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Objective: Mesenchymal stem cells (MSCs) have been shown in animal models to attenuate
chronic neuropathic pain. This preliminary study investigated if: i) injections of autologous
MSCs can reduce human neuropathic pain and ii) evaluate the safety of the procedure.
Methods: Ten subjects with symptoms of neuropathic trigeminal pain underwent liposuction.
The lipoaspirate was digested with collagenase and washed with saline three times. Following
centrifugation, the stromal vascular fraction was resuspended in saline, and then transferred to
syringes for local injections into the pain fields. Outcome measures at 6 months assessed reduc-
tion in: 1) pain intensity measured by standard numerical rating scale from 0—-10 and ii) daily
dosage requirements of antineuropathic pain medication.

Results: Subjects were all female (mean age 55.3 years * standard deviation [SD] 14.67; range
27-80 years) with pain symptoms lasting from 4 months to 6 years and 5 months. Lipoaspirate
collection ranged from 102-214 g with total cell numbers injected from 33 million to 162 million
cells. Cell viability was 62%-91%. There were no systemic or local tissue side effects from the
stem cell therapy (n=41 oral and facial injection sites). Clinical pain outcomes showed that at 6
months, 5/9 subjects had reduced both pain intensity scores and use of antineuropathic medica-
tion. The mean pain score pre-treatment was 7.5 (SD 1.58) and at 6 months had decreased to 4.3
(SD 3.28), P=0.018, Wilcoxon signed-rank test. Antineuropathic pain medication use showed
5/9 subjects reduced their need for medication (gabapentin, P=0.053, Student’s -test).
Conclusion: This preliminary open-labeled study showed autologous administration of stem
cells for neuropathic trigeminal pain significantly reduced pain intensity at 6 months and is a
safe and well tolerated intervention.
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Introduction

Neuropathic pain is one of the most difficult chronic pain conditions to treat and affects
approximately 6% of the population and can be caused by any number of events.'?
Word descriptor qualities of neuropathic pain that patients report are typically sharp,
shooting, burning, electric, or lancinating.>* The pathogenesis involves molecular
changes (increased sodium channel density, expression of substance P and nerve
growth factor), and cellular changes (neuroplasticity and central sensitization).’ Central
sensitization provides an explanation for the dimensional increase of the pain field
and temporal qualities observed in chronic pain patients. It is also well-established
that the combined action of glial cells and cytokine modulated inflammation plays an
important role in the development and progression of neuropathic pain.®* Neuropathic
pain typically presents in the clinic with hyperalgesia, allodynia, spontaneous ectopic
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discharges, secondary activation, and maintenance of sympa-
thetically maintained pain and regional myofascial pain.*!
Neuropathic trigeminal pain comprises several diagnostic
states, including maxillofacial neuropathic pain from trauma,
burning mouth syndrome, and atypical odontalgia (phantom
tooth pain). Considering trigeminal neuropathy is a relatively
localized form of neuropathic pain, patients with this pain
state are considered an ideal group for the investigation of
progressive new therapies.

Neuropathic pain responds poorly to opioid and over-
the-counter analgesics. First-line antineuropathic medica-
tion utilizes tricyclic antidepressants and anticonvulsants
administered to approximately 40% of people with facial
neuropathies.? However, pain relief experienced with these
treatments is only moderate. Sindrup and Jensen!! identified
that, on average, a minimum of three peripheral and central
chronic pain patients need to be treated before one patient will
experience a 50% improvement in pain symptoms. In addi-
tion, approximately 25% of people with facial neuropathies
receive no treatment at all.> Compliance with antineuropathic
medication can be problematic for patients with potential
side effects of weight gain, drowsiness, dry mouth, negative
mood changes, and increased suicide risk.

The use of mesenchymal stem cells (MSCs) as a thera-
peutic agent is a growing field due to the reported safety in
transplantation and efficacy in a range of conditions. Mazzini
et al'? demonstrated the safety of MSCs for up to 9 years after
intravenous administration into amyotrophic lateral sclerosis
patients, and no adverse events were observed in a human stem
cell clinical trial of 53 participants.'* Adipose tissue has been
identified as an advantageous source of MSCs over traditional
sources such as the bone marrow, with MSCs present at signif-
icantly higher concentrations from lipoaspirate.'* The stromal
vascular fraction (SVF) of adipose tissue is comprised of a
mixed population of cells including MSCs, red blood cells,
leukocytes, and endothelial cells. The administration of the
whole SVF for the treatment of disease has a range of benefits.
It subtracts the need to expand the MSCs in vitro, and as a
result, autologous treatments can be performed on the same
day that the liposuction occurs. It has also been demonstrated
that cell signaling and the cytokine profile are enhanced when
the SVF is co-cultured with adipocytes, which results from the
cross-talk between cells in close proximity to each other.'
SVF has undergone preliminary investigations for human
clinical conditions and experimental animal models. Riordan
et al'® treated three multiple sclerosis patients with autologous
SVF and additional injections of allogeneic CD34+ cells and
MSCs with positive results. Direct implantation of the SVF

