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Abstract: Although chronic pain affects about 1% of the US population, it remains largely
resistant to treatment. Despite great variability in pain outcomes, the application of autologous
platelet-rich plasma (PRP) has become increasingly popular in attempts to reduce chronic pain.
The variability in PRP efficacy raises the question of whether PRP actually has an analgesic
capacity, and if so, can that capacity be made consistent and maximized. The best explanation for
the variability in PRP analgesic efficacy is the failure during PRP preparation and application to
take into account variables that can increase or eliminate its analgesic capabilities. This suggests
that if the variables are reduced and controlled, a PRP preparation and application protocol can
be developed leading to PRP inducing reliable, complete, and long-term pain relief. The goal
of this study was to examine some of the variables that influence platelets and see how they
might be controlled to increase the analgesic potential of PRP. Among the variables examined
are the physiological status of the patient, methods used to prepare PRP, and methods of PRP
application. The goal of modifying these variables is to minimize platelet serotonin content,
maximize platelet content of factors that reduce inflammation and pain, while maintaining their
bioactivity, maximize platelet capacity to aggregate at injury sites, induce rapid and simulta-
neous release of their contents, and optimize PRP application protocols. It is concluded that
controlling some or many of these variables will lead to PRP that induces reliable, maximum,
and long-term relief of chronic pain.

Keywords: analgesia, anti-inflammation, chronic pain, cytokines, inflammation, nerve trauma,
neuropathic pain, platelet-rich plasma, pro-inflammation

Introduction

About 1% of the US population suffers from chronic pain that is often severely
debilitating and largely resistant to treatment.' Although chronic pain is a major public
problem, there is little available effective pain management, and there is still a lack of
understanding of the fundamental mechanisms of pain and how pain can be reliably
and safely reduced or eliminated. This paper looks at the application of platelet-rich
plasma (PRP) to pain sites as a potential technique for reducing or eliminating chronic
pain, and the variables that must be addressed if PRP is to achieve its potential of
providing some to complete and permanent relief of chronic pain.

Platelets within PRP release a host of pro- and anti-inflammatory mediators that
not only induce pain but also reduce inflammation and pain. These factors also alter
the wound environment leading to tissue healing and regeneration via the complex
effects of regulating stem cell in-migration, proliferation, differentiation,? and anabolic/
catabolic processes.? These multiple functions have led to the use of PRP to stimulate
the recovery of nonhealing injuries, typically associated with chronic pain, in fields

submit your manuscript
Dove

http:

Journal of Pain Research 2019:12 109-116 109
© 2019 Kuffler. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACTM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com

Kuffler

Dove

including ear, nose, and throat, orthopedics, sports medicine,
dentistry, neurosurgery, ophthalmology, urology, wound heal-
ing, cosmetic, cardiothoracic, and maxillofacial surgery.*?

A number of clinical studies concluded that PRP provides
little or no pain relief for tendinosis® or rotator cuff tears.®®
However, other clinical studies found that PRP reduces or
eliminates pain, such as that associated with tendinosis,” !
rotator cuff tears,'>!* osteoarthritis,'* plantar fasciitis,'> and
muscle injuries.!® PRP is also reported to act as an analgesic
in animal pain models, such as rat tendinosis,'” rotator cuff
injury,'® and dog tendon injury." In general, the findings of
PRP analgesic influence led to the conclusion that although
there are suggestions that PRP can act as an analgesic, the
variability in study outcomes resulted from their small study
sample sizes and the inclusion of too many variables, which
did not allow the studies to be compared, or that the com-
parative analyses of the outcomes of different studies do not
provide sufficient statistical support for the conclusion that
PRP acts as an analgesic.*

Two major variables proposed to account for the observed
differences in PRP efficacy are PRP composition, which
differs greatly depending on the device used to prepare
PRP, and the method of PRP application.?® This has led to
the suggestion that consistent analgesic results will only be
seen once the variables associated with PRP preparation and
application are reduced.?®**

However, other variables must also be considered, each of
which can exert significant influences on PRP composition and
efficacy such as the: 1) physiological status of the individual
from whom blood is drawn and on whom it will be applied;
2) platelet activation methods; and 3) types of tissues to which
PRP is applied and injury type. These and other variables lead
to >10-fold differences in platelet concentration within PRP,
large differences in the type and concentration of factors within
platelets, determine whether platelets aggregate and release
their contents at the pain site, while also influences the con-
centration of factor released at the pain site, the rate of factor
release, ratios of the released factors, and bioactivity levels of
those factors. While any one variable can significantly alter
PRP composition, multiple variables exert greater influences
and can entirely block the analgesic efficacy of PRP.

