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Background: Musculoskeletal spinal disorders significantly impact patient populations from everyday workers to military soldiers.
Effective treatment is critical to minimize the time between injury and returning to work and daily activities. Injection of amniotic
membrane/umbilical cord (AMUC) tissue has demonstrated great potential in reducing patients’ pain and has become an increasingly
popular treatment option for painful orthopedic disorders.

Methods: A single-center, retrospective study was conducted on patients diagnosed with musculoskeletal spinal disorders and
subsequently treated with AMUC via epidural and facet injections. Demographics and outcomes related to pain were assessed. Pain
was verbally reported by the patient on a scale of 0-10 where O indicated no pain and 10 indicated worst imaginable pain.
Complications and adverse events were also reported.

Results: A total of 52 patients (average age 40.8 £ 9.6 years) were included in the analysis with diagnoses of spondylosis (n = 44),
intervertebral disc degeneration (n = 31), radiculopathy (n = 18), stenosis (n = 2), or other conditions. The cohort’s average baseline pain
score was 4.9 = 2.2 with a mean duration of symptoms for 54.2 months (range: 1-300 months). After AMUC injection, pain significantly
decreased to 3.4 + 2.3 at two weeks (p < 0.0001) and 3.5 + 2.2 at 3—4 weeks (p = 0.0023). For the mean follow-up period of 10.6 + 5.4
weeks, pain was reduced to 2.8 £ 2.1 (p < 0.0001 vs baseline). No significant complications or adverse events were reported.
Conclusion: Use of an injectable AMUC, such as CLARIX FLO, may alleviate pain in patients with painful spinal indications of
various pathologies. This study provides further evidence of its safety and efficacy in epidural and facet injections. Further studies are
warranted to verify these promising results.
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Introduction
Musculoskeletal disorders are the second leading cause of disability worldwide, and they have a substantial impact on
physical activity level, depression, cognitive impairment, and sleep quality.' Back pain is one of the most common
musculoskeletal complaints and is the leading cause of disability in the developed world with an incidence of 245.9
million cases/year worldwide and a lifetime prevalence of 75-84%.%> Approximately 8% (65 million) of all US adults
experience chronic back pain, which is defined as pain that persists for >3 months.*> Back pain can occur due to many
issues, but the most common pain generators in the lumbar spine are the facet joints, representing 15-45% of the
patients.® Facet joint syndrome or spondylosis is generally caused by natural weathering or abnormal body mechanics
from repetitive stress and/or cumulative low-level trauma which cause spinal joint degeneration over time due to the
release of inflammatory mediators.®’

First-line therapy consists of conservative multimodal management such as physical therapy, non-steroidal anti-
inflammatory medication, non-narcotic analgesics, narcotic analgesics including opioids, activity modification, and/or
lumbar/cervical orthosis, followed by steroid injections. Conventional pain management treatments are short-lived in

relieving symptoms and can have deleterious side effects.® For example, opioids have been found to have similar
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effectiveness as placebo in reducing chronic pain symptoms and are associated with many complications including
nausea, vomiting, constipation, somnolence and respiratory depression.” ! Despite the lack of effectiveness, opioids are
commonly used. In fact, the prescription of opioids for chronic musculoskeletal pain has increased in recent decades.'”
Fifteen percent of the patients with knee, hip and spine osteoarthritis reported occasional use of opioids and an additional
15% reported daily use of prescription opioids.”® In a study examining treatment for chronic back pain, opioids were
prescribed up to 66% of the time.'® Unfortunately, when people are prescribed a high dose of opioids, it can lead to
addiction.' Prevalence of substance use disorders in the patient population with chronic back pain from the same study
ranged from 36% to 56%.'% In 2020, 188 Americans died each day from opioid-related drug overdose.'* Furthermore,
nearly 25% of the opioid overdose deaths in the US were attributable to prescription opioids."

