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Abstract: Background: Chronic back pain due to facet joint syndrome is a common and debilitating
condition. Advances in regenerative medicine have shown that autologous unmodified adipose
tissue-derived regenerative cells (ADRC) provide several beneficial effects. These regenerative cells
can differentiate into various tissues and exhibit a strong anti-inflammatory potential. ADRCs can
be obtained from a small amount of fatty tissue derived from the patient’s abdominal fat. Methods:
We report long-term results of 37 patients (age 31-78 years, mean 62.5) suffering from “Facet Joint
Syndrome” The pathology was confirmed by clinical, radiological examinations and fluoroscopically
guided test injections. Then, liposuction was performed. An amount of 50-100 cc of fat was harvested.
To recover stem cells from adipose tissue, we use the CE-certified Transpose RT™ system from
InGeneron GmbH. The cells were then injected under fluoroscopic control in the periarticular fat.
Follow-up examinations were performed at 1 week, 1 year, and 5 years. Results: Every patient
reported improved VAS pain at any follow-up (1 week, 1 year, and 5 years) with ADRCs compared to
the baseline. Conclusions: Our observational data indicate that facet joint syndrome patients treated
with unmodified adipose tissue-derived regenerative cells experience improved the quality of life in
the long term.

Keywords: facet joint syndrome; adipose tissue-derived regenerative cells

1. Introduction

Low back pain (LBP) poses an economic burden to society, mainly in terms of the large
number of workdays lost by a small percentage of patients who develop chronic forms
of low back pain. A whole variety of pathological processes are responsible for low back
pain. One of the leading anatomical structures involved in the pathogenesis of low back
pain are the facet joints. Lumbar spinal facet joints were first suggested in the medical
literature as a source of low back and lower extremity pain in 1941 [1]. Since then, the
so-called “facetogenic back pain” has become a widely accepted diagnosis, though still
controversial in the literature [2-8]. The most substantial support comes from investiga-
tions reporting successful back pain relief following peri-articular joint injections [9,10].
Estimates of lumbar facet joint pain prevalence based on single diagnostic blocks have
ranged from 7.7% to 75% among patients reporting back pain [11]. The facet joint syndrome
is a degenerative process of the facet joint’s cartilage following degeneration of an inter-
vertebral disc that leads to height loss of the segment, resulting in a mechanically induced
overload and arthrosis of the respective facet joints (Figure 1). These small joints are made
for flexibility but not for weight bearing. Mechanically induced chronic weight overload
finally results in a chronic inflammatory process involving the immune system, producing
local inflammatory reactions with the synthesis of several pro-inflammatory cytokines and
metalloproteinases [12]. Due to the inflammatory nature of the disease, local injection of
glucocorticoids into the affected joint has become a standard treatment option. However,
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several studies suggest that such injections represent no long-term treatment for patients
with chronic back pain [13]. Regenerative cell therapy, which refers to the therapeutic
application of stem cells to repair diseased or injured tissue, has received increasing atten-
tion from basic scientists, clinicians, and the public. Stem cells hold significant promise
for tissue regeneration due to their innate ability to provide a renewable supply of cells
that can form multiple cell types, whole tissue structures, and even organs. Stem cells are
present in the human body at all stages of life from the earliest times of an embryo through
adulthood and senescence. Recently, it could be shown that interactions of human bone
marrow-derived stem cells (MSCs) can limit and mitigate the inflammatory responses in
the peri-articular fat by promoting anti-inflammatory pathways [14]. Bone marrow-derived
MSCs are harvested by puncture of the iliac crest. This procedure is likely accompanied
by some risks to the patient, such as long-term damage to the regenerative hematopoietic
potential of the bone marrow, after the removal of hundreds of millions of valuable bone
marrow cells. About 99% of the cells removed are hematopoietic progenitors, less suitable
for tissue renewal outside the hematopoietic system. It seems inefficient to recover a small
number of actual pluripotent stem cells to damage the pool of valuable bone marrow cells
primarily as it is known that the number of vital bone marrow cells declines with increasing
age. A key function of stem cells in the adult body is to contribute to the homeostasis of
tissue resident parenchymal cells. As we age, there is a continuous turnover in almost every
tissue between dying and replacing cells with the exception of some nerve cells in the brain.
For a long time, our body can maintain tissue homeostasis. However, tissue homeostasis
can be disturbed with increasing age in all tissues, such as tendons, bone, joints, heart,
liver, kidneys, and muscles, in a way that the parenchymal cells, which are responsible
for the organ function, are more frequently replaced by mesenchymal fibroblastic cells.
This is due to a lack of renewing power, especially if ischemia, infections, accidents, and
other inflammatory or traumatic events accelerate the tissue turnover. A good example is
chronic wounds that show a number of problems, including insufficient levels of cell prolif-
eration, increased cell senescence/apoptosis, impaired angiogenesis/neovascularization,
inflammation, increased production of matrix metalloproteinases (MMPs), increased matrix
degradation, and decreased production of extracellular matrix. Stem cell therapy is to be
considered as the principal of transferring concentrated stem cells, which have been taken
from one part of the body where they are not ‘missed’, to tissue in need of regeneration,
in order to re-establish tissue homeostasis. The isolation of stem cells from suitable tissue
(such as adipose tissue) and their application to other injured tissue and organs can be
interpreted as the most gentle and natural approach to help the body in self-repair by
increasing the number of stem cells at a location where they are exhausted but most needed.
From these considerations, it also becomes clear that stem cell therapy is not only directed
to a specific organ, tissue, or disease, but it will take the function of replacing and repairing
tissue and organs that suffer from a lack of repair, renewal, and rejuvenation [15,16].