One approach to developing a PRP preparation and
application protocol that induces reliable, complete, and
permanent pain relief is to determine the common variables
associated with studies in which PRP induced good analgesia,
and then perform new studies using those common variables.
However, other variables that have so far not been considered
must be taken into account, and adjusted to maximize the

level of PRP-induced pain relief. This paper examines the
influences of a number of the most salient variables associ-
ated with an individual’s physiological status, and methods
for preparing and applying PRP, that affect the concentration
of platelets in PRP, platelet factor content, concentration, bio-
activity, and ratios, and how these variables can be adjusted
to optimize the potential analgesic influence of PRP.

Whole blood platelet count

Platelet count in the whole blood of about 95% of healthy
individuals is between 150,000 and 450,000 per puL, with the
remainder having higher or lower counts.? Thus, the plate-
let count in normal patients varies by 3-fold. Because PRP
separation devices are designed to concentrate platelets by a
specific amount, the PRP platelet concentration will conse-
quently vary by up to 3-fold depending on the device used.
This will have a significant influence on the concentration of
factors released from the platelets within the PRP.

Blood pressure
High blood pressure induces platelets to release their factors

into the blood plasma?

and can decrease platelet number.?’
Therefore, prior to PRP preparation, it may be advantageous
to lower a patient’s blood pressure, if only briefly, thereby
allowing platelets to increase in number and recover their

normal factor content.

Mental and physical stress

Mental stress, including mental math and public speaking,
and physical stress, such as exercise or surgery, induce
platelets to release their bioactive compounds.”® Physical
stress also induces a surge in blood hormone levels, such as
adrenalin, noradrenaline, and serotonin, which increase plate-
let sensitivity to thrombin, aggregation, and factor release.”
Reducing mental and physical stress prior to preparing PRP
should result in PRP with a full complement of platelet
bioactive compounds, and platelets that are not preinduced
to aggregate.

Diet

Diet can significantly alter platelets properties, especially
when diets high in saturated fats,*® excessive sugar,’' or
simple carbohydrates,* by inducing and increasing platelet
aggregation. Diets containing caffeine, common in coffee,
tea, sodas, cola drinks, “energy” drinks, and chocolate,*
quercetin, a flavonoid present in high levels in onions, apples,
tea, and wine,** and isoflavones, present in legumes, such
as soybeans and chick peas® reduce platelet activation. The
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consumption of anthocyanins, present in many fruits, causes
a significant decrease in the number of activated platelets.*
Therefore, before applying PRP, a patient’s diet should be
evaluated and adjusted appropriately to yield PRP with
improved potential analgesic efficacy.

Drugs and other consumables

Increasing levels of alcohol consumption are associated with
decreased platelet activation and aggregation, in men more
than women,* and reduced platelet responses to thrombin®’
and collagen.’® Limited smoking (three cigarettes/day)
increases platelet aggregation.’** Therefore, reducing or
eliminating alcohol and tobacco consumption prior to pre-
paring PRP may allow platelets to reestablish their normal
factor content and aggregation properties.

Platelet content is also affected by various drugs and drug
therapies, such as selective serotonin reuptake inhibitors
(SSRIs), nonsteroidal anti-inflammatory drugs, antihista-
mines, antibiotics, and tricyclic antidepressants. These drugs
suppress normal platelet functions, factor content, and their
ability to aggregate,**> while quinine reduces platelet count.

The importance of serotonin, and specifically platelet-
released serotonin, in inflammatory pain states is indicated
by the finding that inflammation is associated with increased
endogenous peripheral serotonin levels.* The application of
serotonin to nociceptive dorsal root ganglion neurons induces
long-term neuron excitation and sensitization during inflam-
mation,* indicating that serotonin directly triggers pain.*
Platelets that aggregate at injured nociceptive neurons are the
primary source of serotonin activating these neurons.* The
nociceptive influence of platelet-released serotonin at injury
sites is increased by platelet-released serotonin inducing more
platelet recruitment and aggregation,*” which continues in
a cyclical fashion, while also blocking serotonin reuptake,
which further increases nociceptive neuron excitation.*’

