast) of 1 mL preservative-free
lidocaine 4 % and two 1-ml dose of acellular AF (2 ml total, Vivex Bi-
ologics Inc. Miami, FL, USA). All injections were performed by study
investigators (MT, LS), who are board certified in Anesthesiology, with a
certificate of additional qualification in pain management, and
fellowship-trained in interventional pain management. All injections
were performed under fluoroscopic guidance, with contrast control, in
accordance with the procedure guidelines (2nd Edition) of the Interna-
tional Spine Intervention Society. Before the procedure, the patients
were screened for anticoagulant use.

2.3. Patient reported outcomes

Patients completed prospective baseline self-reported outcomes
measures, PROMs, of pain and function; Visual Analog Scale (VAS) for
back and leg pain, Pain Drawing, Oswestry Disability Scale (ODI) scores.
In addition to these legacy PROMs, the Patient-Reported Outcomes
Measurement Information System (PROMIS) a non-disease specific
measure, from which Global Health scores were derived, was also used
[41,42]. After the epidural injection of AF, patients subsequent
completed pain and function outcomes measurements at approximately
2 and 6 weeks, at 3-4 months, 6-8 months, and at 12-14 months
post-treatment. Pain medication use was also documented. Outcomes
data were tabulated in a blinded fashion to the treating investigators.
For patients with missing values due to change in treatment, data were
imputed by the Last Observation Carried Forward (LOCF) method,
provided the patients had completed at least 2 follow-up evaluations
(which they all did). Potential complications were tracked by the in-
vestigators as well. Confounding factors were also tracked and included
patients with multi-level conditions, new injuries, facet joint pain, and
variable opioid tolerance.
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2.4. Success of AF injection

Using the VAS and ODI measurements, Minimal Clinical Important
Difference (MCID) and Success rates were determined at 3-4 months,
6-8 months and at 10-14 months. Specifically, MCID was a decrease of 2
for back and leg VAS pain scores and an improvement of 30 % in ODI
score, and “Success” was a decrease of 50 % for both VAS and ODI scores
[43,44]. Additionally, the rate of patient’s own general perception of AF
injection “success”, and “willingness to repeat the AF injection” were
obtained.

2.5. Statistical analysis

Statistical comparisons were made within each group using a two-
tailed t-test for all the continuous outcome scales at each time period
relative to the pre-injection values. ANOVA was used for the comparison
between the 3 groups at each follow-up visit, as well as the overall
comparison from pre-op to each follow-up visit. Assessment of attaining
MCID, Success, would the subject repeat the injection, and recom-
mending treatment to others were analyzed using Chi-Square test. The
differences in pain medication over time within a group was analyzed
with McNemar’s Exact test. Comparing pain medication use between
groups at each time period was made with Fisher’s exact test. For pa-
tients who failed and progressed to surgery, the Last Observation Carried
Forward (LOCF) method was used for all analyses. Probability values of
<0.05 were considered statistically significant.

3. Results

The demographics of the patient cohorts varied including average
age, percentage of females, percentage of smokers, and those with other
levels of disc degeneration, neurological deficits, and workability
(Table 1). The SS group was significantly older than HNP and DDD (p <
0.002). The duration of symptoms varied with the HNP patients having
significantly shorter duration than the DDD patients (p = 0.016). The
most common levels injected were L4-5 and L5-S1. Many patients had
also had an epidural steroid injection prior to the AF injection. No pa-
tients were lost to follow-up.

3.1. Adverse events

There were no complications or other adverse effects. Specifically,
there was no unusual pain at the injection site; postural headache in the
setting of inadvertent dural puncture; redness, swelling, bleeding, or
infection at the needle insertion site; temporary weakness from local

Table 1
Demographics.
HNP SS DDD
Age, mean + SD 45.7 £ 59.8 + 46.2 + 12.0
14.0 10.0
Duration of symptoms (months) mean 8.4 +£10.7 47.0 £ 72.1 +
+ SD 81.3 106.4
% Female 35 40 55
% Smokers 15 25 20
% Prior Epidural Sterioid Injection 40 65 55
% With Other Levels of Disc 55 90 70
Degeneration
% Pre-injection leg weakness 25 40 0
% Post-injection leg weakness 0 0 0
% Pre-injection leg numbness 45 25 5
% Post-injection leg numbness 0 0 0
% Working Pre-operatively 80 65 75
% Working Post-operatively 80 65 75

HNP = herniated Nucleus Pulposus, SS = spinal stenosis, DDD = degenerative
disc disease.
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anesthetic block; allergic reactions to the contrast dye, local anesthetic,
or antimicrobial skin prep; infection, seizure, epidural hemorrhage,
vaso-vagal reactions, or emergency room visits. All preoperative
neurological deficits ultimately resolved.

