Types of Prolotherapy

About this Chapter

This chapter focuses on different types of Prolotherapy solutions and techniques and
how each activates the body’s natural inflammatory healing cascade. Dextrose-based
Prolotherapy solutions are used in Comprehensive Prolotherapy, also known as H3
(Hackett-Hemwall-Hauser) Prolotherapy, and Perineural Injection Therapy. Dextrose has
been shown to increase the level of various growth factors involved in healing, including
platelet-derived growth factor, transforming growth factor-f3, vascular endothelial growth
factor, and fibroblastic growth factor.

This chapter also dives into the applications of various autologous cellular solutions
that have well-documented results. Using blood from the patient as whole blood or
concentrated platelets from a simple blood draw has become a widely popular form
of Prolotherapy, particularly in challenging cases of tendinopathy and meniscal tears
in patients who wish to avoid surgery. When an even stronger solution is needed, stem
cell therapy may be appropriate. Stem cells possess self-replicating and differentiating
capabilities, making them valuable in regenerative medicine. Using the patient’s own
mesenchymal stem cells from a bone marrow and/or fat tissue aspiration has become
increasingly used with more advanced cases of osteoarthritis and osteochondral defects.




Scientiﬁc studies are revealing that we harness
tremendous regenerative capabilities in our own
cells and tissues. The field of medicine that specializes in
this is called regenerative medicine. Prolotherapy, also
known as regenerative injection therapy, is a specific type
of regenerative medicine that uses biological substances
to start or restart the regenerative healing cascade to
repair musculoskeletal injuries, and a clinician who spe-
cializes in this is called a Prolotherapist. The ideal pro-
liferant for use in Prolotherapy would be able to narturally
stimulate the body’s own healing mechanisms to repair
tissue.

When a person sustains any type of musculoskeletal
injury, cells release many substances, including the sugar
d-glucose, which is also known as dextrose. The release
of these compounds initiates the body’s inflammatory
healing cascade. Comprehensive Prolotherapy, also
known as H3 (Hackett-Hemwall-Hauser) Prolotherapy,
is the treatment that can reszars this healing process
because it uses dextrose as the proliferant, which is
the same substance released by the body. By doing so,
Prolotherapy simulates the healing cascade that is needed
to heal injured soft tissues, such as tendons or ligaments.
Dextrose has been shown to increase the level of various
growth factors involved in healing, including platelet-
derived growth factor, transforming growth factor-f3,
vascular endothelial growth factor, and fibroblastic
growth factor. (Figure 11-1.)

Growth Factors That Dextrose Elevates
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Comprehensive Prolotherapy involves injecting the
dextrose-proliferating solution at the bone-ligament
junction (enthesis) where the injury is typically located,
although injections are sometimes given directly into the
joints (intraarticularly). Injections are given every four to
six weeks, which is the normal time frame for ligaments
to go through the inflammatory and proliferative phases
of healing.

Another type of pain treatment that uses hypertonic
dextrose is Perineural Injection Therapy (PIT), otherwise
known as neurofascial or subcutaneous Prolotherapy,
which was discovered by John Lyftogt, MD, a physician
from New Zealand. Dr. Lyftogt has conducted most
of the research into the healing effects of this type
of Prolotherapy'” and is the primary teacher of the
procedure. In Dr. Lyftogt’s PIT procedure, the injection
of dextrose is given into the subcutaneous tissues to
induce healing and uses only a 5% solution, which is in
contrast to the 12.5%-25% solution used in the original
H3 Prolotherapy to induce inflammation. Although
the 5% dextrose solution is noninflammatory, it is
potent enough to decrease the pain caused by a chronic
constriction injury in the peptidergic nerves. This is a
medical condition called neurogenic inflammation, often
referred to as neuritis or neuralgia. The PIT procedure
is used specifically to treat this type of injury and relieve
the pain that accompanies it.
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Figure 11-1: Growth factors that dextrose elevates. PDGF = Platelet-derived growth factor; TGF B = Transforming growth factor beta; EGF =
Epidermal growth factor; bFGF = Basic fibroblast growth factor; IGF = Insulin-like growth factor; CTGF = Connective tissue growth factor.

