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The Goal Today

* Regenerative Medicine Overview - SET EXPECTATIONS for
DEFINITION of SUCCESS

* Annular tears — mechanism, evolution, bla bla bla

* Strategies for the future o4
* Evidence

* ldeal Patient

 Take home message




 Medicine 1.0 — Treatments:
* Healer like approaches,

* Bizarre treatments like snake meat,
spyders, venom, drinking weird tea,

cutting under the tongue to heal
jaundice, name it

Medicine 1.0
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Medicine 2.0

Levels of Evidence
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Medicine 3.0

 Medicine 1.0 — Treatments: Wild-west
approaches, bizarre treatments
like consuming snake meat

 Medicine 2.0 — Evidence base medicine,
guidelines — focused on disease treatment.
Kind of a one size fits all ....

 Medicine 3.0 — Prevention, Personalized
medicine, Technology integrated, patient
centered care and empowerment, and most
important addressing the cause!
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* For regenerative treatments to
succeed, patient health must
be optimized.

* Functional Medicine addresses
lifestyle factors such as
inflammation, hormonal
Imbalances, and metabolism to
support the healing process.

Health Optimization

CONVENTIONAL FUNCTIONAL
MEDICINE MEDICINE

TEEFFUE

L

SYMPTOMS BASED TREATE UMDERLYING
TREATMENT ASGT

DOCTOR CEMTERED PATIEMNT CENTERED

ALL FECEIVE SAME CUSTORIZED
TREATMEMT HOLISTIC APPRIACH

SYMETOMS DASED MO ELIAL
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Medicine 3.0 - Regenerative Approach

* Regenerative Medicine (Medicine 3.0)
seeks to treat lumbar pain by addressing -
both the complexity of the spinal anatomy

and optimizing the patient's health. | Wi
- Treatments utilize biologic agents like ‘Medicine.

stem cells and platelet-rich plasma to
regenerate not just the disc but also the
surrounding structures.

|||||||||||
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What is Regenerative Medicine?

* Replaces or regenerates human cells, tissues, or organs to
restore normal function.

* Applications include musculoskeletal treatments: joints, tendons,
nerves, and spine.
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Conditions for Success

* Early in the degenerative process or after injury
* Correct diagnosis

* Appropriate biologic agent

* Precise delivery

* Combine with health optimization — need to zoom out and
remember we are doctors, not technicians
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Platelet-Rich Plasma (PRP)

 Derived from blood, platelets assist in healing and regeneration

* Used for conditions like osteoarthritis and nerve, tendon, muscle
Injuries

* Preparation involves concentrating platelets using a centrifuge
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Bone Marrow-Derived Stem Cells

* Harvested from bone marrow (usually from the hip)

» Used to treat spinal discs, nerves, and joints

* Performed under imaging guidance for precise delivery
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Adipose-Derived Stem Cells

« Stem cells from adipose (fat) tissue used for regenerative
therapies

* FDA restrictions despite success in thousands of procedures
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Perinatal Tissue Stem Cells

 Derived from discarded birth tissues (placenta, umbilical cord)

* Benefits: Minimal side effects but debate over freezing
processes

« Stem cells from perinatal tissues show potential for treating
various conditions
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Exosomes

* Tiny healing vesicles released
by stem cells

* Penetrate tissues to promote
healing, especially In
osteoarthritis and tendon injuries
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N=1 Medicine (Precision Medicine)

* |s the patient a candidate?