3.2. Outcomes

Within the HNP group, there was a significant decrease in low back
and leg pain that was sustained at all follow-up periods (LBP all at p <
0.0001, and leg all at p < 0.004), Figs. 1 and 2. Pain drawing improved
significantly at all follow-up periods (p < 0.002) except at 3-4 months,
Fig. 3. ODI improved significantly at all follow-up periods (p < 0.01),
Fig. 4. The PROMIS physical component improved significantly at all
follow-up periods after 3 months (p = 0.02). The PROMIS mental
component improved significantly only at the 3-4 month period (p =
0.015 but at a low power of <0.6). The Global Physical and Mental
scores had similar significance as the PROMIS scores, Figs. 5 and 6.

Within the SS group, there was a significant decrease in low pain at
first 3 follow-up periods (p < 0.012) and decreased leg back pain at all
follow-up (all at p < 0.022). Pain drawing improved significantly at the
two early follow-up periods (p < 0.005) except at 3-4 months. ODI
improved significantly at all follow-up periods (p < 0.026). The PROMIS
physical and Global Physical components improved significantly at all
follow-up periods (p < 0.03). The PROMIS mental and Global Mental
scores had had no significant improvement.

Within the DDD group, there was a significant decrease in low back
pain at all follow-up periods (all p < 0.007). No other outcomes had
significant improvement except for the ODI at the initial 2-3 week
follow-up period (p = 0.027).

Comparing the groups, it was found that prior to AF injection, all
pain/disability scores were similar except that the Global Physical
components score for HNP was worse than for SS (p = 0.011). A refined
analysis found at baseline, in the HNP group, one patient denied back
and 2 denied leg pain. In the SS group, all but one patient had leg pain;
but in the DDD group, 7 patients denied leg pain. After the AF injection,
the HNP patients had the greatest initial reduction in symptoms with
average LBP VAS improvement from 6.3 to 2.9, which was significant
greater improvement relative to the other 2 groups (p = 0.035), leg VAS
from 5.9 to 2.5, and ODI from 37 to 19 and was significant at all follow-
up periods. SS patients had LBP VAS improvement from 6.8 to 5.8, and
leg VAS improvement from 5.8 to 3.1 which was significantly greater
than that for DDD improvement (p = 0.045), and ODI improvement
from 46 to 33 and was significant at all follow-up periods (Figs. 1-4).
DDD patients had LBP VAS improvement from 7.0 to 4.6 which was
significant at all follow-up periods, but significant improvements in leg
VAS and ODI did not last beyond the first follow-up. Between groups,
HNP and SS had significantly greater ODI improvement than the DDD
group after the 3 month follow-up (all p < 0.03). PROMIS score changes
were not significantly different between the groups except the Global
mental health improvements was greater for HNP and SS relative to DDD
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Fig. 1. Back pain.
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(p = 0.038).

The HNP group reduced opioid use significantly from 45 % to 10 %
(p < 0.016 at all follow-up periods) and reduced non-opioid medication
use significantly from 80 % to 45 % (p < 0.040 at all follow-up time
periods). SS reduced opioid use from 30 % to 25 % and reduced non-
opioid medications from 60 % to 55 % which were not significant im-
provements. DDD reduced opioids from 50 % to 35 % and reduced non-
opioid medications from 55 % to 40 % which were not significant im-
provements. At any given postoperative period, there was no significant
difference in pain medication use between the groups.

3.3. Assessment of success

Success was quantitated by determining the rate for each diagnostic
group at 3 follow-up time periods, 3-4 months, 6-8 months and 10-14
months. One method calculated the rate of those obtaining MCID and
the other by a 50 % reduction of VAS and ODI measures. The HNP group
had the greatest rate of obtaining MCID or greater improvement for Back
and Leg Pain VAS and ODI scores, which was significantly greater
relative to both SS and DDD groups over all follow-up periods for the
ODI measure (all p < 0.01, Figs. 7-9). HNP had a strong trend to greater
rate of attaining MCID for leg pain reduction relative to DDD (p =
0.056). Success as defined by a 50 % reduction in VAS and ODI measures
found a significantly greater rate for HNP relative to both SS and DDD
groups over all follow-up periods for the ODI measure (all < p = 0.05,
Figs. 10-12).

