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Prediction and Modulation of Platelet Recovery
by Discontinuous Centrifugation of Whole Blood
for the Preparation of Pure Platelet-Rich Plasma
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Abstract

The aim of this study was to describe the behavior of the separation of red blood cells (RBCs) by discontinuous
centrifugation (DC) of whole blood to modulate and control the platelet recovery in the preparation of pure
platelet-rich plasma (P-PRP). P-PRP is a platelet-rich plasma (PRP) in which the white blood cell layer is not in-
cluded. To achieve this goal, an analytical model was derived that takes into account the packing of RBCs and
predicts the behavior of platelet and plasma recovery efficiencies (PtPIRE) based on the volume of whole
blood, the hematocrit, and the volume of supernatant, as a function of the operating variables, centrifugal accel-
eration, and time. The model was derived from the basic equation of DC, which originates from the equilibrium
balance of forces on a particle, and included the addition of one factor that corrected the terminal velocity of RBCs
and was also correlated to the PtPIRE in the supernatant. This factor was the ratio between the fractional volume
concentrations of plasma and RBCs in the centrifugation pellet after centrifugation. The model was validated and
the variability of the data was determined using experimental data from 10 healthy donors in the age range of 25—
35 years. The predicted behavior for the packing of RBCs and the PtPIRE was consistent with the behavior seen in
the experimental data. Thus, the PtPIRE could be modulated and controlled through centrifugal acceleration,
time, and hematocrit. Use of this model based on a physical description of events is the first step of a reliable stan-
dardization of PRP preparations

Key words: biomaterials; bioprocessing; regeneration; tissue engineering; wounds

Introduction on the protocol used for its preparation.'** There are a mul-
titude of PRP preparation protocols in the literature, which

P. ATELET-RICH PLASMA (PRP) 1S DEFINED as an autologous
preparation from whole blood (WB), in which plate-
lets are concentrated in a small fraction of plasma. This
broad definition is considered to be the consensus defini-
tion by the International Olympic Committee in sports
medicine."

Platelets are rich in growth factors, which are critical for tis-
sue regeneration.™ Specifically, growth factors are released
from activated platelets at sites of injury; the amount and ac-
tivity of the growth factors depend on the recovery and pres-
ervation of platelets during PRP preparation.

In general, PRP preparation is a sequential three-step pro-
cess that involves blood collection, centrifugation to separate
and concentrate the platelets, and activation of the platelets.
Accordingly, PRP quality and efficiency is highly dependent

"Department of Materials and Bioprocesses Engineering, School of
Faculty of Medical Sciences; ‘Hematology and Hemotherapy Center,
*Research Institute of Sports Medicine, Orthopedics,

differ in terms of the conditions used in the preparation
steps, such as centrifugal acceleration and time, the number
of centrifugation steps, the type of anticoagulant, and the
type of platelet agonist.” "

Due to this variation, it is difficult to compare the biological
effects that are reported in different studies, even for a specific
use, which can lead to doubts that compromise the credibility
of PRP-based therapies.'

For the preparation of PRP, blood collection must be per-
formed without trauma to the vessel wall to ensure the integ-
rity of the platelets. Centrifugation is the first step in PRP
preparation, which requires the recovery of a large number
of intact platelets. Thus, both platelet activation and
final properties of the PRP preparation are influenc
the centrifugation step.

Chemical Engineering: *Department of Orthopedics and Traumatology
Umbilical Cord Blood Bank; University of Campinas, Campinas, Brazil

d Regeneration (iMOR), Uberaba, Brazil
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Int
reported protocols for prepa
results comparison. This study aims tohighlight relevant
quality. Material and Methods. Samples of blc

Two centrifugation steps (spins) were analyzed for the influence of centrifug
gradient. The Pure Platelet-Rich Plasma (P-PRP) was characterized as platelet concentration, integ
urement). Results, Lower centrifugal accelerations favour platel

10 min (Ist spin), 400 xg for 10 min (2nd spin), withdrawing 2/3 of remna
and concentration (5x) maintaining platelet integrity and viability. The recovery of platelets was reduced for a larg
ation, time, WB processed volume, and minimization of the platelet gradient

me

(85 mL) processed. Conclusion. Centrifugal accele

duction, Platelet-Rich Plasma (PRP) is rich in growth factors, playing important role in tissue healing, The wide v
ation of PRP leads to variable compositions, which induce different biological responses and prevent

spects of the centrifugation step to obtain reproducible results and overall
d were collected from 20 healthy donors that have signed free informed consent

fation of

leration, time, processed volume, and platelet
nd viability (sP-sel
ation. The processing of 3.5 mL of blood at 100
t plasma, promoted high plat

WB volume

before sampling are relevant aspects to ensure reproducible compositions within the autologous nature of PR

1. Introduction

Platelet-Rich Plasma (PRP) is an autologous preparation
that concentrates platelets in a small volume of plasma [1]
Platelets are rich in growth factors, which play an important
role in tissue healing. Numerous studies have demonstrated
the clinical application and notable results of PRP in dentistry
(2], oral maxilla facial surgery [3], plastic surgery [4], ortho-
pedics [5], theumatology [6], and the treatment of different
types of injuries that include chronic wounds [7, 8] and
muscle injuries [9].

PRP is made for two purposes: one for harvesting platelets
for therapeutic purposes and the other for testing for platelet
function in PRP using aj ometry. In this work it was
studied for therapeutic purposes only.

The wide variation in the reported protocols for obtaining
PRP may lead to samples with different compositions that
may induce different biological responses [1]. Despite these
variations, all protocols follow a generic sequence that con
sists of blood collection, an initial centrifugation to separate
red blood cells (RBC), subsequent centrifugations to concen
trate platelets, and other components and an activation of
the sample by adding a platelet agonist (Figure 1). Prior to
the platelet activation step, variables in the process that may
influence the platelet integrity along with the composition
and effectiveness of the PRP include the number of spins,
centrifugal acceleration, and time period of centrifugation
[10]. In addition to the platelets, the white blood cells (WBC)
composition may also be analyzed, as the concentration of
these cells is also an important factor in tissue healing [11]
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Abstract  Fibrin networks are obtained through activation
of platelet-rich plasma (PRP) for use in tissue regencration.
The importance of fibrin networks relies on mediation of
release of growth factors, proliferation of tissue cells and
rheological properties of the fibrin gels. Activation of PRP
usually involves the decomposition of fibrinogen by ago-
nists, in a wide range of concentrations. Therefore fibrin
networks with a large structural diversity are formed,
making comparative evaluations difficult. In order to
standardize the fibrin networks, we used the statistical
techniques central composite rotatable  design  and
response-surfa ysis, to correlate the radius of the
fibers with the ratios between the agonists (autologous
serum/calcium chloride) and agonist/PRP. From an indi-
vidual and inter:
tures characterized by thick, medium and thin fibers were

ctive analysis of the variables, architec-

architectures were correlated with coagulation time. This
approach is valuable for standardizing the PRP preparation
for clinical applications.

1 Introduction

Platelet-rich plasma (PRP) is an autologous preparation
that concentrates platelets in a small volume of plasma [1]
Platelets are rich in growth factors (GFs), which play an
important role in the healing process and tissue regenera-
tion. PRP has the necessary biopolymers, such as fibrino-
gen and thrombin, and also calcium for the formation of
fibrin networks whereby the
[2]. Among the various classifications of PRPs, the most
current classifications consider networks from platelet

Fs from platelets are released

lel on the response-surfac the
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c in plasma that are low in leukocytes (pure
PRP, or P-PRP): rich in leukocytes (L-PRP), including the
leukocyte layer from the centrifugation of whole blood;
rich in fibrin and platelets (P-PRF); and rich in leukocytes
and fibrin (L-PRF) [3]

The preparation of P-PRP and L-PRP is a sequential
process that involves two main steps: (1) the separation and
concentration of platelets and (2) platelet activation and the
formation of fibrin networks. The events in the second step
are similar to those in the natural coagulation cascade
fibrinogen is cleaved by thrombin and is responsible for the
processes of hemostasis, platelet adhesion and aggregation
toward to form a fibrin network, the structural scaffold of
blood clots [4]. The conversion of fibrinogen into networks
of fibrin fibers occurs through a series of steps. After vessel
injury, thrombin cleaves fibrinogen at four sites, catalyzing
the hydrolytic removal of fibrinopeptides A and B, which
exposes binding sites in fibrinogen’s central domain, These
sites interact with complementary sites in the end domains
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In vitro study of the role of thrombin in platelet
rich plasma (PRP) preparation: utility for gel
formation and impact in growth factors release

In vitro study of the role of thrombin in platelet rich plasma (PRP)
preparation: utility for gel formation and impact in growth factors release

Huber SC', Cunha JL', Montalvio SAL', da Silva LQ", Paffaro AU, da Silva FAR', Rodrigues BL', Lana JFSD', Annichino-Bizzacchi IM'

Introduction: The use of PRP has been studied for different fields. with promising results in regenerative medicine. Until now, there
is 1o study in the literature evaluating thrombin levels in serum, used as autologous thrombin preparation. Therefore, in the present study we
evaluated the role played by different thrombin concentrations in PRP and the impact in the release of growth factors. Also, different activators
for PRP gel formation were evaluated. Methods: Thrombin levels were measured in different autologous preparations: serum, L-PRP (PRP
rich in leukocytes) and T-PRP (thrombin produced through PRP added calcium gluconate). L-PRP was prepared according to the literature,
with platelets and leukocytes being quantified. The effect of autologous thrombin associated or not with calcium in PRP gel was determined by
measuring the time of gel formation. The relationship between thrombin concentration and release of growth factors was determined by growth
factors (PDGF-AA, VEGF and EGF) multiplex analysis. Results: A similar concentration of thrombin was observed in serum. L-PRP and T-
PRP (8.13 nM, 8.63 oM and 7.56 nM, respectively) with a high variation between individuals (C\%: 35.07, 43 and 58.42, respectively). T-PRP
and serum with calcium chloride showed similar results in time to promote gel formation. The increase of thrombin concentrations (2.6, 8 and
24 nM) did not promote an increase in growth factor release. Conclusions: The technique of using serum as a thrombin source proved to be the
most efficient and reproducible for promoting PRP gel formation. with some advantages when compared to other activation methods, as this
technique is easier and quicker with no need of consuming part of PRP. Noteworthy, PRP activation using different thrombin concentrations
did not promote a higher release of growth factors, appearing not to be necessary when PRP is used as a suspension

Stephany Cares Huber

José Luiz Rosenberis Cunha Junior
Silmara Montalvao

Leticia Queiroz da Silva

Aline Urban Paffaro Francesca

Key Words: Platelet Rich Plasma, Thrombin, gel, Leukocytes, Growth factor

Introduction
PRP is usually prepared by double centrifugation of anticoagulated
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Platelet rich plasma (PRP) is defined as a concentrate preparation
that increases between 4 t0 9 folds the basal number of platelets, in
reduced plasma volume'l. Platelets contain over 1100 proteins
including growth factors, messengers of the immune system,
enzymes, enzyme inhibitors and other bioactive

blood. The first spin is to separate red blood cells and plasma; the

ond spin is to concentrate platelets. Despite the existing PRP
standardization proposals, there is no consensus regarding
centrifugation force or duration. This absence of a standard PRP

These factors can improve fissue repair by diverse
mechanisms _including regulation of inflammation, angiogenesis,
synthesis and remodeling of new tissues™ . For these reasons,
PRP has been used in different fields: odontology'®, plastic
surgery’”, orthopedics'®), wound healing!” and aesthetics™ with
promising results. However, biomolecules are known to be quickly
released from PRP, losing their activity in a short period of time
which could represent a challenge in clinical practice”’

PRP preparations have been used since 1970s, however they
become popular in 1990s. Since then, different protocols emerged
to prepare PRP including commercial systems''’), Despite the
promising results published by different research groups, the
heterogeneity of protocols for PRP preparation available, render
the evaluation of a consistent therapeutic effect quite difficult. /n
vifro studies evidenced that the different methodologies used in the
preparation of PRP can affect biological aspects and clinical
effects, which depend on several variables, pasticularly platelet and
growth factor concentration, presence or absence of leukocytes and
the type of activation”.

inhibits any of treatment efficacy obtained
by different research groups. The inclusion or not of leukocytes is
also widely discussed in the literature. PRP with leukocytes (L-PRP)
presents different _biologic activity, which could modify the
therapeutic effect!

Another important issue is the activation for growth factor release.
This activation can be induced by bovine or autologous thrombin,
calcium chloride, collagen, freeze & thaw cycles and mechanical
trauma. Collagen and thrombin activate platelets by different
mechanisms. For the activation of platelets by collagen, they must
first adbere to collagen and then became active by it through a second
receptor. This kind of platelet activation may require a lengthier
mechanism than the cleavage process of thrombin-mediated platelet
activation(™*). Park and collaborators demonstrated that thrombin is a
strong agonist for induction of PRP cytokines and growth factors
release when compared to ADP + calcium or collagen*). Once PRP
activation is achieved, a fibrin network begins to form with a rapid
gowth factor release during the first hour, continuing to release
cytokines and growth factors from their mRNA for atleast another 7
dayst™
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Ra nd omi Zed co ntro I I ed trla I com pa r ng hya I uronic Randomized controlled trial comparing hyaluronic acid, platelet-rich

aCid plate I et- I'iCh plasma an d th e com b i natio n of both plasma and the combination of both in the treatment of mild and moderate
! osteoarthritis of the knee

in the treatment of mild and moderate osteoarthritis L 0 e S e B i S A, e, e . O I

Objective: This study aims at evaluating the clinical effects of Platelet Rich Plasma (PRP) and Hyaluronic Acid (HA) as individual
o e n ee treatments for mild to moderate Osteoarthritis (OA) and it also examines the potential synergistic effects of PRP in combination with HA.
Research continues to emerge examining the potential therapeutic efficacy of HA and PRP as autologous injectable treatments for joint
arthritis. However, there is a paucity of research investigating the effects of combining HA and PRP on pain and functional status in patients
WithOA
Design: In this multi-center, randomized, controlled, double blind, prospective trial, 105 patients with mild to moderate knee osteoarthritis,
who met the study criteria, were randomly allocated fo one of thres interventions: HA (a=36), PRP (u=36), or HA*PRP (n=33). Each patient
. . received 3 intra-articular knee injections of their assigned substance, with 2 week intervals between each injection. Clinical outcomes
V| ncent Al ine U rb an- Paffa ro were evaluated using the Westem Ontario and McMaster Universities Arthritis Index (WOMAC) and Visual Analogue Scale (VAS)
questionnaire at baseline and after 1,3,6 and 12 months
. Results: The study showed that the PRP group have significant reduction in VAS scores at 1 (p=0,003), 3 (p= 0.0001), 6 (p= 0.0001) and 12
C aro I ina M K O n od era (9= 0.000) months when compared to HA. In addition, the PRP group illustrated greater improvement in WOMAC physical activity scale
. . at 12 months (p= 0.008) when compared to the HA group. Combining HA and PRP resulted in a significant decreases in pain (p=0.0001)
and functional limitation (p=0.0001) when compared to HA alone at 1 year post treatment; and significantly increased physical

- fus =0, ) and = | ths wh d RP alk
Joyce M. Annichino-Bizzacchi ) e e e i

also shows that the combination of HA and PRP resulted to better outcomes than HA alone up to 1 year and PRP alone up to 3 months.

M a ri a H e | ena A S an t ana Furthermore, the results suggest that combination of PRP and HA could potentially provide better functional outcomes in the first 30 days
. after treatment with both PRP and HA aloue.