With the InGeneronTM process, many stem cells can be recovered from adipose tis-
sue [17]. These stem cells from adipose tissue provide three scientifically proven functions:
anti-inflammatory effects, antiapoptosis, tissue repair, renewal, and re-placement [18].
These ADRCs can transform into any somatic cell by appropriately exchanging genetic
information within the so-called “micro-environment” of the tissue or organ in which
they are placed [19]. Consequently, local tissue damage can be treated by injecting stem
cells at the site needing repair. Clinical applications have shown that tissue of all three
germ lines can be treated with stem cells [15,20,21]. In degenerative diseases of joints,
damage to functional tissue induces an inflammatory process, resulting in pain. It has
been shown that painful chronic inflammatory disorders of the musculoskeletal system can
successfully be treated by stem cell injection [16]. Stem cells, in general, often called MSCs
in an inflammatory environment, can influence the immune response by altering cytokine
secretion from macrophages, dendritic cells, and T-cell subsets, resulting in a shift from a
pro-inflammatory to an anti-inflammatory environment. Successful treatment of degenera-
tive inflammatory processes of the musculoskeletal system, such as facet joints, knee, or
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shoulder, with injections of adipose tissue-derived stem cells, are well reported in human
medicine [22,23]. Adipose Tissue-Derived Regenerative Cells obtained with the InGeneron
process contain many so-called vascular-associated pluripotent stem cells [15,19]. These
cells can be recovered within about 20 min from a small amount of fatty tissue, without
significant harm to the patient.

9 —am=rry @5 1

8-\
- &%
v 2
B\ *
7?
6 N”

| bty f/..—m.ﬁ, i 53
= (‘i' 5 ‘ v |
4

Figure 1. Schematic overview of the lipoaspirate processing procedure. The tissue sample is trans-
ferred into the processing tube of the Transpose® Ultra Lipoaspirate Processing System, and the pro-
prietary Matrase™ enzymatic reagent is added to the sample before it is inserted into the Transpose®
Ultra Tissue Processing Unit. During the first run, efficient enzymatic extracellular degradation
liberates the regenerative cells from their surrounding matrix. Subsequent washing and filtering
steps isolate these cells before their immediate therapeutic application. The process shown below

takes approximately 60 min after lipoaspiration.

2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

All patients were examined and examined and injected by the first author RR. Patients
aged 18-80 years with suspected facet joint syndrome and ongoing symptoms of more than
one-year duration—despite standard therapeutic measures—were screened for inclusion
in the study. A fluoroscopically controlled infiltration of the tissue next to the facet joints
by 1 mL (5 mg/mL) ropivacaine was performed in all patients. This was performed to
differentiate the source of pain from other causes. Temporary relief of the patient’s pain, an
analysis of the patient’s MRI findings, and a thorough clinical examination were used to
establish the diagnosis of “Facet joint Syndrome” before the patient could be included in the
study. All patients underwent single-level injections on both sides. The test injections were
performed using standard fluoroscopy using non-ionic contrast (lohexol 15 g/50 mL). The
nonionic contrast medium was characterized by rapid metabolism, so there was little effect
of the contrast medium injection on the ropivacaine injection. The patient was positioned
in prone position during the procedure.

