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INTRODUCTION :

Low back pain #Hiects 1 in3 individualsat some time in
their life. Back and neck pain is the second leading cau
of disability globally with a prevalence of @D%
amongst individuals between 20 and 50 years ditie
cost of care for low back pain in the US alone hasibee
estimated to be over $150 billion annually and indirect
costs are staggering. A standard method of treatment f
lumbar disc disease still is lumbar fusion corresponding U
the therapy fino disc no paino. ilimes @meticine eah e | y
attest to howuntrue that really isl have described our approach to the back pain patient in numerous
articles on this websiteOur focus is a regenerative medicine approach. That did not happen overnight
but over a period ofByears of doing everything else first. Sincespecialize in advanced spine
diagnostics and intervention almost 100%of patients has been everywhere else first. We will rarely
see individuals for back, neck, and orthopedic extremity complainisaarh the course of injury or
disease.

These patients have sought consultation of countless physicians and allied healthcare praatitioners
either have been provided transient relief from some therapeutic intervention or have completety failed
respond. Most of them have already undergone multiple procedures including corticosteroid injections

nerve and epidural injections. They often have undergone
transplantation walting »255hoa donor years of manual therapy and physical therapy services
conely hardenl cell IS‘{‘FSH%&FJ‘I a;w o et and many continue to seek this care becauseheis
o matr\x matcrlal v thi h i i i
| 1\ “curedr s, only thing that provides transient symptomatic

ney

improvement.This unfortunately gets expensive over
time. | have stated in numerous articles on this
website that low back pain andakepain is complex
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attachments and fascia, nerves and the intervertebral disc. The intervertebral disc especially in the lumbar
spine is one of the more common sources of chronic pain. It is more common tham & qiatient

seeking care for chronic back pain has a combination of soutdesur approach and opinion that the

multiple pain sources need to be identified and addressed. We find many times even though we may have
patient éds wi t h hranic painmogning feom the dis€ if wie hdelress all the rest of the
connective tissue and mechanical sources of pain we often are able to forego intervention with the
intervertebral disc itself.

OQur foundational appr oa c hegeharative mddieinelagpodch .2 5 Tyleear s
foundational principles have been heavily rooted in the disciplines of orthopedic medicine which includes
prolotherapy.As a physician trained in multiple disciplines including a residency in physical medicine &
rehabiitation and having completedspine and pain medicine fellowship progranthat University of
Washington| can say with some authority that pain and spine physgcedominant methods of

treatmenis the utilization of ablative technologyror examje it is commonplace for pain physicians to

use radiofrequency and thermal energy ablation nerve ablation procedures to destroy the nerves that
innervate the facet joints, the sacroiliac joints, etc. The same thermal and radiofrequency ablative
therapiesalso have been used for countless intradiscal procedutesshds in thermal coagulation of

the annulus of the disc amongst other effects.

In the 1990s | worked foseveral institutions where opredominant focus of therapeutic intervention

was theuse of ablative procedures and radiofrequency procedures for the treatment of both joint and disc
pain and low back pain patientslaving had firsthand experience of
from these interventions provided valuable experience. We did seg
those that benefitedThose patients had to be carefully selected. O
experience over the yeaggentuallycaused us to abandtms practice
and adopted a Aregenerative me
advancing this technology ever since.

Having had 27 yearaf experiewe utilizing basic regnerative
injection proceduredirected to connective tissues, ligaments, and
tendons it was a natural progressioregin focusing on other ortho
biologic, and cellular medicine approaches to enhance connective
tissue regeneratiomd repair. Our next focus was the use of platelet
and platelet derivaigrowth factors which we stadevorking with in 1993. A nmber of years ago we

began using cellular preparations dedi'®m bone marrow blood prepared in a similar fashion to the
platelets we were using previouslpver time we then began to adipose tiskereved stem cells and

used this for some time. Today in conjunction with a brilliant physician and regenerative medicine
researcher in Texas we have developed some proprietdmyology that is working more consistently

than anything that we have had prior. This work is ongoing and can be discussed with patients that we
see in either one of these 2 institutions privately to determine whether or not their candidates and sit
sekction criteria.

My initial interest in intradiscal injection procedures dates back to We@® we began research on
animals specifically goats looking at fibrin, thrombin and fibrin glue in conjunctionpldtielet



concentrates with a focus on healtheggenerative disc disease and annular tediss project was
haulted when we had a breach of confidentiality in our technology by one of our rese@eheese to
find out decades later thattimethods that we were doing in our animal resegrabhsprior, turned out
later to be validated and notedtte effective in the treatment of degenerative disc disease.