Eduardo F. Vicente
Stephany Cares Huber William D. Belangero S i i i iy, K, O, e i i

Clarissa V. S
arissa V. souza Osteartitis of the kuee joiat bas a great impact on physical  the extracellular matrix'®, providing increased joint lubrication

performance and is considered one of the ten major causes of  Studies have demonstrated that HA has positive therapeutic efficacy
Ma ry A Al | |baCh H u nter disability in the world. Standard conservative treatments for knee  for kuee osteoarthritis with initial efficacy at 4 weeks, and peak
° osteoarthritis include: weight loss, physical exercises, use of non- _ effectiveness at 8 weeks which lasts for up to 6 months!”l, When
steroid  anti-inflammatory agents, analgesics, injection of  compared to continuous oral NSAIDS or other anti-inflammatory
Dyalwonic acid (HA) and injection of glucocorticoidsl!).  medications, HA has illustrated comparable, if not greater, therapeutic
Although, standard conservative measures can provide  effects on knee OA with a better safety profile’
symptomatic improvements, they are not without their limitations
Steroid injections are common practice among practitioners, ~ Aufologous platelet rich plasma (PRP) has also emerged as an

. ~ alternative in the context of injectable treatment for OA. PRP is
. including orthopedic surgeons. however, prolonged use of such )
Publicacao: 29 de Novembro de 2016 ) v w - b i nlie tebe shai
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cartilage!”’ ‘Alno, clronic: we of antic above baseline, as well as an undifferentiated mixture
1 H ] may cause nephrotoxicity and gastrointestioal side effects.  of anti-nflammatory, pro-inflammatory, aabolic and catabolic
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potentially safe and efficacious option for joint Osteoarthritis. and elicit the body's natural healing potential. Currently, most

studies on PRP are anecdotal o case reports with small sample sizes.
Hyalwonic Acid (HA) is currently a widely used injectable  However. larger randomized coutrolled trials have demonstrated
treatment for degenerative joint pathology. It is a  superior efficacy in areas such as tendinopathies” and knee
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Abstract: Crohin's disease (CD) is a complex and multifactorial pathology. About 40% of patients cease to respond
after available clinical therapy. Platelet rich plasma (PRP) is an alternative therapy widely used in the orthopedics
and dentistry fields. Most recently, it has been studied in cal affections and diseases.
The aim was to evaluate the role of Platelet rich plasma (PRP) for refractory CD patients. Five patients diagnosed
with ileocolic CD were selected. These patients were not taking any medication for at least two months and were
resistant to biological therapy for at least one year. Growth factors, C-reactive protein, platelet and regulatory T cell
frequency were measured at two different times: before treatment and after 12 injections of PRP (once a week). The
activity of the disease was based on clinical and endoscopic indexes. The endoscopic score after PRP decreased
in comparison 1o the baseline in four patients. Four patients had clinical remission, including the absence of joint
pain. Two patients with perianal CD showed a decrease of discharge. No adverse effects such as aller
were observed. Our findings suggest a short.term benefit of PRP for most refractory CD patients in this

Keywords: Platelet rich plasma. Crohn’s disease. inflammatory bowel disease

Introduction tration of platelet [4]. This concentration is up
to five times higher than the baseline platelet

Crohn's disease (CD) is a chronic inflammatory count (about 1 million piatelet per microliter) {4

bowel disease with unknown etiology, and it
may affectany part of the gastrointestinal tract
especially the terminal ileum. CD is character
ized by the formation of ulcers, fistulas and
strictures, with periods of worsening and remis-
sion [1]. Immune factors are directly associated
with CD: the patients present Th1/Th17 and
Treg (regulatory T cell) disorders, which support
the inflammatory symptoms [2]. The conven
tional clinical treatments comprise the use of
immunosuppressive drugs and biological thera
py. Besides the side effects, after a period of
drug intake, 40% of the patients no longer
respond to the treatment [3]. Therefore, the
search for new effective treatments to induce a
remission is needed.

Platelet-rich plasma (PRP) is a result of periph
eral blood processing. It presents high concen

5]. Recent studies are evaluating the functions
of platelets more broadly, beyond hemostatic
functions. Platelets participate in the inflam
mation process by releasing substances able to
modulate inflammatory response by cell inter-
actions to endothelial cells and leukocytes.
PDGF. TGF-B. CD4OL and CD154 are found
among the immunomodulatory factors [6)
TGF-B fs the main immunosuppressive mole
cule that influences Treg differentiation. This
became evident in a study of Inmune thrombo
cytopenia, characterized by a decrease of Treg
and TGF-B that showed a functional and quanti
tative Treg restoration after being treated with
therapies that increase the platelet count [7]
Due to the immunomodulatory characteristics,
especially Treg differentiation by TGF-B, PRP
has the potential of being a therapeutic option
for refractory CD. The objective of this study
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Contributions for classification of
platelet rich plasma — proposal of a new
classification: MARSPILL

Platelet-rich plasma (PRP) has emerged as a significant therapy used in medical
conditions with heterogeneous results. There are some important classifications to try
to standardize the PRP procedure. The aim of this report is to describe PRP contents
studying celular and molecular components, and also propose a new classification
for PRP. The main focus is on mononuclear cells, which comprise progenitor cells and
monocytes. In addition, there are important variables related to PRP application
incorporated in this study, which are the harvest method, activation, red blood cells,
number of spins, image guidance, leukocytes number and light activation. The other
focus is the discussion about progenitor cells presence on peripherial blood which are
interesting due to neovasculogenesis and proliferation. The function of monocytes (in
tissue-macrophages) are discussed here and also its plasticity, a potential property for
regenerative medicine treatments.

First draft submitted: 22 March 2017; Accepted for publication: 31 May 2017; Published
online: 31 July 2017

Keywords: growth factors ® leukocytes ® mononuclear cells o platelet-rich plasma
« regenerative medicine

Platclet-rich plasma (PRP) can be considered
as a form of autologous nonimmunogenic
therapy, which contains a high concentra

tion of growth factors (GFs) and cytokines,

It plays important actions in various stages
of regencration and tissuc repair
o the litcrature, PRP activation

bursts the relcase of platclet a-granules,
which are rich in protcins and GFs, such as
PDGF, TGF-B, IGF, VEGF and EGF. All
these molecules are important in different
stages of tissuc regencration. They act as reg
ulatory agents, stimulating chemotaxis and
cellular differentiation and proliferation -5

PRP has been widely inves ed and

used in medicine (orthopedics 67, derma.

cry), odontology 1
and veterinary medicine 1011} duc to its prop.
crtics and simplicity to obtain the product. It

tology (3] and plastic surg;

is obtained with the use of commercial kits
or not automated techniques (in ouse) that

results in different types of PRP. Despite the
increasing number of studics and some clas:
sifications published, there is no conscnsus
regarding the classification used for different
types of PRP. These procedures arc obrained
via machine or in house. As a consequence,

diffcrent terminol may be obscrved for

the same type of PRP and vice-versa (12

Given the numerous  classifications
presented, the purpose of this report is to
describe the main types of PRP in the litera
turc. And also, from the critical analysis of
these publications, to proposc a wrminology
based on the main parameters used during
the preparation of PRP. Thus, some vari
ables, such as automated method (machine)
ion form,

or not, spin cycles number, activ
presence or absence of cells, fibrin and con.
centration of different factors and cytokines
that compose PRP, must not only be well
defined, bur also be casily identified.
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Graphical abstarct

oukocyie and paleiel.rich plasma (L PRF) campositon can be modulated by centrifugal accolecaton

Highlights

* Preparation of L-PRP by centrifuging the whole blood at different
accelerations.

s Erythrocyte behavior influenced the distribution of platelets and
leukocytes in the blood layers.

* Lower accelerations favored the location of platelets in the upper layer
and leukocytes in the bottom layer.

» Leukocytes concentrated only after a second spin step.

* Three specific platelet/leukocyte and lymphocyte/granulocyte ratios

were set from different acceleration ranges.
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ABSTRACT
Objective: The aim of this study was to evaluate the reatment using BMMCs and arthroscopy in PF OA through
functional questionnaires and MRI evaluations in a two vear follow up. The use of mononuclear cells derived from
bone marrow (BMMCs) is under investigation, and in vitro and pre-clinic studies showed promisor results. In
comparison to the mesenchymal stem cells (MSC), the effectiveness is lower, however the costs for manipulation
and laboratory handling make it difficult to use in clinical practice.

Design: This was a pilot, longitudinal and prospective trial and 8 patients with patellofemoral osteoarthritis who
met the study criteria were included. All of the patients underwent arthroscopic debridement and received an
injection of autologous BMMCs. Clinical outcomes were evaluated using SF-36 and the TLKSS questionnaire at
baseline, one and tvo years after the procedure.

Results: In this study, an improvement in all of the evaluated parameters of the questionnaire was verified even
after two years following the applications. The finctional score of TKLSS showed a significant improvement in one
and two years in comparison to the baseline (p<0.001). A significant improvement in SF-36 for all of the domains
(p<0.001) was also verified. In addition, an improvement in the MRI images of the patients was noticed, which
indicates patellar cartilage recovery.

Conclusion: The procedure of the arthroscopy and the application of BMMCs has proved promising results to
reduce the signs of PF OA and ensure the patient satisfaction with a safe return to social life and sports practice.
The completed questionnaire confirmed a clear improvement and a strong impact on the quality of life of the
patients with the regeneration of their articular cartilage and restored subchondral bone. These results offer a wide
perspective for fitture studies with the use of BMMC to treat articular diseases

lis Regen Med, 2018 Volume 2 | Issue 1
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Abstract

This literature review explores recent and past investigations carried out by researchers in various settings pertaining
to the orthopaedic field of medicine, in attempts to show a possible connection between the deficit in sex hormone
levels and the potential consequences it brings about on orthopaedic health, namely, osteoarthritis. There is some
evidence in the literature suggesting that suboptimal concentrations of steroid hormones can negatively impact bone
health, making it more susceptible to physical injury, especially when the hormone in question is estrogen. Several
studies have shown that this biomolecule is quite essential to human health due to its effects on not only sexual
development and function but also on bone metabolism, in both men and women. Investigations revolving around
estrogenic compounds reveal their significance in physical capacitation of adult individuals, since it has already been
found that estrogens play a pivotal role on bone maintenance by directly interacting with osteocytes, osteoblasts,
osteoclasts and even T-cells, to name a few examples. Large scale studies also bring up plausible evidence by evaluating
the links between measured sex steroid concentrations and incidence of osteoarthritic joint replacement in adults.
Taking that into consideration, there is sufficient motivation to look into hormonal fluctuation in adult individuals,
calling for suitable medical intervention in order to keep a patient’s health under control, avoiding and even treating
the detrimental effects caused by the deficiency of certain steroid hormones.

Keywords: Osteoarthritis, Estrogen, Testosterone, Bone metabolism, Menopause

Introduction joint capsule. Risk factors for OA encompass joint injury,
obesity, aging and even genetic predisposition [1-3]. The
pathological changes involved in the progression of OA
are caused by biomechanical forces as well as multiple
autocrine, paracrine and endocrine cellular events which
all contribute to perturbations of tissue homeostasis within
the affected joint [4],[5]. Gonadal steroid hormones, such
as Estrogen (E) and Testosterone (T), for example, are
molecules that are biosynthesized in the body and play a
key role in sexual development and reproduction, which

J Bone Biol Osteoporosis, 4(1): 82-88 (2018) 82

Osteoarthritis (OA) is a major degenerative joint
disease which can affect more than one quarter of the
global population in individuals over the age of 18. This
disease is typically defined by the following observations:
progressive loss of articular cartilage, thickening of the
subchondral bone, and formation of osteophyte, significant
inflammation of the synovial as well as degeneration of
ligaments and menisci of the knee and hypertrophy of the
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Background: Promising results with platelet-rich plasma (PRP) in androgenetic alopecia that could be
associated with platelet number and growth factor levels were described

Objective: Analyze the platelet countand growth factor levels in PRP and their correlation with hair growth
parameters evaluated by using the TrichoScan (Tricholog GmbH, Freiburg,

sermany)

Metbods: A total of 26 patients were randomized to receive 4 subcutaneous injections of PRP or saline.
Hair growth, hair density, and percentage of anagen hairs were evaluated by using the Trichoscan method
before injection, 15 days after the last injection, and
(platelet-derived growth factor, epidermal growth factor, and vascular endothelial growth factor) were
measured by the Luminex method (Millipore, Bedford, MA).

ain 3 months after the last injection. Growth factors

Results: We demonstrated a significant increase in hair count (P = 0016), hair density (7 = .012) and
percentage of anagen hairs (7 = 007) in the PRP group versus in the control group, without correlation
with platelet counts or quantification of the growth factors in PRP.

Limitations: Other growth factors that could be related to response to PRP were not evaluated.

Conclusion: Our data favor the use of PRP as a therapeutic alternative in the treatment of
androgenetic alopecia. The lack of association between platelet count, platelet-derived growth factor,
epidermal growth factor, and vascular endothelial growth factor levels and clinical improvement
suggest that other mechanisms could be involved in this response. (] Am Acad Dermatol
2019;80:694-700.)

Key words: alopecia; hair loss; platelet-rich plasma; PRP.

ndrogenetic alopecia (AGA) is characterized
Abbreviations used:
by pattern hair loss and is considered the
most common type of alopecia in both men AGA:  androgenetic androgenetic alopecia
EGF:.  epidermal growth factor
and women." A progressive process of hair follicle - i
E PDGF:  platelet-denived growth factor
miniaturization develops until follidles become inef PRP:  platelet platelet-rich plasma
fective at producing hair.’ The development and VEGF:  vascular endothelial growth factor

progression of AGA are the result of action of
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e history Knee KOA) is a
ulation over the age of 65 and with a higher prevalence in females. KOA is responsible for many age
associated Jint problems such as stffness and pain. Conventional methods for managing KOA such as

disorder of joints, affecting the world's pop-
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55 (NSAID) may notimg or alter the disease plr»yrewnn and

al of OAis

may have

of functional limitations and pmvtd\'( effective symptom relief but has not shown that dease pro-
gression can be altered. Regenerative medicine is a relatively new approach which aims to induce cellular
regeneration and promote self-healing through minimally invasive methods. The use of regenerative
medicine slowed the progression of KOA and revealed significant improvements, yet further in.

vestiy

mentations, vitamins and minerals were proven u-h,m an impact ¢

sition and diagnosis of KOA. Further )uppulllng(vl(h ce suggests the potential influe
genetic aspects in optimizing the outcomes of regenerative medicine in the management

nutritional
of KOA.

jons are required to optimize the outcomes. Nutritional and metabolic aspects such as supple

the progression of KOA. Genetic
e of these variations in the predispo
€ of metabolic,

©2018

1. Introduction

Osteoarthritis (OA) is the most common chronic joint disorder
and the main cause of joint pain, loss of function and disability in
adults. As reported in research OA is prevalent in individuals above
the age of 65 years old.’ 80% of the population over the age of 75
years suffers from Knee osteoarthritis (KOA),'* KOA is a degener.
ative inflammatory disease disturbing various components of the
knee and hypertrophy of the joint capsule such as the articular
cartilage, synovial joint lining, periarticular bone and adjacent
supporting  fibrocartilaginous and musculature ~structures
Augmented concentrations of activated proteins and cytokines is
reported with the progressive loss in the articular cartilage,

* Comesponding author. Emirates Integra Medical and Surgery Centre, Dubai
United Arab Emisates,
E-mail oddress: h K. Hafsi

0976-5662/0 2018

subchondral bone and chondrocytes. The diagnosis of KOA utilise
a combination of anatomic analysis and imaging to identify KOA-
induced structural damage and classify the patient’s condition to
mild, moderate or severe KOA accordingly.

KOA is a multifactorial disease. Intrinsic and extrinsic factors
interact and contribute at various levels to the evolution of this
multifactorial disease (Fig. 1). The pathogenesis of KOA is influ-
enced by several genetic factors as well as environmental factors
related to molecular pathways that contribute to articular injury.
While the knowledge of the main cause of KOA is insufficient,
age, sex and injury’s link to KOA has been established among
ethnicities.

