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ABSTRACT

Interventional orthobiologics is changing the landscape of orthopedic medicine. Various methods exist for
treatment of many different musculoskeletal pathologies. Candidacy for such injections remains a debated
topic, and current research is underway for stratifying the patients that would be most successful for cer-
tain techniques. Described in this commentary are the various methods of interventional orthobiologic
techniques available such as: prolotherapy, platelet rich plasma (PRP), mesenchymal stromal cells (MSCs),
culture-expanded MSCs and amniotic-based products. Here we review the healing cascade and how this
relates to the application of the various injectates and rehabilitation protocols. In conclusion, there exists
orthobiologic techniques for the healing of a multitude of musculoskeletal ailments, from ligamentous
instabilities/tears, tendon derangements and osteoarthritis, however candidacy grades continue to be an
area for discussion as to which type of treatment is the most beneficial, and which rehabilitation protocols
are required. More randomized controlled trials and comparative analyses are needed for direct correlative
conclusions for which interventional orthobiologic treatment and rehabilitation protocol is best after each
respective treatment.
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INTRODUCTION TO REGENERATIVE
REHABILITATION

Regenerative rehabilitation is defined by the Ameri-
can Physical Therapy Association as the integration
of interventional orthobiologic techniques coupled
with appropriate rehabilitation protocols that har-
ness the bodies innate healing mechanisms through
movement to augment the orthobiologic injections.!
From regenerative rehabilitation stems a separate
but interconnected field known as mechanotherapy.
Mechanotherapy refers to the therapeutic modalities
used to propagate the physiologic mechanism by
which body movements provide mechanical stim-
uli to remodel cells. This field examines mechano-
biology, transduction and adaptation to effectively
direct tissue modeling and remodeling.? In 2016,
mechanotherapy was defined as exercise-based
activity that promoted the adequate force through
a specific bodily structure that contributed to the
restructuring, stabilization and eventual contribu-
tion to healing.?

Physical therapy is a pivotal part of the regenera-
tive/orthobiologic landscape. The aim of all regener-
ative therapy is to facilitate healing through targeted
specific mechano-adaptations (through appropriate
exercise and mobilization of joints) in order to foster
healthy balance of forces to prevent future injuries
and maximize well-being.* Understanding interven-
tional orthobiologics procedures and how cellular
responses respond to mechano-transduction will
help guide the development of appropriate rehabili-
tation programs for each type of regenerative ther-
apy.’ The purpose of this commentary is to provide
a history of orthobiologics and describe the role of
rehabilitation after these interventional procedures.
This will allow the reader to better understand the
physiology of disease states requiring orthobiologic
interventions and to describe how interventional
orthobiologics should be coupled with rehabilitation
for optimal healing and return to function.

THE HEALING CASCADE, AS IT RELATES

TO THE MUSCULOSKELETAL SYSTEM

The healing cascade encompasses three major
phases: 1) inflammation, 2) proliferation, and 3)
maturation.® Inflammation is the start of the heal-
ing cascade from injury to approximately days 4 to 6,

and the beginning is characterized by initial bleeding
from injury which causes the body to need to stop
the bleeding with vasoconstriction which activates
the coagulation cascade which leads to formation of
a clot from platelets composed of collagen, thrombin
and fibronectin.® This clot works as the scaffold for
other healing cells such as cytokines and growth fac-
tors to invade and start the inflammatory cascade.

Growth factors modulate healing and the inflam-
matory phase which then results in vasodilatation
with increased vascular permeability and migration
of cells.® The inflammatory phase also summons
neutrophils through various cell signaling, which
help with managing cellular debris while uninjured
tissues are protected by protease inhibitors.” Subse-
quently, the body switches to other cells known as
monocytes that signal macrophages to move in to
clear out the neutrophils to then release fibroblasts
and begin the proliferative phase of healing.®

Proliferation is characterized by angiogenesis and
fibroplasia, modulated by the fibroblasts and epi-
thelial cells during approximately days four to 14.
Angiogenesis occurs as a mechanism of the body to
enhance blood flow to the injured area. Next, fibro-
plasia commences when fibroblasts come in and
begin to lay down collagen.

Maturation and remodeling is the phase between
approximately day 8 and one year composed of
strengthening of the extracellular matrix (ECM) and
production of collagen in an organized network.®
The organization continues to form along lines of
stress, however it never returns back to its original
state.®

The estimation regarding the amount of time each
phase takes is dependent on patient age, comor-
bidities, and level of injury. There is not a distinct
stepwise approach but more of a progression with
overlap of the various phases of healing. This is
more of an estimate to help in coordinating appro-
priate rehab protocols after injury. The largest dif-
ference between regenerative rehabilitation and
post-orthopedic surgery rehabilitation is not only to
get the patient back to activity that was being done
prior to the intervention, but also to change the bio-
mechanical factors that contributed to the injury in
the first place.
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MUSCULOSKELETAL TISSUES: STRUCTURE
AND FUNCTION RELATED TO HEALING

The musculoskeletal system is composed of different
types of connective tissue, including muscles, ten-
dons, ligaments, cartilage and bone.” Each of these
tissues is unique with regard to function and com-
position, and has healing potential, to some degree,

Muscles

The main function of muscle is to generate contrac-
tions that transmit load across a joint to facilitate
motion and provide stability.” In skeletal muscle
injury the healing cascade is activated when the
muscle tissue is injured, due to myofiber rupture
along with damage to local capillaries. This trig-
gers an influx of calcium and clot formation begins.’
Inflammatory cells migrate to the injured site, acti-
vates fibroblasts and satellite cells (SC's) which are
myogenic stem cells.”!® During the proliferative
phase of muscle healing, SC’s differentiate into myo-
blasts, and in the remodeling phase the new myofi-
bers differentiate into muscle fibers.”!

The ability of skeletal muscle to respond to trauma
such as associated with exercise, immobilization,
trauma, or chemical insult relies on the regenerative
capacity that exists due to the presence of myogenic
SC’s."! Teixeira et al. proposed that skeletal muscle
loading may increase the number of SC’s, their pro-
liferation, and their differentiation capacities which
collectively enhances skeletal muscle regeneration.
Skeletal muscle loading increases both vasculariza-
tion and collagen turnover.! The data collected by
Teixeira et al suggests that active skeletal muscles
(muscle that has been in movement such as after
exercise) might be better prepared to respond effec-
tively to a muscle injury. Therefore, the authors
implied that even electric stimulation should be
considered in limbs that have impaired movement
to preserve the SC pool in order to improve skeletal
muscle rehabilitation.

Tendons

Tendons primarily function to interlink the muscle
and bone and have been demonstrated to have spe-
cific structural characteristics. The location of a ten-
don in vivo affects the mechanics and the amount
of shear, compression, tension or torque placed on a

tendon, which makes in vitro modeling of tendons
difficult to extrapolate.'?

Tendinopathies encompass over 30% of all muscu-
loskeletal consultations.’®* The process of tendon
remodeling involves both synthesis and degradation
of collagen with a net degradation that begins imme-
diately after exercise then shifts to a net synthesis.*
Matrix metalloproteinases (MMP) have been shown
to play a part in tendinopathy, however, it is unclear
whether overloading inhibits the MMP activity
leading to the transformation from adaptation to
degeneration.'®

Mechano-biologically, tendons have been shown to
improve with loading which activate protein kinases
and increase turnover of Type 1 collagen to promote
anabolism.'®!” The underlying mechanisms associ-
ated with pathogenesis of tendinopathies is largely
unknown.'* However, many orthobiologic treat-
ments have been targeted to manage various upper
and lower extremity tendinopathies.