This discussion is an attempt to review a complex topic for our patient seeking our care were facing
choices for therapeutic interventiorr ftiscogenic low back pain and symptomatic annular tears. There

are no easy answers for this complex problem and despite significant progress that we have made in this
area there are still obstacles that need to be overcome, and we hope to overconfehreaayith more
research support.

THE TISSUE ENGINEERING APPROACH :

A tissue engineering approach hasdree the most attractive approanlregards to treatment of various
intervertebral disc disorders and degenerative disc diseaseie €isgineering involves replacing

damaged tissues by biomatesiahd appropriate cefisSince disc degeneration is a cell mediated

response to progressive structural faiJareatment in the future will in fact be directed through tissue
engineering with a focus on normalizing homeostasis and restoring disc furidierissue engineeign
approach offers strategies and potential advantages in the treatment of degenerative disc disease. The
strategies involve the use of stem cells, chondracgeilage cells ) and disc celihich mayinclude

growth fadorsas cellular matrix connectitessue scaffolding and proteins. Q.\}

We are going to be referencina 'im imatri xo
proteinso in this articl e. | Matrx &dﬁ\\/)}ﬂatrlxrefe
extracelluar substances and proteins in a particular tissue. ™ote

the drawing on the right The environment outside the cell which are various biochemicals, substances,
proteins, etc. all/l make up the fAmatri xo. What i
biochemicals, cytokinesnd materials that can stimulate cells to divide and repgire matrix

substances may also contain protein infrastructure that may provide stregppait for a tissue or
organ.

The topic of tissue engineeriiga very complex topic and one that cannot cover comglely in this
document. Using principles of tissue engineering will remain our primary focus of care and research in
dealing with discogenic back paistem cells for example could ke part one strategy of using a tissue
engineeing approach. But the principles of tissue engineering not only address what cells can be placed
into a specific tissue to help replace cells or repair tigautealso what other substances must be used to
restore structural integrity. We may want theshs attached or embedded into a protein structure that is
injected with the cells to encourage the cells to remain in the location they were injected and populate a
scaffold made of proteinsThe questionof the ideal carrieto which cells

are attacha before injected into a disc would be a tissue engineering issue.
There isbillions of dollars in research funds being directed to this type of
research and we will see this trend continue for yigaceme. Some

individuals are injecting stem cell anther cellular mixtures into the disc

alone and others are doing this in combination with other substances such as
hyaluronic acid and complex cellular matrix proteins. The field of
regenerative medicine and tissueiergring is growing rapidly. We atesing tissue engineering

principles to grow new organs and tissues. ekample is the mouse in the pi@up the right growing a

new earfor a transplant recipient.

UNDERSTANDING THE ANATOMY AND PATHOPHYSIOLOGY OF DEGENERATIVE DISC
DISEASE:
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As usual lam going to try to lay down some basic principles before we can

intelligently discuss why it is we utilize a tissue engineeapgroachor discogenic =
back pain. This will also include reasons why these very approaghesot be LT NN
appropriate in some indduals. &/ 4

DISC ANATOMY : As | have discussed in previous articles there are 2 primary | &
regions of the intervertebral disc and multiple subcategories. The 2 primary areas |

involve the nucleus pulposughich is described as the softer more pliable region within
the center of the disc and the annulus fibrosis which is a series of laminated prote|nNucleus Annulus
rings on the outside of the disc as idegd in the picture to the righAs | have stated
previously in ayounger adult the nuclelss the consistency of a fafilte substance. The annulus

fibrosis is a series of laminated rings of proteins that are often compared to the

i plies of a radial tire. As we age the nucleus pulposus polyposis and annulus

== \ fibrosisis difficult to distinguish from each other but there are distinct
(i ! structural, cellular, molecular and biochemical differerices.
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, ™ " The Annulus fibrosus
The annulus consists chiefly of a hightwstured
network of collageriibers that wraps around the nucleus and confines the nucleus. /£~ 7

The annulus is well innervated with free unmyelinated nerve endings that make t ﬁ»* A"‘"‘ B>y NN

annulus very pa sensitive. Thiserveinnervationin a normal disc is typically ’ ‘\'\ ' i

along the outer 1/30f the disc. Over time and with structural breakdown of the | -\: N /1
/

annulus the annulus can become disrupted and torn as shown in the picture to th
right. This can lead to nerve fibers extending deeper into the disc and therefore we \:\:
can see innervation of pain fitseall the way into the inner aspects of the disc in
certain types of degenerative conditions.