These findings suggest that it may be possible to reduce
platelet-induced pain by reducing platelet serotonin con-
tent prior to preparing PRP. This can be done by activating
platelet delta granules with nitroglycerin,*® or 3,4-methyl-
enedioxymethamphetamine.*” SSRIs also reduce neuron*’-*
and platelet’! serotonin content by blocking the serotonin
transporter, which is responsible for serotonin uptake and
accumulation. The potential efficacy of reducing platelet
serotonin content as a means of reducing pain is suggested
by the finding that individuals on SSRIs show reduced pain
due to multiple causes.™

The influence of SSRIs in reducing platelet serotonin
content and production is short-lived, and shortly after stop-
ping SSRI administration, platelet serotonin content returns

to normal.> This suggests that the short-term administration
of SSRIs to healthy individuals may be beneficial in reduc-
ing pain by reducing platelet serotonin content. Therefore, it
should be possible to increase PRP analgesic efficacy by: 1)
inhibiting platelet serotonin release during platelet aggrega-
tion;** 2) reducing platelet serotonin content, thereby reduc-
ing the amount of platelet serotonin available for release;*’*
and 3) reducing platelet aggregation,?’ thereby further reduc-
ing the amount of serotonin available for release.

Additional approaches to reducing pain induction by
modulating platelet content include: 1) reducing platelet
release of proinflammatory cytokines, such as interferon-y
and tumor necrosis factor-o®® and 2) increasing the release
of endogenous platelet anti-inflammatory cytokines, such
as IL-1 receptor antagonist and IL-10,> which promote
analgesia.

PRP preparation techniques

PRP prepared from the whole blood of the same apparently
normal healthy individual using the same separation device
can vary greatly in the concentration of platelets and other
cells, as well as both the composition and concentration of
platelet-released factor.””*® Different PRP preparation devices
yield PRP with platelet concentrations varying from 1.99- to
9.3-fold over baseline (Arthrex ACP Double Syringe System
[Arthrex Inc, Naples, FL, USA] and Biomet Biologics GPS
System [Biomet Biologics LLC, Warsaw, IN, USA], respec-
tively). However, the optimal concentration of platelets in
PRP that induces maximal pain relief is unknown.

One clinical study reported that PRP with a platelet
concentration of 4- to 5-fold above average baseline count
(varying from 1.5 and 3x10°%/uL) enhanced peri-implant bone
regeneration, while both lower and higher concentrations had
inhibitory effects.”® A study on the rat tendinopathy model
found that PRP with a platelet concentration of 1.0x10%/
4L induced complete pain relief, whereas PRP with half
the platelet concentration induced significantly less pain
relief.!” However, knowing what concentration of platelets
in PRP induces the maximum analgesic effect requires
understanding more than just the PRP platelet concentration.
First, PRP derived from different devices and with the same
platelet concentration yield greatly differing concentrations
of platelet-released factors.® Second, the concentration of
platelet-released factors from PRP is not well correlated with
platelet count in whole blood.®! Third, the concentration of
platelet-released factors does not increase in proportion to
increasing platelet concentration in PRP.6'$2 Fourth, some
PRP preparation devices reduce the biological activity of
platelet-released factors.®
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Different PRP preparation and application techniques use
unactivated or activated platelets, and both PRP formulations
provide pain relief. However, no quantitative comparative
studies have been performed to determine whether one or
the other is more efficacious than the other.

Different formulations of platelet-enriched blood prod-
ucts are routinely used. These may be referred to as single-
spin, double-spin (or discontinuous cell separation), and
the so-called “buffy coat” method. Although the efficacy of
each of these has not been compared quantitatively, platelet-
enriched plasma, obtained after a single-spin procedure, and
PRP obtained from a double-spin procedure have been shown
to induce similar outcomes when applied to patients with
cartilage degenerative lesions and osteoarthritis.®

Glucose

Different PRP separation techniques yield PRP with
glucose concentrations increased by 3- to 6-fold over
the starting blood.?® This increase can significantly affect
PRP efficacy because platelet activation increases with
increasing glucose concentrations,* and maximum PRP
efficacy may require a high ratio of unactivated to activated
platelets.