* Optimal state of health? ABCs of Precision Medicine

* Personalized treatment approach
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Regenerative and Functional Medicine

 Patient selection

* Precision Medicine diagnosis
* Precise, guided delivery

* Optimization of general health

* Optimization of physical function
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Applications of Regenerative Medicine

 Treats conditions like osteoarthritis, spinal injuries, tendon tears,
and nerve damage

* Tailored approaches based on severity and health of individual
patients
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When this tension is lost, the
spine's mechanics degrade,
leading to degeneration.
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Anatomy of
the Lumbar
Spine

Structures that can cause
lumbar pain:

Skin

Lumbar fascia

Spinal muscles

- Tendons and ligaments
Bones (vertebrae)
Lumbar nerves

Facet joints

- Discs

- Thecal sac coverings

Inferior vena cava
Descending (2nd) part of duodenum

Kidney Pancreas

Renal fascia (anterior and posterior layers) Anterior longitudinal ligament

Perirenal fat
Crura of respiratory diaphragm
Pararenal fat

Peritoneum Superior mesenteric artery and vein
Extraperitoneal

(subserous) fascia
(areolar tissue)

Mesentery

Abdominal aorta

Transversalis
fascia

Duodenojejunal
junction

Bady of
L2 vertebra

Psoas major
muscle
and fascia

Lumbar
spinal nerve

Transverse
process
External
abdominal
oblique
muscle

Spinal
dura mater

Cauda

Internal abd ominal I
equina

oblique musdle

Transversus abdominis
musdle

Spinous process
Tendon of origin of of L1 vertebra
transversus abdominis and
internal abd ominal oblique S < n
s upraspinous ligament

Serratus posterior inferior muscle Erector spinae and multifidus muscles

Latissimus dorsi muscle Thoracolumbar fascia (posterior layer)

RQuadrams lumbommimuscle Thoracolumbar fascia {(middle layer)

Thoracolumbar fascia {anterior layer—
quadratus lumborum fascia)
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Mechanisms of Discogenic Pain

* Gravitation Instability ©

* Lack of posture adaptation
to daily gravitational stress

* Rarely congenital

* Mostly due to:
* Sedentarism/sarcopenia
* Overweight
* Bad nutrition




Lumbar Disc
Anatomy

The disc consists of a hydrated

nucleus, typically avascular and non-
innervated, surrounded by the fibrous
annulus fibrosus, formed by collagen.

As the disc degenerates, it loses
water and height, which decreases
tensile strength.

Radial fissures form and allow blood
vessels and nerves to invade the
disc, causing pain.

Spinous Process

Inferior Articular Process EpiduralSpace (Epidural Fat)

Spinal Cord

Superior Articular Process

Mamillary Process

Accessory Process

Transverse Process

Dorsal Ramus

Spinal Nerve
(Ventral Ramus)

Herniation
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Spinal Ganglion S = - L 1 \ Disc Rupture
- \\
Gray Ramus f = \ \\
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Nucleus Pulposus

Sympathetic Ganglion {___Anulus Fibrosus
77

Inner Zone Of
Anulus Fibrosus

Outer Zone Of
Anulus Fibrosus
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Lumbar spine structures
Hard Tissues

MNormmal lumbar vertabrae

Mormal
spinal canal

Spinal stencsls
Degenerative
changes and Marrowed
bione spurs spinal candal

golnal narva
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Lumbar spine structures
Soft Tissues

Normal

o

Fosterior
disk bulgin

Facet join’
hypertrop!

Ligamentum
flavum hypertrophy

Stenotic



Mechanisms of Discogenic Pain

* Mechanical:

- Increased intra-discal pressure Active Discopathy — The "Modic’ Disc
sensitizes nerve ingrowth, resulting in o i
pain and disc bulglng Inflammation '_ S ‘

Instability : ’94 ‘: _:-2 : 2 &,‘*"J‘ :v & f:tfé.!l, Infection

* Chemical:
- The disc becomes more acidic due to E—
degeneration, irritating the newly IL6, TNF-a ¥ AT S <ty
iIngrown nerves and causing pain. | Genetics, Epigenetics
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Types of Disc Herniation

—
Mostly

BACK pain;

—
Back pain with
leg pain;

Extrusion — " Back pain with leg
pain;
Sequestered <
' — Mostly LEG pain;
% Y
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Mechanisms of Discogenic Pain

* Mechanical:
- Increased intra-discal pressure
sensitizes nerve ingrowth, resulting in
pain
- End Plates/Modic | and || Changes —

Inflammatory response with
microfractures

* Chemical:
- The disc becomes more acidic due to
degeneration, irritating the newly
Ingrown nerves and causing pain.