1. Murphy M, Godson C, Cannon S, et al. Suppression subtractive hybridization identifies high glucose levels as a stimulus for expression of connective tissue growth factor and other genes in human mesangial cells. J
Biol Chem. 1999 Feb 26;274(9):5830-4. doi: 10.1074/jbc.274.9.5830

2. Reeves KD, et al. Evidence-based regenerative injection therapy (prolotherapy) in sports medicine. In Seidenberg PH, Beutler PI (Eds). The Sports Medicine Resource Manual. Philadelphia, PA: Saunders (Elsevier);
2008:611-619.

Modified from figure courtesy of K. Dean Reeves, MD, Clinical Associate Professor, University of Kansas.
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As nerves traverse from deep within the body to their
final destination, they can become compressed, especially
if there are bony prominences or places where a nerve
has to change direction. The peptidergic nerves pierce
the fascia to reach the subcutaneous tissues, including
the ligaments, tendons, and skin. Once the pressure in
the nerve rises above 30 mmHg, axonal flow within the
nerve can stop. In neurogenic inflammation, it is often
repetitive motions or repetitive strains that pinch the
peptidergic nerves as they exit the fascia. PIT is given at
the sites of nerve restriction and inflammation, ultimately
causing the nerves to heal. (Figure 11-2.)

The PIT procedure gives instant pain relief when the
painful condition is from neurogenic inflammation. The
theory behind the long-term pain relief in PIT is that
the peptidergic sensory nerves being treated are thought
to be involved in the health maintenance and renewal
of joints and the soft tissue structures around the joints.
When these nerves become injured or inflamed, chronic
pain (nociception) results; without nerve support, tissues
such as ligaments and tendons start to degenerate. When
this occurs, the peptidergic sensory nerves are needed to
“renew” the tissues back to health.

Perineural Injection Therapy (PIT)

Area of constriction

These nerves, however, need to be brought back to
health themselves before they can restore ligament,
tendon, or joint health. This can be done through the
use of PIT. Once the procedure has been given, the
immediate pain relief felt by the patient indicates there
has been a physiological response within the nerve
since no anesthetic is used during treatment. Typically,
injections are given weekly, and like H3 Prolotherapy,
treatment consists of a series of injections, with patients
usually needing 5-8 sessions each. Although some people
can recover after either PIT or H3 Prolotherapy alone,
oftentimes both procedures are used during the patient
visit.

Not surprisingly, Dr. George Hackett had indicated
years earlier that neurogenic inflammation could lead
to a myriad of medical conditions, including ligament
weakness and bone decalcification, and had used the
term inflammation neuritis in several of his papers.**
While PIT and Hackett-Hemwall-Hauser Prolotherapy
share the same long-term goal of elimination of pain
through the restoration of ligament and tendon health,
other mechanisms of pain relief are also being elicited,
including resolution of painful nerve impulses.
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Figure 11-2: Chronic constriction injury of a nerve. The dextrose solution used during Perineural Injection Therapy (PIT) draws excessive fluid

out of the inflamed nerve, via osmosis, to resolve the constriction.



Prolozone™

Prolozone™ is a Prolotherapy technique that utilizes
ozone gas, along with other therapeutic substances, to
stimulate healing and reduce pain in injured soft tissues
and joints. The ozone gas is produced when oxygen
is exposed to an electric spark via a corona discharge
ozone generator. The concentration of ozone in the
final gas mixture is between 1-3%.” Ozone is a powerful
oxidizing agent that has been found to have both pro-
inflammatory and anti-inflammatory effects, depending
on the concentration utilized." Its proposed mechanisms
for tissue repair and regeneration are that it stimulates
oxygen utilization in damaged tissues, as well as growth
factor production and release.”" ™"

Therapeutic injections of ozone into arthritic joints
and soft tissue structures, such as muscles, tendons,
and ligaments, have been used for decades to relieve
pain and stimulate the regeneration of damaged
cartilage in knees, shoulders, ankles, and hips.”"*'® The
analgesic and therapeutic effects of ozone in patients
with osteoarthritis or other musculoskeletal disorders,
including low back pain with and without sciatica,
have been documented in published case reports and
various studies, some of which have been double-blind,
randomized-controlled trials.”** Prolozone™ treatment
typically involves a series of weekly injections, given in
3-12 separate sessions, and can be done in conjunction
with traditional dextrose Prolotherapy.