Exclusion criteria were: other causes of chronic back pain such as acute disc-related
pain, spinal stenosis, osteonecrosis, evidence of a malignant neoplasm in the last 24 months,
a history of basal cell carcinoma, chronic skin diseases, connective, metabolic, or skin dis-
eases, evidence of an active infection, immunosuppressive medication, renal insufficiency
(creatinine > 1, 8 mg/dL) or liver failure (GOT, GPT > 2x typical values, bilirubin > 2 mg/dL).
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Thirty-seven patients met the inclusion criteria (age 31-78 years, mean age 62.5 years) and
were enrolled in the study. Anticoagulation was not an exclusion criterion. If present,
anticoagulation was not ceased prior to the liposuction or the test injection.

2.2. Tissue Preparation and Treatment

A mini-liposuction was performed under local anesthesia with additional conscious
sedation affected by propofol iv injection under the supervision of an experienced anesthe-
siologist. Prior to the liposuction, the abdominal fat tissue was prepared for the procedure
by a subcutaneous injection of a tumescent lidocaine solution. The solution contained 1 g
lidocaine and 1 mg epinephrine in 100 mL plus 10 mEq sodium bicarbonate in 10 mL added
to 1000 mL of 0.9% physiologic saline for a final lidocaine concentration of 1 g per bag
containing 1110 mL or 0.9 g/L (0.09%) 500 mL were injected bilaterally in the umbilical
region. The solution remained 10 min in the subcutaneous tissue before we proceeded
with the liposuction. The liposuction was performed using a normal 50 cc syringe and a
standard liposuction needle. The tissue harvest was performed by hand. No mechanical
suction device was used. An amount of 50-100 mL of abdominal fat tissue was removed by
this mini-liposuction and processed using a commercially available system. To recover stem
cells from adipose tissue, we use the CE-certified Transpose RT™ system from InGeneron
GmbH. The removed adipose tissue sample was transferred into InGeneron’s processing
tube, and Matrase™ enzymatic reagent was added to the sample before it was processed in
the Transpose® Tissue Processing Unit. During the first run, the extracellular enzymatic
degradation by the specific Matrase TM enzyme liberates the regenerative cells from their
surrounding matrix. Three subsequent filtering and washing steps are performed to sep-
arate and purify the regenerative cells from fat and adipocytes, remaining enzymes, and
cell debris. Within 60 min, purified regenerative stem cells recovered from the patient’s
abdominal fat tissue were ready for immediate use in the same patient as an autologous
transplant Figure 1.

2.3. Cell Yield, Cell Viability, Number of Living Cells per mL Lipoaspirate and Cell Size

Due to the results of a previous study, we can describe the cell yield, cell viabil-
ity, number of living cells per ml lipoaspirate, and cell size detail [24]. Compared to
Transpose RT/no Matrase isolation, Transpose RT/Matrase isolation of ADRCs from
lipoaspirate resulted in the following, statistically significant differences in the final cell
suspension (all values given as mean £ SEM): approximately nine times higher cell yield
(7.2 x 105 £ 0.90 x 105 Transpose RT/Matrase-isolated ADRCs per ml lipoaspirate vs.
0.84 x 105 £ 0.10 x 105 Transpose RT/no Matrase-isolated ADRCs per ml lipoaspirate;
p <0.001; n = 12 matched pairs of samples); approximately 41% higher mean cell viability
(85.9% =+ 1.1% in case of Transpose RT/Matrase-isolated ADRCs vs. 61.7% =+ 2.6% in case
of Transpose RT/no Matrase-isolated ADRCs; p < 0.001; n = 12 matched pairs of sam-
ples); approximately twelve times higher mean number of living cells per ml lipoaspirate
(6.25 x 105 £ 0.79 x 105 Transpose RT/Matrase-isolated ADRCs per ml lipoaspirate vs.
0.52 x 105 £ 0.08 x 105 Transpose RT/no Matrase-isolated ADRCs per ml lipoaspirate;
p <0.001; n = 12 matched pairs of samples each). Of importance, the mean relative number
of viable cells obtained by Transpose RT/Matrase isolation (85.9%) exceeded the proposed
minimum threshold for the viability of cells in the SVF of 70% established by the Interna-
tional Federation for Adipose Therapeutics and Science (IFATS), whereas the mean relative
number of viable cells obtained by Transpose RT/no Matrase isolation (61.7%) did not.
The difference in mean cell diameter between Transpose RT /no Matrase-isolated ADRCs
(10.2 pm £ 0.1 pm) and Transpose RT /Matrase-isolated ADRCs (10.6 pm =+ 0.1 um) was
only approximately 4% and did not reach statistical significance (p = 0.05; n = 12 matched
pairs of samples). Accordingly, both the number and viability of cells in the final cell
suspension were statistically significantly higher after Transpose RT /Matrase isolation of
ADRCs from human adipose tissue than after Transpose RT/no Matrase isolation. ASCs
derived from Transpose RT/Matrase-isolated ADRCs formed on average 16 times more
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CFUs per ml lipoaspirate (4973 + 836; mean + SEM) than ASCs derived from Transpose
RT/no Matrase-isolated ADRCs (307 & 68) (p = 0.002; n = 10 matched pairs of samples).