While the cells of the annulus are typically fibrinous made of collapercells of the nucleus are more

like cartilage cells (chondrocyge® We arenot going to go into embryologicdevelopment of the spine

and disc but there is pecial type of structural called the notochdrdttis important for embryologic

development of the spinal discs. It used to be thought that the notochordal cells are lost after 16 years of

age’ Current studies show they may exist much longer than that and may be involved in intervertebral

di sc aging and degenercattiyoon .wi tThh es icmelllasr epxrhoipbeirtt ife
cells® Why aretalking about these cells in the nucleus? Because if you are reading about stem cell

therapies you are guj to come across a great deal of research being done utilizing notochordal stem

cells which is derived from the disc itselfhesecartilages like cells and notochordal cells have been

adapted to the lack of blood supply to the disc. The cella goal distance awafrom the closest small

capillaries andherefore can only gaimutrition via diffusion which | have talked about in other articles

on this website. It is also wideknown that the poor blood supply is one of the reasoimtaesertebral

di sc has such Apoor he thedisaig6.9ownhiehralsaisarhportantforThe pH w
specialized cells living within the disc.

THE IMMUNE SYSTEM & DEGENERATIVE DISC DISEASE:

We are about to embark on a rather complicated subject. However, it is unfortunately necessary to
discuss this rather complicated subgote part of the reason we utiliggecific types of stem cell
interventions in the disc is to affect immune systéiinst of all it is important to understand the concept
of a fseque daokattbeddrawimgton tigeaight You see the red dot in the middle.
Imagine that it is possible that from the time you were born *
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your immune cells have never enctared cells from the red zone

like in the picture. There are actually several areas in your body

l i ke this. We call these ar ess
imagine that the small spiked looking shapes

t?rred ant.i
‘*

drawn to the right are immune cells ahé red dot are cells e
that lie deep within a structure that does not have any
significant blood supply to the region of the red dot.

It is therefore possible that since the time of yiowth, and 3
before your immune system was fully functigntde o
immune cells circulating in your blood have never encountered ¥ e

the proteins that would be contained in the red dot. Therefore,
if your immune cells in youbodywere to ever encounter the proteins in the red dot region your body

would act as if it was a fAforeign antigeno.

Let 6s t ak dghe lers proteninayoupdyee Before your immune system was x/
fully functional the proteins thatake up your lens of the eye were long since sequestel £ !
within the lens. Today as an adult if you have the unfortunate experience of having a \ AR

penetréing injury injury left eyeit may be possib we have to give you immuseippressin J/
drugs to protect youight eyesince the proteins in the lens are now

3 - i N . Lens epithelial cells Denucleated band
considered #Afor ei ghavelnévérseentheseur i mmuneXzeI Ks
proteinsso you will get an autommune reaction to E
your ownlensproteirs. Another region of your body where you have - ___/\

proteins that have been fhilikedesn awayo
is the nuclear proteins of the center of your disc. o

0 your i

- You havecomplex proteins in the
fibrosus R nucleus of your disc that have
important functions. If you tear the annulus and expose the proteins of
the nucleus to your circulating immune cells an aotmune reaction

can occur and inflammation takes place. It is in factittfiiammatory
reaction that causes most of the pain in a herniated disc !

Lens nucleus Lens fiber cells
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complicated. One of the

functions of the proteinsinthe ...
nucleus of the disc is nutrition. ~ Pwwosus
The disc has a very poor blood i
supply. There are small E2ec

>

endplate — i
Low High

Lactic acid
Critical level

capillaries aseen in the picture to *“"2

the aboveat the endplates of the

vertebrabody below and above 1} hutent } bl g A8

the disc. These fAplateso are very 70

thin and cartilage like in the center and have small capillary loops of blood vessels that serve to bring
nutritiontothedis. These capill aries bring nutritional subs:

i ntoo the cent erticpréssutelset up thy trmplebpyoteinshinsidedhe nuoleus.