into in vivo animal models and in vitro culture models has
stimulated neovascularization and reduced inflammatory
symptoms. 718

The use of MSCs in the treatment of neuropathic pain
is a rapidly expanding field due to a few core properties
of these cells. MSCs have been reported to exert an anti-
inflammatory effect through cytokine release that may com-
bat the pathological inflammation involved in neuropathic
pain,'*! and have been shown to play an important role in
nerve healing and regeneration.?® This hypothesis has been
tested in animal models of trigeminal neuropathic pain,
diabetic neuropathy, and hind paw neuropathic pain, all of
which showed promising results, with a significant reduction
in neuropathic pain symptoms.?'->* Sacerdote et al** reported
that the use of adipose-derived MSCs in an animal model of
hind paw neuropathic pain resulted in a decrease in the pro-
inflammatory cytokine interleukin (IL)-1f and an increase in
the anti-inflammatory cytokine IL-10 in the lesioned nerve,
as well as a significant reduction in thermal hyperalgesia and
mechanical allodynia.

In this preliminary study, we investigated the safety and
efficacy of injecting the SVF-containing adipose-derived
stem cells in ten subjects with an established diagnosis and
who demonstrated neuropathic pain symptoms. The rationale
for injecting MSCs directly into the pain sites was based on
two animal studies comparing high/low dose local adminis-
tration of MSCs to alleviate neuropathic pain.?'?? Both studies
demonstrated superior efficacy of the higher concentration
of cells. Thus, the purpose of this investigation was to assess
proof of concept and evaluate the safety of a high concentra-
tion of MSCs in patients with clinical neuropathic pain. The
literature to date is very limited for evaluating the therapeutic
role of MSCs in treating neuropathic pain in humans. Only
one case study has been published and it reported a good
response from expanded umbilical cord MSCs injected
intrathecally for neuropathic pain.?® In contrast, a case-
controlled study of intrathecally administered bone marrow-
derived MSCs for human spinal cord injury showed a high
rate of inducing neurogenic inflammation, although causative
mechanisms could not be identified.?® The authors, to their
knowledge, believe that this is the first reported study of
administering stem cells in the peripheral nervous system
for the treatment of human neuropathic pain.

Materials and methods

This study was conducted on adult, private-consenting patients
as permitted in Australia under the Australian Government
legislative framework administered and regulated by the
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Therapeutic Goods Administration (Therapeutic Goods Order
No 1 of 2011, the Excluded Goods Order) for autologous
stem cell procedures. Specifically, this legislature allows
medically unregulated products derived from human tissue
to be used under the management of a registered medical
practitioner, and that the procedure occurs within a single
treatment. In addition, regulations and guidelines set by the
Australian Health Practitioner Regulation Agency (AHPRA)
for clinicians to perform treatments include relevant scientific
evidence, explanation, and details of the treatment procedure
and potential risks. The purpose of this exemption allows for
preliminary studies to be conducted in order that subsequent
research funding and university hospital ethical committees
have published, human-based evidence prior to submission
for the approval of double-blind, randomized controlled
trials (RCTs). Based on these Australian Government
regulations, adult subjects were recruited from the Sydney
Oral and Maxillofacial Surgery Pain Clinic, a private clinic
with no direct university or hospital affiliation. ERV is the
director of the clinic and is an AHPRA-registered special-
ist. In this study, subjects were being managed on standard
anti-neuropathic medication, typically amitriptyline and
gabapentin. Informed consent to administer autologous stem
cell therapy was obtained from all patients. Subjects stated
that their reasons for considering stem cell intervention were
inadequate pain relief from the medication or excessive side
effects to the therapeutic level of the drugs. Stem cell process-
ing was conducted at no cost for the subjects. No financial
remuneration was provided to subjects for the procedure. Data
were collected from each patient for age, sex, pain intensity,
medication type and dose for pain management, etiology, and
duration of pain (Table 1).