Cellular Prolotherapy

While traditional H3 Prolotherapy uses dextrose to
attract immune cells to degenerated structures for repair
and healing, Cellular Prolotherapy utilizes a person’s
own (autologous) growth factors and cells as the primary
proliferant, delivering them directly to the injured area.
Cellular Prolotherapy includes the following procedures:
autologous blood injection, platelet rich plasma, and
stem cell Prolotherapy, the latter of which utilizes

aspirates from either bone marrow or adipose (fat) tissue.

In many chronic pain conditions, such as osteoarthri-
tis, tendinosis, ligamentosis, and osteochondral defects,
the tissues are so damaged that there is a deficiency of
reparative cells available for healing. We say these tissues
have a cellular deficiency, meaning sometimes there are
not enough viable cells available in the injured tissue to
stimulate proliferation when using H3 Prolotherapy,
since the procedure is designed to stimulate proliferation
of the fibroblast cells that are already there. For instance,
a ligament that has been injured for a length of time
contains fewer fibroblasts than a normal ligament. This
degeneration of the ligament is known as ligamentosis.
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The ligament in this case has a cellular deficiency that
will inhibit its repair; thus, precursor cell types (stem
cells and progenitor cells) need to be injected into the
area to replenish the cells that are missing. (Figure
11-3.)

Conditions Related to Tissues with Cellular
Deficiencies
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Figure 11-3: Conditions related to tissues with cellular deficiencies.

Cellular Prolotherapy aids in healing cellular-deficient tissues by
providing the cells and growth factors they lack, and thus helps
prevent the progression of many tissue-related conditions.
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Stem cells have important and unique characteristics
in that they have multi-potency; in other words, they
are the precursor cells for all the other cell types of the
body. Stem cells can turn into progenitor cells, which
then become committed to a certain tissue type. For
instance, progenitor cells can be induced to differentiate
into specialized cells, such as chondrocytes (cartilage),
fibrochondrocytes (menisci, labrum), synoviocytes
(synovium), or fibroblasts (ligaments, tendons). In
general, the more severe and degenerated the condition
is, the more likely it is that Cellular Prolotherapy will
be needed. In these procedures, immune cells, growth
factors, or stem cell-containing aspirates of bone marrow
or adipose tissue are directly injected into the area so that
healing can occur.

All injectable solutions used with Prolotherapy are
designed to aid in healing. In each of the procedures,
whether it is traditional H3 Prolotherapy or Cellular
Prolotherapy, the goal is the same: to stimulate the
repair of injured tissues.

Autologous Blood Injection

The easiest place to obtain reparative cells is from
the blood via a normal blood draw. Autologous blood
injection (ABI) involves the injection of a patient’s own
blood into an injured area of the body for the purpose of
healing. The blood carries many healing elements in it,

including the platelets, which are rich in growth factors
and stem cells. ABI has been successfully utilized to treat
tendinopathies of the rotator cuff and epicondyle (elbow
extensor tendon), as well as joint subluxations, including
the temporomandibular joint.*"**

Platelet Rich Plasma

A person’s blood can be injected directly into an area,
as in ABI, or blood elements, such as the platelets, can
be concentrated via a centrifuge. This type of injective
is called platelet rich plasma, or PRP. Platelets contain
a myriad of growth factors that are released when an
injury occurs or when injected into a certain site; this
attracts cells to proliferate and start laying down new
tissue. (Figure 11-4.) PRP Prolotherapy involves the
injection of these concentrated platelets, whose release
of growth factors has been shown to stimulate recovery
in non-healing soft tissue injuries.**”” The growth factors
necessary for healing soft tissues include platelet-derived
growth factor, transforming growth factor-beta (1), and
basic fibroblast growth factor, among others, and exert
their effects on fibroblasts and other immune cells,
causing them to proliferate and thereby accelerate the
regeneration of injured tissues.”*”*” Activated platelets
also secrete stromal cell-derived factor-1 alpha (SDF-
1a), which supports primary adhesion and migration of
mesenchymal stem/stromal cells.”’

Common Growth Factors in High Quantities in Platelet Rich Plasma

FGF (Fibroblast Growth Factor)

Tissue repair, cell growth, collagen production.

PDGF (Platelet-derived Growth Factor)

EGF (Epidermal Growth Factor)

Promotion of epithelial cell growth, angiogenesis,
promotion of wound healing.

