
Neuromodulation: Technology at the Neural Interface

Received: June 25, 2019 Revised: December 13, 2019 Accepted: January 2, 2020

(onlinelibrary.wiley.com) DOI: 10.1111/ner.13105

Pulsed Radiofrequency Neuromodulation
Contributes to Activation of Platelet-Rich
Plasma in In Vitro Conditions
Anna Michno, PhD* ; Zbigniew Kirkor, PhD†; Ewelina Gojtowska, MSc*;
Marek Suchorzewski, PhD‡; Irmina Śmieta�nska, PhD‡; Bartosz Ba�scik, PhD§

Objectives: Recent years have brought new developments in interventional chronic pain management, namely regenerative
orthopedics utilizing platelet-rich plasma (PRP) as well as further evolution of pulsed radiofrequency neuromodulation (PRF).
Both methods have been used separately. Here, we investigated whether PRF may potentiate the activation of platelets in PRP
samples when both these techniques are combined together in in vitro conditions.

Materials and Methods: Studies were performed on concentrated PRP samples (PRPs) obtained from acid citrate dextrose-
treated blood taken from 11 healthy volunteers. PRPs were divided into four groups: 1) nonactivated PRP; 2) thrombin-
activated PRP as a positive control for maximal platelets activation; 3) PRF-treated PRP exposed for 20 min to PRF energy
generated by neurotherm radio frequency generator at 500 kHz, with a voltage of 40 V and maximal temperature of 42�C; and
4) a combination of groups 2 and 3.

Results: PRF-induced platelet activation measured by platelet factor 4 (PF4) and ATP release from PRPs was significantly higher
compared to nonactivated PRPs, and similar to PF4 and ATP release from thrombin-activated PRPs. Thrombin activation did
not potentiate PF4 release in PRF samples and even reduced ATP level. Additionally, PRF neither induced any platelet mem-
brane damage measured by lactic dehydrogenase release from PRP nor modified any platelets viability or metabolism mea-
sured by MTT.

Conclusions: We confirmed that PRF may activate PRP without additional platelet activators. So, a combination of both
methods PRF and PRP application may provide a more effective opportunity for tissue regeneration in dentistry, surgery, der-
matology, or in orthopedics.

Keywords: Chronic pain, platelet activation, platelet-rich plasma, pulsed radiofrequency neuromodulation, regenerative
treatment
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INTRODUCTION

Recently, much attention has been focused on new developments
in several fields of regenerative medicine including dermatology,
dentistry, surgery, or pain management in orthopedics utilizing stem
cells and platelet-rich plasma (PRP) injections and further modifica-
tions of pulsed radiofrequency neuromodulation (PRF) (1–30).
An attractive alternative for tissue regeneration is to harness the

potential of PRP for direct use in tissue healing. There are several
protein growth and angiogenic factors secreted by activated plate-
lets ((3,4)), which regulate growth and differentiation of cho-
ndrocytes, osteoblasts, epithelial, endothelial or mesenchymal cells,
stimulate chemtaxins and mitogenesis in fibroblasts, glial or smooth
muscle cells, regulate collagen synthesis all to initiate wound
healing process, and promote tissue regeneration (3). There is a
growing evidence from preclinical and clinical studies on the bene-
fits of PRP injections in treating and accelerating natural healing
process including dental surgery, osteoarthritis, melisma, alopecia,
peripheral nerve regeneration, chronic tendinopathies, acute liga-
ment injuries, muscle and ligament tears, ankle sprains, cartilage
damage or degenerative disk disease (10). On the other hand, other
studies reported no additional benefits of PRP therapy compared to

standard treatment for treating sport injuries (9,11–13). The
observed differences in effectiveness of PRP may be due to a wide
variation in PRP preparation and a lack of standardization in blood
processing (10,13).
Moreover, PRP, which is obtained from citrated-anticoagulated