Clinical and radiographic examination was conducted on
all subjects to exclude nociceptive pathology such as dental
caries, occlusion and bite problems, periodontal disease, jaw
joint disk disorder, or arthritis and other differential diagno-
ses (ie, migraine, cervicogenic pain). Subjects underwent
a general physical and medical assessment. Patients were
screened by a questionnaire prior to treatment and were to
be excluded if positive for hepatitis B and C and HIV. Blood
screens were not routinely conducted as the test procedure
was for local administration of MSCs that were not expected
to influence circulating white blood cell count.

Patients were treated at the North Shore Specialist Day
Hospital (Greenwich, NSW, Australia). Acquisition of
lipoaspirate from the bilateral lumbar region was performed by
author JE. The clinical procedure was administration of local
anesthetic prior to two small lumbar incisions and then adipose

tissue collected by tumescent liposuction. Approximately
100200 g of tissue was harvested by tumescent liposuction
into sterile, sealed containers. Stem cell processing was con-
ducted by Regeneus Ltd (Gordon, NSW, Australia). The SVF
was isolated through collagenase digestion of lipoaspirate, as
previously reported.!® Briefly, lipoaspirate was digested for
20 minutes with 0.5 mg mL™ of human grade collagenase
(NB6 GMP; SERVA Electrophoresis GmbH, Heidelberg,
Germany). Subsequently, the digested material was washed
and centrifuged (1,500 g, 5 minutes) three times in sterile,
saline-containing vancomycin (0.05 mg mL™"). After wash-
ing, the SVF and part of the adipocyte layer was resuspended
in sterile, saline-containing vancomycin (0.05 mg mL™).
Aliquots of the reconstituted SVF pellet were prepared in
1 mL and 2 mL syringes, with a 25-gauge needle for injection.
The injection sites for the SVF were perineural, directly into
the center or origin of pain, and the adjacent pain field of the
affected branches of the trigeminal nerve. To reduce pain from
the injection of the SVF for the subject, the pain field was pre-
treated with EMLA cream 5% topical anesthetic (AstraZeneca,
North Ryde, Australia) for 3 minutes, then 1-2 mL of 1%
lidocaine (without vasoconstrictor). The procedure was a
single-stage medical procedure lasting 2—3 hours in total in
a hospital theatre. The procedural sequence was liposuction
(45 minutes), followed by laboratory lipoaspirate processing
(90 minutes), and SVF injections (10 minutes).

The primary treatment outcome to be measured was
change in pain intensity and the secondary outcome mea-
sure was any reduction in the daily consumption of anti-
neuropathic medication. Subjects were reviewed for safety
evaluation for any clinical sign of trigeminal nerve deficit
(paresthesia, dysesthesia), facial nerve paresis, infection,
and unusual swellings or lesions at the SVF injection sites
by ERV (specialist oral and maxillofacial surgeon). Review
appointments were made for subjects as close as possible, at
1 week, and 1, 3, and 6 months, after the procedure for pain
scores and clinical assessment of the injection sites. Data
and statistical analysis were reported on all subjects at the
6-month outcome interval.

All values were reported as mean * standard deviation
(SD). Differences in pain intensity scores were statistically
evaluated with the Wilcoxon signed-rank test and differences
in medication assessed with a paired, two-tailed, Student’s
t-test with significance levels at P<<0.05.

Results
Ten subjects (all females) were recruited for the procedure
with amean age of 55.3 years £ SD 14.67 (range 27-80 years).
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Eight subjects had a diagnosis of atypical odontalgia (intra-oral
neuropathic pain), one patient with facial neuropathic pain,
and one patient with a diagnosis of trigeminal autonomic
cephalalgia (SUNCT [Short-lasting Unilateral Neuralgi-
form headache with Conjunctival injection and Tearing])
with facial neuropathic pain symptoms. No subject showed
any side effects of the treatment. There was no evidence of
unusual localized swellings or lesions at any of the injection
sites (n=36 intraoral sites and n=>5 facial sites) nor evidence
of general or medical health issues at any follow-up stage (to
6 months). Table 1 shows a summary of demographic data,
cause of pain, change in pain intensity scores, and change
in required medication for adequate pain relief. One subject
was lost to follow-up after 1 month post-review. Laboratory
results on adipose tissue collection, total cell numbers, and
viability are shown in Table 2.