Chronic disease such as KOA, is progressive and is preceded by a
period of declining function in one or more of the biological sys-
tems. Restoring health requires improving specific dysfunctions
that have contributed to the disease state. Conventional treatments
have only showed limited clinical benefits. Current pharmacolog-
ical such as drugs
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Abstract

The purpose of the present research isto thyroid h 4 health, particularly
focusing on the management of cartilaginous foint disorders. There is more than sufficient evidence in the literature suggesting that fluctuations
inlevels of thyroid hormones, that i, deficiency as well as excess, can lead to a wide array ofcomplications and even the manifestation of systemic
diseases. Several studies demonstrate the indispensable biological value of thyroid hormones and their role in diverse mammalian target tissues,
especially in skeletal cells and chondrocytes. The investigations discussed in this article also shine light on cellular and molecular mechanisms
of hormonal regulation, Interaction and even thread further into the genetic perspective behind the metabolic processes. It is also well known
that thyroid hormone receptors TRal and TRB1 are both expressed in the skeleton, growth plate chondrocytes, bone marrow, osteoblasts and
even stromal cells; deiodinase type 3 Is expressed in all skeletal cells, further suggesting their relevance in human heaith. Inregards to thyroidal
hormone impact on cartilage, appreciable studies evaluate the potential of parathyrold hormones in stimulating chondrocytes, ultimately
suggesting that timing and duration of hormone application
stimull. Alternative approaches indicate that the implementation of small doses of dietary lodine in individuals with deficits in concentration of
this micronutrient show significant changes and can be helpful in regulating thyr

vords: Thyroid Hormones; Osteoarthritis; Metabolism: Cartilage: Bone

Introduction

When it comes to musculoskeletal disorders, osteoarthritis
(OA) is the most frequent and age-related degenerative joint
disorder, typically characterized by degeneration of articular
joint cartilage. Conventional methods for managing OA such as
AIDS) may intervene

non-steroidal anti-inflammatory drugs (NS
in common symptoms such as joint pain, stiffness and limited
itself [1]
Obesity is known to be a risk factor for knee osteoarthritis (KOA)

function, but does not reverse the disease proc

while age remains the major risk factor for the occurrence of OA,
even though all of the exact mechanisms by which age is involved
in the etiology of OA have not been completely elucidated yet
[2). The pathological changes associated with the progression of
OA usually encompass biomechanical forces as well as multiple

autocrine, paracrine and endocrine cellular events which all
contribute to dysregulation of tissue homeostasis within the
affected joint [3). Thyroid hormones drive many complex actions

in almost all tissues during the developmental stages in life, from
childhood to adulthood. The skeleton is an important target tissue
of triiodothyronine, the active form of the thyroid hormone (T3)
and can illustrate the cellular and molecular processes that occur
as a response from thyroid hormones. However, the mechanism
of action of these hormones in bone and ¢ ge, specifically,
continue to be studied for further clarification [4). There is
idence in the literature, particularly in vitro studies, indicating
that progenitor cells and immature chondrocytes are the major
T3 target cells (), which brings attention to thyroid hormones
and their diverse physiological effects on the human body,
motivating investigation of the possible ways for them to assist in

the ma

agement of cartilaginous joint disorders

Regulation of Thyroid Hormones: The hormones secreted
by the thyroid gland are important regulators of endochondral

ossification [6]. The thyroid gland is responsible for the

MNov Tech Arthis Bone Res 3(3). NTAB MS ID. 555611 (2018)
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— Osteoarthritis (OA) is the most prevalent joint disease and of joint patn, functional k y. Besides on
W| I I iam D M u rrel pain reltef, conventional treatments have shown some serious adverse efiects, especially with the use of corticosterolds. I the severe cases of OA,
the prosthetic joint replacement is necessary. Thus, the OA treatment represents important economic In this way,
of Platelet Rich Plasma, biofat and il e fat et aa |Mr~e.umgmlrrrﬂ iin this \ppm\rh
Mathew Nicholls POt e o i N o S i Th o e e M
In addition. several prop The goal of this article is to review the current
options n thi:  and its aspects, focusing on cost: han f action and reports of dlinical trials.
Abbreviations: OA: MMPs: Matrix
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Introduction

Kr
diseases in the world. Its pathology is characterized by progressive

Osteoarthritis (OA) is one of the most prevalent joint

degeneration of cartilage and bone tissue, leading to the appearance
of subchondral cysts and formation of osteophytes [1.2]. Aetiological
factors are also joint specific, in this context, knee OA is a major
cause of pain and locomotor disability worldwide. Thus, knee
OA patients are subject to functional loss that leads to a reduced
quality of life [3). The epidemiology of the disorder is multifactorial,

Blomedical fournal of
Scientific & Tochnical Research (BISTR)

however, the main risk factors for knee OA are overweight and
obesity, previous knee injuries and female gender [3]. Besides
that, the increasing of life expectancy and population aging are
associated with the increased of OA incidence [4]. Beyond the
personal and social consequences, the lower-limb OA, specifically
hip and knee OA may hav

rious economics consequences for
patients and burdens for patients health systems in worldwide [4].
In Knee OA patiets incurred total of $9,466

nual medical costs
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Knee osteoarthsitis is a major painful and debilitating orthopaedic disease affecting a large number of
adult individuals on a global scale. Over the years, this severe condition has been widely studied and
‘while many alternatives have been utilized, platelet-rich plasma (PRP) remains one of the most popular
solutions among researchers and dlinicians alike. While there are different formulations and techniques
involved in the preparation of PRP, produced either manually or via the use of commercial kits, the
presence of leukocytes in a PRP mixture is a factor that raises concem due to their well-known pro-

inflammatory activity. Although it s reasonable to worry about this, it should be taken into consideration
that in order for the healing process to occur, phase is necessary. Leuk

the inflammatory phase release both pro and anti-inflammatory molecules and, when combined with
activated platelets, their potential increases. Additionally, due to the macrophage’s plasticity to switch
from the subtype 1 to subtype 2, it is suggested that the inclusion of the components from the buffy coat
layer in a PRP mixture, classifying it as leukocyte-rich platelet-rich plasma or L-PRF, may p benefits
instead of detriments, from a standpoint of the regenerative potential of PRP.
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1. Introduction

Osteoarthritis (OA), the most common progressive joint disease
involving cartilage and surrounding tissues' is generally charac-
terized by joint inflammation and a reparative bone response. It is
one of the top five most disabling conditions, affecting more than
one-third of the elderly population above 65 years of age, with
global estimates reaching a number greater than 100 million in-
dividuals affected by this disease.” Knee osteoarthritis (KOA), in
particular, is commonly attributed to aging and obesity and has
doubled in prevalence since the mid-20th century.’ This disease is
typically defined by progressive loss of articular cartilage, thick-
ening of the subchondral bone, formation of osteophytes, signifi
cant inflammation of the synovium as well as degeneration of
ligaments and menisci of the knee and hypertrophy of the joint
capsule.” Risk factors for OA encompass joint injury, obesity, aging
and even genetic predi Since the OA mi

* Corresponding author. Indaiatuba. Sio Paulo, 13334-170, Brazil
F. Lana), alex_ 1

E-mail addresses. 1
A Macedo| mbr (LLG. Ingrao) s
(SC. Huber n (GS. Santos)
(MHA. Santana)

0976-5662/ 2019 Delhi Orthopedic Assaciation. Al rights reserved.

becomes increasingly catabolic and destructive, continuous
research with the rising popularity of platelet-rich plasma (PRP)
therapy revealed that platelet alpha-granules which contain and
release numerous growth factors such as hepatocyte growth factor
(HGF), vascular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF) and transforming growth factor-b (TGF-B).
as examples, can be beneficial in modulating the status of the
disease.” On top of that, investigations regarding leukocyte content
in PRP formulations and the potential effects on osteoarthritis
treatment have caused some controversy in the literature due to
the fact the these cells, especially neutrophils, are known to cause
inflammation by driving the inflammatory phase of wound healing.
Although preoccupation still exists regarding the applications of
leukocyte-rich platelet-rich plasma (L-PRP), some studies point out
that apart from an anti-infectious property, leukocytes produce
large amounts of VEGF, to illustrate a few of the multiple benefits
attributed to this cell type.” This review provides some insights on
the possible cellular mechanisms whereby L-PRP may act to
manage the deteriorated microenvironment generated by osteo-
arthritis, particularly knee ostecarthritis (KOA), and the potential
benefits of their involvement
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Introduction

Articular cartilage has a limited intrinsic capacity to regenerate
spontaneously after injury. often leading ta pain and disability. It is
generally believed that cartilage lesions progress to osteoarthritis
(OA). OA of the knee is one of the most chronic degenerative joints
diseases, affecting the quality of ife of patient. Prompt intervention for
symptomatic lesions make possible prevention of evolution o OA as
well as to provide symptom relief. Conventional treatment modalities
may be useful for relief of symptoms in the short term: however. they
do not restore the natural articular cartilage integrity or prevent the
deterioration [1]. Inaddition, the surgery for knee rej
a solution for severe OA [2]. The conservative
include analgesics, nonsteroid and steroid a
and corticosteroids [3.4]. When the conservative treatment fails
o control the symptams and functional limitations occur, surgery
should be considered 1o treat the cartilage lesion and the anatomical
abnormalities. Conventional methods used 1o regenerate anormalics
of the articular cartilage include microfractures, multiple perforation,
abrasion and mosaicoplasty, with limited results |

s is a thriving area of research and development,
aimed specifically at preventing further dey
restaoring native biology. structure, and function. Cell-based therapy

form of ntroduces new cells to repair
damaged tissue [1]. Nowadays, there are a variety of orthobiologics
such as: whole blood therapy, traditional prolotherapy. platelet rich

“MIL1000182

atology, Brazil

ridement and lavage in trea
o the mesenchymal sten cells (MSC), the effectiveness is kwer, however

1 the smady
=

scrved differences in SF-36 when
, it was shorwed an improvement in

plasma (PRP), autologous conditioned plasma (ACP) or autologous
conditioned serum, bone marrow aspirate, adipose biocellular

aft of mesenchymal stem cells are the most well
studied and prevalent grats of current use [6]. In this study we focus on
autologous mononuclear cells obtained from bone marrow (BMMC)
In cell therapy, the of studies have used mesenchymal stem
d from bone marrow (BMSC). Its important to note that the
hown tobebeneficial [7]. Previous
I trials have demonstrated beneficial effects in osteonecrosis
d. relieving pain and prevents the progression of

osteonecrosis. The number of cells used increased 3 folds basal number,
reaching 352 x 10°cells L. [8]. We published a study evahuating the
use of BMMCs and arthroscopy to treat patel

and verified ngsignsofy AOand

ensure the patient satisfaction with a safe return to sociallife and sports
and improvement in functional scors, restoring the articular cartilage
of subchondral bane [9]. However, the use of BMMCs for OA is not
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v 1
we propose that in the comext of healing, bo
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£ process o ooo

armmatory plase

oy regeneration”.
1 Teulkacytes play an imporant role, sb

i cifically due o the mecrophagze’s plas
s, that FRP products deriv m the buffy coat may be mare beneficial than detr
mctear cells point of the regenerative potential of PRE.
Regeneration 2018
Introduction efficacy of PRP relies on this biomolecule release from the a=

© Rich Plasma (PRP) has been the focus of many published
as well as veterinary' and dental® literature
both as a standalone therapy as well as in conjunction with Stem
Cells and scaffold materials. Specific to medical clinical trials, there
is an increasing interest in PRP as evidenced by the large number of
registered clinical trials. Currently thers are 302 rey
trials for a variety of med

PRP contains an autologous Mixture of a variety of cells with a
primary focus on platelets concentrated above baseline.” Platelets
contain granules with a wide range of active biomolecules. When
the platelets are activated. they Irl:asc these biomolecules, which
stimulate the namal healing casea 1e primary focus of pub
lished studies as well as the hy}o(h:su behind the therapeutic

svered clinical
als. o

onditions (www el

hetps:jids 101036/
057E-5662) 2019

This way. leukocyte rich  platel

granules

The cell type and concentration of cells within a PRF preparation
other than platel=ts may also include White Blaod Cells, Red Blood
Cells and 2 small fraction of stem cells.® The impact of the various
PRP cell compenents ather than platelets rem. a subject af same
controversy in the literature, This specifically applies to the re-
covery of leukocytes such as neutrophils due to their established
reiease of mflammatory eytakines and metalloproteinases which
can exacerbate the early inflammatory response to tissue injury.”
plasma (LR-PRP} and
leukocyte-poor platelet-rich plasma (LP-PRF) have been the focus
of debate over the past few years without a consensus. However,
these anel other variables should be considered in the questions for
the ideal biologic activity of a PR product. These variables include
platelet number, the presence of white blond cells, the level of
growth lactors and the use of image guidance for its administration,
amang others. Recently, Lana et al. (2017) have pub]lshed an article
incorporating & broad variety of variables in a classification system
termed MARSPILL. In summary, this new classification fotuses an
the method of PRP preparation (M), the use o Lack of exngenous
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Abstract

The pathologies of the musculoskeletal system continue to be one of the main causes of the reduction of quality of

life and are the main causes of disability with increasing incidence. The use of ultrasound equipment has gained

mainly with the of image quality and technology. Currently, ultrasound has become the

main diagnostic tool in traumatic, inflammatory and degenerative lesions in soft tissue conditions, and in the

monitoring of joints, ligaments, cartilage and muscles. This work aims to present a review of the indicators of the

use of intervention tech with ul d in musculoskeletal system disorders in knee, shoulder and

hip joints.

Keywords: Shoulder; Knee; Hip; Ultrasonography

1. Introduction

The pathologies of the musculoskeletal system continue to be one of the main causes of the reduction of quality of
life. Recently, the Arthritis Research, an English reputed institution demonstrated that between the years 2000 and
2015, the pathologies of the musculoskeletal system in the United Kingdom were the principal causes of disabilities,
with an increase of 5% in this period and an increasing incidence curve [1]. In this scenario, the use of ultrasound

equipment has gained importance, mainly with the improvement of image quality and technology. Currently,

Fortune Journal of Rheumatology 1
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Abstract: Leukocyte and platelet-rich plasma (L-PRP) is an autologous product that when activated
forms fibrin nanofibers, which are useful in regenerative medicine. As an important part of the
preparation of L-PRP, the centrifugation parameters may affect the release of soluble factors that
modulate the behavior of the cells in the nanofibers. In this study, we

valuated the influences of
four different centrifugation conditions on the concentration of platelets and leukocytes in L-PRP
and on the anaboli¢/catabolic balance of the nanofiber microenvironment. Human adipose-derived
mesenchymal stem cells (h-AdMSCs) were seeded in the nanofi
were evaluated. L-PRPs prepared at 100x g and 100 + 400x g re
)-B1and platelet-derived growth factor (PDGF)-BB due to the increased platelet
rleukin (IL)-8 and tumor necrosis factor (TNF)-a
were more significantly released from L-PRPs prepared via two centrifugation steps (100 + 400x g
and 800 + 400 g) due to the increased concentration of leukocytes. Our results showed that with the
exception of nanofibers formed from L-PRP prepared at 800 + 400x g, all other microenvironments were
favorable for h-AdMSC proliferation. Here, we presenta reproducible protocol for the standardization
of L-PRP and fibrin nanofibers useful in clinical practices with known platelet/leukocyte ratios and
in vitro evaluations that may predict in vivo results.