Different separation devices yield PRP with different
pH.* While normal blood pH is 7.35, some PRP prepara-
tion devices use acidic citrate as an anticoagulant to prevent
platelet activation, which results in platelet acidification
with approximate pH values of 6.5-6.8.% Acidification
reduces platelet aggregation by >50%.%" The subsequent
use of thrombin on these platelets within PRP to induce
fibrin polymerization during the PRP preparation induces
the rapid elevation of platelet intracellular calcium and
increases hydrogen ion production causing further platelet
acidification,® thereby further reducing platelet aggrega-
tion. Alternatives to acidification may be needed, such as
preincubating PRP in a more alkaline pH so that the lysed
platelet concentrates contain greater concentrations of
factors that stimulate anti-inflammatory actions and pain
relief.

PRP leukocyte count

The concentration of leukocytes in PRP is important to
its analgesic efficacy. This is because leukocyte-rich PRP
(L-PRP) contains elevated concentrations of inflamma-
tory®® and catabolic cytokines™ that cause inflammation
and apoptosis, thereby reducing the ability of PRP to reduce
inflammation, pain, and tissue healing. PRP leukocyte count
is dependent on the PRP separation device with leukocyte
concentrations varying from 0.13- to 5-fold over whole

blood.?® Although the injection of L-PRP has been reported to
be beneficial in reducing tendinopathy,”! PRP with a reduced
leukocyte concentration has also been reported to increase
the capacity of PRP to reduce pain.'” However, while the
leukocyte concentration is influenced by the PRP prepara-
tion device, it is also influenced by leukocyte levels in whole
blood, with predictors of significantly elevated leukocyte
counts including young age, male sex, increased body mass
index, smoking, and low alcohol consumption.’”? Physi-
ological stress and injury also significantly increase blood
leukocyte count, due to their increasing blood corticosteroid
levels.” Thus, differences in leukocyte concentrations due
to physiology and the type of PRP separation device used
may also account for some of the variability seen in PRP
analgesic efficacy.’

Platelet activation methods

For the factors within platelet alpha granules to be released
and effective, the platelets must be activated, such as by
thrombin, calcium chloride, or collagen type 1. Each activa-
tion method results in different rates of platelet clotting,
type, amount, and timing of factor release.” These variations
can result in major differences in PRP efficacy due to when
specific released factors reach their maximum concentration,
which factors are available to act simultaneously, the ratios
of those factors, and how long the factors are present to
act on tissues. Also, having an impact of how these factors
influence tissues is that many released factors have a short
half-life (from minutes to hours) and, if they are not imme-
diately active when released, they may be degraded before
exerting an influence.”

Thrombin, in a dose-dependent manner, induces the
most reliable, fastest, and most largest release of platelet
factors.”” However, a 12-fold increase in thrombin concen-
tration does not induce an increase in the release of platelet
factors.®* Calcium chloride induces slower, more prolonged,
and overall less factor release. Collagen type I induces lower
overall factor release.” It has been proposed that the rapid
release of platelet factors may be beneficial for inducing an
anti-inflammatory effect.”

PRP application guidance techniques
Differences in PRP pain relief efficacy appear in part due
differences in the precision of PRP application to the pain
site. This is supported by the finding that, compared to blind
injections, greater pain suppression rates are obtained using
image guidance tools, such as MRI,* dynamic fluoroscopic
control,”” and ultrasound,?! with ultrasound being the most
convenient and reliable.
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Local anesthetics during PRP injection
Local anesthetics are sometime given prior to injections
to reduce pain associated with PRP injections. However,
although local anesthetics significantly decrease platelet
function, assessed by their capacity to aggregate,” they
do not appear to interfere with the platelet growth factor
release.”® The use of local anesthetics needs to be further
examined.

Timing of PRP administration

PRP is normally injected into a painful injury site several
weeks postinjury once the pain is considered chronic. For
rats, the optimal time for PRP administration is immediately
postinjury.” There is no information about the optimal time
to apply PRP clinically.

Single vs multiple injections

The efficacy of multiple PRP injections in reducing
pain varies between studies. For tendinopathy, increas-
ing PRP applications from once to twice at 7 and 14 days
postsurgery did not provide additional analgesic
benefits,® while two PRP injections 2 weeks apart were more
effective than one.®! For early state osteoarthritis, multiple
PRP injections induce better results than a single PRP, but
not for advanced osteoarthritis.®> However, in another study,
patients suffering from early stage osteoarthritis benefitted as
well from one injection as two injections 3 weeks apart, but
for patients with grade 3 osteoarthritis, a minimum of two
PRP injections is required to significantly reduce the pain.®
While the efficacy of single vs multiple PRP injections in
reducing pain due to osteoarthritis appears to be related to
the stage of the disease, optimizing the efficacy of PRP injec-
tions requires further studies to determine the best timing and
frequency of injections.