When you lay down at night these proteins in the disc pull fluids and nutrition into the disc by diffusion
as shown above. So long as these plates above and below the disc are intact your immune cells in the
bone marra never are exposed to the nuclear protaiasle your discBy the time you reach adulthood



the endplate consists of a avascular layer of hyaine cartilagés partially calcified ahe top and
bottom of the vertebral body.

blood vessels

When you injury your back there are times when you may =
ficracko the enlyldany soexpese theinuckeay e ajnd,
proteins in the disc to the bone marrow blood cells inside the vertebra.L*
This sets off an immune reaction against these proteins and the
bodybegi ns to attack these Af or elilg
withthati s t hat these are not really

proteins in your disc. The immune cells in the bone marrow of the vertebrsetow
off an autoimmune attack on your disc dhd immune cells in the bone marrow of
the vertebrdegin to secretmetalloproteinases which are enzymes the begin to
digest the disc!!! This immune attack also setsanfinflammatory reaction in the
bone marrow which causes edema and fibrovascular reaction which can be seel
the Awhite or light coloredsignal region on the MRI noted by tR&D arrows in the
picture to the right.

Notice the bone above and below the disc (red arrows). Now notice the disc Qgat
these 2 vertebra. Do you notice the diffeeeircthe disc in this regiocompared to
the othemormal disks as shown by the GREBMows? Michael Modic, MD was
the first to classify these changéJhesechanges in the vertebral endplate ( red
arrows) are calle@iModic change®. You may see this term on your MRI report
although the radiol ogi sigescmay si mply state fiendpl a

There are several stagastypes of Modic changes describedyset, Il, and Il but that is not important
to our conversation- | t i s i mportant to notseenadaeenttotdégensratedii Mo d i
or herniated disk5:*° | found this to be very interesting in my early career and this point is imptstant
our discussion and plays a role in the decisions that | make as to what type of intervention | use for
specific disc disease state¥ou should also kaw that Modic changes are in fact uncommon in
asymptomatic individualS.*® There are many theoriesid pathoanatomical models describing what
these changes may repres&it.Vital et al for example ned that the early phases of Modic change
represents edema in the endplate bone corresponding to microfractures or cracks in the endplate followed
by proinflammatory chemical mediators setting off the vascular and inflammatory char@es.can
spend years reading about this but my Atake on th
injury where you crack the endplate of the vertebrae. This may occur with an initiating event such as a
fall, or lifting injury, etc. This may represent an episode of back pain that resoldg®u do not realize
that this has set off a cascade of ceflalad biological events byracking the endplate and exposing the
nucleus to the immune cells in the vertebral botu will be completely unaware that these slow
biochemical, immune reactions haset off a chronic inflammatory reaction that will begirdigest the
disc and set off a cascade of degenerative changegeams:
These changes begin to create structural failure and disruption
neverse e Within the disc that can lead to a whole host of mechanical

changes and instability that can later lead to chrpais. The
- proinflammatory and immune response caused by these
radial tear changes are an important point andteeta the choices that we
make when implementing certastem cell therapies. There are certain types of degenerative disc disease
statesvhere we choosene type of disc injectioaver another. This decision will be based on what both
mechanical, biologicadnd autoimmune factors are involvedis the disc is autodigesteddg transverse
tears can formwithin the disc destabilizing the spinal segmenichitan lead to instabilityModic
changes can destroy the structurehefintervertebral disc, inhikibe self recovery of the disc, and
increases abnormal loading on the diad facet joint$®

\ "y coneentric tear
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g Vertebra can become unstable enough to slip forward or backwards

# exemplified in the MRI noted on the lefBometimes the degenerative
changes lead to more pain in the facet joints and posterior elements.

~ Sometimes the degenerative changes can lead to more pain rising from the
*, disc. Typically however, it is a combination of factors with multiple pain
generatas as | have addressed in previous articles and discussions.
Although there is a finite number of disks and vertebra there is an
independent number of combinations of clinical presentations and
degeneratlve changes WhICh makes dealing with spinal pathaloiggllenging and complicated process.