The neuropathic pain group was found to be a het-
erogeneous group when listing their pre-treatment pain
word qualities; six patients reported sharp neuralgic pain,
seven patients with burning pain, and six with aching pain.
The mean pain score (numerical rating scale, 0= no pain,
10= worst pain imaginable) for the group prior to stem cell
treatment was 7.5 (SD 1.58) and had decreased at 6 months to
4.3 (SD 3.28; P=0.018, Wilcoxon signed-rank test; Figure 1).
The results showed a reduction in pain intensity scores from
the stem cell treatment in 7/9 patients (two with marginal
improvement and five subjects with good-to-excellent pain
reduction). Five of these positive responders also reduced
their need for gabapentin medication (gabapentin, P=0.053,
Student’s 7-test; amitriptyline, P=0.22; Figure 2), three
required the same level of medication, and one subject com-
menced multiple medication trials within the 6-month period
without any pain relief, with all medication subsequently

Table 2 Total numbers of cells and cell viability

discontinued. This subject (#10) with a pain intensity of 10/10
underwent trials of amitriptyline, carbamazepine, gabapentin,
and pregabalin in addition to the stem cells over 6 months.
Subjects #6 and #10, while reporting no reduction for pain
intensity on the numerical scale, surprisingly did report that
their pain had decreased from “severe to moderate” on a
separate word descriptor scale.

Discussion

The stem cell study showed a typical response from a general
pain population involved in a trial with loss of one patient
to follow-up, despite repeated phone calls and occasional
non-compliance of review appointments in others. The
therapeutic action of stem cells were typical of a pharma-
cological intervention, with two non-responders and others
with varying degrees of mild, moderate, and exceptional
pain reduction. The majority of subjects, however, reported
a positive effect from stem cell therapy with pain reduction
in addition to lowering antineuropathic medication dose
to enable an improved quality of life with fewer drug side
effects. Two subjects had excellent responses. This was
an open-label trial utilizing an injection/surgical approach
to treatment, and likely to have a high placebo response.
Typically, placebo-controlled trials for neuropathic pain
medications such as gabapentin are analyzed for a maximum
of 12 weeks to observe the effect (if any) of the treatment.?’>°
This study is likely to have an increased placebo effect due
to the injection/surgical approach to treatment.**= For this
reason, the review period post-treatment was extended to
26 weeks (Figure 1) to lessen the placebo effect and to
support the concept of a true biological improvement from
the procedure. Multiple pain data points obtained over the
6-month period showed a steady and gradual reduction in

Subject # Total cells Fat (g) Total cells/g Viability (%) Number of Total volume
injection sites injected (mL)

| 162,337,963 150 1,082,253 91 3 6

2 40,110,519 160 250,691 66 4 8

3 68,683,781 170 404,022 82 4 6

4 126,090,064 214 589,206 NA 5 8

5 77,937,200 140 556,694 NA 5 8

6 99,621,844 NA NA 8l 4 8

7 32,904,794 102 322,596 62 4 8

8 43,391,643 120 361,597 79 3 4

9 76,641,789 127 603,479 NA 5 8

10 44,905,058 16 387,113 70 4 8

Notes: Cell per gram represents total cells per gram (viable and non-viable cells); NA = values not available on three patients due to technical equipment problems on same
day of procedure; injection sites for subject #9 were facial injections, all other subjects were intraoral injections; total volume injected was mL of normal saline containing

total cell suspension.
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Figure | Pain intensity scores (median and quartiles) in ten subjects with neuropathic
trigeminal pain over 6 months following autologous adipose stem cell injection.
Notes: Subjects completed pain scores at the pre-treatment SVF stage (n=10
scores), | week after treatment (n=7 scores), | month (n=6), 3 months (n=7), and at
6 months (n=9). Pain reduction was significant at all time points at | week (P=0.041)*,
| month (P=0.026)**, 3 months (P=0.028)*** and 6 months (P=0.018)**** (Wilcoxon
signed-rank test) compared with pre-treatment pain.

Abbreviation: SVF, stromal vascular fraction.

pain, suggesting actual progressive biological changes.
The orofacial region is considered an ideal site for clinical
experimentation of analgesic agents in pain research; in
particular, the impacted bilateral third molar model of the
test agent versus placebo (or current standard agent) for acute
pain. Similarly, bilateral trigeminal neuropathic pain would
conceivably be an ideal model for other new treatments such
as cell-based therapies.