Ligaments

Ligaments function to link bones with other bones,
in order to stabilize a joint. Ligaments function in
a similar model to tendon, however with decreased
tensile loads. They function to provide passive joint
stability throughout normal range of motion of a
joint and to provide joint proprioception.”'® Trau-
matic ligamentous injury can result in either a par-
tial or complete tear and can proceed through the
typical three phases of healing that includes inflam-
mation, proliferation and remodeling.” During the
first phase, retraction of the disrupted segments
of ligament forms a gap and within that gap a clot
forms reigning in cytokines and the inflammatory
phase.”?*? In the fibroblast/ proliferation phase the
disorganized fragments are mostly composed of less
organized collagen, and in the remodeling phase the
fragments start to organize and improve to withstand
tensile loads and for force transmission.” Ligamen-
tous tissue that has been damaged and then heals,
is not as elastic as the original healthy ligament.”?

Cartilage

The articular cartilage present in joints can withstand
an impressive amount of forces (compression, shear,
etc.) and allows for smooth gliding motion without
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friction.” The absence of blood supply is what limits
the healing capabilities of articular cartilage. A defect
that penetrates cartilage into the subchondral plate has
a greater capacity to heal because it may facilitate clot
formation and cell migration”*. Once cartilage heals it
is histologically more like fibrocartilage than hyaline
cartilage and will be stiffer than original cartilage.”?*%

Bone

Bone also proceeds through the same healing cas-
cade of inflammation, proliferation and remodeling.
With a fracture, the inflammation phase begins with
bleeding and then the clot forms. The release of
cytokines and growth factors which are responsible
for proliferation of chrondroblasts and osteoblasts
fills the fracture site with granulation tissue.”*?
Chrondrocytes initially form a soft callus then osteo-
blasts gradually replace soft callus with immature
woven bone and eventually to hard callus.”? If bony
fragments from a fracture are well approximated the
healing is more reliable than a torn ligament or ten-
don due to the inherent blood supply of the bone
that is absent in other tissues.

REVIEW OF INTERVENTIONAL
ORTHOBIOLOGIC TECHNIQUES

Because each tissue type in the body has differences
and similarities in healing, orthobiologic techniques
have been developed that are specific to each con-
nective tissue type. Vora et al. described regenera-
tive therapy (a.k.a interventional orthobiologics) as
“the injection of a small volume of solution into mul-
tiple sites of painful ligament and tendon insertions
and adjacent joint spaces, with the goal of reduc-
ing pain and ostensibly promoting tissue repair and
growth”.z'a p. S104

The first type of regenerative therapy to be discussed
is the use of a hypertonic solution known as prolo-
therapy that has aided in paving the field for other
types of orthobiologic therapeutics.

Prolotherapy

Prolotherapy is the use of a composition of hyper-
tonic dextrose solution for promoting local healing
of chronically injured extra-articular and intra-artic-
ular tissue through stimulating both inflammatory
and noninflammatory pathways. In the 1950s, Dr.
George Hackett, a general surgeon in the United

States, formalized the injection protocols for prolo-
therapy as an orthobiologic injection technique.*
Liu et al injected the medial collateral ligaments of
rabbits with sodium morrhuate (irritant), and found
that after repeated injections there was a significant
increase in collagen fibrils and this increased stabili-
zation.® Hypertonic dextrose is the most commonly
used prolotherapy solution with favorable outcomes
shown in multiple clinical trials dating back to the
2000s for treatment of OA.* Dextrose prolotherapy
is proposed to function by creating a hyperosmo-
lar environment to induce the healing cascade via
releasing growth factors and scarring down/forming
collagen that eventually strengthens with improved
tensile strength.*? This in-turn promotes the tighten-
ing or strengthening of a tissue from a big picture
standpoint. The magnitude of benefit of prolother-
apy is varied by treatment protocols, evaluation
intervals, and therapeutic measurement tools.*

Clinical Research

Two studies of dextrose prolotherapy in the treat-
ment of hand osteoarthritis exist, one study com-
pared it to steroid injection and the other compared
prolotherapy to lidocaine. In the steroid comparison
study hand movement and function improved more
in the prolotherapy group at six months than the
group receiving steroid injection.** In the study com-
paring with lidocaine, the prolotherapy improved
more in pain during movement and range of motion
at six months as compared to those treated with
lidocaine.* Centeno et al. published a case series in
2005 in which the cervical posterior elements were
injected under fluoroscopic-guidance, and demon-
strated a statistically significant improvement in pain
scores and improved stability in flexion translation.*

The use of dextrose prolotherapy for knee osteoar-
thritis is supported by Level 1 evidence in the form
of a systematic review and meta-analysis published
in 2016.% Sit et al. compared four randomized con-
trolled studies noted that intraarticular and peri-
articular hypertonic dextrose knee injections over
three to five sessions had a statistically significant
and clinically relevant effect in the improvement of
function and pain when compared to formal home
therapy exercise alone and the benefits were sus-
tained for one year.33840
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Low back pain and Sacrvoilitis

A Cochrane review was performed in 2009 to deter-
mine if injection therapy with prolotherapy is
more effective than placebo or other treatments for
patients with subacute or chronic low back pain in
which 18 trials were selected for review.*! The injec-
tion sites varied from epidural sites and facet joints
(intra-articular, peri-articular and nerve blocks) to
local sites (tender and trigger points) along with
a variety of drugs that were compared including
corticosteroids, local anesthetics, and a variety of
other drugs which prevents head to head compari-
son.* Only 10 of the 18 randomized controlled trials
pooled were rated as a high-quality methodology;
however, insufficient evidence was noted to support
for or against the use of any injection therapy in the
subacute and chronic low back pain.*

Kim et al published a randomized controlled trial
noting that sacroiliac joint prolotherapy injections
were found to be superior to steroid injections.** And
again, a retrospective cohort study by Hoffman et al
noted that prolotherapy may be a satisfactory option
for SI joint instability.*

A recent prospective study by Solmaz et al concluded
that prolotherapy injections performed posterior
and laterally may be a viable option prior to consid-
ering reoperation in failed back surgery syndrome
(FBSS).* All injections were done using ultrasound
and posterior injections performed were directed
to the posterior sacroiliac ligament insertions bilat-
erally, iliolumbar ligament insertions bilaterally,
while lateral injections targeted the transverse liga-
ment insertions and lumbar facet joints bilaterally.
Laterally, the ultrasound was also used to direct
injections into the pubofemoral ligamentous inser-
tion, piriformis muscle origin and insertion, iliofem-
oral ligament insertion and ischiofemoral ligament
insertion.*

Tendinopathy

Rabago et al and Scarpone et al published two ran-
domized-controlled trials that have demonstrated
effectiveness of prolotherapy in lateral epicon-
dylosis where prolotherapy participants showed
improved isometric strength and grip strength com-
pared to baseline status and to controls.** Osgood
Schlatter disease is a tendinopathy of the patellar

tendon at the tibial tubercle of children age 9-17 who
are engaged in kicking sports.* Prolotherapy was
compared to lidocaine only, and at one year 84% of
the prolotherapy treated knees were pain free with
comparison to the 46% of lidocaine-treated knees.*
Treatment of rotator cuff tendinopathy was tested
in a three-arm masked randomized controlled trial
with comparison between prolotherapy and a con-
trol solution placed at the enthesis of the rotator cuff
tendons and another a third group with a superficial
saline injection.**” Pain was the primary outcome in
the rotator cuff study, and 59% of the prolotherapy
participants reported a 2.8-point change on the VAS
(visual analog scale) pain score with comparison to
37% who received saline at the enthesis and 27%
who received the superficial saline injections.**

The next orthobiologic is known as platelet rich
plasma which is the use of concentrated autologous
blood that has been separated into its most enrich-
ing growth factor components as further described
below.