2.4. Injection of the ADRCs

The cellular preparation of these fresh, autologous ADRCs was injected under para-
articular fluoroscopic control on both sites of the individually affected facet joints. The
joints in the adjacent segments were injected as well as the target segment (typically, L3
to L5 and L5/S1). The procedure was performed within the same session of fat tissue
recovery, and preparation of the cells. Stem cell suspension was diluted with physiological
saline to 1 mL per injected joint. At the Adipose-derived stem cell injection, contrast media
was not employed due to unknown interaction with the regenerative cells. The injection
was performed in prone position in the same fashion as the test injection. However, mild
sedation was used for the final injection. The fat removal to injection procedure was
typically finished in two to three hours (Figure 2). Patients were discharged from the
outpatient clinic within four hours after beginning of the treatment. Pain medication was
not recommended and not employed by the study population.

Figure 2. On each level at the back of the spine, two small facet (zygapophyseal) joints—one from
an upper and one from a lower vertebra—act as connectors to the spine and provide support as
they allow the spine to bend and move. Facet joint syndrome significantly contributes to the high
prevalence of back pain observed in western societies. Current therapies include local cortisone
injections; however, there are mixed and negative reports regarding long-term efficacy for facet joint
syndrome pain relief.
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2.5. Follow-Up

According to the study protocol, the primary endpoints of the present study were long-
term safety, as indicated through the rate of treatment emergent adverse events (TEAEs),
efficacy of pain and function. All 37 patients completed the follow up examination and
questionnaire. None of the study participants was lost during follow-up. As part of
the follow-up, the Visual Analogue Scale (VAS) for back and leg pain and the Oswestry
Disability Index (ODI) were recorded before treatment and postoperatively at one week,
one year, and five years after the treatment. Kind, type, severity, and duration of any
adverse events were recorded at each postoperative visit.

3. Results
3.1. Preoperative Symptoms

The most common preoperative symptom was local back pain (in 100% of cases).
Before treatment, none of the patients had a motor deficit. One patient had suffered from a
sensory deficit at L5 on the right side (2.7%) after six previous operations on the lumbar
spine. No other neurological symptoms or signs were present during the initial examination.
Clinical evaluation showed a compression pain of the facet joints in the affected area during
the physical examination in all patients. Only lumbar pain syndromes were included in the
evaluation. No one of the study participants suffered from cervical facet joint syndrome. All
patients underwent MRI examinations. In the preoperative MRI, nerve root compression,
acute fractures, or spondylodiscitis was ruled out in all patients. All patients showed
degenerative changes in facet joints of varying degree. In seven patients (18.9%), there were
radiological signs of osteochondrosis Modic I and II (Figure 3). Spondylolisthesis was not
present in any of the study participants.

Figure 3. Magnetic resonance imaging of three lumbar spine patients (a—c). The green arrows mark
the L3/L4 disc, and the yellow arrows mark the L4/L5 disc. Note the normal structure of the L3/L4
disc, while the yellow arrows indicate a reduced intervertebral disc height (and thus the disc space)
at L4/L5, as observed in all three patients. The star (c) marks bone marrow edema in vertebral body
L5, and the black arrow (c) indicates the collapse of the superior endplate of the L5 vertebral body.