blood samples, requires over 20 mM CaCl2 to reverse the citrate
chelating effect and initiate the coagulation process leading to
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thrombin generation for subsequent platelet activation sufficient
enough for the release of the granules containing various growth
factors (3,4,14). In in vitro experimental conditions, exogenous
activators such as thrombin, collagen, CaCl2, or a combination of
CaCl2 with thrombin are used (3,4,14). On the other hand, there
are a lot of discrepancies on whether to activate PRP before injec-
tion in clinical applications. Although anticoagulated PRP injected
into the skin or the enclosed joint cavity is exposed to the extra-
cellular fluid and the mechanical trauma, CaCl2 concentration in
the fluid is still not high enough to reverse the effect of chelate
action of citrate (3,4). Even though injected PRPs are exposed to
collagen in the tissue, blood platelets are activated partially and
slowly in such conditions (14). The key issue is whether the tissue
collagen activates platelets enough to support the inflammatory
effects and obtain the optimal tissue regeneration (5–7). On the
contrary, the activation of platelets in PRP by thrombin induces
their degranulation up to 90% within just 30 min (4). So it seems
that either the addition of strong platelet activators such as
thrombin or recalcification of citrated PRP may potentiate the util-
ity of PRP in clinical applications (14,15). PRF has been used in
pain management for more than 30 years (1–16,21).
PRF technique utilizes a needle-based, non-necrotic and mini-

mally invasive treatment provided by controlled pulsed electric
current generating electromagnetic field at the tip of the elec-
trode placed close to the targeted tissue. Radiofrequency current
is induced in short, high-voltage bursts, with the silent phases to
prevent heat over 42�C around the treated area (22–24). A series
of animal and clinical studies showed the effectiveness of PRF in
the treatment of chronic radicular or articular pain without the
permanent damage to the tissues (22,23,25–28).
The mechanisms of PRF action on tissues have not been fully

explained. One of the possible mechanisms of PRF action is a
reduction of small nerve endings growth into the joint structures
or the disks in the area of inflammation. Others propose that PRF
may restore homeostatic mechanisms between pain-causing
inflammatory mediators’ production including tumor necrosis fac-
tor α and pain relieving inhibitory factors in the treated tissues,
which may also accelerate their healing like nerve growth factor
and brain-derived neurotrophic factor (22).
Clinical findings revealed benefits of either PRF or PRP treat-

ment separately as nonsurgical and nonpharmacological tech-
niques of short-term pain relief used in orthopedics or PRP
application in regenerative treatment in dentistry, surgery, and
dermatology (1–32). To our knowledge, there are no data on a
combined application of both techniques into one treatment in
order to achieve higher efficacy compared with PRF or PRP alone.
Here, we investigated whether PRF may potentiate the activa-

tion of platelets in PRP samples when both these techniques are
combined together in in vitro conditions.
We employed PRF standard parameters used in radicular pain

management (exposition for 20 min to PRF energy at 500 kHz, at a
pulse rate of 5 ms/5 Hz, for a period of 120 sec, with an adjusted
voltage of 40 V, to permit maximum temperature of 42�C) to treat
samples containing PRP in order to investigate whether and to what
extent PRF could modify blood platelet activation in vitro conditions.
Additionally, we analyzed the impact of PRF on metabolism and
functional integrity of blood platelets and leucocytes present in
PRPs to verify the safety of PRF on cellular components of PRP.
Thereby our preliminary in vitro research provided a rationale for a
future clinical application of the combination of both PRF and PRP
in several fields of regenerative medicine including orthopedics.
Data presented here suggest that it may be the case.