5, and their viability and growth
ed higher levels of transforming

growth factor (TC
concentration, while inflammatory cytokines

Keywords: platelet; leukocyte; L-PRP; centrifugation; fib
mesenchymal stem cells

nanofiber; growth factor; cytokine;

1. Introduction

In the pas
have been evidenced in the treatment of many types of dis

efits of autologous leuko and platelet-rich plasma (L-PRP)
ases [1-6]. Aside from growth factors
(GFs) released from the platelets’ alpha granules, L-PRP contains inflammatory cytokines secreted
from leukocytes that act in synergy to medulate the migration, proliferation, and differentiation
of autologous cells through different pathways that lead to tissue regeneration [7-11]. Depending
on the site, the degree of the injury (acute or chronic), and treatment phase (early or late stage of
healing), the leukocyte fraction must be adjusted from poor-leukocyte PRP (P-PRP) to L-PRP [12-14]
Modern classifications systems consider the platelet and leukocyte levels, aside from other conditions,

such as the number of centrifugation spins, activation, the presence of erythrocytes, and guided
applications [15-1]
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Abstract: Platelet-rich plasma (PRP) associated with high molecular weight hyaluronic acid (HA)
has been clinically used for tissue regeneration in orthopedics. Despite the recognized beneficial
clinical outcomes (e.g., early pain control, improvement of patients’ functional limitation and
longer-term effectiveness compared to PRP and HA alone in mild and moderate osteoarthritis
treatments), its use is still chall and ¢ 1 due to lack of standard; of assodiation
practical protocols. Moreover, most studies neglect the matrix structure, that generates the ultimate

properties of the association among platelets, fibrin network and the microparticles. In the present
work, we aimed to analyze the influence of the PRP/HA assodiation with a controlled matrix
structure on the stability, theological behavior, release of growth factors and in vitro proliferation
of human adipose-derived mesenchymal cells (h-AdMSCs). The attenuation of the negative charge
of HA was also evaluated. Pure PRP (P-PRP) (i.e, plasma enriched with platelets and poor in
leukocytes) was prepared by centrifugation and activated with serum and caldum chloride (AP-
PRP). Autocrosslinked hyaluronic acdd (AHA) was prepared by organocatalyzed auto-esterification

and structured in microparticles (\?AHA) by shearing. The attenuation of the negative charge of
wPAHA was performed with chitosan (CHT) by polyelectrolyte complexation yielding vpAHA-CHT
The results showed that microparticles (MPs) have viscoelastic properties, extrusion force and
swelling ratio appropriate for injectable applications. The association of AP-PRP with the controlled
structure of \vAHA and vpAHA-CHT formed a matrix composed of platelets and of a fibrin network
with fibers around 160 nm located preferably on the surface of the MPs with an average diameter
of 250 pm. Moreover, AP-PRP/nurAHA and aP-PRPA2AHA-CHT assodations were non-toxic and
supported controlled growth factor (PDGF-AB and TGF-p1) release and in vitro proliferation of h-
AdMSC with a similar pattern to that of AP-PRP alone. The best h-AdMSC proliferation was
obtained with the AP-PRPArAHA-CHTssindicating that the charge attenuation improved the cell

Polymers 2019, 11, 1568; dox10.3390/polym11101568 www.mdpt comjoumal/polymers
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Autologous leukocyte- and platelet-rich plasma (LPRP) combined with hyaluronic acid (HA) has been widely
used in local applications for cartilage and bone regeneration. The association between L-PRP and HA confers
structural and rheological changes that differ among individual biomaterials but has not been investigated.
Therefore, the standardization and characterization of LPRP-HA are important to consider when comparing
performance results to improve future clinical applications. To this end, we prepared semi-intemenetrating
polymer networks (semi-IPNs) of L-PRP and HA and characterized their polymerization kinetics, morphology,
swelling ratio, stability and rheological behavior, which we found to be tunab
(MM). Mesenchymal stem cells derived from human adipose tissue (h-AdM
superior viability and chondrogenesis and osteogenesis capabilities compared to the viability and capabilities of
fibrin. We have demonstrated that the preparation of the semi-IPNs under coatrolled mixing ensured the for
jon of cell-friendly hydrogels rich in soluble factors and with tunable properties according to the HA MM,
rendering them suitable for clinical applications in regenerative medicine.

1. Introduction

Leukocyte and platelet-rich plasma (L-PRP) consists of a con
centrate of platelets, leukocytes, proteins and other components that
after activation forms fibrin network, a matrix that acts as a reservoir of
soluble factors that orchestrate healing mechanisms [1]. Platelets store
many growth factors (GFs), chemokines and proteins in their alpha
granules, as well as exosomes and microparticles that act as mediators
in various physiological processes. Activated leukocytes secrete cyto-
kines that, in addition to their inflammatory behavior, have important

roles in maintaining homeostasis by stimulating cell activity [2-4].
Furthermore, the inflammatory phase is crucial for the healing process
because it promotes remodeling and induces the tissue contraction
phase. Finally, monocyte differentiation into macrophages during these
immune response processes is of great importance due to macrophage
plasticity into the M1 y) and M2

Corresponding author
Email address: helena ) (MH.A. Santaoa).

phenotypes and its contribution (o regeneration [5,6]. Therefore, both
platelets and leukocytes are essential for global regenerative processes
[7]. The effectiveness of locally injected L-PRP on tissue regeneration
has been observed in clinical studies, particularly in the treatment of
cartilage and bone diseases [5-10)

L-PRP efficacy can be potentially increased when it is combined
with hyaluronic acid (HA) [11), a glycosaminoglyean present in the
extracellular matrix (ECM) of joint tissues in the high molar mass
(HMM) form ( > 1000 kDa), where it contributes to the maintenance of
tissue integrity by promoting its organization, elasticity, lubrication and
shock absorption capac 1. In the organism, HMM HA is natu
rally degraded into smaller fragments that form oligosaccharides (< 20
disaccharides) and the HA of low (LMM) and intermediate molar mass
(20 to 450 kDa) that have different biological properties, such as pro-
moters of angiogenesis and as stimulators of inflammatory cytokine
expression [10-12).

Received 7 June 2019; Received in revised form 6 December 2019; Accepted 11 December 2019
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Abstract

Despite the health benefits of sports and physical
activities, sports injuries rank among the major public
health problems due to the important social and
economic impact on society. A significant proportion of
these injuries remain difficult to treat, and many athletes
suffer from decreased performance and longstanding
pain and discomfort, especially the high-performance
athletes. Non-surgical alternatives have been studied,
and the use of the Platelet-Rich Plasma (PRP) is one of
the most popular solutions due to its chemotactic,

Fortune Journal of Rheumatology

proliferative and anabolic responses through the
delivery of growth factors. However, there are many
unanswered questions concerning the composition of
PRP, the individual blood product characteristics, the
distinct protocols of production, and the different
methods of application, all of which compromise the
real evaluation of PRP efficacy. In addition, not much is
known about its response in professional athletes and
how these differ across sports. This review discusses the

current literature regarding the use of PRP in the
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shoc /T)is a popular therapeutic modality in the medical
e fo the treatment of ummerous musculsikeletal disorders. This techmique first emerged around the
19805 as extracorporeal shockwave lithotripsy and has been studied since then for its application to-
wards orthopedics and traumatology. ESWT works by the emission of acoustic waves (shockwaves) that
carry energy and can propagate through tissues. Shockwaves can generate interstitial and extracellular
repome producing many beneficial effects such as: pain relief, vascularization, protein biosynthesis,

 neuro and and destruction of cakium depasits in musculoskeletal

frvoiere nmnum The combination of these effects can lead to tissue regeneration and significant alleviatian of
areration pain, improving functional autcomes in injured tissue. Considering these facts, ESWT shows great po-
Shockw tential as a useful regenerative medicine technique far the treatment of numerous musculoskeletal
Musculoskeletal disorders injuries.

© 2020 Delhi Orthopedic Association. All rights reserved.

1. Introduction

Extracorporeal shockwave therapy (ESWT) has become a pop-
ular non-invasive therapeutic modality in the field of orthopedics
and traumatalogy for the treatment of many musculoskeletal dis-
orders, including problematic soft tissue wounds, ESWT first
emerged around the 1980s as extracorporeal shockwave lithotripsy
(ESWL), a tool used to disintegrate renal stones.' The essential
principle behind this technique revolves around the action of
shockwaves, which are rapid but short duration acoustic waves that
carry energy and can propagate through tissues.” In contrast to
ESWL, the of in ( )
can be beneficial due to their ability to cause interstitial and

* Cormespanding auther, 10 — Instituto do Osso e da Cartilagen | The Bone and
Cartilage Institute, Avenida Presidente Kennedy, 1386 — 20d flaor, Room #29
Cidade Hova I Indalatuba, SP, 1333170, Bzl
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extracellular responses which lead to tissue regeneration.’ In
general, ESWT bears positive effects in the management of cartilage
and bone diseases. This therapy has shown promising results in the
treatment of various musculoskeletal disorders, including tendi-
nitis, epicondylitis, plantar fasciitis, trocanteritis, and “jumper's
knee”, as examples.”” Furthermore, its utility can also be applied
towards the treatment of non-union in long bone fractures, avas-
cular necrosis of the femoral head, chronic diabetic or non-diabetic
ulcers, ischemic heart disease and even erectile dysfunction.

Acting as a mechanical stimulus, it is believed that ESWT pro-
motes healing via mechanotransduction.” Reportedly, biological
responses include tissue regeneration, wound healing, angiogen-
esis and bone remodeling.” * Additionally, it may also alleviate
pain by means of hyperstimulation analgesia. ' Previous in-
vestigations have suggested that mechanotransduction seems to be
the major mechanism whereby ESWT triggers angiogenic and tis-
sue regeneration responses at cellular and molecular level:
generating beneficial therapeutic effects in clinical scenarios.”
Although ESWT may be utilized to treat a variety of physical
problems involving musculoskeletal tissues, there may be different
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Abstract

Degenerative musculoskeletal disorders are one of the top causes of pain and
disability in the adult po,mm.on Curent available alternatives to mitigate
include conser such as the of
pharmacological agents il i scicalivg approach towards lifestyle
modification. The use of certain analgesics, such as opiates and corticosteroids,
delivers short term results but do not address the etiological source of pain and
disability. Also, prolonged use of such medications may cause additional
complications. Therefore, the demand for musculoskeletal tissue regeneration has
led to an alternative approach referred to as “orthobiologics”. This altemative is
based on cellular and molecular components capable of inducing and promoting
tissue repair. Bone marrow (BM) aspirate (BMA) and concentrate are well-known
used to treat conditions. Orthobiologics derived
from the BM have been discussed in the literature; however, the lack of
standardization regarding collection and processing protocols presents a
challenge for generalization of study outcomes and determination of efficacy.
Since BM-derived orthobiologics have not yet been classified, to our knowledge,
this manuscript proposes the ACH classification system, which speaks to BMA
(A), BMA and concentrate (C) and hybrid (H), which combines A and C. This
classification proposes and describes 8 parameters that are relevant for the
quality of biological products. The more parameters used would imply greater
characterization and complexity of the evaluation of the biological product used
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Metabolic syndrome (MS) has become one of the top major health burdens for over three decades not
only due to its effects on cardiovascular health but also its .mpmmns in orthopedics. Extensive
research has shown that MS is tightly linked . a process wh
to primarily occur in the subchondral bone via the incidence o bunc -marrow lesions (BMLs). Numerous
studies identify obesity, dyslipidemia, insulin resistance and hypertension as the top metabolic risk
factors, the so-called “deadly quartet”. These factors are responsible for the disruptive physiological
processes that culminate in detrimental .\umnuns within the subchondral bone, cartilage damage and,
overall, the predo joint Although it has long been thought
tha osteoarthits was iited to the cartlage component o the jont,othér studies Inlicae that the
disease may originate from the harmful aterations that occur primarily in the subchondral bone,
especially via means of vascular pathology. Since metabolic risk factors are manageable to a certain
extent, it is therefore possible to decelerate the progression of OA and mitigate its devastating effects on
the subchondral bone and subsequent articular cartilage damage.
Methods: Literature was reviewed using PubMed and Google Scholar in order to find a correlation be-
tween metabolic syndrome and usxcoavlhn(n progression. The investigation included a combination of
nomenclature such as: “metabolic syndrome”, “obesity”, “insulin resistance”, “hypertension”, “dyslips
demia®, “low-grade systemic inflammation, “csteaarthiis, ~subchondral bone- “cartlage" and
flammatory blomarkers”
Conclusion: Based on several studies, there seems to be a significant association between The Deadly
Quartet (metabolic syndrome), of both pro- and biomarkers, and
osteoarthritic progression arising from unbridied systemic inflammation.

© 2020 Delhi Orthopedic Association. All rights reserved.
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1. Introduction

Metabolic syndrome is a major health condition that continues to
escalate and challenge public and clinical health on a global scale as a
result of urbanization, increased calorie intake, increasing obesity

—— and sedentary life habits. This is a complex condition which is

SBLC. Visond tightly connected to multiple biochemical and physiological path-
RG. Santos ways, often directly associated with the development of
(LF. Lana)
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Musculoskeletal disorders are one of the major health burdens and a leading source of disability
worldwide, affecting both juvenile and elderly populations either as a consequence of ageing or extrinsic
factors such as physical injuries. This condition often involves a group of locomotor structures such as the
bones, joints and muscles and may therefore cause significant economic and emotional impact

Some pharmacological and non-pharmacological treatments have been considered as potential solu-
tions, however, these alternatives have provided quite limited efficacy due to the short-term effect on
pain management and inability to restore damaged tissue.

The emergence of novel therapeutic altematives such as the application of orthobiologics, particularly

marrow aspirate (BMA) dot, have bestowed medical experts with considerable optimism as evi

nced by the significant ..\um f()um! in numerous studies addressed in this manuscrpt. Although
other products have of al injuries, the peculiar interest in
BMA, fibrin clot and M)(Khl(('d ﬁl)lm(llvh( mechanisms continues to expan

BMA is a rich source of various cellular and molecular components which have demonstrated positive
effects on tissue regeneration in many in viro and in vivo models of musculoskeletal injuries. In addiion
ble to undergo sel nd mesenchymal stem cells
present in this ummxmmu elicit key unnwnwuxlulalurv and paracrine roles in inflammatory re-
sponses in tissue injury and drive the coagulation cascade towards tissue repair via different
mechanisms.

Although promising. these complex regenerative mechanisms have not yet been fully elucidated
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1. Introduction

disability worldwide. According to the World Health Organization,
the global burden of musculoskeletal disease was the highest

Musculoskeletal disorders are one of the major contributors to contributor to global disability in 2017." Most of the musculoskel-
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etal degenerative conditions are not exclusive to elderly people
since young individuals can also be affected by sports injuries,
Those conditions may affect bones, joints, and muscles and resultin

o i il B Yo a great economic impact, limiting mobility and causing early
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retirement and reduced ability to participate in social activities.
Nowadays, the therapies available to treat those conditions
comprise non-pharmacological treatments (eg. manual and
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ARTICLE INFO ABSTRACT
Arice history It is currently understood that osteoarthritis (OA) is a major chronic inflammatory musculeskeletal
Received 23 July 2020 disease. While this disease has long been attributed to biomechanical trauma, recent evidence estab

ived in revised form lishes a significant correlation between osteoarthritic progression and unbridled axidative stress,
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responsible for prolonged inflammation. Research describes this as a disturbance in the balanced pro-
duction of reactive oxygen species (ROS) and antioxidant defenses, generating macromelecular damage
and disrupted redox signaling and control. Since ROS pathways are being considered new targets for OA
treatment, the develapment of antioxidant therapy to counteract exacerbated oxidative stress is being

Keywords

Oitative sioess continuously researched and enhanced in order to fortify the cellular defenses. Experiments with
Inflammation glutathione and its precursor molecule, N-acetylcysteine (NAC), have shown interesting results in the
Osteoanhrits literature for the management of OA, where they have demonstrated efficacy in reducing cartilage
Antioidant degradation and inflammation markers as well as significant improvements in pain and functional
Glutathione outcomes. Glutathione remains a safe, effective and overall cheap treatment alternative in comparison to

other current therapeutic solutians and. for these reasons, it may prove to be comparably superior under
particular circumstances.

Methods: Literature was reviewed using PubMed and Google Scholar in order to bring up significant
evidence. the of antioxidant ct ds ag damage in
the onset of diseases. The included a of keywords such as:
oxidative stress, oxidative damage, inflammation, osteoarthritis, antioxidant, glutathione, n-acetylcys-
teine, redax, and cell signaling

Conclusion: Based on the numerous studies included in this literature review, glutathione and its pre-
cursor N-acetylcysteine have demonsirated significant protective effects in events of prolonged, exac-
erbated oxidative stress as seen in chronic inflammatory musculoskeletal disorders such as
ostevarthritis.