An alternative, non-opioid, regenerative treatment option for orthopedic spinal pathologies manifesting pain could be
amniotic membrane and umbilical cord (AMUC) tissue which has been clinically used for decades with reported effectiveness
in reducing patients’ pain'®>° due to its anti-inflammatory, anti-scarring, and pro-regenerative properties.®?’2° In particular,
injection of micronized AMUC matrix has demonstrated effectiveness by reducing pain and improving function in many
musculoskeletal conditions including plantar fasciitis,'® knee osteoarthritis,*® wrist osteoarthritis,>’ and articular cartilage
damage.”’ Studies have also shown benefit of intradiscal or facet injection of AMUC for patients with spine facet
osteoarthritis’ and discogenic pain.”® However, these studies were limited to small sample size and no study has reported
the outcomes of epidural AMUC injection or effect of repeat injection of AMUC. As such, the main objective of this study was
to retrospectively analyze real-world data on patients treated with AMUC for the repair, reconstruction, replacement, or
supplementation of a variety of spinal musculoskeletal disorders manifesting pain to generate real-world evidence of patient
safety and effectiveness in routine clinical practice.

Methods

This is a single-center, retrospective chart review of patients with spinal indications of musculoskeletal disorders that
were subsequently treated with micronized AMUC between March 1, 2020 and July 1, 2021. Medical records were
reviewed from a private physician practice (Midwest Bone & Joint Center, PC) and all patients were treated by the same
medical provider. All eligible patients enrolled in the retrospective study had to be older than 18 years of age, have a
spinal indication of musculoskeletal disorder (eg, osteoarthritis, spinal stenosis, herniated discs, radiculopathy), received
AMUC injection, and have had at least one follow-up and baseline pain score. Data was collected without patient
identifying information. Sterling IRB reviewed the study protocol before research began, and a category 4 DHHS non-
human subjects research exemption request was granted on July 20, 2021 (9106-CMain).

The AMUC (CLARIX FLO; Amniox; Miami, FL) is comprised of amniotic membrane and amniotic membrane from
the umbilical cord derived from donated human placental tissue following healthy, live, caesarian section, full-term
births. The AMUC has been lyophilized, micronized, and terminal sterilized. The AMUC does not contain any living
cells and comes as a 100mg powder within a vial. At the facility, the medical provider generally performs a series of
AMUC injections for patients with spinal indications: epidural injection at initial presentation, bilateral facet injection at
2 weeks, a second epidural injection at 4 weeks, and another facet injection at 6 weeks.

Full discussion of the risks, benefits, complications, alternatives, and anticipated outcome from this procedure was
discussed with the patient and written consent recorded. Risks and complications included infection, allergic or other
inflammatory reactions, increased pain, and, in rare circumstances, nerve damage. Benefits and the anticipated outcome
included decreased pain, increased range of motion, increased sensation in affected dermatomes, reduction of radicular
symptoms, independence from other treatments, and return to daily activities and work. Alternatives to AUMC injection
include corticosteroid injections, physical therapy, NSAIDS, chiropractic treatment, and orthosis, among others. As
explained to patients, it is common to experience a side effect of increased pain or soreness for 24—48 hours following the
injection due to the inflammatory and regenerative nature of the injection, but the pain quickly and substantially
dissipates with results seen within 7—10 days from the injection. Patients’ heart rate, blood pressure, and demeanor
were closely monitored before, during, and after the procedure.

The epidural and facet injections are performed as follows:
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Epidural Injection

The spinal-level interspace was determined after visualizing fluoroscopically in the A/P and lateral projections. Once the
appropriate vertebral level was determined, the skin entry point was marked with a skin marker. Then, the skin was
prepped in aseptic fashion with chlorhexidine for 30 seconds, followed by a betadine solution three times. While the
solution was allowed to dry, the procedure tray was prepared, and sterile drapes were applied. A 27-gauge needle was
then used to inject 3 mL of 1% lidocaine to the subcutaneous skin and deep tissues.

Lumbar

An 18- or 20-gauge Tuohy needle was introduced into the skin and subcutaneous tissue, and orientation was confirmed with
fluoroscopic guidance in the A/P projection. Using a loss of resistance technique, the Tuohy needle was advanced slowly to the
epidural space with the fluoroscopy machine positioned in the lateral projection. Following negative aspiration for heme or
CSF, 1 mL of contrast dye was injected without evidence of vascular intake or intrathecal injection and spread of contrast was
confirmed in the lateral and A/P projections. A solution of CLARIX-FLO 100 mg in 2-4 mL preservative free 0.9% was then
injected without paresthesia. The needle was then discontinued, and rapid hemostasis was achieved at the skin level.