DEGENERATIVE DISC DISEASE & THE MRI:
Oneof the first things that I look for on an MRI is what type of degenezrativ
disc disease is present. Is the degenerative disc disease associatéaidizith
changes owithout Modic changes®e previously reviewed Modic changes in
the discussion above. Now look at an MRI to the left. Notice the disc between
the vertebra at the tip of the blue arrow. Notice it is dark compared to the other
disks. This is caused bylg@ration or loss of water from within the disc. This
disc also has a small annular tear in the back of the disc. Notice however that
the vertebral endplates over the top and bottom of the vertebra do not
demonstr at e oprinBamimatohyichages vathinutte fvedtebral

O body (bonepbove and below the disc. This disc has no Modic chariges.
type of degeneratlve disc disease is pathologically completely different than the degeksatiisease
associated with Modic changeEhere are manphysicians that may disagree with this but s
particular practicéo take the type of degenerative disc disease seriously when trying to plan for the type
of care we provide. We hayeotocols established based on the type of degenerativdisksse that is
present. In ong/pe of degenerative disc disease we are lookimpssibly hydrate a disc and heal an
annular tear oridruption within the annulus. In a disc with Modic changes wemaeayl to consider
altering the immune attack or creatingadteration of theutoimmune response. This requires 2 different
approachesvhich may or may not utilize stem cafijection techniquebased on the pathology

IMMUNE MEDIATED RESPONSE IN HERNI ATED DISC: =
Now that we have made a case for the fact that exposure of thed
nucleus pulposus of the disc to
the external environment causes
and immune inflammatory
reaction it should not surprise you
that is similar phenomenon takes place when you hemidigc. A

similar autoimmune response occurs which involves tissue macrophages
andactivated T cells which arspecialized cells that are involved in the
immune respons&3! Part of the problem that causes so much pain when

a herniated disc occurs is the strong autoimmune reaction and the significant inflammatory response that
ensues. Unfortunately the autoimmuiasponse sometimes is quite significant and on occasion we will
place epidural cortical steroids around the nerve and behind the disc in order to quiet the strong immune
responselown Steroids are not the only innervention we use as epidural injectidasisea whole host

of different injection techniques which include growth factorsnfatelets, anticyokine medibans,

etc. One of the limitations to most pain physicians in regards to using epidural injections is all they use if
steroids! There arémes in certain pathological states where it is better to use something else besides a
steroid to effect the inflammatory state in and around nerves.




We alsoutilize a number of different technigques in minimal invasspine practice besides ortho

biologic and stem cell injections to treat herniated disks. Some disc herniations can be treated with the
injection of oxygerozone within the disc. This causes an oxygenation to the nucleus pulposus pulposis
and can causaraoxidative denaturing of thegroteins of the nucleus which then shrink the pull herniation
back off the nerve root. Following this other types of injections can then be performed as necessary to try
to heal the disor induce other changes depending on the partholbdlgy all individuals with herniated

disks fit thecriteria for this procedure and it takes careful patient setettikknow exactly which patiest

have a good chance of response and those were more appropriately managed by surgery.

STEM CELL THERAPY FOR DEGENERATIVE DI SC DISEASE:

Typically degenerative changes of the disc occur consistently with advancing age hawewvebe

apparent by the send decade of life. The tempbprogression varies considerably across individifals.
There ae many factors that influence degenerative disc disease which includes age, mechanical loading
(lifestyle, work, recreation), genetics, infections and many other fattdrisese multiple factors

ultimately lead to changes on a biocheminablecular cellular, and structurdével which makes the

process of disc degeneratioxtremely complex. Whedegenerative changes betpreffect the annulus
fibrosis of the disc degenerative process becomes irrevetsitiie. loss of cés within the nucleus (a
complicated subject ) largely explains the limitaghacity of the disc for selfealing. This is part of why

stem cell therapy is so attractive to research in degenerative disc disease !!!

Lumbar fusion surgery may offer ggible relief by elimination of motion betwespinal segmestand

therefore may in certaicases alleviate discogenic pain associated edgenerative changes however

this only addresses the symptoms and not the cause of degenerative dis¢dfs@éasthermore there is
significant concerns regarding the effect that a lumbar spine fusion has on adjacent segments above and
below the fusion which can lead to adjacent segment degenefafiorhis canin some circumstances

make the problem worse.

One of the strategies of orthopedic regenerative and tissue engineering appdesgnarative disc

disease is to restore the function of the nucleus pulposus pulposis by possibly introducing shock
absorption hydrogel 6s, matrix producing cells and
endaenous cells of the nucleus baid help eplenish the matrix of the nucleus itsglf.