© 2020 Delhi Orthopedic Association. All rights reserved
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Abstract: Emerging autologous cellular therapies that utilize platelet-rich plasma (PRP) applications
have the potential to play adjunctive roles in a variety of regenerative medicine treatment plans. There
is a global unmet need for tissue repair strategies to treat musculoskeletal (MSK) and spinal disorders,
osteoarthritis (OA), and patients with chronic complex and recalcitrant wounds. PRP therapy is
based on the fact that platelet growth factors (PGFs) support the three phases of wound healing and
repair cascade (infl tion, p deling). Many different PRP formulations have
been evaluated, originating from human, in vitro, and animal studies. However, recommendations
from in vitro and animal research often lead to different clinical outcomes because it is difficult to

translate non-clinical study outcomes and methodology rec dations to human clinical treatment
protocols. In recent years, progress has been made in understanding PRP technology and the concepts
for bioformulation, and new research directives and new indications have been suggested. In this

review, we will discuss recent developments regarding PRP preparation and composition regarding
platelet dosing, leukocyte activities concerning innate and adaptive immunomodulation, serotonin
(5-HT) effects, and pain killing. Furthermore, we discuss PRP mechanisms related to inflammation
and angiogenesis in tissue repair and regenerative processes. Lastly, we will review the effect of
certain drugs on PRP activity, and the combination of PRP and rehabilitation protocols

Keywords: platelet-rich plasma; regenerative medicine; platelet dosing; neutrophils; monocytes;
lymphocytes; inflammation; angiogenesis; serotonin; analgesic effects; immunomodulation;
rehabilitation

1. Introduction

Autologous platelet-rich plasma (PRP) is the processed liquid fraction of autologous peripheral
blood with a platelet concentration above the baseline [1]. PRP therapies have been used for
various indications for more than 30 years, resulting in considerable interest in the potential of
autologous PRP in regenerative medicine. The term orthobiologics has recently been introduced for
the treatment of musculoskeletal (MSK) disorders, with promising results for the regenerative capacity
of the heterogeneous biological active PRP cellular cocktail. Currently, PRP therapies are suitable
treatment options with clinical benefits, with encouraging patient outcomes reported [2~4]. However,

Int. |. Mol. Sci. 2020, 21, 7794; doi-1033%0)ijms21207794 wiwwmdpi com/joumal/ijms
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Introduction

It is well known that the rise in metabolic syndrome (MS) has
become a major health burden across the globe. Excessive
caloric intake and poor dietary habits pave the way for
the progression of “meta-inflammation,” which disrupts
metabolic equilibrium and eventually aggravates low-grade
chronic inflammation throughout the body'.

@) 15405 NEWSLETTER 2021: VOLUME |

By definition, meta-inflammation is a state of chronic
inflammation mediated by macrophages that are present
in certain locations such as the liver, muscle, adipose
tissue, pancreas, colon, and brain’. These cells are known
to coordinate immune activity and homeostasis, taking
on different roles and displaying many cellular properties,
depending on time and various biochemical stimuli?
Meta-inflammation can disrupt proper cell signaling and
macrophage polarization, a process that also appears to
be linked to MS. While meta-inflammation and disrupted
cell signaling have been associated with MS and other
autoimmune disorders, other unknowns still remain to be
explored with regard to the origins and initiatory mechanisms
of this disorder. In any case, this disorder still poses a great
challenge for orthopaedic surgeons and other medical
practitioners as chronic inflammation has been shown
to harm musculoskeletal structures'. Musculoskeletal
complications may be treated with conservative alternatives
as well as novel therapeutic interventions such as the
application of orthobiologics, which are regenerative
therapies that are used to facilitate the healing of variety
of tissues. Popular examples include hyaluronic acid,
platelet-rich plasma, bone marrow, adipose tissue, and
expanded mesenchymal stem cells”. In order to promote a
more effective response, however, medical professionals
must “prepare the soil” before managing a patient with an
orthobiologic intervention. In other words, the target tissue
must be biologically receptive to therapeutic agents. This
goal can be achieved by designing health protocols that
modulate an individual's metabolc profile with the inclusion of
dietary modifications, intermittent fasting, health supplements
(minerals and vitamins), hormonal regulation, and other
altematives.

The objective of this review is to discuss some but not all of
the known biologic soil-preparation alternatives in the fight
against meta-inflammation, demonstrating the importance
of primarily addressing low-grade chronic inflammation
preceding interventional therapies.

Macrophage Polarization

The polarization of macrophages has been broadly divided
into two distinct phenotypes (M1 and M2), which are
attributed to the corresponding Th1 and Th2 (t helper) cell
responses®. The M1 macrophages have been classically
associated with inflammatory responses. These responses
are usually mediated by certain inflammatory agents
such as interferon-y (IFN-y) and lipopolysaccharide (LPS),
which allows these cells to develop microbicidal and
proinflammatory properties, a main feature of this specific
phenotype. M1 receptors for cytokines and LPS, in turn,
allow signal transduction, which results in the expression of
well-known inflammatory mediators such as inducible nitric
oxide synthase (INOS), tumor necrosis factor-a (TNF-a), and
chemokine (C-C motif) igand 2 (CCL2/MCP-1)*
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Abstract:
Covid-19 is a novel coronavirus disease that has been (SARS-CoV-2) responsible for a worldwide
demic of infectious p i iated with severe acute respiratory syndrome. Although in most
cases the disease can be resolved on its own, in severe or critical cases, patients can ultimately pass away,
mainly due to the diffuse and massive alveolar damage 1ated with disease One in four
patients will be admitted to the Intensive Care Unit (ICU). A constant characteristic in severely affected
patients is the 1 systemic infl y response. This is attributed to the excessive iImmune
response mediated by cytokine secretion, which therefore causes acute hng injury, acute respiratory
distress syndrome, multiple organ failure and even death. Currently, there are no effective antiviral agents
and there are no fully elucidated or validated therapeutic options that can halt disease progression in some
patients. Therefore, there is an urgent need for new treatments to delay the excessive inflammatory
response and accelerate the repair of functional lung tissue in these patients. Glutathione may fit these
criteria because it has some properties which can be associated with antiviral effects and it also
participates in immune responses with the ability to balance oxidative stress.
Key words: acute respiratory syndrome, COVID-19, glutathione.
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Abstract

The use of orthobiologics as a novel therapy for the treatment of numerous
musculoskeletal disorders has increased considerably over the past decade.
Currently, there are multiple alternatives available as suitable treatments;
however, the use of autologous blood-derived products such as platelet-rich
plasma (PRP), bone marrow aspirate (BMA) and BMA concentrate (BMAC),
specifically, is expanding. Although many investigations attempted to
demonstrate the effectiveness of these therapies, even with positive results, the
literature lacks standardized protocols and overall accuracy in study designs,
which leads to variance and difficulty in reproducibility of protocols. The efficacy
of PRP for the treatment of cartilage, bone and muscle tissues is well known.
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Abstract

Among d musc disorders, h

remains one of the

main causes of pain and disability in the adult population. Current available
alternatives to alleviate symptoms include conservative treatments such as
physical therapy, anti-inflammatory drugs and an educational approach to
lifestyle modification. The use of certain analgesics, such as opiates and
corticosteroids offer short-term results but does not address the etiological source
of pain and disability. In addition, prolonged use of such medications can cause
additional complications. Therefore, the demand for regeneration of joint cartilage
ve approach called "orthobiologics”. This alternative is based
on cellular and molecular components capable of inducing and promoting tissue
repair. Products derived from adipose tissue have been studied as an excellent
source of orthobiologics in an attempt to promote joint cartilage repair. However,

has led to an alt
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novel effec-

tive altenatives to treat complicated orthopedic conditions. The ever-expanding field of regenerative

medicine has allowed r

rchers to appreciate the therapeutic value of bane marrow-derived biclog-

ical products, such as the bone marrow aspirate (BMA) clot, a potent orthobiologic which has often

been dismissed and regarded as a technical complication. Numerous in vitro and in vivo studies

have contributed to the expansi
the application of autologous bone marro
accommodates a diverse family of cell populations and a rich secretome;
BMA-derived products such as the “BMA Matrix”

on of m

| knowledge, revealing optimistic results concerning
towards various impactful disorders. The bone marrow

utologous

may represent a safe and viable approach, able

to reduce the costs and some drawbacks linked to the expansion of bone marrow. BMA provides

compliance. The BMA Matrix represents a
tissue repair mechanisms by modulating inflamn

liminates many hurdles associated with its preparation, especially in regards to regulatory

sitab

rnative, indicated for the enhancement of

jon and acting as a natural biological scaffold as

well as a reservoir of cytokines and growth factors that support cell activity. Although promising,

more dinical studies are warranted in order to further clarify the efficacy of this strategy

Keywords: tissue healing; bone marrow aspirate

rin matrix; hyaluronic acid; regenerative

medicine; orthobiologics

1. Introduction

decades.
firm that musculoskeletal diseases are the highest contributor to global disabilit;

The rise in musculoskeletal disorders has been a great cause of concem in recent
vajor health organizations such as the World Health Organization (WHO) con-
[1]. These

health conditions can affect both young and elderly populations by putting bones, joint
and muscle tissues at risk and generating a detrimental socioeconomic and psychosocial
impact. Current interventional strategies are divided into pharmacological and nonphar-
macological altenatives. Popular nonpharmacalogical strategies usually employ exercise,
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Abstract

Orthobiologics are biological materials that are intended for the regeneration or
healing of bone, cartilage and soft tissues. In this review we discuss the use of
orthobiologics for hip disorders providing an update. The orthobiologics included
in this article are hyaluronic acid, platelet rich plasma, bone marrow, adipose
tissue and expanded mesenchymal stem cells. We explain the concepts and
definitions of each orthobiological product, and the literature regarding its use in
the hip joint. The paucity of guidelines for the production and characterization of
the biological products leads to uneven results actoss the literature. Each biologic
therapy has indications and benefits; however, noteworthy are the
characterization of the orthobiologics, the application method and outcome
analysis for further improvement of each technique.

Key Words: Orthobiologics; Hip disorders; Platelet-rich plasma; Mesenchymal stem cells;
Bone marrow: Adipose tissue
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ARTICLE INFO ABSTRACT

Onthobiologies continue to gain popularity in many areas of wedical science, especially in the field of regen
Orthobiclag erative medicine. Platelet-sich plasma derivatives are orthobislogie tools of particular interest. These bio-
Phutubotsich pl s logic produets ean be obtained via centrifugation of a patient’s whole blood and the components ean then
‘::;’:'::;;:‘““"’" be isclated, and ultimately into injured tissues, particuladly in ar

eas where standasd healing is disrupted. The elevated conce niration of platelets above the basal value en
ables aceelerated growih of various tissues with minimal side effects. The application of sutalogous orthobi
ologiesisa y r going which continues stie results
in the stimulation and enhane ed healing of various soits of tissue injuries. The local release of growth factors
and eytokines contained in platelet alpha granules accelerates and ameliorates tissue repair processes,
mimicking and supporting standard wound healing. This effect is greatly enhane ed upon combination with
the Abrinelytic system, which are essential for complete ¢
proper cellular reeruitment of certain cell populations such as me senchymal stem cells and other im
munomodulatery agents. Additionally
healing and re;
makes it par
demonstiated signi ficant resubts with platletrich plasma derivotives, further studies are still warranted

eration, Fibrinolytic reactions can dietate

these reactions alse control proteslytie activity in areas of wound

nerative processes of mesodermal tisues including bone, cartilage, and muscle, which

larly valuable for musculoskeletal health, for instance. Although many investigations have

1. Introduction decades. This is mainly attributed to the promising potential of PRP in
enhaneing regenerative proceses, which has long been appreciated by
The use of autologous hematological components has become a  oral and maxillofacial surgeons, veterinatians, dermatologists and

highly attractive therapeutic tool in many areas of medieal science for  sports medicine experts [1,2)

the treatment of various debilitations. Platelet-rich plasma (PRP), for Platelet-rich plasma can be generated by the centrifugation of an
example, is a popular treatment modality and has raised a significant  individual's whole blood, carrying a variety of cells with a primary fo
level of attention amongst medical professionals over the last two  cus on concentrated platelets above baseline [3,4], as Fig. 1 illustrates.
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Recaived 28 January 2021 erative medicine prompts new salutians, platelet-derived bioproducts have been propased as a potential
Stephany Cares Huber

E;“““’g‘;}’;““ orm tool in this field. In orthopaedics and sports medicine, the use of PRP has been rapidly increasing in
popularity as patients seek novel non-surgical approaches to acute and chronic musculoskeletal con-

il anine 28 iy 2021 ditions. The concept of having platelets as a secretory organ other than a mere sponge-like coagulation

I M . component opens up new frontiers for the use of the platelet secretome. Platelet lysate is a solution
Tais Mazzini Setti o uuhuadvy rowth . e, i, and chomines oo 1t el peshrg proceses
Plretet ysase and is administered to treat different diseases such as alopecia, oral mucositis, radicular pain, ostcoar-

. . Hegenerative medicine thritis, and cartilage and tendon disorders. For this purpase. the abundant presence of grawth factors and
Th | a go S ett' Orthabiologics chemokines stared in platelet granules can be naturally released by different strategies, mostly through
Orthopaedics Iyophilizatien, thrombin activation or ultrasound baths (ultrasonication). As a result, human platelet

Musculoskeletal injuries Iysate can be produced and applied as a pure orthobiologic. This review outlines the current knowledge

J A F 2 b' L about human platelet lysate as a pawerful adjuvant in the orthobiological use for the treatment of
OoSse rFablo Lana musculoskeletal injurie. wihou Rowever Fallng 10 fise somme of s most applicae basc sience
© 2021 Delhi Orthopedic Assaciation. All rights reserved

1. Introduction appears to be the most popular platelet-derived product, which

represents a biological treatment for various musculoskeletal i

The increasing use of orthobiologics in musculoskeletal injuries,  juries involving tendons, ligaments, cartilage and bone. PRP is one of

especially cell-based therapies involving mesenchymal stem cells  the many new developments within the expanding field of regen-

. ~ has led to an increasing demand for clarification (or eluci-  erative medicine. Although different formulations have been

Publ IcacaO' 28 d e J u | ho d e 202 1 dation) of the role of blood components. Platelets play an essenti. described, it aims to improve the process of tissue repair through

. role not only in primary hemostasis but also in wound healing and  local delivery of autologous bioactive agents to influence critical

-, . o . . tissue regeneration.’ Significant knowledge about platelet biology i isms such as i i or

. - has been gained during the last decades with increased focus on  extracellular matrix (ECM) synthesis.* Recently, Lana et al. proposed

Veiculo: Elsevier - Journal of Clinical Orthopaedics and Trauma e e e e L

reservoir capacity that is through many  Criteria included harvest method, activation, red blood cells, number

studies in the literature.” In this context, platelet-rich plasma (PRP)  of spins, image guidance, leukocytes number and light activation in

order to propose a consensus for new studies. To be defined as a

“working PRP", the platelet concentration should be around 105 per

microliter, since higher concentrations have not shown enhance-

i it o T o % O OIS R mens s eling” e ichpasma (PRP) sl defined 5

Pesquisa completa aqui! i Soeogeae DILEEs concenrated over the bsal number ([0ur-10 nine-0) i3
Email oddresses slu@gmailcom (L da Fonseca), gabriell sibv small plasma volume.