MATERIALS AND METHODS
Reagents and Materials
Reagents for lactic dehydrogenase (LDH), thiazolyl blue tetrazo-

lium bromide (MTT), ATP, acid citrate dextrose (ACD), thrombin
were supplied by Sigma Chemicals Co. (Poznan, Poland); Com-
massie Brillant Blue G-250 was from Bio-Rad (Munchen, Germany);
RGDS (Arg-Gly-Asp-Ser) was from Tocris Bioscience (Abingdon, UK);
Imunoclone Platelet Factor 4 ELISA (PF4) was from Sekisui Diagnos-
tics (Stamford, UK). Radiofrequency Thermocouple Curved Elec-
trodes (Gauge 22 ga) were delivered by NeuroTherm (Croydon, UK).

Study Group and Sample Collection
The study was performed on PRP obtained from 30 mL of

blood collected on ACD from 10 healthy volunteers (aged 25-65).
The study protocol was approved by the Bioethical Commission
at the Medical University of Gda�nsk (NKBBN/122/2017). None of
the volunteers took any antiplatelet or anti-inflammatory medi-
cines for at least two weeks before blood collection. Only one vol-
unteer was a regular smoker, the rest of them were nonsmokers.
Washed platelets (PLTs) were obtained from buffy coats pro-

vided as by-products of whole blood fractionations by Regional
Blood Centre in Gdansk.

PRP Preparation
PRP was obtained from whole blood taken on ACD. Blood was

centrifuged at room temperature at 150g for 25 min in a centri-
fuge (Jouan CT 1000; Thermo Scientific, Gliwice, Poland). All
plasma including one-third of the buffy coat was collected and
transferred to fresh tubes and the content was centrifuged at
900g for 15 min. The upper layer of platelet poor plasma was dis-
carded and only 3 mL of the bottom layer was left and suspended
to obtain PRP 3–4 condensed. Platelet and leucocyte count was
assessed with hemocytometer Superior (Marienfeld, Germany).
The characteristics of the PRP is shown in Table 1.

Washed Platelets Isolation
Washed platelets (PLTs) were obtained from platelet rich buffy

coats provided as by-products of whole blood fractionations by
Regional Blood Centre in Gdansk.
Whole blood was collected from healthy volunteers in standard

ACD solutions. RBCs and plasma were fractionated according to
standards for blood banks. The remaining parts of buffy coats
were diluted in PBS and anticoagulated with sodium citrate to the
final concentration of 3.2% and centrifuged at 100g at room tem-
perature for 25 min. The upper fractions containing platelets and
leucocytes were collected into fresh tubes and centrifuged to
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Table 1. Characteristics of PRP From Study Groups.

Data PRP characteristics

No. of subjects 11
Men/women 5/6
Age (year) 43 � 12
Platelet count in whole blood (giga/L) 257 � 70
Platelets count in PRP (giga/L) 997 � 163
Leucocytes count (giga/L) 8.8 � 2.0

Data are the means � SD from 11 observations.
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obtain platelet supernatant and leucocyte pellet at 100g for
15 min. After that the platelet supernatant was centrifuged in
fresh tubes to obtain platelet pellet at 800g for 15 min. Platelets
were finally reconstituted Tyrode’s buffer containing 5 mM glu-
cose to a final concentration 3 × 108/ml.

Neuromodulation Studies on PRP
For neuromodulation studies, freshly prepared PRPs including

nonactivated and thrombin-activated controls with addition of
10 mM CaCl2 to reverse the anticoagulation with ACD and were
placed into fresh polystyrene round plastic tubes. In our in vitro
studies on PRPs which did not interact with any other cells or
extracellular fluid such a sub-optimal recalcification was to obtain
at least approximate physiologic conditions. For studies on
thrombin-activated positive controls PRPs, 0.5 U of thrombin was
added after PRP incubation with 0.6 μmol/L RGDS peptide to pre-
vent PLT aggregation after their maximal activation by thrombin
PRP samples (PRPs) were divided into groups:

1. nonactivated PRP as a negative control;
2. thrombin-activated PRP as a positive control for maximal plate-

let activation;
3. nonactivated PRP exposed for 20 min to PRF energy at

500 kHz, at a pulse rate of 5 ms/5 Hz, for a period of 120 sec,
with an adjusted voltage of 40 V, to permit maximum tempera-
ture of 42�C; and