Mormal
Intervertebral Disc

Degenerated Disc
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Traditional Treatments 2.0 Medicine

* Traditional approaches (Medicine 2.0):
- Treatments like IDET, nucleoplasty, lumbar fusion,
and disc arthroplasty, BVNA

* These treatments have a 50-60% success rate due to \x_‘___f.f-/
their failure to consider the complexity of the spinal AT
anatomy and the overall health of the patient. [ ]




* A multifactorial disease treat how??

o Treat the cause?
o Treat Just the disc?

o Inject what?

Dilemma 1!!
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Dilemma 2!!

* We single out the disc! OK!

* What kind of disc do we inject?
o Anatomical Disc
o Early degeneration/Late?

" What disc height
" Contained or not
" Operated or not?




Ok we focus on disc ONLY!

* What kind of disc do we inject?

o Symptomatic or not?
© Or Both?

Dilemma 3!!
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Which Disc is good for Mesenchymal cells?




One thing is sure ... technique
for one's is not a challange! :

Drake Jordan 08010 512 ake PDRAOBO
, 20240801

4, 11:11:32 AM
Made In OsiriX

‘A
2,

=

Z<



A major bottleneck: cell survival and retention

Injected cells may be exposed to hypoxia, acidity, inflammatory mediators and
mechanical stress.

Poor retention can reduce the effective local dose.

Survival is not equivalent to functional integration.

Delivery vehicles are therefore becoming as important as the cell itself.

A
(Z+



Why MSC injection alone may not be enough

MSC injection
+ biological signal

BUT

- limited retention
- no structural scaffold
- no restoration of lamellar
architecture
- limited mechanical support

Scaffold / hydrogel
+ retention
+ defect filling
+ mechanical support

BUT

- may lack regenerative signals

Combination

MSC + biomaterial + bioactive
cues

— biological repair
— structural integration
— mechanical restoration




Emerging strategy: hydrogel-fibrous scaffolds

Hydrogel provides a hydrated 3D
niche.

Fibrous scaffold guides cell

#~ Hydrogel network

wwe Adhesive molecules a | ign ment.

= Crosslinker

D #f cel Adhesive cues can improve cell
«._~~ Matrix deposition

Fibrous scaffold attaCh ment.

Goal: reproduce the architecture
and matrix environment of native
AF.

Figure: PMC10799291 v

Mesenchymal Stem Cells for Annular Repair



Strategy: biomaterial desigh must match the

annulus
Design targets Manufacturing approaches
High tensile integrity Electrospinning
Controlled elasticity 3D printing
Porosity for cell migration Hybrid scaffolds
Strong tissue integration Injectable hydrogels

Predictable degradation Composite fiber-gel systems

Mesenchymal Stem Cells for Annular Repair



Strategy: engineer the microenvironment

A Coaxial Spinneret ; PFTBA - ; -
Oxygen-releasing biomaterials
are being explored to improve

) e : cell survival.
L Hghvoage = e Preclinical work shows potential

effects on viability, proliferation

#: and migration.

Core-shellfiber Microenvironment engineering
containing PFTBA
may be necessary before MSCs
e CJ - can perform effectively.

j P R .. .-q_.l-ll' .. ‘
) v
., Fi : PMC9841168
PFTBA fiber membrane . ~—"h & igure v

Mesenchymal Stem Cells for Annular Repair




Strategy: direct AF-like differentiation

Biochemical cues: growth factors and matrix-derived signals
Mechanical cues: controlled tension, compression and shear
Topographic cues: aligned fibers and anisotropic architecture

Goal: type | collagen-rich, organized AF-like matrix rather than nonspecific scar.