(G5, Samtos). ste hube . (SC. Huber) By its secretome, platelets have a central role in hemostasis,

M. Se #leom [T Seftil secreting a cargo of proteins that are found in alpha granules, dense

fal anadg c .j} Lana).
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Keywords:
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Ever since its emergence, the highly transmissible and debilitating coronavirus disease spread at an incredibly
fast mie, causing global devasiation in a matier of months, SARS-CoV-2, the novel comomavirus responsible for
COVID-19, infectshoss ater binding 0 ACE2 receplrs present on cels from masysructuees peraining o the
respiratory, cardiac, 1 COVID19,
10 trigger a severe eytokine storm syndrome in pulmonary structures, resultng in axidative stres, exacerbated
inflammation and alveolar injury. [ue fo the recent nature of this discase 1o (reatments have shown compleie
efficacy and safety. recently, however, researchers have begun to direct some attention towards GSH and
NAC. These narural antioxidants play an essential rol in severl bio rocesses in the body, especially the
maintenance of the redox equilibrium. In fact, many discases appes strongly related to severe axidative
stress and deficiency of endogenous GSH. The high ratios of ROS over GSH, in particular, appear toreflect severity
9 patients. T “s ability
10 detoxify the cellular microenvironment, fold proteins, replenish antioxidant levels, maintain healthy immune
responses and even modulate apoptotic events. Oral adminis GSH and NAC is convenient and safe, but
they are susceptible to degradation in the di this drawback, nebulization of GSH and
hernative for the management of the early stages of

NAC as an adjuvant thesapy may therefore be a
COVID-19,

Correspanding author: 10C - Instituto do Osso e da Cartilagem / The Bone and Cartilage Institute, Presidente Kennedy Avenue, 1386 - 2nd floor, Room #29 -
Zip code 13334170, Indaiatuba Sio Paulo, Brazil,
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ABSTRACT

e p—

Ingrochuction BD) kan v culitis, ty
dinical ha include: ukeers, acular ates
aians, vascular and neurokogical implic ations. The available mezments present limitagons such a5 high
cost and side effecss, and the search for 2 bow cost biokogical teamment with immunamaodulatory po-
el ecomes of geat vaue. Plzeks rich plasma (PRF) has some characteristics that indicae a possile

Kirpermd

we & an alZor due to e wide Tang of secded cytokines, especilly MEUFh e
parscipaion of TGF-§i1 in the differengation of Tregulamry cells (Treg) This study aimed to charxerize
#he PR poar in keukocyees (P-PRP)of patients with BD and active ukers and toevaluze is effecs 2 an
immunomodul 2o through 3 subaranesas appllczion.

Meghods: We sebried patienss with 2 diagnasis of B, with 2 kow dose of prednison e and with no central
mevous system or ocular invahement Platset and leukooye count and quantification of 17 cymikines
wer evaluated in P-PRP. The efiects of P-PRP were evaluzed by cell frequency of TODS +, TODE +. Treg.
nazural killer (WK}, and acthasd NK, as well 2 by the cytokine profile in patiens plama, and he
dinical Also, it was evaluzed the number and sming of
ordl uker chswe. PRP wis wsed 35 an adjuvant, with 9 applications of 3 mi, over & manths, with 2
fallow-up of one year.

Reruirs: The msuls using PRP showed adequae values and no SEEnIficant inter-and inma-indiidual
wariasons. The sysemic evaluations during the use of akerasons,

by the increase in Treg cell frequency (p = QL0416) and 2 decrease in acthated NK cells (p = 0.0010)
However, The mest W

the decréaze in the dosing time of ukcers throughout the applicarion period.
Comdusion: In 3 pilot study with BD patiens, PPRP prmeotrd an anti-inflanmazry profile characes-
tzed by increased Treg cells and decmased acthawd NK cdls and aberations in cytokines. A clinkcal
improvement was ohserved with 3 decrease in the number and me of closure of oral ukers

#2071, The Jipanese Sociy for Regeneraive Medicine. Prduc
an open access antide under the O BY-NC-ND leense (his o

¢ (A Hedear |

CHHET8, Sio Pk, Bl Fax +55

1 Introduction

Behget's disease (BD) i a chranic inflammatary conditian
characterized by vasculitis, with recurment attacks of aphthous aral
and genital ulcers, skin lesions, and dinical ocular invalvement
Other atiors include the central nervous system (CKS )
gastroinie stinal tract (GIT) lung and heart. The disease presents
perinds of remissian and exacerbation and the symptom atakogy

¥ of the Jipasesie Socksy e Repeme  can vary acrding to the geographic lcation [1-3]
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Abstract

Study Design: Case report

Objectives: The objective is report a case of delayed union dus o
savers thoracic rib irauma involving multiple Fachures by evaluation,
inlerventional sirategy and follow-up.

Background: Delayed union due to severe frauma is an impact-
ful condition responsible for progressive deformity and pain where:
surgical intarvention may stil prove o ba challenging in terms of
success rates. Rib fracture 1 the most comman form of blunt tho-
racic injury, affecting muliple costal struchures in all types of thoracic.
trauma. Typical conservative treatments are usually limited to brace
appiication and only for the control of pain in acute circumstances
Rib fractura is siil an imporiant communicator of rauma severity,
s morbidity and mortality can increase according 1o the number of
fracturad ribs.

“Corresponding author: Gabel Silva Santas, Biomedical Scientist 10C— st
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Materials and Methods: Compuled tomography (CT) of the costal
arches was performed in both diagnasis and follow-up. The patient
received Bone Marrow Aspirate (BMA) infiltration treatment to treat
the detayed unicn of fractured banes.

Results: Al of the fractured ribs (from the 2nd to the 121h) with mul-
ple affected regions were apparently consoidated. The bane over-
1aps on the 5th, 6th, 7ih, Bth, 91h and 10th nibs, were also consalidat.
@d. There was no evidence of chest wall collapse of instability, and

Mere ous joants. of aven

The Patient extibited
significant pain improvement wih BMA reatment

Conclusion: | i selting,

o be an efficient the treatment of

fib trauma and delayed union. The palient returned with no com-
plaints and CT ewdence indicated that all of the frachred ribs had
complete consoldabon. Pain and functional culcome of the chest
wall n terms of stabiity improved with the help of this offotsologic.
allarmatve.

Keywords: Bone marrow aspirate; Delayed union; Fracture; Ortho-
biologics; Thoracic trauma

Key Points
A48-year-old man with a history of epilepsy fell off the roof of his
louse and suffered severe thoracic trauma, multiple rib fractures
on the right rib cage, from the 2nd to the 12th ribs, affecting multi-
ple points in the same costal arch,

The condition was also associated with hemopneumothorax and
unstable chest, a5 of September 2019. Signs of pain were detected
in the right hemithorax. Afler 3 months, with o sign of consolida-
tion of these fractures (Figure 1) a conclusion was found, charac-
terizing it as possible pseudoarthrosis.

+ The patient was subimitied to two sessions of BMA injections for

the management of delayed union. The first session cccurred in
Febmary 2020, and the second one in June 2020.

+ Delayed union was significantly improved with just two sessions
with BMA administration. Three months after the first infilration
procedure the patient retumed to the office and showed expressive
improvements in pain and significant consolidation of fractured
ares.

Introduction

The ribs are vital structures of the thoracic cage. Rib trauma can
affect the lungs, mediastinum and other thoracoabdominal structures
that rely on the integrity of the ribs for adequate protection [1]. Tho-
racie arise from blunt g and can be
broadly classified as chest wall, pulmonary or cardiovascular injury.
Rib fractures are the most common form of blunt thoracic mjunes
affecting multiple points of these structures in all types of thoracic
trauma [2]. Depending on the severity of traumatic rib injuries, key
complications can encompass acute pain, hemothorax, pueumotho-
rax, extrapleural hematoma, acute vascular injury and pulmonary
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Abstract: Some say that all dise
is attributed to the An
2500 years ago. The continuous breakthroughs in modern medicine ha

es begin in the gut. Interestingly, thi

sinc

ent Greek physician Hipp , who proposed the hypoth

nsformed our classic

understanding of the gastrointestinal tract (GIT) and human health. Although the gut microbiota
(GMB) has proven ta be a con: companent of human health under standard metabolic conditions, there
isnow also a

ong link connecting the compaosition and function of the GMB to the development

of numerous disease:

especially the ones of musculoskeletal nature. The symbiotic microbes that
reside in the gastrointestinal tract are very se

itive to biochemical stimuli and may respond in many
different ways depending on the nature of these biological signals. Certain variables such as nutrition
and physical modulation can either enhance or disrupt the equilibrium between the various species
of gut microbes. In fact, fat-rich diets can cause dysbiosis, which decreases the number of protective
bacteria and compromises the integrity of the epithelial barrier in the GIT. Overgrowth of pathogenic
microbes then release higher quantities of toxic metabolites into the circulatory
pro-inflammatory cytokines detected in osteoarthritis (OA), th

em, especially the

ng inflammation and
with

reby prome
¢ processes throughout the body: Although many studies link O
GMB perturbations, further research is still needed

the initiation of many

Keywords: osteoarthritis; gut microbiota; metabolic syndrome; systemic inflammation

1. Introduction

Osteoarthritis (OA) has long been considered a degenerative disease that affects the
hyaline cartilage alone. This orthopedic disorder still remains one of the most common
degenerative and progressive joint diseases and a major cause of pain and disability in
adults, affecting approximately 7% of the global population [1]. The Global Burden of
Disease (GBD) 2019 study results revealed that the number of individuals affected by this

Int. [ Mol. Sci. 2022, 23, 1494, hitps:

/ /doi.ong/ 103390 /fens23031 454

hittps:/ /www.mdpi.com /journal /fjms.
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neration of bone,

Abstract: Orthobiologics are biological materials that are intended for the reg

cartilage, and soft tissues. In this review, we discuss the application of orthobiologics in Achilles

tendinopathy, more specifically. We explain the concepts and definitions of each orthobiologic and
the literature regarding its use in tendon disorders. The biological potential of these materials can
be harnessed and administered into injured tissues, particularly in areas where standard healing is
disrupted, a typical feature
populations, cytokines, and growth factors, which have been shown to modulate many other cells

Achilles tendinopathy. These products contain a wide variety of cell

atlocal and distal sites in the body. Collectively, they can shift the state of escalated inflammation
and degeneration to reestablish tissue homeostasis. The typical features of Achilles tendinopathy are
failed healing responses, persistent inflammation, and predominant catabolic reactions. Therefore,
the application of orthobiologic tools represents a viable solution, considering their demonstrated
efficacy, safety, and relatively easy manipulation. Perhaps a synergistic approach regarding the
combination of these orthobiologics may promote more significant clinical outcomes rather than
individual application. Although numerous optimistic results have been registered in the literature,
additional studies and clinical trials are still highly desired to further illuminate the clinical utility

and efficacy of these therapeutic strategies in the management of tendinopathies.

ywords: Achilles pathy; gics; regenerative medicine
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Abstract

Onthobiologics never cease to cause popularity within the medical science field, distinctly in regenerative medicine. Recently, adipose tissue
has been an object of interest for many researchers and medical experts due to the fact that it represents a novel and potential cell source for
tissue engineering and regenerative medicine purposes. Stromal vascular fraction (SVF), for instance, which is an adipose tissue-derivative,
has generated optinistic results in many scenarios. s biological potential can be hamessed and administered nto injured tissues,

particularly areas in w

1 standard healing is disrupted. This is a typical feature of ostecarthritis (OA), a common degenerative joint

i W e e e T el i
th

and progenitor cells, which are able to

ey
cytokines and several growth fctors, effectively sustaining inumune modulmury effects and halting the escalated pro-inflammatory status of
OA. Although SVF has shown interesting results throughout the medical community, additional research s still highly desirable in order to
further elucidate its potential regarding musculoskeletal disorders, especially OA

Keywords: Stromal vascular fraction; Orthobiologics; Osteoarthritis; Regenerative medicine; Adipose tissue.

Introduction

Ostecarthritis (OA) bas long affected many individuals. This
orthopedic condition remains the most common degenerative and
progressive joint disease and is a major cause of pain and disability in
adult taking bold of 7% of the global
population 1. According to the Global Burden of Disease (GBD)
2019 paper results, the number of people affected by OA rose 48%
globally in between 1990 and 2019, which put OA at the 15%place for
highest cause long-term with disability in the same year 1 The
increase in OA cases is likely attributed to factors such as aging and
manifestation of poor metabolic health, especially incidences such as
obesity -7

OA is highly influenced by the exchanges between local, systemic and
extemal factars, which consequently dictate the disease’s progression
and the way patients respond 1o its treatment processes 1. Typical
observations which characterize OA encompasses a continuous loss of
aricularcantilage, formation of osteophytes, thickening o

bone, synovial i ion of
ligaments and menisci as well as joint hyperrophy ©1. Several
handling strategies have been proposed. Conservative methods such as
administration of pharmacological agents only lead to temporary pain
alleviation, rather than targeting the problem root cause ['¥1
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Usually, health care providers may prescribe a course of multiple
combined drugs for different OA sng.es “im the objective of
controlling N idal  anti-
inflammatory drugs (NSAIDS), other mnlgsms and corticosteroids,
for example, may be commonly prescribed to aid in pain
management. However, chronic NSAID use is of great concern as
reported. Although NSAIDs effectively mitigate pain, they are also
responsible for the increased risk of several adverse events, such as
peplic ulcer disease, acute renal failure, and myocardial infarction .
Noa-phannacological strategies are usually limited to physical
therapy, low impact exercise, weight loss, physical aids, and nerve
ablation. In severe cases, however, such as grade IV OA, surgical
intervention with joint replacement procedures may be unavoidable
and therefore extremely detrimental to the patient 17,

These obstacles have led researchers to explore non-surgical
allematives, such as prescribing orthobiologics in particular
Orthobiologics are biologic products derived from substances that
are paturally found in the human body which can mitigate the
healing process of orthopedic injuries. Popular examples include
platelet-rich plasma (PRP), hyaluronic acid (HA) and bone marrow
aspirate/concentrale (BMA/BMAC), as well as adipose tissue-
derived stem cells (ADSCs)'*''), According to the literature, these
biological materials costain cytokines, mesenchymal. and
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Abstract: This study investigates the role of Sygen™ in diabetic peripheral neuropathy, a severe
disease that affects the peripheral nervous system in diabetic individuals. This disorder often
impacts the lower limbs, causing significant discomfort and, if left untreated, progre
serious conditions involving chronic ulcers and even amputation in many cases. Although there are

into more

management str;

wailable, periphs
ally due to metabolic dysk in diabetic

I neuropathies are difficult to treat as they often present

multiple cau

however, have long been studied and appreciated for their role in

rological diseases. The
menosiaotetahescsylgangloside (GMI) gangloside, populry known as Sygen, provides benefical
uch as enhanced neuritic sprouting, . anti-apoptosis, and

setlvity, being pectionlarty usefol in the trestment of newrelogiesl complicstions
se from diabetes. This product mimics the roles displayed by neurotrophins, improving

neuronal function and dulation by att cerbated infl in neurons.

Purthermsons, Sy gen assists i axomal stabilizaton andl keeps rodal e parmocsl veglons of myeltn
fibers organized. This maintains an adequate propagation of action potentials and restores standard

peripheral nerve function. Gi
practitioners must carcfully screen the patient to avoid confusion and misdiagno
studies analyzing the role of

en the multifactorial nature of this complicated disorder, medical
There are several

nin neurological disorders. However, the med

needs more robust inves! ions such as randomized dlinical trials regarding the administration of

this compound for diabetic peripheral neuropathies, specifically.

Keywords: diabetic peripheral pathy; gangliosides; sygen; protection; regenerative
medicine
Bioengincering 2022, 9, 217. hitps:/ /doi.ong /10,3390 /bioengineering9050217 hittps: / /vwwew. mepl.com /journal /bivengineering

dividuals. Gangliosides,
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Abstract

There are 422 million diabetic people in the world. 25% of these individuals are
diagnosed with diabetic foot ulcer (DFU). 20% of patients with DFU will suffer
amputation of the lower limbs. Following amputation procedures, the mortality
rate of patients is over 70% in 5 years. Diabetes has no cure and, therefore,
treatment aims to prevent and treat its complications. Autologous platelet-rich
plasma (PRP) has been shown to be a therapeutic tool for many types of disorders,
including the treatment of DFU. This manuscript aims to carry out a review to
provide more knowledge about the efficacy and safety of autologous PRP for
wound closure in patients with DFU. The majority of studies included in this
review state that PRP promotes improvement of DFU lesions by accelerating
tissue healing processes, However, many studies have a small sample size and
thus require larger sample range in order to improve robustness of data in the
literature.