KGF (Keratinocyte Growth Factor)

Cell growth, new generation and repair of blood
vessels, collagen production.

VEGF (Vascular Endothelial Growth Factor)

Growth and generation of new vascular
endothelial cells.

Growth and new generation of keratinocytes.

TGF-B (Transforming Growth Factor Beta)

Growth of epithelial cells, endothelial cells,
promotion of wound healing.

Figure 11-4: Common growth factors in high quantities in platelet rich plasma.



PRP is a 3-step procedure involving the collection
of an autologous blood sample (blood from the patient),
plasma separation (blood is centrifuged), and application
of the growth factor-rich plasma (injecting the plasma
into the injured area).” (Figure 11-5.) PRP Prolotherapy
is typically given every one to two months in two to six
separate sessions. High-density platelet rich plasma is
defined as autologous blood with a platelet concentration
at equal or greater than four times circulating baseline
levels,” which means that the important bioactive protein
load (growth factors) is increased in a direct correlative
fashion.” Cell profiles of average circulating whole blood
indicate it contains only 6% platelets; In true high-
density PRP preparations, however, the concentration
attained can be as high as 94%.%” A person’s average
platelet count is 250,000 platelets/dl. Four times this
concentration amounts to 1 million platelets/dl, a figure
considered to be the desired benchmark for therapeutic
PRP.* The use of PRP is growing in popularity among
orthopedic surgeons, especially in cases of chronic
tendinosis.
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Figure 11-5: PRP injection procedure. Draw the appropriate amount of blood from the patient (a). Process the blood by first dispensing it into a
centrifuge collection container (b). Add mixing agents and spin with blood in centrifuge to concentrate plasma growth factors (c). After drawing
PRP into a syringe, it is used as the Prolotherapy solution for injection (d).
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Bone Marrow Mesenchymal Stem Cells
The mesenchymal stem cells (MSCs) used in

orthopedic procedures are usually those derived from

the bone marrow. MSCs differentiate into specialized
cells, such as chondrocytes (cartilage), fibrochondrocytes
(menisci, labrum), synoviocytes (synovium), or fibroblasts
(ligaments, tendons). (Figure 11-6.) In orthopedic
therapies, bone repair and regeneration are driven by

the implanted bone marrow mesenchymal stem cells
(BMSC:s), which either engraft directly onto the bone or
are recruited from the marrow to the bone.””* Human
studies have documented better treatment outcomes for
nonunion fractures, avascular necrosis (osteonecrosis),
and spinal fusions with the use of BMSCs.”** The
FDA has approved the use of bone marrow stem cells
for orthopedics, and now there are products available
to help separate and thus concentrate BMSCs from
plasma and red blood cells. Centrifugation is able to
concentrate BMSCs up to seven times more than the
normal levels seen in whole marrow without losing
cell viability, functionality, or ability to differentiate
osteogenically.’>** Cell counts in the literature for
concentrated marrow have ranged from 16.4 x 10°
cells/mL to as high as 2.2 x 10” cells/mL in regard to
successful fusions or healing in orthopedic procedures.
Initial research found that using whole bone marrow
increased fusion rates in nonunion fractures by 28%, but
centrifuged marrow increased healing to 70%.% Others
have documented the facilitation of healing by virtue

of increased BMSC counts.**” Numerous publications
have demonstrated the benefits of concentrated bone
marrow for the regeneration of various structures of the
skeletal system, including bone, cartilage, and connective
tissues.”** Several studies have shown that BMSCs

have a higher potential for chondrogenic differentiation
in comparison to adipose stem cells.””>* Proponents of
using BMSCs note the large number of human studies
conducted, and allude to the fact that bone marrow
contains the necessary MSCs and growth factors that are
needed for use in orthopedic medicine.***

34,35

Stem Cell Prolotherapy

Stem cell Prolotherapy involves the use of autologous
adult pluripotent mesenchymal stem cells (MSCs) from
an individual’s own bone marrow or adipose (fat) tissue
as the proliferating solution. MSCs make the different
specialized cells found in the skeletal tissues, such as
chondrocytes, which produce cartilage, and are unique in
their ability to “home in” and help repair areas of tissue
injury.”
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Figure 11-6: Multilineage differentiation potential of adult

human mesenchymal stem cells. Under appropriate conditions,
mesenchymal stem cells are able to differentiate into cell types of
multiple lineages, including bone, cartilage, adipose, muscle, tendon,
and stroma. The arrows are presented as bidirectional, in light of
recent findings, which suggest that differentiated mesenchymal stem
cells are capable of dedifferentiation and transdifferentiation.