Cervical

A 20-gauge Tuohy needle was introduced into the skin and subcutaneous tissue, and orientation confirmed with fluoroscopic
guidance. Using a hang-drop and loss of resistance technique, the Tuohy needle was advanced slowly to the epidural space
with the fluoroscopy machine positioned in the lateral or contralateral projection. Following negative aspiration for heme or
CSF, 1 mL of contrast dye was injected without evidence of vascular intake or intrathecal injection and spread of contrast was
confirmed in the lateral and A/P projections. A solution of CLARIX-FLO 100 mg in 2—4 mL preservative free 0.9% was then
injected without paresthesia. The needle was then discontinued, and rapid hemostasis was achieved at the skin level.

Facet Injection
The bilateral facet joints were identified, and skin entry points were marked with a skin marker. The patient was prepped
with chlorhexidine followed by a betadine solution and sterile drapes were applied. The skin entry points were then
localized with a 27-gauge needle; then, a 22-gauge, spinal needle was advanced through the skin and subcutaneous
tissue, and needle orientation was confirmed with fluoroscopy. The needles were advanced to contact the peri-articular
ligament. Following negative aspiration for heme or CSF, a solution containing CLARIX-FLO 100 mg was diluted into 2
mL preservative free 0.9% normal saline and 25mg was injected through each of four needles (injections commonly done
at two levels of facet joints at a time with 25 mg/facet joint). The needles were then discontinued, and rapid hemostasis
was achieved at the skin level.

Demographics were recorded in all cases including age, gender, smoking status, and diagnosis, as displayed in Tables 1 and 2.
The primary clinical outcome was change in pain from baseline to follow-up at 2, 34, 6, or 8 weeks. Secondary outcomes include
increased range of motion, return to activities of daily living, return to full work activities, increased sensation, lack of radicular

Table | Patient Diagnoses

Diagnosis N (%)
Spondylosis or inflammatory spondylopathy 44 (85)
Intervertebral disc disorder 31 (67)
Radiculopathy 18 (35)
Stenosis 24
Spondylolisthesis, lumbar region 1 (2)
Neuralgia and neuritis, unspecified 1 (2)
Sacrococcygeal disorders, not elsewhere classified 1 (2)
Journal of Pain Research 2022:15 https: 3973
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Table 2 Patient Demographics

Characteristic N (%)
Age (Years) 41 =10
Gender

Male 35 (67)
Female 17 (33)

Smoking Status

Smoker I (21)
Former smoker 27 (52)
Non-smoker 14 (27)

Location of Pain

Cervical 16 (31)
Lumbar 19 (37)
Lumbosacral 17 (33)
Duration of Symptoms (Months) 54 £ 63

nerve pain, and decreased use of non-narcotic and narcotic analgesics. Other possible negative secondary outcomes were
monitored such as increased or equal pain sensation, changes in blood pressure or heart rate, infection, or allergic responses.
The Numerical Pain Rating Scale was used to document patients’ pain in which patients verbally reported their average severity of
pain on a scale, ranging from “no pain” at 0 to “worst imaginable pain” at 10. The health provider explained this to the patient at the
beginning of each appointment, encouraged an honest answer, and recorded their response accordingly. This type of pain rating
scale is commonly used and has been proven to be an effective marker of pain, especially when comparing within a patient over

s 3132
time.”

Statistical Analysis

After careful review and collection of data from patients’ medical records, summary data was assembled. A total of four patients
were excluded from the study. Of these, three did not return after their first injection for unknown reasons and one, while they
reported improvement, did not have a baseline pain score on file. A total of 52 injection sets met the eligibility criteria. Patients
were divided between cervical and lumbar pathologies and could be included in both sets of data if they received injections in
both areas. Patients’ change in pain score was assessed with Student #-test comparison of post-injection pain scores with baseline.
Student 2-sided #-tests were conducted between baseline and each of the follow-up timepoints after an injection set: 2, 3—4, 56,
and 8 weeks. In addition, a Student #-test was conducted between the overall mean baseline score and the overall mean value of
the last follow-up pain score that was collected for each patient. A p-value less than 0.05 was considered statistically significant.
Descriptive statistics were used to characterize the data and were reported as mean + standard deviation.