Key Words: Diabetic foot ulcer; Platelet-rich plasma: Wound healing: Tissue regeneration;
Inflammation
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Abstract

Photobiomodulation (PBM) is a non-invasive therapeutic modality with
demonstrated effects in many fields related to regenerative medicine. In the field
of orthopedics, in particular, PBM at various wavelengths has demonstrated the
capacity to trigger multiple biological effects associated with protective mecha
nisms in musculoskeletal tissues. The articles cited in this review show that
devices operating close to or within the near infrared range at low intensities can
provoke respanses which favor the shift in the predominant catabolic microenvir-
onment typically seen in degenerative joint diseases, especially osteoarthritis
(OA). These responses include p and of
proteine amociated with stable cell cycles. Additionally, PBM can also modulite
oxidative stress, inflammation and pain by exerting regulatory effects on immune
cells and blocking the transmission of pain through sensory neuron fibers,
without adverse events. Collectively, these effects are essential in order to control
the progression of OA, which is in part attributed to exacerbated inflammation

» August 26,2022 | Volume10 | Issue3 |
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Abstract: Radiofrequency energy isa common treatment modality for chronic pain. While there are
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updates tromagnetic field in the applied area, that can result in neuromodu
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anisms of action of orthobiologics. The proposed mechanism of
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1. Introduction

Radiofrequency (RF) energy-based procedures, whether conventios
pulsed, represent a technique commonly performed for chronic pain in a variety of mu
loskeletal conditions [1-3]

Pulsed radiofrequency (PRF) is derived from conventional RF with the aim of a less
destructive RF-based treatment to be applied to the afferent nerve pathways of injured
tissues [4]. PRF creates an electromagnetic field with the aim of functionally disrupting the
neuronal membrane, which modulates gene expression, affecting the release of cytokines [5]
The application of PRF is based on the delivery of a train of sinusoidal electrical bursts
(5-20 ms length) in the radiofrequency range (500 kHz) at a repetitive rate of a few hertz
(2-5Hz) [6] (Figure 1).
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Abstract: O'Donoghue’s triad is an extremely debilitating condition. Althou
ailable, ther
protocol for a full recovery. Surgical interventions have become an ordinary cons

h there are many con-

ventional treatments av:

s still no consensus regarding the most effective rehabilitation

deration, but

problems may still persist even after the surgical procedure. Orthobiologics, however, have gained

considerable popularity in regenerative medicine. Notable autoloy lternatives, such as bone
marrow aspirate (BMA), are often utilized in clinical settings. To our knowledge, the administration
of BMA products for the management of ODon, triad has not been thoroughly investigated
in the literature. In this case report we describe a full recovery from O'Donoghue’s triad with BMA
matrix ina patient who was recalcitrant to surgical intervention due to fear of complications. Our

check for
updates

jon: Lara, | FSD; Sugano, AA,
patient received three BMA matrix injections with four-week intervals, exhibiting significant recov-

De Barros, HV; Mosaner, T Santos,
Lo, |V Vicente, R ery according to pain scores, functional assessment outcomes, and magnetic resonance imaging
e Andrade MAP Full Recorery  (MRI) results. The patient returned to normal activities with no complaints and MRI evidence

O Donoghue’s Triad with follow-up showed significant signs of structural restoration of the musculoskeletal tissues. He
logous Bone Marrow Asg d that autologous BMA products are a feasible altemative for the acce

Matris: A Case Repost. . Funct musculoskeletal tissue injury with safety and efficacy.
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1. Introduction

ACL ruptures can occur in contact sports and also in noncontact situations during sud-
den direction changes, cutting maneuvers, or during landing after a jump. Few prospective
studies have investigated the biomechanical risk factors of ACL injuries, but it seems that
Publisher's Note: MOP1stays neutal — the injury is linked to poor neuromuscular centrol of the knee-stabilizing muscles and to the
with regard 1o jurisdictiona | daims in o pamic valgus condition to which the knee can be subjected even in the context of contact

sports [1]. This severe injury usually affects proximal structures, including the menisci, sur-

rounding musculature, critical neurovascular structures, and other ligaments [2]. Moreover,
itis also related toa higher risk of a knee re-injury and long-term medical disability due
to early ostecarthritis occurring in half of the individuals 10-15 years later [3]. The ACL
is a pivotal structure in knee joints and its main function is to aveid anterior translation
of the tibia. It also stabilizes internal tibial rotation and valgus angulation at the knee [2]
Upon complete extension, the ACL can absorb up to 75% of loading and approximatel
85% between 30 and 90 degrees of flexion [2). ACL injuries promote biomechanical instabil-
ity and reduced magnitude of coupled rotation during flexion. For reference, the tensile
strength of this ligament is of about 2200 Newtons; however, this threshold may change
due to advanced age and repetitive loading, ACL force increases in equal propertion o the
increasing magnitude of the anterior drawer force [4].
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Abstract
Low back pain is a common symptom in patients with chronic musculoskeletal conditions, affecting several
individuals. In most cases, low back pain can often prove to be nonspecific or even multifactorial. Current
treatment approach is based on surgical and noninvasive interventions, including pharmacological, psycho-
logical, physiotherapeutic, or complementary strategies. Extracorporeal shock wave therapy (ESWT) is a
type of noninvasive mechanotherapy that has become popular in recent years due to its applicability in the
treatment of various musculoskeletal disorders, especially in the lumbar spine of individuals with osteopo-
rosis, sacroiliitis, and even spinal cord disorders. The objective of this manuscript is to review the scientific
evidence supporting the application of this therapy in the management of low back pain, and give a brief
description of the treatment techniques used in clinical settings. The articles included in this descriptive
review were selected from databases using the Google Scholar tool, from which a total of 13 applicable
studies matching the topic were included. Despite the need for more clinical trials, shock waves have been
applied in medical health for many years with satisfactory results. Its application in the treatment of lumbar
spine disorders has been shown 1o be

dvantageous in the management of pathological progression, such
as the natural we;
represent a viable alternative for the treatment of lumbar spine disorders; however. its therapeutic effe
mechanisms require further elucidation.

and tear process of musculoskeletal structures. In this sense, shocl

Keywords: low back pain; shockwave therapy; regenerative medicine; orthopedics; musculoskeletal

medicine

Bio Ortho J Vol 4(SP1):e96-e105; 5 December, 2022,
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Abstract: Several musculoskeletal conditions are triggered by inflammatory processes that occur

along with imbalances between anabolic and catabolic events. Platelet-rich plasma (PRP) is an

autologous product derived from peripheral blood with inherent immunomodulatory and anabolic
properties. The clinical efficacy of PRP has been evaluated in several musculoskeletal conditions,
includ . pathy, and When used in combination with hy
acid (HA), a common treatment alternative, the regenerative properties of PRP are significantly
enhanced and may provide additional benefits in terms of clinical outcomes. Recently, a new PRI
derived product has been reported in th

atu

nd is being referred to as “plasma gel”. Plasma

¢ obtained by polymerizing plasmatic proteins, which form solid thermal aggregates cross-
linked with fibrin networks. Plasma gels are considered to be a rich source of growth factors and

provide chemotactic, migr clot formation and the

and proliferative properties. Additional

associated fibrinolytic reactions play an additional role in tissue repair. There are only a few scientific
articles focusing on plasma gels. Historically, they have been utilized in the fields of aesthetics

and dentist

Given that the combination of three products (PR, HA, and plasma gel) could
enhance tissue repair and wound healing, in this technical note, we propose a novel regenerative
approach, named “PRI A cellular gel matrix” (PRP-GM), in which leukocyte-rich PRP (LR-PRP)
is mixed with a plasma gel (obtained by heating the plasma up) and HA in one syringe using a
three-way stopcock. The final product contains a fibrin-albumin network entangled with HA's
polymers, in which the cells and biomolecules derived from PRP are attached and released gradually
as fibrinolytic reactions and hyaluronic acid degradation occur. The presence of leukocytes, especially

monocytes and macrophages, promotes tissue regeneration, as type 2 macropha
an anti-inflammatory feature. In addition, HA promotes the v
induc
molecules may contribute to the optimization of regenerative protocols suitable for the treatment of

s (M2) possess

cosuplementation of the joint and

an anti-inflammatory response, resulting in pain relief. This unique combination of biological
degenerative musculoskeletal discases

Keywords:  platelet-rich pla
;orthopedics

hyaluronic acid; autologous biomaterials; regener

medicin

1. Introduction

Platelet-rich plasma (PRP) is an autologous product derived from peripheral blood, in
which the platelet number is concentrated above the whole blood levels [1]. In the field
of regenerative medicine, the biolagical function of platelets extends beyand hemostasis;
their dense granules contain ADF, ATP, serotonin, and calcium, whereas their alpha gran-
ules are rich in chemotactic factors, growth factors, and immunomodulatory cytokines [2]
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of this systematic literature review was to investigate the effects of the clinical application of b
spirate (BMA) and/or bone marrow aspirate concentrate (BMAC) in tendon and canilage injuries in the foot and
ankle. Methods: A search of the Embase, MEDLINE/PubMed, CINAHL, and Cochrane databases was performed in
January 2021. The risk of bias of the studies was assessed using the 100l “A Cochrane Risk of Bias Assessment Tool for
Randomized Studies.” The outcomes analyzed indluded pain reduction and functional improvement with the use of
BMA/BMAC in patients with tendon and cantilage injuries in the foot and ankle, Results: Eleven studies met the
clusion criteria for analysis, involving a total of 527 subjects with osteochondral lesions (OCLs) of the talus, cartila
lesions of the talus, and acute Achilles tendon rupture. BMAC was applied alone in 4 studies, and in 7 studi
compared with other techniques such as matrix-induced autologous chondrocyte implantation, particulate juvenile
anticular cartilage, or microfracture. Interventions demonstrated improved function and reduced foot and ankle pain and
showed no serious adverse cfects. Conclusions: Evidence indicates that BMAC provides good clinical results, with
improved function and reduced pain in adults with OCL and cartilage lesions of the talus and acute Achilles tendon
rupture. Level of Evidence: Level 1V, systematic review of level II 1o IV stu

=

T e feet and ankles can be aflected by acute and  pharmacologic and nonpharmacologic treatments that
chronic traumatic injuries to bones, ligaments, and cn be used to reduce pain, maintain function,

tendons, as well as degenerative changes and inflam-  accommaod existing deformity, and prevent new
matory conditions that result in pain and functional  deformities In addition, recent research has
disability In this sense, foot and ankle surgeons di- demonstrated that biological agents can provide excel-
agnose and treat different diseases conservatively or lent clinical results by optimizing and accelerating the
surgically.” Treatment options include surgical proced- healing of musculoskeletal tissue.” Available biological
ures with reparative or restorative techniques and  treatments include bone marrow aspirate /bone marrow

aspiraie  concentraic  (BMA/BMA mesenchymal

siem/stromal cells (MSCs), autologous blood products
such as platelet-rich plasma, autologous chondrocyte
implantation, and autologous matrix-induced chon-
droge Most of these treatments have shown
promising results in relation to bone and cartilag
regeneration, .

BMA and BMAC emerged as leasible alternatives 1o
orthoplastic reconstruction. MSCs, growth factors, and
other bone marrow—derived biological components can
be found in bone marrow products. Notable effecas

rclude enhanced proliferation and angiogenesis as well
as impeded secretion of proinflammatory cytokines.”'"
Thus, considering both the anti-inflammatory and
regenerative effec. BMA and BMAC can be an
important treatment  for cartilage  regeneration

From the Hospisal IFOR, Sdo Bernardo do Gamipo. SP. Brazil (RM.B.
G.B. RFG.); Universidade Cidg it i

Surgery, Vol 39, No 3 (March), 2023: pp 881-886 881

64


https://www.arthroscopyjournal.org/article/S0749-8063(22)00778-2/abstract

Intra-Articular Hyaluronic Acid in Osteoarthritis and
Tendinopathies: Molecular and Clinical Approaches

Fabio Ramos Costa

Mariana Ramos Costa Marques
Vinicius Calumby Costa

Gabiriel Silva Santos

Rubens Andrade Martins
Marcia da Silva Santos

Maria Helena Andrade Santana
Arulkumar Nallakumarasamy
Madhan Jeyaraman

Jodo Vitor Bizinotto Lana

José Fabio Santos Duarte Lana

Publicacao: 30 de Marco de 2023
Veiculo: MDPI - Biomedicines

Pesquisa completa aqui!

biomedicines (MDPI

Re

jew

Intra-Articular Hyaluronic Acid in Osteoarthritis and
Tendinopathies: Molecular and Clinical Approaches

Fabio Ramos Costa !, Mariana Ramos Costa Marques !, Vinicius Calumby Costa !, Gabriel Silva Santos 2,
Rubens Andrade \lhr(ms 3(3, Marcia da Silva Santos ¥, Maria Helena Andrade S.mlanﬂ 5@,

60, Madhan Jey 78+, Joao Vitor Bizinotto Lana *

and José Fibio Santos Duarte Lana 2*

check for
updates.

Citation: Costa, FR; Costa Marques,
MR Costa, VC; Santos, G
Martins, RA; Santos, M.dS,

A Jeyaraman, M. Lana, VB, et a
Intra-Asticular Hyalurnic Acid in

nd Tendinopathies:

023,11, 1061
https:/ /doi org /10390,
biomedicines11041061

Academic Editors: Shaker A Mousa
and Rowan S, Hardy

Received: 30 December 2022
Revised: 10 March 2023

Accepted: 20 March 2023
Published: 3 March 2

9

Copyright: © 223 by the authors.
Licensee MDPL B

This article is an open access article

distributed und

he temms and

conditions of the Creative Commons

Attt

ion (CC BY) license (htps:
crvativecommons ong /licenses/ by

40/).

Department of Orthopaedics, FC Sports Traumatology Clinic, Salvador 4029210, Brazil
Department of Orthopaedics, Brazilian Institute of Regenerative Medicine, Indaiatuba 13334-170, Brazil
Medical School, Tir 38-800, Brazil

fentes University Center, Maceid 5

Department of Nutritional Sciences, Metropolitan Union of Education and Culture, Salvador 42700400, Brazil
School of Chemical Engineering, The University of Campinas, Campinas 13083-852, Brazil
Department of Orthopaedics, All India Institute of Medical Sciences, Bhubaneswar 751019, Odisha, India
Department of Orthopaedics, ACS Medical College and Hospital,
Dr MGR Educational and Research Institute, Chennai 600036, Tamil Nadu, India
Department of Biotechnology, Schoal of Engineering and Technology, Sharda University,
Greater Noida 201310, Uttar Pradesh, India
Medical School, Max Planck University Center, Indaiatuba 13343060, Brazil
* Corresp com (M.]); josef com (JFSDL)

Abstract: Musculoskeletal diseases continue to rise on a global scale, causing significant socioeco
nomic impact and decreased quality of life. The most common disorders affecting musculoskeletal
orthopedic conditions responsible for

structures a and
major pain and debilitation. Intra- munl.u|u.|1nmm. acid (HA) has been a safe, effective, and mini-
mally invasive therapeutic tool for treating these diseases. Several studies from bedside to clinical
practice reveal the multiple benefits of HA such as lubrication, anti-inflammation, and stimulation of
cellular activity associated with proliferation, differentiation, migration, and secretion of additional
molecules. Collectively, these effects have demonstrated positive outcomes that assist in the regenera-
tion of chondral and tendinous tissues which are otherwise destroyed by the predominant catabolic
and inflammatory conditions seen in tissue injury. The literature describes the physicochemical,
mechanical, and biological properties of HA, their commercial product types, and clinical applications
individually, while their interfaces are seldom reported. Our review addresses the frontiers of basic

sciences, products, and clinical approaches. It provides physicians with a better understanding of the

boundaries between the processes that lead to diseases, the molecular mechanisms that contribute to

s , and the benefits of the HA types for a conscientious choice. In addition, it points out the

ue re

current needs for the treatments.