THE USE OF LUMBAR DISC SCAFOLDING & MATRI X PROTEINS:

There is tremendous attention in research and development activity by countless institutions working on
various types of tissue scaffolding for organs, cartilage, and yes the intervertebt&i°d@ar institute

will be working in close associatigvith an institution that has a new scaffolding technology. We will be
using some of our new stecell technology in conjuction with this new intradiscal scaffolding

technology later in 2015. But that is getting way ahead of this discussion. There are a few techniques
currently available that can be used in the disc. Some of these tissue pepanative the use of

placental matrix protein preparations that can be used with and without additional stem cell injections.
There are occasions with appropriately selected patients were injection of commercially available matrix
proteirs and scaffoldig preparation malye appropriateThere are also hydrogels that can be used to
enhance the formation of cartilafggmation from certain adult stem cells that can be isolated from an
individual patienf’ This is a far to complexof adiscussion for this educational document and we will
reserve that to personal communication on a patient to patient basis.

Types of stem cells used for the intervetebral disc:



Nucleus pulposus cells In research settings there a several

Bone marrow Mesenchymal stem cells
\@/ types of cells currently being used
g - Amphﬁcauon/ animal models. These are cells that
e ’m\ differentiation % are taken from the nucleus of the disc
sy | | ~P~— S and altured and expanded which
: e includecondrocytes and
scaffold mesenchymal stem ceff$.FDA
regulation does not allow the use of

cultured and expanded ceillsthe

US but this work shows great

promise for the future There are

.. —— multiple sources of mesenc_hymal

" biomaterial/scaffold stem cells that we do use in curren
clinical practice. We use sevesaurces for these cells. The first in bone marrow cells obtained from
bone marow blood. Some of the older techniques involve cells from bone marrow and fat as the source
of stem cellsandhave been extensively studi€dThese tissue sources and their associated stem cells are
currently generating significant interest in orthopedic and spin& udesenchymal stem cells have the
capacity tadifferentiate into various celypes® including chondrocytegartilage cellsf®**and most
importantly nucleus pulposis ceffs.One of theiiteresting things that hageme about in stem cell

researh is the effect of hypoxia on these cells. Hypoxia means a low oxygen environment for the cells.
| was initially concerned about putting MSC stem cells into the disc because of concerns about the low
oxygen environment we would be placing the cells into. It turns ouhyipaixia may help promote
mesenchymal stem cell (MSC) differentiat®SnwWe still need more research in this area.

Injection of the substitute
into the damaged disc

We have learned a lot from animakearch on the effect of adipdskerived stem
cells in the treatment of degenerated lumbar difcs.example adipose derived
MSC plus the growth factors from platelet rich plasma (PRP) was shown
development of new carti@ cells and were shown to promote nucleus pulposis @
regeneration and matrix accumulat®riThis was done initially in rabbits and later
was repeated in pigs.Not only did regeneration of the nucleus and associated
matrix proteins ath substances get replenished but the disc height was also
increased’ Stem cells from adipose tissue can differentiate with production of
proteoglycan and coll agen. These A
hydrostatic support againstress imposedrothe annulus of the dist.

Other research has shown similar findings. Chun and his coftegeated a disc injury in rabbitgth a

199 needle. This resulted in of course degeneration of the disc. Next they implaimjedtton adipose
derived stem cells and monitored these rabbits with MRI and later careful dissection and microscopic
exam of the dISCS treated

Theirfindings following stem ceII |nject|on was rather mterestlng % Irﬁﬁe pisaieve the plcture
labeled (C) is the injured and untreated disc and the picture labeled (A) is the injured and discs treated
with adipose derived stem cll It does not take a higtathologist to realize there is a significant



difference. One of the nsbfascinating things about the study for me was the restoration of the
lamination layers of the annulus fibrosis which | did not ever think was possible even with stem cell
injection.

Another issue that has been brought up in clinical research of diémexion therapies for disc is the
problem of lakage of the stem cell injected into the disc. These cells canuéakthe disc following

the injection. Some authors have suggested that this is the reason why implantation in the future should
bedone with scaffolding. We have addressed this problem in a unique way and since this technique is
proprietary we will not discuss the method that we use in this article but we do share the specific methods
if we are going to utilize them with our patieptsor to the procedure.

Mesenchymal stem cells derived from bone marrow blood is becoming more popular as an intradiscal
injection therapy. Many of the studies being published are being done with mesenchymal stem cells that
are cultured and expanded def injectedWe still cannot use these methods in the US but their work

provides important information for those working in this ar@aozco et al. for example determined that

patient exhibited rapid improvement of pain and disability (85% of maximuBrmonths) that approach

71% optimal efficacy which compared favorably to other procedures such as spinal fusion or disc
replacement They concluded that this form of treatment
back pain caused by glenerative disc disease with obvious advantages over the current goal standard

such as surgery.