3.2. Pain Levels and Oswestry Disability Index

The preoperative pain level measured by the Visual Analog Scale means level was
VAS 6.8 with an individual range of 5-10 (on a scale of 0 = no pain, 10 = maximum pain),
and the Oswestry Disability Index (ODI) was assessed at 71.05% (range 43-91). After one
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week, patients already reported an improvement reflected by a decreased Visual Analog
Scale pain level. At the one-year follow-up (mean 13.2 months, range 12-16 months),
the mean VAS level was 1.5, and the mean ODI was 17.5%. At the five-year follow-up
(mean 61.7 months), the mean VAS level was 1.4, and the mean ODI was 18.7%. Every
patient reported improved VAS pain after treatment with ADRCs compared to the baseline
(Figures 4 and 5). This result was observed in the short term (one week and one month)
and in the longer term after five years of follow-up.
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Figure 4. Cont.
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Figure 4. Visual analog pain score (VAS) of 37 facet joint pain patients, shown as pre-treatment and
post-treatment VAS score with adipose-derived regenerative cells at one week (a), one year (b), and five
years (c). The comparison is shown before treatment (upper points in blue), (a) after one week, (b) after
one year, and (c) after five years (lower points in orange). Each patient serves as their internal control.
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Figure 5. (a) Summary of Visual analog pain score (VAS)depicted as a bar graph of facet joint
patients treated with adipose-derived regenerative cells at baseline, after one week, after one year,
and five years post-treatment. (b) Mean Oswestry Disability Index (ODI) score pre-treatment, at one
year, and five years post-treatment.
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3.3. Complications

After liposuction, one patient developed a relatively sizeable subcutaneous hematoma
of about 10 x 15 cm at the liposuction site. The patient was on anticoagulation for cardiac
arrhythmia. The subcutaneous hematoma was treated conservatively. It caused local pain
for 17 days and resorbed spontaneously without further consequences. There were no
other minor or severe complications, in particular, no infections and no local or systemic
minor or significant adverse events related to the procedure or the sedation.

4. Discussion

Low back pain is a very common disabling condition and has an enormous economic
impact on ageing societies. Around 70% of all people will suffer at least once in their lifetime
from severe low back pain, as about 25% of all people suffer from chronic lumbago. Causal
therapy is unknown, and regular use of NSAIDs often leads to unfavorable comorbidities
and is associated with considerable socio-economic costs. Corticosteroid injections are
useful in the initial phase of the disease but are known to lose the beneficial effect overt
time. Ablation procedures show a temporary effect. In the current study, we report initial
clinical results of ADRC treatment and five-year follow-up in patients with chronic facet
joint syndrome.

In the context of degenerative lumbar spine diseases, pain is primarily due to inflam-
matory reactions resulting from degenerative changes. Inflammatory cytokines have been
demonstrated in the facet joint [4] to produce arthropathic changes in degenerative lumbar
spine disease. As a result, pain is linked to chemical factors associated with inflammatory
responses and cytokines. This theory corroborates the better clinical effects of nonsteroidal
anti-inflammatory drugs and corticosteroids over opioids or other analgesics [9]. The
immune-modulatory impact of stem cells is, therefore, of great interest for the prevention
of inflammatory reactions in degenerative diseases of the musculoskeletal system. ADSCs
exhibit potent immunosuppressive and anti-inflammatory activities, and exosomes were
shown to play an important role in these processes. In recent years, apoptotic bodies, a
major class of extracellular vesicles released as a product of apoptotic cell disassembly, have
become recognized as another key player in immune modulation. Successful treatment
has also been reported with experimental autoimmune disorders such as collagen-induced
arthritis and multiple sclerosis. However, conflicting results on how immune modulation
is achieved by stem cells are still discussed [7].

Our study used adipose tissue stem cells (ADSCs) because several prior studies have
found a significant qualitative difference between bone marrow stem cells and adipose
tissue stem cells. The main difference is the significantly higher number of vascular-
associated pluripotent stem cells found in adipose tissue, plus the more facilitated access to
adipose tissue compared to bone marrow [15,17]. Harvesting a small amount of fatty tissue
damages the patient less than removing millions of valuable bone marrow cells. Bone
marrow yields a relatively low number of genuinely regenerative cells. Culturing these
cells (MSCs) before use in clinical applications is customary, leading to gene expression
changes [25]. Adipose tissue-derived stem and regenerative cells can be isolated and
administered in large numbers at the “point of care” without cell expansion/culturing [26].
These non-engineered cells also lead to high clinical safety and efficacy [20,21,27].

Our data suggest an initial anti-inflammatory impact of the cells used. We also
clinically observed an acute anti-inflammatory effect of the ADSCs, evidenced by the
first clinical improvement often seen already 48 h after treatment. This result suggests
an additional therapeutic benefit for other degenerative diseases of the musculoskeletal
system. Like regulatory T cells (TREG), ADSCs can migrate to joints where they can act
locally within the inflamed synovium to reduce immune cell proliferation and function
through the secretion of soluble inhibitory factors. They can also systematically suppress
the host immune response through a shift in the T1/T2 cell balance, suggesting that ADSC-
induced immune modulation is not only mediated by a single mechanism, indicating critical
therapeutic applications well beyond the field of degenerative joint disease. Further studies
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should help better understand stem cells” underlying mechanisms of immune modulation
and how stem cells derived from adipose tissue exert the same function in a new location
as they do in the initial site of adipose tissue from which they were harvested [24,28].