Platelet Rich Plasma

Platelet rich plasma (PRP) is a substance that is com-
posed from whole blood which consists of higher con-
centration of platelets from whole blood that is spun
down into separate components and concentrated to
be more potent than is physiologically possible. The
goal of the use of PRP is to have supra-therapeutic
platelet concentration in a small volume of plasma
in order to induce healing potential in tissue that has
otherwise poor inherent healing capacity including
joints, cartilage, tendons, and ligaments.*® PRP ther-
apy initially gained popularity in dentistry and car-
diac surgery in the 80’s and 90's.** The mechanism
behind PRP is to enhance the healing cascade in a
controlled fashion due to a higher concentration of
platelets and growth factors being injected than are
normally physiologically present. The platelets play
a central role in the anabolic mechanism of heal-
ing by releasing growth factors stored in the alpha
granules.® The key growth factors stored in alpha
granules are: Platelet-derived growth factor, trans-
forming growth factor-beta, vascular endothelial
growth factor, epidermal growth factor, basic fibro-
blast growth factor, and Insulin-like growth factor 1.
A common misconception is that PRP is a stem cell
treatment. PRP is not a stem cell procedure as the
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blood contains little if any circulating mesenchymal
stromal cells (MSCs, aka stem cells) in comparison
with bone marrow.

The presence or absence of leukocytes in PRP is
important. Leukocytes are essential mediators of the
inflammatory response, that assist the host defense
in protection against infectious agents, and contrib-
ute to wound healing.” Although leukocytes aid in
the protection against infectious agents, they can
also oppose the intended healing effects of the plate-
lets. Boswell et al. proposed that reducing leukocyte
concentrations in PRP is more important than max-
imizing the PRP* It is important to note that red
blood cells are eliminated from the PRP preparation
as the iron contained in heme can release cytotoxic
oxygen free radicals which can be a toxic/destruc-
tive process in human synoviocytes.** Of note,
application of PRP in individuals on NSAIDs is not
recommended as NSAIDs inhibit platelet degranula-
tion and therefore inhibit platelet function and may
have a diminished therapeutic effect.*®>

Types of PRP and why does it matter?

There are two types of PRP that are used for injec-
tions: 1) Leukocyte rich (LR-PRP) which is red in
color and is rich in red (RBC) and white blood cells
(WBC); 2) Leukocyte poor (LP-PRP) which is white
blood cell (leukocyte) and red blood cell poor® as
shown in Figure 1.

The composition of the preparations continues to be
a widely debated topic for standardization proceed-
ings and what types are better for which structures of
the musculoskeletal system. Based on the literature
for knee OA, the red LR-PRP can be toxic to synovio-
cytes,® and on the other hand the amber has been
shown to stimulate cartilage better than the red>
and was found to have more functionality and pain
relieving benefits as compared to the red.>* The con-
cern with removing the RBCs and WBCs is that heal-
ing cells are being eliminated, however it has been
shown that taking out the RBCs and WBCs did not
impact the PRPs ability to heal.>* The debate with
maintaining leukocytes is that that type of PRP also
maintains neutrophils which can be harmful to heal-
ing tissues and increase the inflammatory response.
However, that leukocytes generally maintained are
monocytes and lymphocytes which have been shown

Figure 1. Vials on the left of picture are red LR-PRP which
has high concentration of platelets and also contains RBCs
and WBCs. The amber colored vials on the right of the picture
are LP-PRP without the RBCs or WBCs which contains the
concentrated platelets as well. Used with permission from
Centeno-Schultz Clinic.

to be present with stem cells and thus a higher per-
centage theoretically increases stem cells.> Leuko-
cyte rich PRP (amber with white blood cells) was
shown to decrease cytokine production and promote
tissue regeneration®® in tenocytes. More studies need
to be conducted on the specific types of PRP in order
to better stratify a standardized treatment protocol.

Does concentration matter?

Berger et al. demonstrated that concentration mat-
ters with reference to healing potential.*” Age plays
a role in how much blood is needed to concentrate
in order to obtain the desired effect; therefore, older
cells tend to require higher PRP concentrations to
kick start the healing cascade. Berger et al. con-
cluded that higher concentrations of platelet lysate
can induce tenocytes to heal tendinopathies in older
populations.®”

Clinical Evidence

Tendinopathy

Based on the previously described heterogeneity
in processing, PRP has had variable reports of effi-
cacy in the literature. PRP for common extensor
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tendinopathy has demonstrated efficacy in treat-
ing chronic common extensor tendinopathy when
compared to steroids at one- and two-year follow-
ups.*®#%5%9 Examination of the results of treatment of
Achilles and patellar tendinopathy in case series®-
and retrospective studies’®’? has demonstrated that
PRP injections improved function and pain with good
functional outcomes for about four years post-injec-
tion. Many studies of rotator cuff tendinopathy have
been performed with platelet rich fibrin injections
done intraoperatively, however, platelet rich fibrin
differs in concentration as compared to that which
is used in PRP for tendinosis, not in an operating
room setting. Gumina et al published on intraopera-
tive PRP fibrin which improved repair integrity for
large tears without an associated greater improve-
ment in function” and had lower re-tear rates for
small to large tears at one year.**”*’® Mautner et al.
studied the optimization of ingredients for tendi-
nopathy concluded that higher platelet counts with
leukocytes and a slightly acidic pH injected under
ultrasound guidance may be ideal to facilitate the
healing of tendinopathies that have failed other con-
servative management.>

PRP in Osteoarthritis

Osteoarthritis (OA) is related to intraarticular carti-
lage loss from a joint space, due to injury or joint
instability, and is related to the inadequate healing
cascade of articular cartilage, leading to subsequent
additional degeneration. Laver et al. performed a sys-
tematic review which encompassed the treatment of
hip and knee OA.”” Twenty-six of the included studies
examined knee OA and three studies examined hip
OA, and the results demonstrated variability in PRP
processing, all injections were directed intraarticu-
larly without other periarticular structures however
the authors concluded that PRP can be beneficial for
both knee and hip OA in terms of pain and func-
tionality.” Another systematic review conducted
by Shen et al. demonstrated that intraarticular PRP
injections are more efficacious in treatment of knee
OA in terms of pain relief and functional improve-
ment at 3, 6, and 12 months follow-up compared
with other injectates (saline placebo, hyaluronic
acid [HA], ozone, and corticosteroids).”

Most studies that have been performed are only
performed via an intraarticular approach not taking

into consideration the entire joint and treating the
instabilities (such as laxity of ligaments) that may
have led to the osteoarthritis to begin with. How-
ever, a pilot study on knee osteoarthritis published
by Sit et al, described a PRP injection protocol that
involved a single intraarticular injection and extraar-
ticular injections in the medial coronary and medial
collateral ligaments.” This is the start of explor-
ing whether concomitant intra-articular and extra-
articular PRP injections are feasible in producing a
favorable outcome.” In order to have decreased pain
in osteoarthritis, off-loading the region of cartilage
that is subjected to the highest force is important
to prevent further degeneration, and part of reha-
bilitation protocols post knee procedures would be
to recommend an unloader brace. It is important to
note that treatments offered to date cannot regrow
cartilage, however injecting the structures surround-
ing a lax or unstable joint can help to stabilize and
improve the healing environment to improve pain
and function.