All of this sound encouraging but this form of treatment is technically in its infancy. Interventional
spine physicians for moving into pioneeritngs technology may be gaining experience and some
preliminary promising results but there are still many questions to be ansv@oawmethods usein
laboratory researclire unable to use in clinical practice because a regulatory burdens and additional
reseach will benecessary before safety and efficacy can be assBrddhe findings in laboratory
research continue to influence our approach to this problemexample | stated previously that leakage
of the stem cell injectate can occur aftecdigection. Thideakage of cellfas been shown in one study
to induce osteophyte formatiéh.Authors of ths study noted that the cellgected in rabbits did not stay
in the nucleus but rather leaked out of the disc and

were part of the osteophyte forming célls. ’l‘:::;:: lipoaspirate

Osteophyte is a term for bone spu@ur team of

physicians who workvith ourresearch Consortium

have collectively created techniques to prevent the cell \ 1

leakage phenomenon. . fatty POIE22.

. . . . f | ||r|u|d pc-rm:.n
The other issue is how to improve survival of a stem _ S‘UF ) <o
cell once implanted into the harsh environment of the pellet

di sc. Some reseaasbhessedaggesk "'nm roi
transfer utilizing nutrient enriched fibrin matrix. They \

also noted at least preliminarily partial removal of the

nucleus increasssurvival ofimplanted stem cell mature progenitors stem
Th_ese authors suggested that in thar@ut/ve may be  ,ioces endothelial Mesenchymal
using a solubleaugmented polymer with some type of ;iobiasts i Progenitor Cells (EPC) {  Stromal Cells (MSC)
biomatrix seeded with cells and implanted into the diS€noath muscie cetis |  Preadipocytes | Hematopaietic Stem
in the future5.7 Endothelial cells Vascular progenitors SHEHRES

Blood cells I Hematopoietic Perdcytes

I progenitors ! Supra-adventicial
i cells

STEM CELL EFFECT ON THE IMMUNNE
SYSTEM: THE EFFECT ON INFLAMMATION.
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One of the reasons we strategically use stem cells in certain types of disc disease is the profound effect
these cells have ommune function and inflammatich® The effect on immune function and

inflammation is also why we use these cells in arthritic conditions and chronic inflammatditiats

like rheumatoid arthritis and autoimmune conditi6h. Rememberwe discussed previously a certain

disc disease state where an autoimmune attack on the disc has occurred withiileormation.

These cells have been used to not only treat the disc and askodiatemation but is now being
investigated for the same autoimmune changes and inflammation in the vertebral bodyes wely

play a role in certain types of discipayndromes.

WHAT OTHER TYPES OF INTRADISCAL INJECTION THERAPIES ARE BEING USED IN
OUR INSTITUTE? T

In addition to stem cell injection therapy for the disc there are several cellular an
regenerative injection procedures that can be directedhe intervertebral disc. An
example of this is alpha 2 macroglobuliRecently, there has been the availability of
new technique to isolate this special protein. This
protein, which is found in your blodthve the capacity #
to bind another protriin your disc calledibronectinaggrecan complex

(FAC). This proteinis thoughttobefama st er regul at or of
cartilage injury. Studies have shown for example, that FAC testing in discs
provided in 85% positive predictive value of the outeashdisc surgery?

He has also bedliscovered that the injection of alpha 2 macroglobulin

binds this protein which can have a substantial reduction in discogenic back
pain. This protein also binds metalloproteinases enzymes often secreted by
immune cells in the bone marrow of the vertebiady that breakdown the
intervertebral disc causing advancing degenerative disc disease. We will be evaluattegniong

outcomes using this technique over the course of the next 2 years.

THE FUTURE OF STEM CELL & INJECTION THERAPY FOR THE SPINE & SPINE DISC
DISEASE:

Stem cell therapies for degenerative disc disease and discogenic pain represe t
of the most important technologies to emerge for this condition in the last 20 yagig
Stem cell injection will only play a partial role in treating diksease however.
We believe there are many biological therapidsbe combined with stem cell
therapies, which includecaffolding, cellular matrix proteins, growth factors,

hyaluonic acid gelsetc. to improve outcomes.

This is a significant interédn our research efforts and we are desperately trying &€
develop more funding to assist us in our research and development efforts in tfe

area.
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