4. thrombin-activated PRP as a positive control and immediately
exposed for 20 min to PRF to obtain the combined conditions
as in groups 2 and 3;

To start studies 22-gauge, 5-mm active tip needles were placed
perpendicularly to the tubes containing PRP samples (group 3 or
4) to allow energy exposure generated by Neurotherm Radio Fre-
quency Lesion Generator Model NT2000 (Croydon, UK).
Once neuromodulation was terminated PRP samples including

all controls were transferred to Eppendorf tubes placed on an ice
bath, followed by centrifugation for 3 min at 10,000 g. Collected
supernatants and blood cell pellets were used for LDH and MTT
assay or stored at −80�C for up to four weeks before used for PF4
and ATP assays.

Cell Viability Assay
The analysis of cell viability was performed by incorporation

with MTT assay (33). PRP samples were diluted in PBS and plated
at a density of 2 × 107 cells in duplicate in 96-well plates (Corning
Incorporated) then 0.5 mg/mL MTT was added. After four hours
of incubation in dark at 37�C, DMF/SDS solution (20%/3%, pH 4.8)
was added to dissolve the reduced formazan product. Finally, the
plates were read in a microplate VICTOR 1420 Multilabel Counter
(PerkinElmer, Warsaw, Poland) at 570/690 nm. The results were
assessed as % compared to controls, which were 100% of cell
viability.

LDH Assays
For LDH assay, collected supernatants were homogenized and

solubilized in 0.2% v/v Triton X-100. The activity of LDH was
assayed by spectrophotometric methods described elsewhere (34).
Immediately before the assays, platelet membranes were solubi-
lized by the addition of Triton X-100 at final concentration 0.2% by
volume. Assays were performed at 37�C in Ultrospec 3 spectropho-
tometer (Amersham-LKB, Cambridge UK). The positive control that

showed the maximal LDH release was blood cells pellets obtained
by PRP samples centrifugation ad homogenized in Triton X-100.

ATP Release
In our in vitro studies, ATP release was analyzed as a marker of

platelet dense granules and the platelet activation. Collected
supernatants stored at −80�C were thawed and assessed by a
luminometric method using luciferin/luciferase method on
Berthold Junior LB 9509 luminometer (Berthold Technology, Bad-
Wildbad, Germany) (35).

Platelet Factor 4 Release
Platelet factor 4 (PF4) release was assessed as a specific and a

uniquemarker of platelet alpha granules and the platelet activation.
Samples stored at −80�C were thawed and supernatants were
assayed on the Imunoclone Platelet Factor 4 ELISA kit (Sekisui Diag-
nostics, Stamford, UK) as directed by the manufacturer. Briefly, the
kit consisted of a 96-well plate precoated with an affinity purified
rabbit polyclonal antibody specific for human PF4. The antibody
captured the PF4 protein during an incubation for one hour at room
temperature. Following a wash step, an affinity purified rabbit poly-
clonal antibody specific for human PF4 coupled to horseradish per-
oxidase (HRP) was added to the microwells for one hour at room
temperature. Following another wash step, the peroxidase sub-
strate 3,30,5,50 – tetramethylbenzidine (TMB), in the presence of
hydrogen peroxide (H2O2), was added to the microwell and the sub-
sequent enzymatic reaction yielded a blue colored solution. Last,
the addition of sulfuric acid stopped the reaction and turned the
solution color to yellow. The absorbance of the solution was mea-
sured at 450 nm on microplate VICTOR 1420 Multilabel Counter
(PerkinElmer).