Lumbar Radiculopathy

Low back pain with radiculopathy is treated most
commonly with an epidural steroid injection which
is the most commonly performed pain management
procedure in the United States.®*®* The side effects
of steroids have led to the trial of orthobiologics in
the spine. Clinical evidence for PRP in the literature
are mostly limited to treatment of facet and intradis-
cal pathology.?®8 Bhatia performed a small pilot
study of PRP for the treatment of radiculopathy and
reported gradual improvement in Visual Analog
Scale, straight leg raise test and Oswestry Disability
Index sustained over three months.®

Platelet lysate (PL) may be preferable to PRP for the
treatment of radicular pain as PRP carries a poten-
tial for platelet adhesion and aggregation which
increases the risk of vascular occlusion.?” PL is cre-
ated by lysing platelets and removing cell debris,
resulting in GF-rich (Growth Factor-rich) injectate,
devoid of other platelet material.®® PL also has been
shown to promote the proliferation of various cell
types including mesenchymal stromal cells (MSCs)
aka stem cells.® PL has also been shown to be ben-
eficial in peripheral nerve regeneration in patients
with peripheral neuropathy and peripheral nerve
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regeneration after injury.”*® Centeno et al. pub-
lished a retrospective review of 470 patients treated
with platelet lysate for lumbar radicular pain, and
tracked them for 24 months.® Over 72% of these
patients reported significantly less pain after treat-
ment which was sustained for 24 months.* Patients
also reported increased function over time which
may suggest continued effect of PL over time.*

PRP and PL therapies tend to have a prolonged
recovery time, which are directly correlated with
the healing cascade and the phases of healing as por-
trayed in Figure 2:

The general timeline depicted in Figure 4 can be
extrapolated to represent the phases of healing

Maturation

- Area gradually becomes
tighter over weeks to
months.

Inflammation
- Injection day, loose
ligament is tighter, pain
associated.

Figure 2. Depicts the healing cascade as it velates to healing
after a PRP injection.

New Normal

Good Day

Good Day (-\

Bad Day

Good Day Bad Day

30% Bad Day

Bad Day

Injection

Amount of time for recovery

Figure 3. Describes the ebb and flow of recovery after a PRP
or Stem cell injection. There will be “Good” days and “Bad’
days but the natural course will slowly progress to a decrease
in pain, and tightening of the ligament and tendon. PRP has
a shorter time course than stem cell treatments, however
every patient varies on recovery rate.

involved and how long it takes with PRP injections.
However, there is a range among patients as this
depends on the structure being treated. For example,
in mild knee osteoarthritis the initial inflammatory
flare can last from a few days to a week and then
the patient will start to feel better over the course
of a few weeks, and in this scenario the LR-PRP
vs LP-PRP does not seem to make a difference in
flare response. The flare response and timing after
an injection varies. Figure 5 demonstrates the level
of pain and how it can be gradual with “ups” and
“downs” prior to completely healing. Joints tend to
be “faster responders” than tendons and ligaments.
Typically, tendons and ligaments can take up to two
to three months to feel improvement. One study
on patients with lateral epicondylosis noted that
significantly more patients noted improvement at
six months than the three month mark post proce-
dure.® Also, in reference to pain, the patient may
experience waxing and waning pain symptoms, and
may take a “one-step forward, two-steps backward”
approach with a trend being towards the positive as
portrayed in Figure 3.

Is PRP treatment permanent?

If the disease process is in degenerative nature, the
relief from PRP can last from one to two years in
mild arthritis, however in more severe arthritis pain
relief may only last a few to six months. In cases of
arthritis, PRP works to attempt to improve the envi-
ronment to help with pain but does not alter (regrow
or regenerate cartilage) a degenerated joint. There
are current trials being conducted on how the knee
microenvironment and content within the synovial
fluid can play a role in pain control.

Tt is important to note that when using orthobiologics
to treat tendons or ligaments the theory is that this
intervention is more of a semi-permanent solution
as it is assisting in repairing the tendon. With that
said, many tendons can be stubborn and ligaments
may require multiple treatments prior to deeming
them as “healed”.

The next orthobiologic is stem cells which can be
harvested from bone marrow and fat, which con-
tains nucleated cells and growth factors that serve to
start the healing cascade.
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Figure 4. Pre and post MRI 9 months apart from Bone marrow stem cell injection into ACL and surrounding knee structures.
Copyright release of photograph obtained during patient evaluation.

Stem Cells

Stem cells have become a much-debated topic in the
media, with the biggest difference being between
embryonic and adult stem cells. From a treatment
standpoint there is also a debate on how the adult
cells are harvested and what the yield of cells is and
how they are being processed which is what impacts
treatment efficacy.

Orthopedic surgeons have been using bone mar-
row aspirate in the use of non-union fractures and
avascular necrosis for many years. A recommended
treatment was first described in 1939 for non-union
fracture that improved implantation of cancellous
bone chips from the proximal tibia to stabilize the fix-
ation.”® Hernigou et al. have been performing bone
marrow stem cell injections into avascular necrosis
lesions of the hip and knees which has been demon-
strated to be a successful alternative to replacement
in some patients.?%

What cells sources for Stem Cells are used in
orthopedics?

The most common cell types include: bone marrow
nucleated cells, adipose stromal vascular fraction
(SVF), adipose fat grafts, and amniotic fluid stem
cells, listed in order in which they will be discussed.
There are two types of groups in the stem cell world
and that is allogeneic (comes from another person)
or autologous (comes from the person themself).
Allogeneic stem cells are most commonly from
the amniotic cord blood, followed by amniotic and
embryonic tissues. Autologous stem cells are most

commonly from bone marrow aspiration or adi-
pose-derived. The process of autologous-derived
stem cells that is extracted from bone marrow or fat
results in a heterogenous mixture of cells that can
be centrifuged and lysed to create a more concen-
trated stem cell product. The process of taking cells
out and concentrating them for use in orthopedic
procedures under US FDA regulations is classified as
“minimal manipulation”®® and legally acceptable.
After the process of centrifugation, the resultant
solution must be reinserted back into the patient
within 24 hours in order to also meet the regulation
standard of “minimal manipulation”. Any cell that is
removed and cultured in vitro to increase the cell
concentration over a number of weeks is not con-
sidered “minimal manipulation”*'®and is currently
illegal in the United States.

Mesenchymal Stem Cells

Mesenchymal stem cells (MSCs) was a term coined
in the 90’s to represent a class of cells that has in vitro
capacity to form bone, cartilage, fat and other tissues
via the mesogenic process.'"'%> Because of their multi-
potent capabilities, MSC lineages have been used suc-
cessfully in animal models to regenerate articular
cartilage.!®!” In 2006, The International Society for
Cellular Therapy recommended that cells should ful-
fill the following criteria to be considered as MSCs: 1)
the cells must adhere to plastic in culture conditions;
2) must express CD markers, which are cluster for dif-
ferentiation (CD) cell surface glycoprotein antigens
such as 73, 90 and 105, and cannot express CD 34, 45,
14, 11b and 19, and cannot express HLA-DR; and 3)
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they should be able to differentiate into osteoblasts,
chrondroblasts, and adipocytes in vitro."®

The perceived risk of these types of orthobiologic
cell therapies has been the risk of cancer or tumor
formation, however, Hernigou et al. published a 12.5
year follow-up of 1873 patients receiving autologous
bone marrow-derived stromal progenitors and found
no increased cancer/tumor risk at site of placement
or in any other distant site."® Centeno et al in 2016,
reported on a total of 3012 procedures along with
2373 patients followed for up to 2.2 years demon-
strated seven cases of reported neoplasms (lower
than general population) and concluded that there is
no increased risk of neoplasm with MSC treatment.'*

What ave the sources of MSCs?