Modified from: Chen FH, Rousche KT, Tuan RS. Technology Insight: adult stem cells in cartilage
regeneration and tissue engineering. Nat Clin Pract Rheumatol. 2006 Jul;2(7):373-82. doi: 10.1038/
ncprheum0216.

Stem cell Prolotherapy is typically utilized in more
advanced cases of joint degeneration, including
osteochondral defects, or in cases when dextrose
Prolotherapy and/or PRP Prolotherapy have not resolved
the problem. (Figure 11-7.) This is because bone
marrow and adipose tissue each have a much higher
concentration of stem cells and/or progenitor cells. Stem
cell Prolotherapy is typically given every month to every
tew months. The number of treatments varies depending
on the severity of the patient’s condition, and on the
prior treatment regimen; clinical protocols have been
published in the medical literature.*"*

Stem cells have 2 functions:
1. Self-replication.

2. Differentiation into other cell types.



Their ability to proliferate, referred to as long-
term self-renewal, enables them to produce a line of
genetically identical cells, which then give rise to all the
appropriate differentiated cell types of the tissue in which
they reside. Typically, stem cells generate intermediate-
type cells before reaching their fully differentiated state.
This type of cell is called a progenitor or precursor cell.
Progenitor cells are partially differentiated cells that
divide and then turn into mature differentiated cells.
When doing so, these cells are usually regarded as
“committed” to differentiating along a particular cellular
development pathway.

Joint Degeneration Progression Correlation
with Type of Prolotherapy Solution Chosen for
Treatment

Progression of Joint BN
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Figure 11-7: When to use what type of Prolotherapy. When soft tissue
injuries are not treated early on with traditional Prolotherapy,

the degenerative process continues, requiring the use of Cellular
Prolotherapy to repair the damaged tissue and resolve the pain.
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In stem cell Prolotherapy, the

theory is that a stem cell niche
(microenvironment which favors healing)
is moved from one tissue where these
niches are abundant (bone marrow

or adipose tissue) into one where they
are scarce (a non-repairing connective
tissue).63

Stem cells are activated by specific cues within
this localized environment to either self-replicate
or differentiate. From these niches, the tissues, and
ultimately the body, can maintain function and replace
cells that have been damaged or have died. The niche
itself is a segregated area of the tissue in which the
resident stem cells are kept from their commitment to
form progenitor cells, and is the area where the stem
cells are housed throughout life.**** (Figure 11-8.)

In degenerative diseases, such as osteoarthritis,
an individual’s adult stem cell count and potency may
become compromised and reduce the cell’s capacity to
proliferate and ability to differentiate.***” It has been
suggested that restoring these missing stem/stromal
cell elements might help allay these degenerative
operatives. In vitro studies have demonstrated such
improvements with adult stem cell therapy in that
successful regeneration of tissue could be detected in
areas where osteoarthritic damage and articular cartilage
defects occurred.®®* Injection of autologous bone marrow
aspirate has also been shown to significantly improve
medial meniscus and cartilage regeneration in an animal
model.” (Figure 11-9.) Human case studies showing
similar regenerative effects have been reported as well.”"”
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The Stem Cell Microenvironment

Terms Descriptions

The MSC microenvironment (stem cell niche) encompasses the physical

and biological factors that surround and interact with MSCs, including the
Microenvironment  extracellular matrix (ECM), other cell types (e.g., immune cells, tumor cells), and
(stem cell niche) signaling molecules (e.g., cytokines, growth factors). The microenvironment

plays a crucial role in regulating MSC behavior, including their proliferation,

differentiation, migration, and immunomodulatory functions.

Extracellular Matrix (ECM)

The ECM provides structural support and signaling cues to MSCs, and its
composition and stiffness can influence MSC fate.
Other Cells

Components

Interactions with other cells, such as immune cells and tumor cells, can affect
MSC behavior and function.