Results

A total of 52 injection sets met the eligibility criteria and were included in this analysis. The most common patient
diagnoses were spondylosis or inflammatory spondylopathy (84.6%), intervertebral disc disorder (59.6%), and radiculo-
pathy (34.6%). Patients often received multiple diagnosis depending on the presentation of their symptoms. These results
are summarized in Table 1. Table 2 illustrates patient demographic characteristics. The patients (35 male, 17 female) had
an average age of 40.8 years, and 39 patients were current (21.2%) or former (51.9%) smokers. Mean duration of
symptoms was 54.2 months. Additional treatment characteristics are shown in Table 3. Patients received different
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Table 3 Patient Additional Treatment Characteristics

Prior treatment N (%)
Acupuncture 2 (3.8)
Surgery 38
Nerve ablation 3(5.8)
Electrical nerve stimulation 5 (9.6)
Ice 10 (19.2)
Injection 20 (38.5)
Physical therapy/Exercise 29 (55.8)
Pain medication 41 (78.8)
Concurrent medications N (%)
Corticosteroids 1(1.9)
Local anesthetic 1(1.9)
ACE inhibitor 2 (3.8)
Acetaminophen 4 (7.7)
Opioids 7 (13.5)
Muscle relaxer 7 (13.5)
NSAIDs 10 (19.2)
Antidepressant 12 (23.1)
Gabapentin 16 (30.8)

numbers of injections in some cases depending on the location and severity of their symptoms. Patients could receive
both lumbar and cervical injections if necessary as well as both epidural and facet type injections, depending on the
presentation of their symptoms. Patients could receive two injections of the same type 4 weeks apart. Patients received a
mean of 3.5 AMUC injections throughout the follow-up period.

The patients’ pain score significantly decreased as early as two weeks post-injection. Compared to a mean baseline of
4.9 £ 2.2, pain scores significantly reduced to 3.4 = 2.3 at 2 weeks (p < 0.0001) and 3.5 £+ 2.2 at 3—4 weeks (p = 0.0023).
While pain scores were also reduced at week 6 (3.2 £2.3, p=0.6667) and week 8 (3.1 = 1.2, p = 0.08), the results are not
significant due to the small sample size because patients were not specifically requested to return for follow-up visits
after 4 weeks. For the mean follow-up period of 10.6 + 5.4 weeks, reported pain was significantly reduced from baseline
(2.8 £ 2.1, p < 0.0001). Table 4 and Figure 1 depict these promising results.

Table 4 Patient Baseline and Follow-Up Numerical Pain Scores by Weeks After Last Injection

Mean + SD

49 +22

34+23

35+£22

32+23

3012

28 2.1

P-value

0.0006

0.0031

0.6667

0.07539

<0.0001
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Mean Pain Score

0 2 4 6 8 10 12
Weeks after Injection

Figure | Pain scores decrease significantly over follow-up period of AMUC injections. Patients treated with cervical or lumbar AMUC epidural or facet injections were
asked to rate their pain on a Numerical Pain Rating Scale from 0 to 10 pre- and post-injection and through the course of their visits. This figure depicts the patients’ mean
pain scores (y-axis) in weeks after the injection series (x-axis). Each point represents the mean pain value at that time point with the line of best fit shown (R?=0.7097). The
point at week 0 indicates the average baseline pain score of 4.9 + 2.2, n=52. Correspondingly, the points at weeks 2 (3.4 * 2.3, p=0.0006, n=51), 4 (3.5 + 2.2, p=0.0031,
n=34), 6 (3.2 + 2.3, p=0.6667, n=5), and 8 (3.1 1.2, p=0.07539, n=6) represent the mean pain scores at that time point post-injection. The final point at week 10.6, the mean
weeks post-injection at last follow-up, indicates the mean final pain score for all patients reviewed in this study (2.8 + 2.1, p<0.0001, n=52). Statistical analysis through a t-test
indicates a significant difference between baseline and weeks 2.4, and the final follow-up data point.

A common side effect noticed by patients from the injection was pain or soreness near the injection site. This reaction
is common in epidural and facet injections. Some patients required acetaminophen or other pain medication in the few
days after the injection while the medication took effect. Patients noticed improvement within 5-7 days after the
injection. No significant complications or adverse events were noted over the average 10.6 weeks of follow-up. All
patients reported improvements in pain, range of motion, or sensation.

When stratified by gender as in Table 5, the results continue to demonstrate significant improvement in pain rating
over time. The average baseline pain score for the 35 men included in the study was 4.69/10 and 5.47/10 for the 17
women. The mean pain score at the end of the follow-up period was 2.61 for men and 3.04 for women, both significantly
decreasing from baseline scores. While the baseline score for women was higher than for men, the women experienced a
greater improvement in pain ratings (—2.43 versus —2.08) over the course of the study.