Bone marrow aspiration is a technique used to
harvest bone marrow concentrate (BMC) which is
derived from bone marrow stroma. The safest way
to harvest this is with ultrasound or fluoroscopic
guidance at the posterior iliac crest, as this has been
shown to have the highest concentration of bone
marrow MSCs.'?! Multi-site draws of small volumes
have been shown to yield the highest number of
total nucleated cells."” Hernigou et al. published
positive outcomes on patients being treated with
higher concentration of colony forming units (CFU)
of BMC'*!# than lower concentrations that are
found in raw bone marrow aspiration without con-
centrating it. Regarding dose, a higher concentration
of total nucleated cells (TNCs) within bone marrow
concentrate demonstrated more improvement and
pain and function than lower concentrations,!?51%
and Centeno et al. found TNC concentrations of >4x
108 to be the most effective.'®

Adipose tissue is another source for harvesting
MSCs via lipoaspiration of subcutaneous fat from
areas such as the abdomen, flank, perigluteal region
and thighs. However, studies have shown that bone
marrow MSCs have greater intrinsic osteogenic and
chondrogenic differentiation potential when com-
pared with adipose MSC’s.!?"128

Synovial MSCs came into favor with the hypothesis
that MSCs closest to the target tissue would better
differentiate into that target tissue. Koga et al. noted

that synovial MSCs have the greatest chrondrogenic
potential and lowest osteogenic potential, while
bone marrow has the greater osteogenic potential
than does adipose.'® The utility of synovial MSC har-
vest is limited as it is low volume and the concentra-
tion cannot be improved without culture expansion,
therefore this may be a consideration to be used in
culture expansion techniques in the future.

Bone Marrow Concentrate (BMC) Clinical
Research

Knee osteoarthritis isa common joint pain that afflicts
approximately 50 million adults with a large health-
care expenditure.'?'¥* And the common regimen
for people with severe osteoarthritis is non-steroidal
anti-inflammatory drugs (NSAIDs), physical therapy,
steroid injections or knee arthroplasty (TKA). Steroid
injections have been shown to hasten the progres-
sion of cartilage loss.'**!'** Complications of the above
treatment options to date have many side effects
and can be riddled with complications such as deep
vein thrombosis and neuropathy with persistent
pain after a TKA occurring in approximately 34%
of patients.'3134135 Cell based therapies have been
researched previously and have some encouraging
results although few controlled trials exist.!32136:137
Centeno et al. published a randomized controlled
trial of a specific protocol of image-guided percuta-
neous injection of a combination of bone marrow
concentrate (BMC) and platelet products versus an
exercise therapy regimen. Comparing the exercise
therapy group to the BMC group it was noted that
there was significant improvement in activity lev-
els, pain, ROM and stability at three months in the
BMC group over those who followed a home exercise
program alone.'* All of the exercise therapy group
crossed over to the BMC group, and it was noted that
at a two year follow-up there was still noted to be sig-
nificant improvement in pain and function that was
sustained after the BMC procedure.'*

Centeno et al also conducted a prospective case
series injecting autologous bone marrow concen-
trate as an investigational approach to treatment of
anterior cruciate ligament (ACL) tears.'® Patients
included in the study had sustained Grades 1-3 liga-
ment injury, with 1cm or less of retraction.'®® Grade
1 was defined as partial tear with less than half of the
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ligament disrupted, Grade 2 was defined as partial
tear with greater than half of the ligament disrupted
and Grade 3 was defined as a completely torn liga-
ment." Seven of ten patients completed all pre- and
post-procedural outcome measures including pre-
and post- intervention imaging and demonstrated
improvement in at least four of the five measures
which were the Numeric Pain Scale (NPS), the
Lower Extremity Functional Scale (LEFS), the Inter-
national Knee Documentation Committee (IKDC)
form, a modified version of the Single Assessment
Numeric Evaluation (SANE), and grey scale mea-
surements of the MRI to determine healing. Four
of the five measures were statistically significantly
different including the LEFS, SANE, IKDC and MRI
grey scale measurements. ImageJ software was used
to measure MRI pixel intensity and a trend towards
darker ACLs (indicates more normal appearing) was
demonstrated in five subjects, three of those sub-
jects the change in pixel quality was statistically sig-
nificantly different, however not completely normal
appearing.

Figure 4 demonstrates an MRI of a torn ACL at left
and post procedure on the right, and this is an exam-
ple of an MRI that was examined using ImageJ soft-
ware, however the improvement is apparent to the
naked eye. Post procedural rehabilitation was given
with the goal of advancing activity as tolerated and
allow the patient to load the ligament dependent on
pain since past studies had demonstrated loading
as being essential to ligament healing.'**!* Bracing
was not part of the protocol and therapy regimens
were not standardized. The authors concluded that
although it was a small case series, the precise injec-
tion of autologous bone marrow-derived nucleated
cells into the ACL maybe a viable treatment method
for Grades 1,2 and non-retracted Grade 3 tears.'*

Centeno et al studied a total of 115 shoulders in 102
patients who were treated with autologous BMC
injections for symptomatic osteoarthritis at the
glenohumeral joints and/or rotator cuff tears.'"
Shoulders treated with BMC noted a statistically sig-
nificant different in NPS of 44% reduction in pain
when the minimum important difference is defined
as 30%, with functional improvement and pain
reduction that started at one month post treatment
and was noted to be sustained for up to two years.'"

No serious adverse events were reported after the
procedures.'!

PRP vs Stem cells for treatment

The public often struggles with which type of inter-
vention to consider. The options are vast and poorly
understood by most, thus, the best way to describe
the difference is with a construction site analogy.
Stem cells are known as the general contractor coor-
dinating the repair job, and if needed can turn into
“brick and mortar” cells as well. PRP provides the
supplies needed to do the job. The general consen-
sus is that PRP is better for mild arthritis and partial
ligament tears and stem cells is better for treating
more severe arthritis and bigger tendon tears.'3*!*
Controversy remains regarding exact recommen-
dations and research providing direct comparison
between prolotherapy, PRP and stem cells, however
preliminary studies are leaning towards the consen-
sus above, and further randomized controlled, multi-
site studies are needed to better stratify pathology to
specific treatment required.

The following orthobiologic procedure to be dis-
cussed is culture-expanded stem cells which are cur-
rently not legal in the United states, however it is an
important technique to discuss as it is the next step
of treatment for potential enhancement of more sig-
nificant healing than existing treatments. As it has
been shown that higher concentration of MSCs can
lead to greater reduction in pain and promote prolif-
eration of cartilage for tissue healing.'*3'4

Culture Expanded MSCs Clinical Research
Culture-expanded MSCs are MSCs that are plated on
plastic and grown for weeks at a time to multiply
the number of stem cells yielded and increase the
TNC for better healing potential and pain relief, as
stated above. This design is currently illegal in the
United States due to the regulation of section 351 of
the Public Service Act (42 U.S.C. 262) as it is consid-
ered “more-than-manipulated” cellular therapy.'*?

Centeno et al. studied six patients who received injec-
tions of adult autologous culture expanded MSCs in
their thumb CMC joints. Preoperative radiographic
reading demonstrated two patients with Grade 2 OA
(obvious arthrosis), and four patients with Grade 3 OA
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(destroyed joint) of the first CMC.'*>'*® The authors
concluded that the injection of culture-expanded
MSCs with platelet-derived growth factors into first
CMC joint of the hand was associated with positive
outcomes similar-to those reported with arthroscopic
hemitrapeziectomy with tendon interposition.'*’
However, this was only a case series and further
studies with larger sample sizes and randomization
is necessary for direct inference on whether culture-
expanded stem cells can replace surgical options.