Cytokines and Growth Factors

These signaling molecules can induce MSC differentiation, migration, and
immunomodulatory effects.

Plasticity

The microenvironment can influence the plasticity of MSCs, meaning their
ability to differentiate into different cell types.

Differentiation

Influence on MSCs ' ) o ) o -
The microenvironment can promote or inhibit MSC differentiation into specific

lineages, such as osteocytes, chondrocytes, or adipocytes.

Immunomodulation

MSCs can interact with immune cells and modulate their function, which can
have implications for tissue repair and disease progression.

Figure 11-8: The stem cell niche. What stem cells do depends on their microenvironment. The physiology of the microenvironment is primarily
determined by the forces on it. When joint instability is present, the way to change the stem cell niche to be reparative is to stabilize the joint
with Prolotherapy.
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Figure 11-9: Histology of meniscus tear healing by autologous bone marrow aspirate (a). Appearance of meniscus in the control group
after dissection of knee ligaments (1). Increase in synovial tissue and vascularization at the femoral and tibial surfaces of the meniscus in
the experiment (treated with bone marrow aspirate) and control groups (2). Macroscopic appearance of the meniscus and healing in the
experiment (treated) group at the postoperative 16th week (3). Healing meniscal tissue with bridging between the rims of tear site in the
treated group (4). Effects of autologous bone marrow aspirate on healing of a full-thickness meniscal tear (b). A light microscopy sample
of meniscal tears treated with bone marrow aspirate (5). Granulation tissue, formed by migrating and proliferating cells, is marked with
red arrows. M = meniscus. D4 x 200 Masson’s trichrome. G = Granulation tissue, in which increase of cellular infiltration, vascularization,
and collagen formation can be seen at the deeper sites of wedge-like tear. M = meniscus. D4 x 100 Masson’s trichrome (6). A micrograph of
experiment (treated) group. Black arrow = meniscus, Red arrow = granulation tissue can be seen. D2a x100 Masson’s trichrome (7). In the
wedge-like tear site (red arrows), newly formed cartilage islets within the granulation tissue are marked with black circle. D2 x 100 Masson’s
trichrome (8).

Adapted and used with permission from: Duygulu F, Demirel M, Atalan G, et al. Effects of intra-articular administration of autologous bone marrow aspirate on healing of full-thickness meniscal tear: an experimental
study on sheep. Acta Orthop Traumatol Turc. 2012;46(1):61-7. doi: 10.3944/aott.2012.2762.
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Bone Marrow Prolotherapy

When we perform bone marrow Prolotherapy (BMP)
here at Caring Medical, we remove an appropriate
sample from the patient’s own bone marrow, usually
from the tibia. This is called an aspirate. We do not
modify it or change it in any way; nor do we culture the
cells in a lab. (Figure 11-10.) We simply collect the bone
marrow and inject it directly into the damaged tissue
or joint. This is called an in sifu procedure, meaning it
is done “in the original and natural environment.” In
other words, the fat or bone marrow cells/fluid/tissue
is extracted and injected directly into the injured area
without modification. The whole process takes very little
time (minutes versus hours or weeks). The body is thus
being stimulated to repair itself; BMP is just aiding the
body’s own healing ability. We believe the body knows
best, not the test tube. Again, because this is an in situ
process, we do not chemically alter the stem cells. It is
the body’s job to differentiate them into the cells that are
needed.

In contrast, stem cells that have been harvested from
the bone marrow and sent to the laboratory for cell
culturing is an in vitro procedure. These cultured cells,
which have been growing and multiplying in a petri
dish for several weeks, are then injected into the injured
joint or applied to the damaged area using a carrier
device called a scaffold. Sometimes the carrier device
is a synthetic material upon which the stem cells are
implanted. The benefit of using bone marrow aspirates
or lipoaspirates is that both have fat cells in the solution
along with a stromal fraction, the combination of which
can and does act as a natural scaffold. Another benefit
is that these aspirates contain fresh, young stem cells, as
opposed to cultured cells which may become old over
time. (Figure 11-11.)

Injection of Bone Marrow Aspirate

Figure 11-10: The entire bone marrow aspirate is injected directly
into the injured knee.
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Figure 11-11: Stem cells that are kept in a petri dish become old over
time, but those that are drawn out and then immediately injected
directly from the syringe are young, fresh, and healthy!