5. Conclusions

The current study is, to the best of our knowledge, the first publication in the scientific
literature of a 5-year follow-up long-term assessment evaluating the treatment of chronic
facet joint syndrome with autologous adipose tissue-derived stem cells. All patients in
this study served as their internal paired control. The authors’ results warrant further
investigation of ADRCs for facet joint syndrome treatment, especially because this condition
has a high economic impact, no causal therapy is available, and it is a disabling condition
in a significant portion of the population. Future randomized prospective controlled trials
assessing the safety and efficacy of ADRC treatment in comparison to the best-known
standard of care interventions should be conducted to corroborate the results of this long-
term observational study.

Author Contributions: Conceptualization, E.U.A. and R.R.; methodology, E.U.A_; software, R.R.;
validation, E.U.A. and R.R,; formal analysis, E.U.A. and R.R. investigation, J.T., EU.A. and R.R;;
writing—original draft preparation, R.R. writing—review and editing, E.U.A. and R.R. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Isarkliniken GmbH in Munich and by the Internationale
Stiftung Medizin und Wissenschaft in Munich.

Institutional Review Board Statement: The study was approved by Decisions of The Freiburg
International Ethics Kommitee (FEKI) and the Ethics Kommitee of the Bavarian Physician Association.
Freiburger Ethik Kommision International: Votum Code 013/1372; Autologe Zellanreicherung zur
Behandlung der Arthrose. Freiburger Ethik Kommision International: Votum Code 016/1252; Safety
and Efficacy of Injection of adipose-derived mesenchymal stem cells (ADRCs) in patients suffering
from osteoarthritis of facet joints. Ethik Kommision der Bay Landesarzte Kammer: Datenerhebung
zur postoperativen Erlebnisqualitit in der Wirbesdulenchirurgie. 14. Okt 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study, including content to publish the clinical data and this paper.

Data Availability Statement: Data is available upon request from the corresponding author.

Acknowledgments: Isarkliniken GmbH in Munich and by the Internationale Stiftung Medizin und
Wissenschaft in Munich.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study in the collection, analyses, or interpretation of data, in the writing of the manuscript, or in
the decision to publish the results. The author R.R. declares no conflict of interest. E.U.A. is Managing
Director of Isarklinik IT AG, and Executive Chair of InGeneron Inc. ]J.T. is a former Employee of
Isarkliniken GmbH.

References

1.  Badgley, C.E. The Articular Facets in Relation to Low-Back Pain and Sciatic Radiation. J. Bone Jt. Surg. 1941, 23, 481-496.

2. Goldthwait, ].E. The Lumbo-Sacral Articulation; An Explanation of Many Cases of “Lumbago,” “Sciatica” and Paraplegia. Boston
Med. Surg. J. 1911, 164, 365-372. [CrossRef]

3. Carrera, G.F; Haughton, V.M,; Syvertsen, A.; Williams, A.L. Computed tomography of the lumbar facet joints. Radiology 1980,
134, 145-148. [CrossRef] [PubMed]

4. Helbig, T.; Lee, C.K. The lumbar facet syndrome. Spine 1988, 13, 61-64. [CrossRef] [PubMed]

5. Manchikanti, L.; Boswell, M.V; Singh, V.; Pampati, V.; Damron, K.S.; Beyer, C.D. Prevalence of facet joint pain in chronic spinal
pain of cervical, thoracic, and lumbar regions. BMC Musculoskelet Disord. 2004, 5, 15. [CrossRef] [PubMed]

6. Manchikanti, L.; Pampati, V.; Fellows, B.; Bakhit, C.E. The diagnostic validity and therapeutic value of lumbar facet joint nerve
blocks with or without adjuvant agents. Curr. Rev. Pain. 2000, 4, 337-344. [CrossRef] [PubMed]

7. Nachemson, A.L. Newest knowledge of low back pain. A critical look. Clin. Orthop. Relat. Res. 1992, 279, 8-20. [CrossRef]