Centeno et al published on the treatment of lumbar
degenerative disc disease of culture-expanded mes-
enchymal stem cells into the discs of the lumbar
spine as a prospective pilot study of 33 patients for
up to six years. The study demonstrated that patients
had improvement in pain from three months to six
years, along with SANE improvement of 60% and
20 of 33 patients underwent post-treatment MRI and
85% had a reduction of disc bulge of 23%, without
any significant adverse events.'* Prior to this study
in 2010, Centeno et al tested the safety and feasi-
bility of culture-expanded MSCs in the spine and
demonstrated no tumorgenicity and no significant
adverse events.'*

Allogeneic (Amniotic) Products

The drive behind the production of allogeneic prod-
ucts is to create a substance that can be “shelf-stable”
and can provide benefit without subjecting the patient
to the harvesting process of autologous stem cells.

However, these allogenic products do contain growth
factors, interleukins, and hyaluronic acid,'*'*' which
is an important point as there could be some utility
in these products to help stimulate healing via other
growth factors that are present in amniotic products
and not in PRP. Therefore, using allogenic products
as an adjunct therapy to autologous therapy is a
much more promising option than amniotic prod-
ucts in isolation.

What do amniotic or cord blood product

viability numbers really mean?

Viability testing is performed on products as a snap-
shot to discern how many cells are “alive” but does
not factor in the health or vitality of the live or via-
ble cells. Therefore, no matter if the cells are barely

alive similar-to a sick patient on life support, versus
a cell that is alive similar to an individual who is
active and running or working out. In short, viabil-
ity testing does not measure whether the cell func-
tions. Accordingly, percentage of viability can be a
misleading number, and due to the manufacturing
process of amniotic products as demonstrated in Fig-
ure 5, it is speculated that the cells are essentially
nonfunctional and not living by the time an injec-
tion occurs into the patient.

The process of making an amniotic product is not
as pure as taking it straight from the umbilical cord
then transporting it to the lab for processing and then
injecting it into the patient. The process that actu-
ally occurs is demonstrated in Figure 5, and when
the baby is born the cord blood is taken into freezer
storage and later gets transported into the lab for pro-
cessing and packaging which is then cryopreserved,
until it is sold to the clinic. When ready to be used,
the product is flash warmed to room temperature
very quickly and gets injected into the patient. The
cells that were viable at the lab processing phase have
gone through such a drastic change during the dis-
tinct process of flash warming additional cells may
lose viability (especially those that were barely hang-
ing on to begin with). Therefore, by the time the
patient receives the injectate the cord blood that was
taken originally is likely no longer viable living tissue.

Unpublished data courtesy of Centeno-Schultz Clinic
demonstrate the lack of living stem cells via direct
comparison of amniotic products versus older adult
bone marrow stem cells in Figure 6 below.

Also, a veterinary research scientist from Cornell
University conducted independent research and

Ot~ 5= tli»<
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Figure 5. The process that amniotic products go through
prior to injection.

The International Journal of Sports Physical Therapy | Volume 15, Number 2 | April 2020 | Page 312




CFU-f of CharaCore, RichGen, StemL,
LiveyonPure, StemVive: plated at 0.1ml per well

CFU-f of bone marrow concentrate from 56
and 73 year old males and 55 and 64 year
old females: plated at 30,000 TNCC per
well

Figure 6. Assessment of colony forming units (CFU-E aka, MSC colonies) which are the purple dots on the right, and absent on
the left. The left side demonstrates the absence of nucleated cells. TNCC = total nucleated cell count. Used with permission from

Centeno-Schultz Clinic.

concluded that out of 11 amnion products currently
on the market that were tested, no living cells and
low growth factor levels were noted in all products.
She concluded in her talk at the AMSSM Sports Med-
cast and BMJ talk medicine Episode #360 with, “The
amnion field is the wild west right now”.!*?

Other studies have demonstrated similar results.
Secco et al. examined 10 matched umbilical cord and
amniotic cord samples, and the authors were only
able to culture out MSCs from one (10% recovery)
noted from umbilical cord blood.'** Sibov et al. plated
118 umbilical cord blood units with only 11 contain-
ing MSCs (~10% recovery)'** and finally, Divya et al.
plated 45 umbilical cord blood samples, nine of which
generated MSCs (20% recovery), however the timing
for growth in culture was approximately 2-3 weeks.'>

Are these products approved by the FDA?
Comparisons between donor tissue products

and PRP

There are two pathways for FDA approval of donor
tissues that are designated sections through the Pub-
lic Health Service Act (PHSA) are: 1) 361 registration
that is largely unregulated and 2) 351 cellular drug
approval*? and uses these two sections for interven-
tional orthobiologic products for regulating biolog-
ics. Current amniotic products on the market have

only a 361 registration which requires no clinical
trials or data. The 361-registration process involves
only a check box form that is performed online.
However, when companies claim to have living cells
this makes the products a drug and many of these
companies are riding the line between an online
registration which is 361 versus a 351 which includes
obtaining grants and funding for research and Stage
1, 2, and 3 clinical trials that can take up to 5-10 years
for approval. Many of the companies are likely sell-
ing dead umbilical cord stem cells but discuss the
research on their websites from a completely dif-
ferent perspective, claiming live culture-expanded
umbilical cord stem cells, which is what is known as
the classic “bait and switch”.

Based on an internal research assessment from the
Centeno-Schultz clinic, what the amniotic prod-
ucts do have is a variety of growth factors, however
when the growth factors in LiveyonPure and Stem-
Vive were analyzed in comparison to a weak PRP
of approximately two times more concentrated than
platelet content in whole blood, and the results are
displayed in Figures 7-11. Transforming Growth Fac-
tor (TGF-beta) is a good growth factor that should be
present for positive results with biologic therapy. As
shown in Figure 7, 2x PRP demonstrated superior
density over both amniotic products.
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Figure 7. Transforming Growth Factor (TGF-beta) demon-
strated higher amounts in a weak PRP formulation than in
two amniotic products: StemVive and Liveyon Pure. Used
with permission from the Centeno-Schultz Clinic.

VEGF (PG/ML)

Weak PRP StemVive LiveyonPURE

Figure 8. Vascular Endothelial Growth Factor (VEGF)
higher contents in Liveyon Pure > PRP 2x > StemVive. Used
with permission from the Centeno-Schultz Clinic.

Vascular endothelial growth factory (VEGF) is
important for helping develop new blood vessels.
As shown in Figure 8, internal data from the Cen-
teno-Schultz clinic demonstrated that weak PRP (2x
concentration) has a lower concentration of VEGF
as compared to LiveyonPURE, however this low of
a concentration would not be used therapeutically.
However, using a traditional 7x-14x concentration
(moderate strength PRP) could demonstrate greater
concentration of VEGF.

Tissue Inhibitor of MetalloProteinases (TIMP) is an
anti-breakdown cytokine that may help protect joints
against OA. The internal data demonstrated that
StemVive had higher concentrations than weak PRP

Figure 9. Tissue Inhibitor of MetalloProteinases (TIMP) 1 in
blue and 2 in orange are noted to be highest in StemVive >
PRP2x > Liveyon Pure. Used with permission from the Cen-
teno-Schultz Clinic.

or LiveyonPURE. However, as noted above in a tra-
ditional 7x-14x PRP the levels could be higher than
in the weak PRP solution as displayed from internal
data from the Centeno-Schultz clinic in Figure 9.