Platelet Aggregation
Isolated platelets were suspended in 0.3 mL of medium con-

taining Tyrode’s buffer (pH 7.4) and 5 mmol/L glucose to obtain
density of 3 × 108/mL and preincubated for 5 min at 37�C in
APACT aggregometer (Labor, Ahrensburg, Germany). Platelets
were activated by the addition of thrombin (0.1 U/mL) and con-
tinued for 10 min (35,36).

Statistical Analysis
PRP data were presented as the means � SD from 11 observa-

tions. Data for isolated platelets were means � SD from three to six
donors. The data distribution was tested by Kolmogorov–Smirnov
normality test. Values of p < 0.05 were considered statistically signifi-
cant. Differences between nonactivated negative control, thrombin-
activated positive control, PRF treatment or thrombin-activated and
PRF treatment groups were tested by Student’s t-test. All statistical
analyses were performed using the Graph Pad Prism 4.0 statistical
package (Graph Pad Software, San Diego, CA, USA).

RESULTS
Characteristics of PRP From Study Groups
PRP preparation resulted in an approximately fourfold increase

of platelet count compared with whole blood (Table 1).
Leucocytes count in PRP was less than 1% and the mean PLT:
WBC ratio was 113 (Table 1). There were only single erythrocytes
present in PRP samples.
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Effect of Temperature on Blood Platelet Aggregation
PRF energy gains maximal temperature of 42�C at the site of a

cannula. Therefore, the effect of increased temperature on plate-
let aggregation was assessed. There was no difference in
thrombin-induced platelet aggregation in samples exposed to
42�C for 20 min or in samples treated by PRF for 20 min com-
pared with physiologic 37�C in both early phase and late phase of
aggregation (Fig. 1).

Effect of Neuromodulation on Blood Platelets Granule Release
PF4 release as a specific and a unique marker of platelet alpha

granules in PRP in resting conditions was 85.5 ng/mL PRP (Fig. 2a).
Thrombin activation caused 2.5-fold increase of PF4 release in PRP
(Fig. 2a). Treatment of PRP by PRF for 20 min induced threefold
PF4 release from blood platelets (Fig. 2a).
Interestingly, there was no combined effect of PF4 release in

thrombin-activated PRP samples treated by PRF (Fig. 2a).
The ratio of ATP-release in thrombin-activated or PRF-treated PRP

was comparable with PF4 release in the same conditions (Fig. 2a,b).
So ATP release as a marker of dense granules activation in PRP in
resting conditions was 24.0 nmoL/mL PRP (Fig. 2b). Thrombin caused
twofold increase of ATP release in PRP (Fig. 2b). The treatment of
PRP with PRF for 20 min caused a similar release of ATP compared
with thrombin activation (Fig. 2a,b). Unlike for PF4 release, the com-
bined PRP activation with thrombin and PRF treatment caused a sig-
nificant reduction of ATP release to the level comparable with
resting conditions (Fig. 2a,b).
PRF treatment caused a significant release of both PF4 and

ADP from PRP (Fig. 2a,b). In PRP treated with PRF, we found a sig-
nificant correlation between PRF4 and ATP release (r = 0.795,
p < 0.05) (Fig. 3). It confirmed a strong relationship between ATP
release and PF4 release in PRP samples treated with PRF.

Effect of PRF on Platelet Viability and Survival
To assess the influence of PRF on metabolism, viability and sur-

vival of blood platelets and leucocytes in PRP, we used MTT test

and LDH activity in PRP supernatants (Fig. 4). PRF technique did
not have any influence on MTT in PRP both in resting conditions
and in thrombin-induced PRF-treated PRPs (Fig. 4a). Simulta-
neously, there was no difference in LDH release in PRPs between
resting PRF or thrombin-activated PRPs (Fig. 4b). The PRF tech-
nique altered neither viability nor survival of platelets in analyzed
PRP samples (Fig. 4a,b).