Mesenchymal Stem Cells for Annular Repair



Strategy: cell-free MSC-derived products

Extracellular vesicles / exosomes
Carry proteins, lipids and regulatory
RNAS

Potentially reproduce paracrine effects

Potentially easier to standardize than
living cells

Mesenchymal Stem Cells for Annular Repair

Remaining questions

Potency assay

Dose and delivery

Target tissue exposure
Manufacturing consistency

Long-term biological effect



Strategy: combination therapy

Mechanical

MSC SCaffold Growth factors Exosomes e e
conditioning

Mesenchymal Stem Cells for Annular Repair



Mechanical closure vs biological regeneration

Mechanical repair

Suture

Annular closure devices
AF patches

Immediate containment

Risk: incomplete biological integration

Mesenchymal Stem Cells for Annular Repair

Biological repair

Cells / progenitors

Scaffolds + bioactive cues
Matrix regeneration

Potential long-term integration

Risk: slower and less predictable



The key concept: mechanical + biological repair

1 2 3
CONTAIN REGENERATE REMODEL

. Replace damaged ECM .
Prevent nucleus extrusion . Restore organized lamellae
and restore cell-matrix

and stabilize the defect . . and load transfer
signaling

Mesenchymal Stem Cells for Annular Repair



Dilemma nr 4! The Biggest!

* We want to assess Medicine 3.0 by Medicine 2.0 standards!

DISEASES

Ciabiitis

Clinical Faperizse
Wihat thr dizioen knows

Ewvidence-Based ROOT CAUSES

Eﬂl HE‘!IH.'.I.I'I:h ME‘E“E“".E‘ P 1- mme 5 Imenung ImbEatarres
Evidence At s e sk # Sructural imbalances
sk the BrHures @y InfBarmemaiory Imtalanoes
s Hormana imbalances

& Toddo heEmacal Expasune I|I

& Cipesthve Imbalanoes

¢ Minchondrial Crafunction
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Preclinical evidence: what looks promising?

Animal studies demonstrate improved defect closure, matrix deposition and disc
structure with selected biomaterial/cell combinations.

Hybrid scaffolds are increasingly favored because they address both biological and
mechanical requirements.

However, animal defect size, disc geometry and outcome measures vary substantially
between studies.

Mesenchymal Stem Cells for Annular Repair



Dilemma nr. 5! What should a successful annular
repair actually measure?

STRUCTURE ploLoGY Stiffness / I:/tl)icczll-'lc?a'\::;Zr / ener
MRI / histology / defect closure ECM composition / inflammation . /A &Y
dissipation
DURABILITY

CLINICAL

Pain / ODI / function Reherniation / reoperation / long-term

MRI

Mesenchymal Stem Cells for Annular Repair



Human clinical evidence: promising, but
heterogeneous

Clinical trials of intradiscal MSC therapy have generally focused on degenerative disc
disease and discogenic low back pain

Symptom improvement has been reported in several studies
Structural MRI changes are less consistent

Evidence specifically for defined AF tears or post-discectomy annular defects remains
much more limited.

Mesenchymal Stem Cells for Annular Repair



Medicine 2.0 - DREAM study: an important reality

RANDOMIZED MSC vs SHAM Main message
DOUBLE-BLIND Moderate-advanced Safe / feasible, but no clear clinical superiority
PHASE "B mulﬁlevel degeneraﬁon over sham at the primary f0||OW-up

Important implication: biological plausibility does not guarantee clinical
efficacy.

Patient selection, disease stage, cell product, dose and endpoint choice
may determine success.

Annu

intrac

Mesenchymal Stem Cells

ar repair may require a more mechanically targeted strategy than
iscal cell injection alone.

DREAM Study, J Spine Surg, 2025 v

for Annular Repair



Who might be the ideal patient?

Potential candidate

Contained annular defect
Early-moderate degeneration
Discogenic pain phenotype
Preserved segmental stability

Failure of appropriate conservative
care

Mesenchymal Stem Cells for Annular Repair

Poor candidate / caution

Severe collapse
Major instability

Severe stenosis needing
decompression

Large uncontained extrusion

Advanced facet-driven pain



Post-discectomy annular repair: a particularly
attractive target

Discectomy removes the herniated fragment but may leave a structural defect in the
annulus.

An ideal repair would seal the defect, integrate with native tissue and tolerate
physiologic loading.