Patient’s global self-perception of treatment success was initially 70
%, 50 %, and 50 % for the HNP, SS, and DDD groups respectively which
was statistically similar. At the final follow-up, success was 65 %, 35 %,
and 50 % for the HNP, SS, and DDD groups respectively which was
statistically similar. When patients were queried as to if they would
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Fig. 7. Back pain VAS MCID.
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Fig. 10. Back pain success.

repeat an AF injection, positive responses in the early follow-up periods
were 75 %, 65 % and 70 % for the HNP, SS, and DDD groups respectively
which was statistically similar. At the final follow-up, repeat injection
willingness was 70 %, 35 %, and 70 % for the HNP, SS, and DDD groups
respectively which was statistically greater for the HNP and DDD
compared to SS group (p = 0.035 at all follow-up time periods). Rec-
ommending the treatment to others was highest in the HNP group with a
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Fig. 12. ODI success.

positive response 70 %-80 % throughout the follow-up periods. SS pa-
tients recommended the treatment to others initially at 60 % but
declined to 35 % over time. DDD patients recommended the treatment to
others at 50 %-70 % over the course of the study.

Return to work was also evaluated before and after treatment with
AF epidural injections. For the HNP group 16 of 20 patients (80 %) were
employed prior to AF of which all were able to return to work. For the SS
group 13 of 20 patients (65 %) were employed prior to AF of which all
were able to return to work but one returned at a light duty capacity. For
the DDD group 15 of 20 patients (75 %) were employed prior to AF of
which all were able to return to work but 2 returned at a light duty
capacity.

3.4. Additional treatments

Of the patients that failed the epidural AF injection, some had
additional injections (ESI, facet injections, or sacroiliac injections) or
surgery. Two HNP patients had additional injections; one had a second
AF injection and one an ESI. Six SS patients had additional injections; 2
had a second AF, 3 an ESI, and one facet injections. Two DDD patients
had additional ESI. Surgical intervention included 6 HNP patients; 3 had
discectomy/decompression and another 3 had a TDR (total disc
replacement) or fusion. The HNP patients had their surgeries at various
post injection periods: 2 at 4 months, 3 at 7 months and 1 at 12 months
after AF injection. 3 SS patients had decompression (1 at 2,1 at 3, and 1
at 4 months after AF injection) of which one eventually also went on to
have a fusion; and 7 DDD patients had fusion or TDR (4 at 5, 1 at 9, 1 at
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10, and 1 at 12 months after AF injection) and another had a TDR shortly
after the final one year follow-up period. Confounding factors were also
tracked and included patients with multi-level conditions, new injuries,
and variable opioid tolerance. Multiple level disc degeneration was most
notable for the SS group, Table 1.

4. Discussion

The present study is the first, that we know of, to demonstrate the
effects of epidural AF in spinal applications. The safety of AF in the
epidural space was confirmed for our patients and complements other
studies that have shown no adverse effects of placental allografts used in
the treatment of spinal conditions including contact with nervous tissue
[45-47]. The present study also demonstrated reduced pain and
disability in patients with LBP related to three common degenerative
conditions. Specifically, the HNP group had the greatest improvement in
patient reported outcomes on multiple scales (VAS back and leg pain,
Pain Drawing, ODI, PROMIS) and decreased use of pain medication.
Success, as defined by attaining MCID or greater than 50 % improve-
ment, favored the HNP group for all 3 criteria, although SS had similar
Success for leg pain. The ODI improvement was significantly greater for
the HNP relative to both SS and DDD groups for both MCID and Success.
The HNP group also had the highest rate of self-assessed success. The SS
group had improved PROMS and was most notable for leg pain
improvement. The DDD group had the least improvement in PROMS and
the highest rate of patients having surgical intervention within a year of
the AF injection. Generally, leg pain was reduced in those with a large
component of leg pain prior to AF injection.