8.  Raskin, S.P. Degenerative changes of the lumbar spine: Assessment by computed tomography. Orthopedics 1981, 4, 186-195.
[CrossRef]


http://doi.org/10.1056/NEJM191103161641101
http://doi.org/10.1148/radiology.134.1.7350594
http://www.ncbi.nlm.nih.gov/pubmed/7350594
http://doi.org/10.1097/00007632-198801000-00015
http://www.ncbi.nlm.nih.gov/pubmed/3381141
http://doi.org/10.1186/1471-2474-5-15
http://www.ncbi.nlm.nih.gov/pubmed/15169547
http://doi.org/10.1007/s11916-000-0016-4
http://www.ncbi.nlm.nih.gov/pubmed/10998741
http://doi.org/10.1097/00003086-199206000-00003
http://doi.org/10.3928/0147-7447-19810201-13

J. Pers. Med. 2023, 13, 436 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lewinnek, G.E.; Warfield, C.A. Facet joint degeneration as a cause of low back pain. Clin. Orthop. Relat. Res. 1986, 213, 216-222.
[CrossRef]

Schwarzer, A.C.; Aprill, C.N,; Derby, R.; Fortin, J.; Kine, G.; Bogduk, N. Clinical features of patients with pain stemming from the
lumbar zygapophysial joints. Is the lumbar facet syndrome a clinical entity? Spine 1994, 19, 1132-1137. [CrossRef]

Dreyer, S.J.; Dreyfuss, PH. Low back pain and the zygapophysial (facet) joints. Arch. Phys. Med. Rehabil. 1996, 77, 290-300.
[CrossRef] [PubMed]

Igarashi, A.; Kikuchi, S.; Konno, S.; Olmarker, K. Inflammatory cytokines released from the facet joint tissue in degenerative
lumbar spinal disorders. Spine 2004, 29, 2091-2095. [CrossRef] [PubMed]

Carette, S.; Marcoux, S.; Truchon, R.; Grondin, C.; Gagnon, ].; Allard, Y.; Latulippe, M. A controlled trial of corticosteroid injections
into facet joints for chronic low back pain. N. Engl. . Med. 1991, 325, 1002-1007. [CrossRef] [PubMed]

Aggarwal, S.; Pittenger, M.F. Human mesenchymal stem cells modulate allogeneic immune cell responses. Blood 2005, 105,
1815-1822. [CrossRef]

Alt, EU.; Schmitz, C.; Bai, X. Perspective: Why and How Ubiquitously Distributed, Vascular-Associated, Pluripotent Stem Cells
in the Adult Body (vaPS Cells) Are the Next Generation of Medicine. Cells 2021, 10, 2303. [CrossRef]

Furia, ]J.P.; Lundeen, M.A.; Hurd, J.L.; Pearce, D.A.; Alt, C.; Alt, E.U.; Schmitz, C.; Maffulli, N. Why and how to use the body’s
own stem cells for regeneration in musculoskeletal disorders: A primer. J. Orthop. Surg. Res. 2022, 17, 36. [CrossRef]

Winnier, G.E.; Valenzuela, N.; Peters-Hall, ].; Kellner, J.; Alt, C.; Alt, E.U. Isolation of adipose tissue derived regenerative cells
from human subcutaneous tissue with or without the use of an enzymatic reagent. PLoS ONE 2019, 14, e0221457. [CrossRef]
Sadat, S.; Gehmert, S.; Song, Y.H.; Yen, Y.; Bai, X.; Gaiser, S.; Klein, H.; Alt, E. The cardioprotective effect of mesenchymal stem
cells is mediated by IGF-I and VEGF. Biochem. Biophys. Res. Commun. 2007, 363, 674-679. [CrossRef]

Alt, E.; Winnier, G.; Haenel, A.; Rothoerl, R.; Solakoglu, O.; Alt, C.; Schmitz, C. Towards a Comprehensive Understanding of
UA-ADRCs (Uncultured, Autologous, Fresh, Unmodified, Adipose Derived Regenerative Cells, Isolated at Point of Care) in
Regenerative. Cells 2020, 9, 1097. [CrossRef]

Trafny, T.; Spiri, S. (Eds.) Bioethics and Research on Adult Stem Cells; Towards Therapeutic Solutions; IF Press: Rome, Italy, 2020;
Volume I, ISBN 978-88-6788-202-1.