Adding regenerative cells or cell-derived products could potentially convert a passive
closure into an active biologic repair.

Clinical trials specifically targeting post-discectomy defects are needed.

Mesenchymal Stem Cells for Annular Repair



Could biologic annular repair reduce recurrent
herniation?

DISCECTOMY ANNULAR DEFECT

Hypothesis: stronger biologic integration may improve containment and reduce
recurrence.

But recurrence prevention requires mechanical competence, not just MRI
appearance.

Large, well-designed comparative trials are needed before this becomes a clinical
standard. e

Mesenchymal Stem Cells for Annular Repair



Safety and regulatory considerations

Cell identity, potency and manufacturing consistency must be defined.

Risks include infection, inflammatory reactions, ectopic tissue formation and
unexpected biologic effects.

Long-term follow-up is essential because disc regeneration is intended to be durable.

Cell-free products may simplify some manufacturing issues but introduce their own
potency and dosing challenges.

Mesenchymal Stem Cells for Annular Repair



A future clinical pathway

DELIVER MONITOR
PHENOTYPE CHARACTERIZE SELECT . PROTECT . .
. . Image-guided . Clinical + MRI +
Pain generator + Defect morphology Cell / vesicle / Early mechanical .
. . defect-targeted . mechanical
degeneration stage + containment scaffold platform unloading / rehab .
therapy endpoints
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Selected references — 2025-2026

Song L, et al. Tissue engineering strategies for annulus fibrosus repair. Prog Biomed Eng. 2026;8(3). doi:10.1088/2516-1091/ae7f59.

Wu-Ye-Ti ML, et al. Advances in Annulus Fibrosus Repair: Hybrid Scaffolds and Fabrication Techniques for Regeneration. Tissue Eng Part B Rev. 2025.
doi:10.1089/ten.teb.2025.0051.

Vadala G, et al. Intradiscal Mesenchymal Stromal Cell Therapy... DREAM Study. J Spine Surg. 2025;8(2):e70086.
Crosslinking stabilization strategy for AF defects with hBMSCs and hydrogel. Materials Today Bio. 2025;31:101625.
Zhao W, et al. Application of Endogenous Stem Cells in the Repair of Annulus Fibrosus Injury. 2025.

Lv S, et al. Mesenchymal stem cell-derived extracellular matrix for musculoskeletal tissue regeneration. Commun Biol. 2026.

Mesenchymal Stem Cells for Annular Repair



Key visual sources used in the presentation

Goodman Campbell Spine Anatomy — intervertebral disc anatomy illustration.
PMC10799291 — hydrogel-fibrous scaffold schematic for disc repair.
PMC9841168 — oxygen-releasing core-shell fibers for annulus fibrosus repair.

Figures are used here for educational presentation purposes; retain the source attribution when presenting publicly.
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Take home message 1

* MSC therapy is biologically compelling, but annular repair is fundamentally a
mechanical + biological problem.

* The future is likely to involve integrated cell-material-molecule platforms.

* Clinical symptom improvement is more established than structural regeneration.
* Mechanical competence and durability should be central endpoints.

* Targeted post-discectomy annular repair may be one of the most clinically
relevant applications.
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Take home message 2

* Regenerative Medicine treats not just the disc but also all supporting
ligamentous structures.

* Typically, the treatment focuses on multiple segments above and below
the problem area, including the ligamentum flavum, interspinous and
supraspinous ligaments, facet joints, and sacroiliac joints.
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Conclusions we don't like

Regenerative Medicine offers a holistic approach to treating lumbar pain by
addressing both the spinal anatomy and patient health.

Success requires careful patient selection, precise diagnosis, and proper delivery
of regenerative solutions.

The success of this treatment is not measured just in short term relief of pain but
also in terms of prevention of re-occurrence.

Evidence base medicine is hard to find in Medicine 3.0 — it is rather a
concept that the patient needs to assume and take charge of himself

Regenerative medicine alone is not the Holly Grail! You need a full
integrated approach with significant life style changes
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Thank you!
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