In general, many patients will recover from back pain without sur-
gery. Often, conservative management, including oral medications,
chiropractic/physical therapy, and anesthetic and/or steroid injections,
are attempted before proceeding to surgery. The use of anti-
inflammatory agents in the treatment of spinal conditions has been
advocated as a non-operative approach. NSAIDS and oral steroids have
long been used as a form of medical treatment. In general, HNP, SS, and
DDD have an inflammatory component producing pain symptoms. Most
often, this originates from the intervertebral disc. Basic scientific studies
have identified enzymes and inflammatory mediators in degenerated
disc tissue specimens. Specifically, disc specimens have been found to
contain elevated levels of enzymes capable of degrading protein within
the disc, such as matrix metalloproteinase [48-51]. Cytokines, nitric
oxide, and inflammatory mediators have also been found to be elevated
[50-55]. The inflammation induced by cytokines is thought to include
TNF-alpha and interleukins, such as IL1a, IL-6 and IL-8 [55]. Thus, one
may, in general, rationalize the use of potent anti-inflammatory agents
to counter the above inflammatory mediators. Historically, steroids have
been used because of their anti-inflammatory properties in the treatment
of discogenic pain [56,57]. Higher concentrations of an
anti-inflammatory agent may be achieved with localized application by
way of epidural injections. Interventional treatment, particularly,
epidural injections have been used for lumbar HNP, SS, and DDD.

Lumbar intervertebral disc herniation is characterized by incompe-
tence of the disc, usually the annulus fibrosis. Symptoms may be from an
annular tear that allows leakage of cytokines from the nucleus to enter
the epidural space and irritate the nerve roots, or a large annular tear
may result in an extruded portion of the nucleus into the epidural space
[58]. In both cases, this may produce radiculopathy (sensory or motor
neurological deficits) and radicular pain (radiculitis). Radiculopathy is
thought to result from both mechanical compression, and
cytokine-mediated inflammation producing radiculitis and nerve root
swelling. Stenosis is a more gradual process of nerve root encroachment,
often due to progressive hypertrophy of the facet joints and ligamentum
flavum and may also be combined with a spondylolisthesis or
broad-based disc herniation. Since the nerve roots have little room
within a narrow canal, even slight perturbation from instability or dis-
cogenic inflammation/annular disruption may produce symptoms. DDD
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is a leading reason for low back pain and is thought to be due to annular
tears that allow intradiscal inflammatory agents to leak into the epidural
space which then may irritate nervous structures despite no actual
compression to the nerve roots. Patients with inflammatory endplate
changes (Modic I changes identified on MRI) are particularly painful
[59,60]. It should be noted that in the present study, the DDD patients
with these endplate changes were not specifically studied.

The most common epidural injection is with a steroid. Meta-analyses
have demonstrated significant improvements in pain, functionality, and
disability following ESI in patients with sciatica, at least for the first few
months after the procedure [61,62]. For radicular pain associated with
lumbar HNP, ESI may decrease the rate of surgical intervention in
addition to reducing symptoms [63,64]. SS is also often treated with ESI,
and studies have found improved outcomes. One multicenter clinical
trial of SS patients demonstrated improvement with ESI but no signifi-
cant difference between epidural injection of corticosteroid and lido-
caine combined vs lidocaine alone in terms of patient reported
improvements in leg pain and disability at 6 weeks after injection [65].
Thus, patients with spinal stenosis may be more refractory to treatment
with epidural steroids than those with symptomatic disc herniation. ESI
in DDD patients is also recommended as an option in highly symptom-
atic patients in lieu of surgery [66]. The degree of improvement after ESI
can vary and may depend upon the condition being treated, with DDD
having the least responsiveness [7,67]. Similarly, the current study of
epidural AF also found the DDD group to have the least improvement in
pain and functional after AF injection.

Limitations include the small sample size of each group as the
morphology of each condition has wide variability. Pain is also subjec-
tive, and confounding factors (other concurrent nonoperative treat-
ments, activities, psychosocial environment, etc) may contribute to
patient responses to outcomes measures. Another limitation is that facet
joint mediated pain was not rigorously excluded in all patients for
practical reasons.

5. Conclusion

AF epidural injections seem to be safe, and have similar clinical re-
sults to prior reports of ESI for the 3 spinal conditions treated in this
study. The effectiveness of AF may have a longer duration than for
steroid. The preliminary data obtained in this study indicates the most
appropriate indication for epidural AF are HNP followed by SS, of which
both groups had significant pre-injection leg symptoms. Furthermore, it
forms the basis for an upcoming prospective randomized comparative
study of epidural AF to epidural steroid injections. Based on the results
of this pilot study, further evaluation, such as a comparative study is best
suited for HNP and possibly SS patients. Future studies could also be
comparative to control groups treated with saline placebo or local
anesthetic only since these sham control groups may have a subjective
effect on PROMs [60,63]. AF epidural injection studies need a rigorous
evaluation similar to that for platelet rich plasma epidural injections
with reports of success comparable to steroid injections [66,68].
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