DISCUSSION

The fourfold increase of platelet count in PRP compared to the
mean platelet count in whole blood of donors indicates adequate
technique of PRP preparation (Table 1) (13,37). Moreover, obtaining
PRP close to 109/ml is required for bone and soft tissue healing
enhancement and our PRP samples filled these criteria (Table 1)
(13). Additionally, the minimal contamination of PRP by erythro-
cytes shows the lack of RBCs interference in the presented studies.
However, the fact that PLT:WBC ratio was 113 shows that we
obtained leukocyte-rich PRP (L-PRP) for our studies (Table 1) (13).
Active secretion of growth factors by blood platelets starts

within 10 min upon activation and lasts up to one hour so it con-
firms that our 20-min exposure of PRP to PRF or thrombin was
sufficient to observe PF4 and ATP release from α- and δ- granules,
respectively (Fig. 2a,b) (37).
Our observation that incubation of platelets at temperature up to

42�C, which might be locally induced by PRF neuromodulation, did
not affect thrombin-induced early platelet activation and late aggre-
gation, viability and survival of PRP samples suggests that local
hyperthermia associated with PRF did not have any impact on plate-
let metabolism and function (Figs. 1 and 4). Our results are contra-
dictory to some reports, which linked hyperthermia to bleeding
complications observed in patients with fever (38–40). Moreover,
other studies showed that hyperthermia (40–42�C) inhibited platelet
function due to selective down-regulation of the release of their
alpha-granule proteins, ATP release, reduced platelet aggregation or
accelerated their apoptosis (38–41). However, in the majority of
those studies, the antiplatelet effect of hyperthermia was observed
after at least one hour exposure of platelets to 42�C (39–41). This
may suggest that hyperthermia may have an impact on platelet
function but only after longer exposition, while in our studies, we
exposed PRPs only for a short time, that is, 20 min (Fig. 1) (39–41). In
our studies, such a short-time exposition did not affect platelet func-
tion and viability (Figs. 1–4). Therefore, these data confirm the safety
of the neuromodulation technique with the parameters used in our
studies for blood cells components (Figs. 1 and 4).
Presented data showing over twofold PF4 and ATP release from

PRP upon PRF treatment revealed that neuromodulation tech-
nique, when applied to resting platelets (negative control), may
induce their activation and granule release (Figs. 2a,b and 3).
Moreover, the fact that the observed PRF-induced PF4 and ATP
release was similar to thrombin-induced (positive control) gran-
ules release suggests that PRF has pro-platelet activating proper-
ties comparable with strong agonists of platelet activation such as
thrombin (Fig. 2Aa,b) (35,42). Therefore, our data indicate that
PRF technique may be useful to activate platelets in PRP samples
injected to treated tissues or joints without any need to use addi-
tional activators (Fig. 2a,b). Since, PRF-applied parameters used in
our experiments did not influence platelet viability or necrosis, it
may suggest the safety of such a treatment on platelet concen-
trates; however, more data are required to confirm the safety of
the technique in any clinical applications (Fig. 4).
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Figure 1. Effect of temperature and PRF on blood platelet aggregation. Data
are means � SD from three to six donors. Isolated platelets (200 giga/L re-
suspended in Tyrod’s buffer) were incubated for 20 min at 37�C or 42�C or
exposed to PRF for 20 min and then activated by thrombin (0.1 U). Early
phase of aggregation was after 1 min and late phase after 10 min following
thrombin addition.
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The observation that PRPs activated by thrombin and simulta-
neously treated with PRF released similar level of PF4 compared
with only PRF treatment or isolated thrombin-activation suggests
no additional benefits of activating PRP samples when PRF is
applied (Fig. 2). Moreover, combining both thrombin activation
and PRF reduced ATP release to the level observed for resting
PRP samples (Fig. 2b). This observation may be linked to
increased dephosphorylation of the released ATP to ADP, AMP,
and adenosine by leukocyte ecto-nucleotidases, which were pre-
sent in PRP samples, due to over-activation of platelets (Table 1,
Fig. 2b) (35,42). Such an observation also confirms no benefits of
platelet or PRP over-activation by combining several activators
(Fig. 2a,b). So PRF itself may be sufficient to activate blood plate-
lets in PRPs.
The fact, that we observed a strong correlation between PF4 and