Table 5 Pain Scores Stratified by Gender Over Time

Week Male Female
Pain N P-value vs B Pain N P-value vs B
B 4.69 35 - 5.47 17 -
2 3.65 34 0.01527 2.79 17 0.0003174
34 3.65 22 0.07149 3.08 12 0.0139
6 3.20 4 0.9671 3.00 [ -
8 3.32 5 0.1117 1.80 [ -
Last follow-up 2.6l 35 1.231e-05 3.04 17 0.003925
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Discussion

For back-related pain, first-line therapy generally consists of conservative multimodal management such as pain
medication (acetaminophen, nonsteroidal anti-inflammatory drugs, muscle relaxants, narcotic and non-narcotic analge-
sics), physiotherapy, acupuncture, and, if necessary, psychotherapy.?'* When conservative measures fail, interventional
procedures are considered to reduce pain, improve functionality and reduce side effects from systemic medications.*!
Interventional procedures generally include intraarticular or medial branch injections®® of steroids such as methylpred-
nisolone, triamcinolone, and betamethasone for the lumbar area, and dexamethasone for cervical or thoracic areas.’**
However, the Agency for Healthcare Research and Quality 2015 review reported there was limited evidence for facet
joint corticosteroid injections (intra-articular, periarticular, or MBB) versus placebo interventions because the studies that
were reviewed found no clear differences between the interventions.®> Furthermore, corticosteroids also have potential
complications of suppression of the pituitary-adrenal axis, hyperadrenocorticism, Cushing syndrome, osteoporosis,
avascular necrosis of bone, steroid myopathy, epidural lipomatosis, weight gain, fluid retention, and hyperglycemia.>*
Moreover, long-term use of narcotic pain medication is ineffective and can lead to substance use disorders along and
cause vomiting, constipation, somnolence, and respiratory depression.” !

As an alternative, use of injectable AMUC tissue products such as CLARIX FLO significantly decreases pain and
symptoms in patients with limiting spinal indications. These preliminary safety and effectiveness data are consistent with
prior studies in which AMUC was beneficial in patients with various musculoskeletal injuries.'”'" 2238 The benefits
of AMUC injections in musculoskeletal pathologies might be based on their reported therapeutic actions in reducing
inflammation, inhibiting scar tissue formation, and supporting stem cell function. AMUC contains, growth factors,
cytokines and peptide complexes including HC-HA/PTX3, which has been shown to promote apoptosis of pro-
inflammatory cells** and suppress fibrosis.>> These actions create a biological regenerative response that facilitates
accelerated wound healing, in this case repairing the discs within the spinal joints.

In this study, injectable AMUC significantly reduced pain as early as two weeks post-injection in patients that had
moderate-to-severe pain (average pain score of 4.9 + 2.2) despite failing prior pain relief therapies for 54.2 months.
While some patients experienced a minor side effect of soreness at the injection site in the days following the injection,
no significant adverse reactions or complications occurred. Injections were effective in cervical, lumbar, and lumbosacral
pathologies of spondylosis, intervertebral disc disorder, and radiculopathy among others. Differences in pain improve-
ment and baseline scores between genders are also noted. Both women and men experienced significant decreases in pain
scores throughout the study. The baseline and final pain scores for men were lower than those for women, but women
experienced an larger average decrease in pain score than men over time.

AMUC particulate injections are a promising alternative to current therapies for acute and chronic back pain.
Evidence provided illustrates the dangers of the long-term use of opioids and corticosteroid injections as well as the
lack of supporting evidence for their effectiveness in the long term.” ''** This study supports the use of AMUC
injections for reducing pain caused by cervical and lumbar spinal pathologies, allowing patients to return to activities of
daily living without pain.

Conclusion

Overall, this study provides additional evidence for the safe use of amniotic membrane/umbilical cord (AMUC)
particulate in the treatment of back pain. Epidural and facet injections of AMUC in the lumbar and cervical regions
significantly reduced pain from 4.9 out of 10 to 2.8 out of 10 within two weeks. The average follow-up period of 10.6
weeks allows a preview into the use of these injections for pain management and symptom relief. Further interventional
studies or clinical trials may be worthwhile to investigate this promising treatment option for back pain. Future studies
should include additional pain and functional outcomes in the long term.

Disclosure

Dr Chris Main reports grants, non-financial support from TissueTech, during the conduct of the study. Miss Amanda Ross
reports grants from TissueTech, during the conduct of the study. The authors report no other conflicts of interest in this
work.
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