Interleukin-8 (IL-8) on the other hand is a cytokine
that is potentially negative to healing, as it can attract
white blood cells and increase inflammation in an
area. To give a clinical example, the serum blood lev-
els of 1L-8 in a knee arthritis patient are generally
lower than 10pg/mL, however in this study the com-
position of IL8 in the internal data demonstrated that
LiveyonPure was almost 300 and in Stemvive was
more than 900 as displayed in Figure 10 (internal data
from the Centeno-Schultz clinic). This concentration
could indicate increased inflammation without pro-
moting the healing cascade. There is an epigenetic
study by Takahashi et al. that correlated increased
IL-8 to the progression of OA due to inflammation
and reports IL-8 as a possible target for decreasing
inflammation by modulating expression.'*

Basic Fibroblast Growth Factor (bFGF) is a good
growth factor that promotes the growth of tendon
cells, the internal data from the Centeno-Schultz
clinic demonstrated that the higher concentrations
in some solutions could explain why some provid-
ers are noting positive results with tendon type inju-
ries such as rotator cuff tears. As noted in Figure 11,
bFGF was highest in StemVive and much lower in
the weak PRP and LiveyonPure samples.
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Figure 10. Interleukin-8 (IL-8), an inflammatory cytokine,
ideally would need to be low to nonexistent, and StemVive
had the most followed by LiveyonPure, then Weak PRP Used
with permission from the Centeno-Schultz Clinic.
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Figure 11. bFGEF a positive growth factor for tendon heal-
ing, StemVive had the greatest content with Weak PRP and
Liveyon Pure demonstrating minimal content. Used with per-
mission from the Centeno-Schultz Clinic.

Other internal Centeno-Schultz clinic data has tested
two additional birth tissue products and found that
StemVive produced more bFGF than the other two
products, which is impressive however clinical trans-
lation of these findings is unknown to date, and only
speculative benefit may be seen in tendinopathies.

Allogeneic products in summary

Growth factors are present in widely variant levels
in various preparations used in orthobiologic inter-
ventions, as demonstrated in the figures above.
Which of those could prove beneficial in treatment

of stubborn tendons due to bFGF levels being higher
is yet unknown due to the lack of research compar-
ing amniotic products to weak PRP in the treatment
of tendons. The mislabeling of amniotic stem cells
is what brings about much debate, however the
proposition of calling them amniotic growth factors
may be a new discussion. To date, the indications
for amniotic products are not clear, and the risk for
possible donor/recipient mismatch and cell dose are
amplified with multiple transfusion exposures (aka,
multiple injections) that might sensitize the recipi-
ent to donor alloantigens and cause the recipient to
have an immune response against the product.'s”
This graft versus host reaction could prove much
more harmful than the benetfit of improving tendi-
nopathy, however more studies are needed.

CURRENT REHABILITATION
CONSIDERATIONS IN REGENERATIVE
ORTHOPEDIC MEDICINE

Research on rehabilitation protocols for regenera-
tive procedures is lacking. To date, there are no stan-
dard protocols for rehabilitation after interventional
orthobiologic procedures in humans. However,
animal studies exist that corroborate the mechano-
transduction model for promotion of healing. In the
equine population undergoing PRP injections, it has
been shown that controlled gradual return to activ-
ity is the best course of action, with restricted exer-
cise in the acute and subacute phases of tendon and
ligament healing being paramount.'*®

McKay et al. recently published proposed regenera-
tive rehabilitation guidelines and proposed proto-
cols for the treatment of knee osteoarthritis.'”® They
suggest that moderate physical exercise decreases
the progression to severe knee osteoarthritis by
inducing a protective effect against cartilage degra-
dation.”' A common issue in patients with knee
osteoarthritis is weakness of the quadriceps which
has also been correlated with ligamentous instability
and therefore inactivity as a result.””®!% There are
patients that have weak muscles and have ligamen-
tous laxity and those with strong muscles but con-
tinue to have ligamentous laxity.’*® In those patients
that have weak muscles, muscle strengthening is
beneficial, and in those with strong muscles, knee
stabilizing exercises are necessary.'® A combination
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of interventions targeting restoration of mobility,
strength, stability, proprioception and neuromus-
cular control is recommended in post orthbiologic
rehabilitation due to the role rehabilitation plays in
chondrocyte stimulation and role in improving func-
tion of patients with knee OA'* after orthobiologics.

General rehabilitation guidelines exist for PRP and
stem cell therapy which involve four phases of ther-
apy. The following example applies the four phase
approach to the rehabilitation of a patient with
various joint pathologies after PRP* which can be
extrapolated to stem cell therapies however typi-
cally with a longer time course of action to allow for
healing. See descriptions in Table 1 and a graphic
display in Figure 12.%

A suggested rehabilitation protocol following plate-
let-rich plasma for treatment of tendons is slightly
different to the OA model above, this protocol
encompasses three phases versus four phases as
noted above in the protocol for treatment of joints.>

Phase |
0-3 days

Phase 2

Days 4- 14 fille=cS

Weeks 3-6

Inflammatory
phase: guarded
weightbearing
and pain control.

Proliferation phase: Phase 2
isometrics and progress to Phase 3
of light exercise with full range of
motion exercises once pain is no
more than 2-3/10.

Maturation phase: full activity

Figure 12. General phases of healing summarizing the
regenerative rehabilitation process.

Table 1. Descriptions of the four phases of rehabilitation, in general after a orthobiologic

procedure.

Phase 1: Begins during post-injection
day 0 to 3, and the goal is protection
of the injected region and pain

control.

Immobilization and/or complete unloading (non-weigh bearing
status) of affected joint can be avoided in the lower extremity,
however, a sling may be considered for shoulder and unloading
brace for knee OA.

Partial weight bearing with crutches for AVN of hip and use of
a walking boot for ankle/foot pathologies should be utilized.
Gentle range of motion out of the immobilizing device should
be performed passively and actively (to tolerance) for short

durations (2-3 minutes), multiple times per day (3 times).

Phase 2: encompasses days 4 to 14
with the goal of increasing tissue
tolerance to loading and discontinue
immobilization/unloading devices and
slowly progress to weight bearing and

avoid shear stress.

Continue active and passive range motion activities for 3-5
minutes/session, 3-5 times a day.

Begin sub maximal isometric exercises for affected
tendons/joints, begin progressive loading for lower extremity

pathologies, unloaded cycling, and core stability exercises.

Proceed to next level if pain score is at or under a 2 out of 10

on a visual analog scale.

Phase 3: encompasses weeks 3-6 with
the goal of full range of motion to
affected joint, increase tissue
tolerance to loading and improve

strength/endurance.

For knee and Hip OA can walk as much as tolerated and start
jogging. Biking with hills, and experience no more than 2/10
mild pain.

For shoulder OA can start upper body light exercises along
with modified yoga and biking

Phase 4: encompasses weeks 7+ with
the goal of return to full activities that
were being performed prior to

procedure.

No strict restrictions are advised, gradual return to full
functional activity is recommended. The target for 100% of

desired activities is at 8-12 weeks.
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Table 2. Descriptions of the three phases of rehabilitation, in tendinopathy after an

orthobiologic procedure.

Phase 1: Begins days 0-3 after
intervention and focuses on tissue
protection due to the likelihood of

tissue inflammation.

For tendons of the LE, the patient should be non-weightbearing or utilize
protected weightbearing. Gentle AROM may be performed 2-3x a day for
10-15minutes, using caution to avoid excessive loading or stress on the

involved/treated tendon.

Phase 2: Related to early tissue
healing and facilitation of collagen
deposition. This typically begins
days 4-14 after intervention and

lasts until week 6.

Begin to progress to full weightbearing without protective device.