ATP release from PRPs upon PRF treatment indicates that both α-
and δ-granules release may be regulated by neuromodulation

(Fig. 3). Additionally, the increased release of δ-granules by PRF
confirms the ability of neuromodulation not only to activate plate-
lets but also to potentiate their function (Figs. 2a,b and 3) (35).
Our data show that PRF applied to PRP samples activates blood

platelets as strong as thrombin; however, the mechanisms of PRF
action on platelets are unclear and require further investigation
(Figs. 2a,b and 3).
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One of possible explanations may be linked to previous obser-
vations that PRF induces permeabilization of cell membranes,
which lead to elevation of intracellular Ca2+ (30,43). So, a rise in
Ca2+ accompanies platelet granule secretion induced by most
physiological agonist including thrombin (44). Therefore, we
conclude that PRF may activate platelet granule secretion in a
Ca2+-dependent manner. That may also be supported by the
observation that PRF induced granule secretion in a thrombin-
activation pathway dependent mechanism (Fig. 2a,b). However,
the precise mechanisms how PRF activates platelets requires
further investigations.
These findings support the hypothesis that neuromodulation

applied as PRF potentiated the activation of resting platelets
measured by their alpha granules secretion in PRP samples when
both methods were combined together in in vitro conditions. Addi-
tionally, PRF settings used in our experiments had no impact on
functional integrity of blood platelets and leucocytes present in
PRPs which confirms the safety of PRF but only on cellular compo-
nents of PRP in in vitro conditions. Thereby, our preliminary research
provides a rationale for the future clinical application of the combi-
nation of both PRF and PRP, currently used separately, to accelerate
natural healing process in several fields of regenerative medicine
including orthopedics, dentistry, surgery, or dermatology.
However, some limitations should be noted. First, we used

in vitro model to define the PRF role in PRP activation. So our
studies should be regarded as preliminary studies and further
investigation on cell cultured enthothelial cells, fibrablasts or ani-
mal model needs to be carried for the final confirmation of our
observation.
Second, we fully activated platelets with the use of exogenous

activators such as thrombin to show maximal platelet activation
and granule release to prove how potent neuromodulation is in
PRP activation. Many clinical studies and practice are based on
nonactivated PRPs. However, in cases where activated PRP is more
preferable to redirect the inflammatory and regulatory effects or to
use PRP as gel at surgical sites, we propose alternative options
such as PRP application combined with neuromodulation instead
of exogenous platelet activators. Finally, it is also worth assessing
PRP activation and granule releases by different techniques in the
future. Hence, our future work will be orientated toward more
complex analysis on combination of PRP with neuromodulation on
cell lines and tissues.

CONCLUSIONS

Activation of blood platelets in PRP by PRF potentiated their
alpha and dense granules secretion in in vitro studies. PRF had no
impact on platelet integrity, metabolism, and function. PRF
induced granule secretion in a thrombin-dependent mechanism.
These data indicate that combination of both PRF and PRP appli-
cation may be useful in controlling pain and accelerating healing
in regenerative medicine but further clinical studies are required
to support our preliminary findings.
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COMMENT

The advent of platelet-rich plasma therapies in the field of pain
medicine is noteworthy and deserving of further elucidation. As is
often the case, patients receive treatment with several concomitant
modalities, both pharmacologic and interventional. Awareness of the
influence of dual therapies on each other is critical and can be detri-
mental, inconsequential, or even advantageous. Owing to the lack of
knowledge regarding the efficacy of PRP, investigations such as this
study into the potential role and mechanism of combination thera-
pies are novel, important, and may lead to significant insights that in
turn guide future developments.

Mark Jones, MD
Boston, MA, USA
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