There was no patient reporting “miraculous” pain relief
directly after the procedure, reducing the likelihood of a
major placebo response. Moreover, the neuropathic group
had a history of multiple drug trials to identify individualized
polypharmacy pain management. This group of patients is
not naive to procedures and is likely to be less affected by
the placebo. The two non-responders over the 6-month trial
(subject #6 with 8/10, and subject #10 with 10/10 intensity)
both had high levels of background personal stress that
were pre-existing and continued throughout the 6-month
evaluation. Subject #6 had a confounding clinical representa-
tion with “severe pain” documented in the clinical notes at the
pre-treatment stage that subsequently reduced to “moderate
pain” but still had an intensity of 8/10. Subject #10 reported
pain of 8/10 at 3 months but returned to 10/10 at 6 months.
In both cases, prior to stem cell treatment, they would contact
the clinic frequently with several phone calls each week or
frequent appointments to report extreme pain. However, in

the 6 months post-stem cells this did not occur. In the clinical
setting, there was less distress, suggesting less pain intensity
despite unchanged pain intensity scores at 6 months in the
outcome-measuring instrument.

One intriguing result was seen in the youngest patient
(27 years) who had clearly visible signs of autonomic
dysfunction of red swollen ankles and feet that completely
cleared. In addition, this subject had received multiple botox
injections into the facial region by a regional hospital pain
clinic. While initially helpful in reducing pain, the botox
injections became ineffective and caused significant facial
tissue loss. The stem cells completely recovered the tissue
loss with restoration of normal facial contour and esthetics.
The results from this subject showed adipose stem cells to
be an attractive cellular therapy for cosmetic applications.
Somewhat surprisingly, one of the best responders was the
oldest patient at 80 years, indicating stem cells are still
biologically potent at an advanced age with the potential for
investigating older age diseases such as diabetic neuropathy.
Stolzing et al,* however, have reported the contrary and
demonstrated that the “fitness” of bone-marrow—derived
MSCs do appear to decline with donor age. The disparities
may be a result of a few factors, one being the source of the
MSCs (adipose tissue versus bone marrow), and another
being the theorized action of the stem cells. It is commonly
accepted that MSCs secrete a range of factors to achieve
their therapeutic effect and so it is possible that the secretion
profile of the cells remains unaffected by age.'>!"3* Stolzing
et al** did not test for any changes in the secretion profile of
cells, but instead focused on the presence of cell markers,
the differentiative ability, and growth dynamics.

The safety of autologous MSC administration as a cellular
therapy is well-established and accepted in both human and
animal trials.'>'3% Safety was evaluated in this case series
with close clinical inspection at several time points through-
out the trial. There were no visible deleterious changes at
any of the injection sites. In addition, there were no changes
to normal nerve physiology of the involved cranial nerves
where stem cells were administered; specifically, no numb-
ness, tingling, dysesthesia on the lower lip, chin, lateral
border of the tongue or face (trigeminal nerve branches V2
and V3), and no report of motor nerve dysfunction to the
face (C7, facial nerve) or jaw (motor branch of the trigemi-
nal nerve). In addition, no infection of the environment was
observed where the stem cells were injected. The oral cavity
contains a vast array of commensal microflora, estimated to
have over 800 species of bacteria, viruses, and fungal ele-
ments that would have seeded the stem cells on injection,
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Notes: (A) gabapentin in the group from pre-treatment stage to completion of the trial at 6 months. At the pre-SVF data point, there were six subjects using gabapentin
(mean =1,490 mg; SD 1,160.26; range 600-3,200 mg; total 9,300 mg) and at 6 months, there was a trend for lower analgesic need for gabapentin — one subject discontinued
the drug and daily drug consumption reduced in the group (mean =823 mg; SD 713.35; range 400—1,600 mg; total 5,300 mg) (P=0.053, Student’s t-test); (B) change in
total daily dosage of amitriptyline in the group from pre-treatment stage to completion of the trial at 6 months. At the pre-SVF data point, there were four subjects using
amitriptyline (mean =37 mg; SD |1.97; range 25-50 mg; total 137.5 mg) and at 6 montbhs, all four subjects continued using the drug (mean =25 mg; SD 0; total 100 mg)

(P=0.22, Student’s t-test).
Abbreviations: SD, standard deviation; SVF, stromal vascular fraction.

but no evidence of infection was evident. In essence, there
appeared to be minimal risk of postoperative infection in
the orofacial region from stem cell therapy. This is similar
to the minimal risk of intraoral dental local anesthetic injec-
tions by dentists in a “contaminated” oral environment, and
minimal risk from cosmetic injections in the face. All subjects
reported the stem cell procedure to be relatively simple and
well tolerated, and the treatment protocol for administering
the cells was analogous to their previous familiar exposure
of routine dental injections.