Start light activities and aerobic exercise that avoids loading.

May begin gentle prolonged stretching and glut/core muscle strengthening.
Weeks 2-6 also fall under this phase; during which time eccentric exercises
should be avoided, and start low weight, high repetitive isometrics and

more dynamic stretching.

Phase 3: Is the collagen
strengthening phase, occurring

weeks 6-12 post intervention.

Begin eccentric exercises (starting eccentric exercises too soon can halt the
healing cascade due to halting angiogenesis due to too much load)
Would recommend keeping pain scale to 2-3/10 and starting with
two repetitions of 15.
Progress to weight bearing functional activities in the lower quarter. Begin
functional retraining of the upper quarter in patient relevant methods
(weight bearing, plyometrics, etc)
At months 3+ reassess improvement and if not >75% improved from

original injury, consider repeat injection and return to Phase 1.

See descriptions of the phases in Table 2, along with
a summary of the phases in Figure 13.%

Currently, there is no consensus on rehabilitation
after PRP injections but as described above, the
notion of gradually increasing the load and activity
as tolerated may augment the tissue healing cas-
cade, along with gauging the intensity of workouts
based on pain level to keep it at a minimum of 2/10
to avoid further soft tissue injury.

Therapeutic modalities that can help augment
vecovery after regenervative injections:

Blood Flow Restriction

Blood flow restriction (BFR) is a rapidly growing
therapeutic modality for helping apply load through
the muscles in areas that are unable to tolerate the
addition of enough load to achieve a strengthening
stimulus either due to muscular inhibition or pain.
It is currently being used in several post-operative
conditions such as after ACL reconstructions. BFR
utilizes an applied tourniquet to the extremity of the
injured patient, which partially restricts the blood

Tissue ) Early healing, Collagen
PrOtECtIOHE collagen deposition: strengthening
Inflammation Proliferation phase: Maturation

Phase | Phase 2 Phase 3
0-3 days Days 4- 14 and weeks 2 - 6 Weeks 6 to 3 months and > 3months

Back to Phase | if not >75% improved by 3 months

Figure 13. Three proposed phases of rehabilitation after
PRP injection for tendinopathy healing.

flow to the limb, as the patient undergoes mobiliza-
tion or exercise."!® Takarada et al. demonstrated
that with BFR, only the muscles whose bloodflow
was restricted (due to the BFR) demonstrated a sig-
nificant increase in muscle cross sectional area and
thigh strength.'®> The exact mechanism of this phe-
nomenon is not readily understood, however the pro-
posed mechanisms include increased selective fiber
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type recruitment, alterations in metabolic accumula-
tion, activation of muscle protein synthesis, and the
induction of cell swelling.'®® There is also a proposed
metabolite theory in which the increase in metabolic
byproducts from anaerobic metabolism such as lac-
tate and hydrogen. In BFR, the “‘burn” (release of
byproducts of hydrogen and lactate) in the muscle
that is felt during treatment releases growth factors
and helps in hypertrophy and healing of the mus-
cle.'®® Which was shown in discussion about the heal-
ing cascade, that stimulating muscles improves the
satellite cell population contributing to healing. In the
early stages of healing the goal is to mitigate atrophy
and promote healing, therefore with BFR this can be
achieved with isometric-type exercises without rang-
ing an already inflamed and otherwise painful joint.
More studies are still needed to provide any direct
correlation with BFR in patients that have undergone
orthobiologic procedures. At this time, the theoreti-
cal perspective of BFR is compelling however will
need to have more studies with patients that have
undergone orthobiologic type procedures.

Whole Body Vibration

Whole body vibration (WBV) is an intervention that
involves the use of a vibrating platform that changes
amplitudes while the patient is either positioned
statically (supine, sitting, kneeling, or standing) or
performing a dynamic movement."”*!** The purpose
of the vibratory stimulus is to induce reflex motor
contractions which may assist in improving muscle
recruitment and proprioception. In the elderly with
knee OA the induction of isometric, concentric, and
eccentric contractions of the hip, knee extensor mus-
cle groups and the plantar flexors assists in improving
the control and execution of functional movements
such as those required for static and dynamic balance
and gait performance.'**!®* This modality has been
shown to possibly slow the progression of cartilage
loss due to the modulation of skeletal tissue, increas-
ing oscillation of chondrocytes, and potentially aug-
menting thickness of the chondrocyte layer,'>!%
therefore it has been suggested to be used in combi-
nation with the regenerative rehabilitation program
for patients with knee OA who have been treated
with orthobiologics. The theory behind whole body
vibration as above is interesting, however no distinct
research has been done to prove this in vivo.

CONCLUSIONS

Prolotherapy may work well in “tilling the soil” for
other interventional orthobiologic techniques in
order to kick start the inflammatory cascade to pro-
mote healing. Prolotherapy is used as either a first
line treatment for mild instability of ligaments and/
or tendons, however it will produce more collagen
that is not as strong as the original collagen. PRP is
a treatment adjunct for mild to moderate tendinopa-
thy and ligamentous laxity cases. PRP seems to work
best for mild arthritis by providing growth factors
that help conjugation of collagen back to Type I col-
lagen, providing collagen that is stronger and more
robust than the injured structure. Finally, MSCs are
used in more severe or refractory cases of tendon
and ligamentous injury as well as in treatment of
moderate to severe osteoarthritis that can be cou-
pled with bone augmentation treatments in disease
states that are more advanced such as avascular
necrosis, bone marrow edema, or cystic changes.
Although more aggressive surgeries may be war-
ranted in refractory or severe cases where orthobio-
logics did not help; having an orthobiologic option
coupled with targeted rehabilitation protocols would
be optimal prior to moving onto surgery.

Interventional orthobiologics as a field, is in its
infancy and has a long way to go to develop con-
sensus regarding the types of procedures to utilize
for various patients as well as the recommendations
for physical therapy management after procedures.
Such recommendations need to be formulated based
on patient specifics and correlated with the mech-
anobiology of the body segment or tissue being
treated. Being familiar with the stages of healing
as they relate to orthobiologics is crucial to under-
standing the limitations of the patient at certain
timepoints in healing and wisely choosing physical
therapy interventions. The 30,000-foot view is that
rehabilitation post-orthopedic surgical procedures
directs more emphasis on returning a patient back
to the level prior to the surgery, with the hope of
gaining additional function. The goal of regenerative
rehabilitation is not only to restore a patient back to
the level of function prior to the injection (which
is not as debilitating as surgery), but also to restore
the biomechanical influences that contributed to the
injury by focusing on the joint or injured area as a
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part of a whole. The goal of interventional orthobio-
logics is not only to heal damaged to tissue but to
rectify the kinetics of the surrounding structure in
order to optimize the body’s function as a whole.

Adjunctive modalities for regenerative rehabilita-
tion such as blood flow restriction and whole-body
vibration with the goal of strengthening an injured
peripheral segment rapidly in order to maintain or
improve muscle mass and enhance proprioception
are currently being explored. These two adjunctive
interventions could facilitate the continued direc-
tion towards movement as the best rehabilitation
alternative and the avoidance of immobilization and
bedrest. To move orthopedics and sports medicine
away from the current emphasis on pain manage-
ment, the use of NSAIDs, steroid injections and
rest, towards progressive movement, combined with
strengthening is desired. A combined rehabilitative
approach to improving biomechanics along with uti-
lizing regenerative injections of prolotherapy, PRP
and/or MSCs to induce healing and promote stabil-
ity may assist in keeping joints, ligaments, tendons
and muscles healthy and stronger as we age or pre-
vent future injury in the younger population.
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