When a person’s own cells from blood, bone marrow,
or fat are used, there is less chance for contamination. In
the majority of cases, it is better to have your own fresh
cells used rather than having the cells cultured. Stem cells
are self-replicating cells, so if they are healthy and stay
alive, the cells will replicate as needed. The supply of
stem and progenitor cells in the normal bone marrow or
lipoaspirate solution is plentiful enough to have a healing
effect. If direct BMP is not giving the desired results,
the bone marrow can be concentrated. This is called
bone marrow aspirate concentrate. In this procedure,
the bone marrow is aspirated from the iliac crest because
it can supply the amount of solution necessary for the
concentrating process. When our patients are being
treated with bone marrow Prolotherapy, they typically
come to the office for stem cell injections every 1-3
months. Generally, 4-7 sessions are needed.



Lipoaspirate Prolotherapy

Although bone marrow has historically been used
as the primary source of MSCs, adipose-derived stem/
stromal cells (AD-SCs) have been shown to have
nearly identical characteristics, including fibroblast-
like morphology and colonization, immune phenotype,
a successful rate of isolation, and differentiation
capabilities.””” Autologous bone marrow stem cell
volume is limited, but adipose tissue represents a large
reservoir of stem cells. Lipoaspirate is combined with
platelet rich plasma to get optimal results. Research
indicates that adipose tissue contains 500 to 1,000
times more mesenchymal and stromal vascular stem-
like cells than bone marrow.””® AD-SCs have been
shown to improve wound healing and to stimulate
fibroblast proliferation and migration, as well as collagen
secretion, thereby increasing connective tissue tensile
strength and facilitating healing. Multiple human
and animal investigations have clearly demonstrated
the ability of AD-SCs to differentiate into and repair
musculoskeletal connective tissues, including ligaments,
tendons, cartilage, spinal discs, muscle, nerve tissue, bone,
and hematopoietic-supporting stroma.’®”>”* Others
have shown that AD-SCs actively participate in tissue
homeostasis, regeneration, and wound healing.”'” Like
BMP, lipoaspirate Prolotherapy is typically given every

1-3 months and usually requires 4-7 sessions.

How can Prolotherapy Help Patients
with Osteoarthritis?

Caring Medical has shown that Comprehensive (H3:
Hackett-Hemwall-Hauser) Prolotherapy helps resolve
chronic knee pain, and we have published some of that
data in the Journal of Prolotherapy.”” Most of the patients
in the study had degenerative knee arthritis. We have
also shown that many patients who were told they
needed knee replacement found they did not need the
surgery once they had Comprehensive Prolotherapy.ior
Since the effects of Prolotherapy are often permanent,
future treatments are rarely needed.

If one studies the pathophysiology of osteoarthritis,
the following principles become evident:

w  As stem cell counts decline with aging, the
incidence of osteoarthritis increases.

w Degenerative joints have catabolic physiology.

w Anabolic factors necessary for healing are
lacking in degenerative joints.
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= Joint instability is a significant risk factor for
joint degeneration.

= The degree of joint degeneration directly
correlates with the amount of articular
cartilage breakdown.

w Meniscus and synovium degeneration play a
significant role in osteoarthritis.

= Much of the symptomatology of osteoarthritis
can be attributed to the degenerated tissue
structures around the joint and the decline in
joint fluid.

To have a significant chance to reverse or stop the
progression of osteoarthritis, the physiology of the
joint has to change from degenerative to regenerative.
That process of regenerating a joint is precisely what
Prolotherapy is. Whether Prolotherapy is done with
dextrose, hormones, natural extracts, or autografts (such
as platelet rich plasma, bone marrow, or lipoaspirate
injections), the principle is the same: stimulate the
damaged, injured, weakened, or degenerated structure to
repair itself and regenerate.

This is what is needed for healing to occurina
degenerated joint:

1. Chondrocytes stimulate articular cartilage
regeneration.

2. Fibrochondrocytes stimulate menisci tissue to
regenerate.

3. Synoviocytes proliferate to normalize the amount of
joint fluid that serves as nutrition for the meniscus,
articular cartilage, and other joint structures.