Schmitz, C.; Alt, C.; Azares, A.; Pearce, D.; Facile, T.; Furia, ].P.; Maffulli, N.; Huang, C.; Alt, E.U. The Composition of Adipose-
Derived Regenerative Cells Isolated from Lipoaspirate Using a Point of Care System Does Not Depend on the Subject’s Individual
Age, Sex, Body Mass Index and Ethnicity. Cells 2022, 12, 30. [CrossRef]

Hurd, J.L.; Facile, T.R.; Weiss, ].; Hayes, M.; Hayes, M.; Furia, ].P.; Maffulli, N.; Winnier, G.E.; Alt, C.; Schmitz, C.; et al. Safety and
efficacy of treating symptomatic, partial-thickness rotator cuff tears with fresh, uncultured, unmodified, autologous adipose-
derived regenerative cells (UA-ADRCsS) isolated at the point of care: A prospective, randomized, controlled first-in-human. J.
Orthop. Surg. Res. 2020, 15, 1-18. [CrossRef]

Alt, E.; Rothoerl, R.; Hoppert, M.; Frank, H.G.; Wuerfel, T.; Alt, C.; Schmitz, C. First immunohistochemical evidence of human
tendon repair following stem cell injection: A case report and review of literature. World J. Stem. Cells 2021, 13, 944-970. [CrossRef]
[PubMed]

Li, G,; Liu, Y.; Shen, C.; Wen, Z.; Zhang, S.; Yang, K. Effect of adipose-derived mesenchymal stem cells (ADSC) on the T cell
immune status of allergic rhinitis mouse model. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi = Chin. ]. Otorhinolaryngol. Head
Neck Surg. 2016, 51, 50-56. (In Chinese) [CrossRef]

Vidal, M.A; Kilroy, G.E.; Lopez, M.].; Johnson, J.R.; Moore, R M.; Gimble, ].M. Characterization of equine adipose tissue-derived
stromal cells: Adipogenic and osteogenic capacity and comparison with bone marrow-derived mesenchymal stromal cells. Vet.
Surg. 2007, 36, 613-622. [CrossRef] [PubMed]

Strioga, M.; Viswanathan, S.; Darinskas, A.; Slaby, O.; Michalek, J. Same or not the same? Comparison of adipose tissue-derived
versus bone marrow-derived mesenchymal stem and stromal cells. Stem. Cells Dev. 2012, 21, 2724-2752. [CrossRef] [PubMed]
Lalu, M.; McIntyr, M.; Pugliese, C.; Fergusson, D.; Winston, B.; Marshall, J.C.; Granton, J.; Stewart, D.J. Canadian Critical Care
Trials Group. Safety of Cell Therapy with Mesenchymal Stromal Cells (SafeCell): A Systematic Review and Meta-Analysis of
Clinical Trials. PLoS ONE 2012, 7, €47559. [CrossRef]

Schmitz, C.; Wiirfel, T.; Alt, C.; Alt, E.U. Behandlung von Sehnenrupturen mit Stammzellen: Eine aktuelle Ubersicht. Obere
Extrem. 2022, 17, 141-153. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1097/00003086-198612000-00031
http://doi.org/10.1097/00007632-199405001-00006
http://doi.org/10.1016/S0003-9993(96)90115-X
http://www.ncbi.nlm.nih.gov/pubmed/8600875
http://doi.org/10.1097/01.brs.0000141265.55411.30
http://www.ncbi.nlm.nih.gov/pubmed/15454697
http://doi.org/10.1056/NEJM199110033251405
http://www.ncbi.nlm.nih.gov/pubmed/1832209
http://doi.org/10.1182/blood-2004-04-1559
http://doi.org/10.3390/cells10092303
http://doi.org/10.1186/s13018-022-02918-8
http://doi.org/10.1371/journal.pone.0221457
http://doi.org/10.1016/j.bbrc.2007.09.058
http://doi.org/10.3390/cells9051097
http://doi.org/10.3390/cells12010030
http://doi.org/10.1186/s13018-020-01631-8
http://doi.org/10.4252/wjsc.v13.i7.944
http://www.ncbi.nlm.nih.gov/pubmed/34367486
http://doi.org/10.3760/cma.j.issn.1673-0860.2016.01.008
http://doi.org/10.1111/j.1532-950X.2007.00313.x
http://www.ncbi.nlm.nih.gov/pubmed/17894587
http://doi.org/10.1089/scd.2011.0722
http://www.ncbi.nlm.nih.gov/pubmed/22468918
http://doi.org/10.1371/journal.pone.0047559
http://doi.org/10.1007/s11678-022-00699-4

	Introduction 
	Materials and Methods 
	Inclusion and Exclusion Criteria 
	Tissue Preparation and Treatment 
	Cell Yield, Cell Viability, Number of Living Cells per mL Lipoaspirate and Cell Size 
	Injection of the ADRCs 
	Follow-Up 

	Results 
	Preoperative Symptoms 
	Pain Levels and Oswestry Disability Index 
	Complications 

	Discussion 
	Conclusions 
	References