Variable PRP action in the same individual

While the variables discussed above can play important roles
for potential PRP efficacy, the importance of other unknown
variables in influencing PRP efficacy is demonstrated by the
case of a patient whose PRP efficacy is seen in the case of a
patient whose PRP was prepared and administered identically
on two occasions. The patient suffered from severe chronic
pain associated with rotator cufftears (RCTs) in one shoulder,
which was rapidly and permanently eliminated by an injection
of PRP. However, when 7 months later similar pain developed
in the contralateral shoulder due to RCTs, an injection of
PRP had no influence on the pain.'? Thus, despite no appar-
ent variables in the patient, PRP preparation, or application,
PRP may or may not be effective as an analgesic. This result

suggests that very subtle, and yet to be understood, variables
can significantly alter PRP composition and its efficacies.

Discussion

Some clinical studies report that PRP provides little or no
clinical pain relief,® and these conclusions are supported
by meta-analyses of similar clinical studies.”®*%5 However,
other clinical studies report that PRP induces pain reduc-
tion/elimination,’!%%-% and these reports are supported by
meta-analyses of many studies.”"**'! In general, these latter
studies conclude that, although the data suggest that PRP has
an analgesic effect, valid comparative analysis of the data is
not possible due to the small study sample sizes, data being
anecdotal, and too many variables being associated with how
the PRP was prepared and applied.*

Simply performing similar new larger controlled studies
will not resolve the question of whether PRP can reliably
act as an effective analgesic. This is because the outcomes
of studies involving only one variable, such as different
PRP separation devices that yield PRP with up to almost a
10-fold difference in platelet concentration, will yield dif-
ferent results. Consistent results are even less likely when
studies involve multiple variables that include: 1) a 3-fold
difference in platelet count in whole blood of normal healthy
individuals; 2) whole blood platelet count and platelet factor
varying several fold due to differences in individuals’ physi-
ological status, such as illness, physical and mental stress,
and alcohol and drug consumption; 3) varying ratios of
cells, such as leukocytes and platelets in PRP, differences in
PRP pH from 7.35 to 6.5, 3- to 6-fold variations of glucose
concentration; 4) significant differences in how PRP is pre-
pared and platelets are activated, resulting in different ratios
of unactivated to activated platelets, differences in the con-
centrations and the ratios of factors, whether all the released
factors are bioactive, and whether they act at the same time;
5) different PRP application techniques, such as when PRP
is applied postinjury, the number of PRP applications, and
the time between multiple applications; 6) whether PRP is
applied to the same or different types of tissues, with similar
or different causes of trauma; and 7) other poorly understood
or unknown variables.

The findings that PRP can act as an analgesic suggest that
PRP has this capacity despite the many variables that can neg-
atively influence platelets. At the same time, the greatly varied
results using many different protocols indicate that definitive
proof of PRP analgesic efficacy will only be obtained from
new and larger studies involving comparable protocols and
minimal other variables.” New studies should be performed
using only those variables that have been already seen to
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yield reliable analgesia, although multiple studies may be
required involving different protocols. All other variables
studies should be noted and controlled if possible. Thus,
prior to drawing blood, it will be important to obtain the
best understanding of the patient’s general physiology, such
as wellness and disease levels. Simultaneously, the patient’s
diet, drugs, and other consumables must be controlled to
assure that whole blood has a normal platelet concentra-
tion, the platelets have their full complement of factors, and
they exhibit a normal ability to aggregate, be activated, and
release their factors. Finally, it will be essential to determine
whether reducing physical and mental stress, or prescribing
SSRIs enhanced the capacity of PRP to act as an analgesic.
This paper has examined some of the variables effecting
the composition of PRP and how they may be controlled to
obtain PRP with maximum alpha granule factor, but mini-
mum serotonin content, platelets that can aggregate normally,
while rapidly and completely releasing their entire factor
content leading to PRP with maximum analgesic properties.
Understanding which variables must be controlled will lead
to the development of a standardized protocol yielding PRP
that induces reliable, long-term, and complete pain relief.
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