Neuropathic pain is recognized as a difficult and chal-
lenging pain state to obtain meaningful and prolonged pain
reduction. Prior to the trial, the subjects were undergoing

pain management for months to years on appropriate
antineuropathic medication at therapeutic dose ranges.
Despite utilizing proven pharmacotherapy, the mean pain
intensity of 7.5 still reveals a major deficiency in treating
chronic neuropathic pain to achieve an acceptable quality
of life. This trial showed a good response to a single dose
of SVE As previously mentioned, the SVF contains a het-
erogeneous population of cells and absolute assignment of
therapeutic effect can not yet be attributed solely to the MSCs.
For this study, the typical cell distribution was 45%x13.7%
CD90 positive cells, 16.3%=27.6% CD31 positive cells, and
45%3114.4% CDA4S5 positive cells. Although there is an over-
lap in markers (endothelial cells are both CD31 and CD90
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positive), CD90 is one of the recognized markers for MSCs.
This data is currently under review by Karsten et al. Further
studies are warranted for multiple dosage strategies such
as administration of second and third injections at 3 and
6 months, respectively. Considering that storage of stem cells
is becoming increasingly accessible with commercial stem
cell banking facilities, further benefit from stem cell therapy
is likely in chronic disease conditions. The general consensus
among patients who had pain reduction was overwhelmingly
positive for the stem cell therapy. In addition, use of autolo-
gous cells was universally and highly acceptable in the group.
These subjects, comprising of middle-aged women, reported
ongoing concern that the antineuropathic medication was
affecting their quality of life due to the side effects. The main
side effects of concern were drowsiness, affecting work per-
formance and social activities, and weight gain, affecting per-
sonal esteem.*® With a noticeable reduction in antineuropathic
medication requirements from the stem cells, they reported a
positive outlook for their future. Previously, the majority of
the subjects were on a slow but escalating dose of medication,
with the likelihood of increased medication requirements
for the next 3040 years of their life, assuming normal life
expectancy. The current front-line drugs for the treatment of
neuropathic pain exhibit minimal efficacy.’’” For example,
gabapentin is one of the most favorable drugs on the market.
At its maximum dose (3,600 mg), it provides pain relief to
less than 60% of patients, with an NNT (numbers needed to
treat) value of four.®® In our study, the near significant reduc-
tion in gabapentin use and minor reduction in amitriptyline
(Figure 2) suggests that stem cells may exhibit biological
priority in recovering myelinated fibers over unmyelinated
fibers. This would have potentially important implications
if further studies can confirm these initial findings and may
possibly explain the unusual clinical history of patients with
trigeminal neuralgia. Typically, the sharp lancinating pain
form of classical neuralgia has pain remission episodes. On
the other hand, patients with the constant burning properties
of atypical trigeminal neuralgia rarely undergo periods of
remission.** Further studies of multiple dose strategies and
blinded controlled trials are required and mandatory to estab-
lish a higher level of scientific evidence. This initial study
showed a therapeutic response in the majority of subjects with
neuropathic pain and suggests that autologous adipose stem
cell therapy is a safe and efficacious procedure.

Conclusion
In this preliminary proof-of-concept study, the administration
of a mixed population of adipose-derived cells, including

MSCs, was shown to be able to attenuate orofacial neuropathic
pain symptoms in a diverse range of patients considering
variables of age and the established duration of the pain state.
The positive efficacy and safety results (7/9 patients and 9/9
patients, respectively) of this study mandates further clinical
evaluation of neuropathic pain in an RCT. Moreover, the oro-
facial region is a likely investigative area for other neuronal
degenerative conditions to assess stem cell intervention due
to well-known diagnostic states and well-defined anatomical
landmarks to site stem cell injections. This would include
paresthesia from oral surgery (~1% of dental patients incur
permanent lip/tongue numbness from third molar surgery)
and facial nerve paresis. Several variables in the procedure
require further investigation, including multiple stem cell
injections over several months to enhance the therapeutic
benefit. This report demonstrated a good patient response to
a single dose of adipose-derived stem cells. Multiple dosage
strategies have been demonstrated to prolong the therapeutic
effect longer than what is seen with a single dosage treat-
ment.'%?*4 Furthermore, there is an increasing number and
accessibility of commercial stem cell banking facilities for
cellular storage to enable multiple SVF administrations. One
further variable is the critical number of stem cells required
to produce a measurable change in pain relief. The authors
have included the data on total cell numbers and cell viability
for comparison in future studies.
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