4. Fibroblasts cause a strengthening and tightening of
the ligaments and entheses around the joint.

The net goal is to produce articular cartilage,
ligament, meniscus, and joint capsular tissue that is able
to withstand natural forces, and then to sufficiently
replenish the joint fluid needed to cushion the joint
effectively. If you receive only cartilage cell injections
into your knee, you are still going to be bone-on-bone.
Unless there is some meniscus tissue present and enough
joint fluid produced by the synoviocytes, bones will still
hit and rub. Furthermore, if there is instability in the
joint or the kneecap does not track correctly, the joint
will continue to degenerate.
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What Kind of Results has Caring

Medical had with Prolotherapy?

In one paper we published in The Open Arthritis
Journal, we treated 24 patients with end-stage
osteoarthritis using in situ bone marrow taken from
the person’s own tibia and directly injecting it into the
affected joint."” Patients also received Comprehensive
Prolotherapy around the joint. Prior to receiving bone
marrow Prolotherapy, 18 of the patients had been told
by their physician or an orthopedist that they should
have surgery, including 14 who were told they needed
joint replacement. Although all said they consented
to BMP as a last resort, the results were remarkably
positive. (Figure 11-12.) Pain level prior to BMP was
reported at 6.33 (0 to 10 scale) on average and after 3-4
treatments was reduced to only 0.46. BMP was able
to resolve both pain with activity and pain at rest. To
the best of our knowledge, these outcomes are the best
results ever published in a peer-reviewed journal for
end-stage osteoarthritis. Given these positive outcomes,
we have published a related paper discussing how bone
marrow aspirates, in combination with Comprehensive
Prolotherapy, are proving themselves ideal as proliferants
in treating osteoarthritis,"” adding to the preponderance
of research indicating that Prolotherapy may well be the
treatment of choice for joint degeneration, rather than
joint replacement. Additional studies, showing bone
marrow-stimulated meniscus repair,” and documenting
articular cartilage growth via stem cell therapy,'*""
only serve to amplify the results we have had with our
patients.

Bone marrow injections provide:

w Immune cells (platelets and white blood cells)
that are necessary for healing.

m  Growth factors that stimulate these immune
cells to proliferate.

w  Mesenchymal stem cells (MSCs).

w  Growth factors that help MSCs proliferate and
differentiate.

w  Growth factors that help the immune cells and
differentiated stem cells manufacture a strong
extracellular matrix.

w Natural scaffolding or niche micro-environment
that keeps the stem cells where they need to
be.

Self-assessment of Pain and Function in Patients
with OA Before and 6 Months After Bone Marrow
Prolotherapy

Pain at Rest Pain During ADL
4.58 0.25 5.88 0.38
Pain During Exercise
Before After
6.33 0.46

Figure 11-12: Self-assessment of pain in 24 patients with severe
osteoarthritis before and 6 months after combined treatment
with direct bone marrow aspirate injection and comprehensive
Prolotherapy.

Adapted from: Hauser RA, Woldin BA. Treating osteoarthritic joints using dextrose prolotherapy and direct
bone marrow aspirate injection therapy. Open Arthritis J. 2013;7:1-9.

Caring Medical is one of the few clinics in the
country specializing in bone marrow and lipoaspirate
Prolotherapy as an alternative to surgery for patients
with articular cartilage and meniscus defects, including
articular cartilage lesions, full-thickness osteochondral
defects, severe chondromalacia, degenerated discs,
and advanced-stage osteoarthritis. Those who follow
our work at Caring Medical know that we believe the
regeneration of many other tissues besides articular
cartilage is necessary for a joint to become less
painful and return to its normal function. Because the
whole joint and surrounding joint structures become
degenerated along with the articular cartilage, we
combine Comprehensive Prolotherapy with whatever
kind of stem cell therapy we do in order for patients
to receive the full benefit of treatment. Remember
that articular cartilage has no nerve supply, so the pain
of a degenerated joint is coming from another tissue.
Treatment therefore has to be directed at these other
tissues as well.

Despite the fact that articular cartilage is notorious
for its resistance to regrowth, we believe that our
continuing research into soft tissue health and our work
with various types of Prolotheapy will help Caring
Medical become one of the centers proving that the
regeneration of articular cartilage is possible. (Figure
11-13.) This will set the stage for the repair of other
white tissue structures and, hopefully someday, eliminate
the pain and disability of joint-degenerating diseases like
osteoarthritis.
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