Keywords: hyaluronic acid; orthoped; gics; inflammation; viscosupp tion; regen.

erative medicine

1. Introduction

Hyaluronic acid (HA), commonly referred to as hyaluronan, is a natural biological
compound present in many tissues and fluids [1]. HA was first isolated as glycosaminogly-
can (GAG) in 1934 by Meyer and Palmer from bovine vitreous humor. The term “hyaluronic
acid” is broken down into hyaloid, which means vitreous, and uronic acid [1]. Posteri-
orly, HA was identified in other organs and tissue types, such as skin, joints, and the
human umbsilical cord, to name a few. Researchers discovered that this product could
also be synthesized by many bacterial species such as Escherichia coli, Bacillus subtlis, and
Streptococcus zooepidemicus via fermentation [2]. Conveniently, the chemical structure and

Biomedicines 2023, 11, 1061. https:

doi.ong /10,3390 /biomedicines1 1041061 hitps:/ /www.mdpi.com /joumal /blomedicines
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Abstract

Chronic musculoskeletal (MSK) pain is one of the most prevalent causes, which
lead patients to a physician's office. The most common disorders affecting MSK
structures are osteoarthritis, rheumatoid arthritis, back pain, and myofascial
pain syndrome, which are all responsible for major pain and physical disability.
Although there are many known management strategies currently in practice,
phytotherapeutic compounds have recently begun to rise in the medical

that go weil beyond anti
inflammation, and antinociception. Recent
investigations show that CBD also enhances
cell proliferation and migration, especially in
human MSCs. CBD is st relatively new in MSK
medicine, and even though new studies are
emerging. the clinical appication of CBD requires
more robust data from clinical trials 1o further
elucidate the mechanisms that contribute 10 the
improvement of MSK structures.

findings like  and

especially (CBD). This natural, non-intoxicating molecule
derived from the cannabis plant has shown interesting results in many preclinical
studies and some clinical settings. CBD p\ays vital roles in human health that go
well beyond the classic and
properties. Recent stuxliss demonstrated that CBD aiso improves el proiferaion
and migration, especially in mesenchymal stem cells (MSCs). The foremost
objective of this review article is to discuss the therapeutic potential of CBD in the
context of MSK regenerative medicine. Numerous studies listed in the literature
indicate that CBD possesses a significant capacity to modulate mammalian tissue
to attenuate and reverse the notorious hallmarks of chronic musculoskeletal
disorders (MSDs). The most of the research included in this review report common

of cell activity with tissue especially in human MSCs.

CBD s considered safe and well tolerated as no serious adverse effects were reported. CBD promotes many positive effects
which can manage detrimental alterations brought on by chronic MSDs. Since the application of CBD for MSK health is stil

0 additional
cellular mechanisms.

clinical trials are warranted to further clarify its efficacy and to understand its

y [& , orthopedics, reg:

medicine, exosome
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Abstract: Platelet- and fibrin-rich orthobiol

products, such as autol platelet concentrates,
have been extensively studied and appreciated for their beneficial effects on multiple conditions.
Platelet-rich plasma (PRP) and its derivatives, including platelet-rich fibrin (PRF), have demonstrated
encouraging outcomes in clinical and laboratory settings, particularly in the treatment of musct

loskeletal disorders such as osteoarthritis (OA). Although PRP and PRF have distinct characteristics,
they share similar properties. The relative abundance of platelets, peripheral blood cells, and molec-

ular components in these orthobiologic products stimulates numerous biological pathways. These

include inflammatory modulation, augmented neovascularization, and the delivery of pro-anabolic
. and differentiat , the fibrinolytic
system, which is sometimes overlooked, plays a crucial role in musculoskeletal regenerative medicine

stimuli that regulate cell P

by regulating proteolytic activity and promoting the recruitment of inflammatory cells and mesenchy-
mal stem cells (MSCs) in areas of tissue regeneration, such as bone, cartilage, and muscle. PRP acts
as a potent signaling agent; however, it diffuses easily, while the fibrin from PRF offers a durable
scaffolding effect that promotes cell activity. The combination of fibrin with hyaluronic acid (HA),
another well-studied orthobiologic product, has been shown to improve its scaffolding properties,
tion,

leading to more robust fibrin polymerization. This supports cell survival, atachment, mig

and p Therefore, the ad

of the “power mix” containing HA and autologous
PRP + PRF may prove to be a safe and cost-effective approach in regenerative medicine.

Keywords: platelet-rich plasma; platelet-rich fibrin; hyaluronic acid; orthobiologics; ostecarthritis;

regenerative medicine

1. Introduction

Osteoarthritis (OA) is acknowledged as a major degenerative and progressive joint
disease responsible for significant pain and disability in the adult population [1]. The
incidence of OA across the globe has risen significantly in the last few decades due to
metabolic syndrome and aging [2-4]. This disease can often be challenging to treat as
it presents a multifactorial nature, being mainly characterized by the physiological and
architectural changes in the joint compartment as a whole [3]. It is highly influenced
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Abstract

Achilles Tendon (AT) rupture is a common debilitating condition associated with ankle and foot overuse injuries. This disor.
der can often prove to be challenging since tendons are poorly vascularized structures that rely on synovial fluid diffusion in or-
der to obtain nutrients. The deficit in strength due to AT rupture may increase the risk of additional injuries and complications
Surgical interventions are usually the first choice of treatment, but problems may still persist during follow-up. Conversely, the
administration of orthobiologics has revealed high success rates in several procedures associated with regenerative medicine
Popular autologous alternatives, such as Bone Marrow Aspirate (BMA), are often utilized in clinical settings. Our patient re-
ceived only one session of “BMA matrix” injections, displaying satisfactory healing based on functional assessments, Magnetic
Resonance Imaging (MRI) results, and pain scores. The patient was able to return to sports with no complaints and MRI scans
obtained during follow-up revealed clear signs of AT restoration. Here, we discuss a safe and effective administration of an
autologous BMA product as a feasible alternative for the enhanced healing of a musculoskeletal tissue injury.

Keywords: Case report; Achilles tendon; Orthobiologics; Bone marrow aspirate; Regenerative medicine.
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Abstract

Achiles tendon rupture is a frequent ailment tied 10 overuse injuries
of the ankle and foot, Given the tendon's limited vascularization,
which depends on diffusion from synovial fiuid for nutrient intake,
managing this condition poses challenges. The weakened state
post-wupture can predispose one 1o further injuries. Akthough
surgical interventions often lead the way in treatment, challenges
can arise during recovery. Mearwhile, the use of arthobiologics for
non-invasive treatment has shown promising ouicomes in various
regenerative medicine applications. Notably, autologous treatments
ke bone marow aspirate (BMA) and injectable platelet-rich fibrin
(HPRF) have gained traction in clinical scenarios.

BMA is a resewoir of diverse cell populations and molecules
pivotal for issue regeneration. PRF, on the other hand, is a dense
concoction of platelets, growth factors, cytokines, leukocytes, and a
sturdy fibein matix conducive to cellular functions.

Uslizing & combination of these two orthobiologic entities could
ampiify their individual effects, optimizing the healing process by
fostering tissue growth, fostering new blood vessel formation, and
modulating immune responses.

With this understanding, we advocate for the joint use of BMA and
+PRF as a potent orthobiologic sokition, aiming 10 improve the
healing trajectory of Achilles tendon ruptures within the sphere of
regenerative orthopedics.

Keywords

Achilles tendon rupture; Bone marmow aspirate; Platelet-rich fibrin:
Orthobiologics: Regenerative medicine.

Journal of
Regenerative Medicine

Introduction

Achilles tendon rupture is a relatively common injury that occurs
when the tendon, located at the back of the ankle, tears or ruptures.
This injury can have a significant impact on mobility and athletic
performance. Epidemiologically, Achilles tendon ruptures are most
commonly seen in middle-aged individuals, particularly males, who
participate in physical activities that involve repetitive jumping or
sudden changes in direction. The prevalence of Achilles tendon
ruptures is estimated to be around 18 to 37 cases per 100,000 people
per year, with an increasing incidence noted in recent years [1-2]

The Achilles tendon is the thickest and strongest tendon in
the human body. It originates in the calf region, specifically from
the fusion of the gastrocnemius muscle and the soleus muscle. The
‘gastrocnemius muscle has two heads, medial and lateral, which cross
the knee joint. Deep to the gastrocnemius lies the soleus muscle.
Together, these muscles form the triceps surae, and their conjoint
tendon s known as the Achilles tendon [1- 3] .The Achilles tendon has
three main vascular areas: the peroneal artery supplies the midsection

of the tendon, while the posterior tibial artery supplies the proximal
and distal sections. The mid-substance of the tendon has relatively
poor vascularization, which may contribute to a higher incidence of
pathologyin that region [1-3)

The length of the Achilles tendon averages about 15 cm. with
variations ranging from 11 10 26 cm. Its width changes along its course:
it measures around 6.8 cm (4.5-8.6 cm) at its origin and narows to
approximately 1.8 cm (range 1.2-2.6 cm) in the midsection. As it
approaches the calcaneus (beel bone), the Achilles tendon becomes
more rounded and has a width of about 3.4 cm (2.0-4.8 cm) at its
insertion site on the posterior surface of the calcaneus. [1-3] The
Achilles tendon is connected to both the soleus and gastrocnemius
muscles. The exact proportion of these insertions varies among
individuals. Studies on cadavers have shown that in approximately 529
of cases, 529 of the tendon fibers originate from the soleus muscle, while
489 come fiom the gastrocnemius muscle. In 35% of cases, an equal
contribution is observed, and in 13% of cadavers, more than 60% of the
le[1-3]

The main motivation for the development of this study is based
on the favorable results that researchers have obtained with the
use of autologous products derived from bone marrow aspirate
(BMA) and platelet concentrates such as platelet-rich fibrin (PRF)
in accelerating the bealing process and improving degenerative
conditions. We believe that the association of the rich cellular and
molecular components from BMA and PRF might establish an
effective therapeutic methodology for the treatment of patients with
Achilles tendon rupture.

Etiopathogenesis

Symptoms of an Achilles tendon rupture can vary, but one
common and distinctive symptom reported by many individuals is
a sudden and audible “popping” or “snapping” sound at the time of
injury. This sound is often accompanied by a sharp pain in the back
of the leg or ankle. The popping sensation occurs when the Achilles
tendon tears or ruptures, and it is caused by the sudden release of
tension within the tendon fibers (2]
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Abstract: Musculoskeletal disorders are increasingly prevalent worldwide, causing significant so-
cioeconomic burdens and diminished quality of life. Notably, patellar chondropathy (PC) is among
the most widespread conditions affecting joint structures, resulting in profound pain and disabil-
ity. Hyaluronic acid (HA) and platelet-rich plasma (PRP) have emerged as reliable
minimally invasive altematives. Continuous research spanning from laboratory settings to clinical

the numerus ad: s of both products. The

ffective, and

PP ncompass lubrication,
anti-inflammation, and stimulation of cellular behaviors linked to proliferation, differentiation, migra-
tion, and the release of essential growth factors. Cumulatively, these benefits support the rejuvenation
of bone and cartilaginous tissues, which are otherwise compromised due to the prevailing degener-
ative and inflammatory responses characteristic of tissue damage. While existing literature delves
into the physical, mechanical, and biological facets of these products, as well as their commercial
variants and distinct clinical uses, there is limited discussion on their interconnected roles. We explore
basic science concepts, product variations, and dlinical strategies. This comprehensive examination
provides physicians with an alternative insight into the pathophysiology of PC as well as biological
mechanisms stimulated by both HA and PRP that contribute to tissue restoration.

Keywords: hyaluronic acid; platelet-rich plasma; patellar chondropathy; regenerative medicine;
orthopedics

1. Introduction

Patellar chondropathy (PC), also referred to informally as “runner’s kne
thopedic condition characterized by visible radiological alterations in patellar cartilage and
pain in the anterior aspect of the knee [1]. This condition commonly affects younger
individuals, and the initial changes include swelling, edema, and cartilage softening
(Figure Notorious factors that contribute to PC are trauma, patellofemoral instabil-
ity, bony anatomic variations, cartilage y, a 1 patellar k tics, or
occupational hazards [1]

Although sometimes reversible [1,2], depending on the disease stage (Table 1), PC
may progress into patellofemoral osteoarthritis (OA) if left untreated [1]. Significant

",is an or-
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Abstract

The Achilles Tendon (AT) is one of the strongest tendons in the

body, it s also the most frequently ruptured tendon with ncreasing

incidence. Unike other tendons, AT ruptures are highly correlated

with physical activty. In fact, more than 75% of AT ruptures occur
AT rupt ent

9
condition linked to overuse injuries in the ankle and foot Managing
this condition is often complex due 1o the inadequate vascularty
of tendons, relying on synovial fluid diffusion for nutrient supply.
The weakened strength resulting from AT rupture can heighten
the risk of further compications. While surgical misrventions
are commonly employed as the prmary treatment, challenges
may persst i the postoperative perod. In contrast, therapeutic

demonstrated notable success in regenerative procedures. In
this case seres, 3 patients received multiple sessions of bone

—
SciTechnol
L L L)

Journal of
Regenerative Medicine

marrow aspirate, injectable platelet-rich fibrin and extracorporeal
shockwave therapy. In the iniial sessions, they already exhibted
satisfactory healing results as assessed through functional
measures, MRI findngs, and pain scores. The patients successfully
resumed sports activities without complaints, and follow-up MRI
scans indicated evident signs of AT restoration. This case series
highiights. the safe and effective use of aulologous orthobiologic
products and shockwave therapy as viable aftematives for
enhancing the healing process in musculoskeletal tissue injuries,
Methods: Patients received the following treatments: a single Bone
Marrow Aspirate (BMA) and then Injectable Platelet-Rich Fibrin (i-
PRF) mjections fortnightly for 12 weeks, in addition to a weekly
session of Extracorporeal Shock Wave Therapy (ESWT). The
patients were reassessed at all follow-ups with physical evaluation
and ultrasound examination. In addition, we also recommended
Mestylo adustments leop, diot and
‘metabolism for betler tissue recovery. At the end of 12 weeks, we
requested a new magnetic esonance imaging of the left ankle for
a comparative study, which revealed a significant improvement in
the radiological findings. The results of this case report suggest
that the application of orthobiologics plus ESWT expedites healing
and rehabilitation time and reduces costs and risks inherent 1o the
surgical procedure, which is particularly important in eldery patients.
and/or with co —morbidities. This approach may therefore represent
a viable akemative for the accelerated recovery of musculoskeletal
tissue injunies with safely and efficacy.

Keywords

Case Senes; Achdles Tendon; Bone Marrow Aspirate; Platelet-Rich
Forin; Shockwave Therapy, Regenerative Medicine.

Introduction

The Achilles tendon is an important lower limb structure that
assists in plantar flexion of the ankle, thus being one of the strongest
tendons yet highly susceptible to injuries. It is formed by the
congruence of the tendons of the medial and lateral gastrocnemius
and soleus muscles, inserting into the posterior surface of the
calcaneus (1]

Between the origin and insertion of the tendons that make up
the calcaneus, the fibers rotate 90°, 5o the fibers of the gastrocnemius
insert laterally, and those of the soleus medially [2]. In the topography
of this rotation of tendon fibers, the most vulnerable area of the
tendon is found, around 2 to 6 cm from its insertion in the calcaneus.
where blood supply is deficient [3]

The AT may undergo biomechanical (degenerative) or
biochemical (inflammatory) changes [4]. AT disorders are more
common in individuals who participate in endurance sports that
involve repetitive loading of the foot. The rising incidence of ruptures
is related o an increase in the participation of the population in
recreational and competitive sports and is therefore one of the most
common orthopedic disorders in sports medicine [5).

Acute rupture is primarily related to sudden forced plantar
flexion during weight bearing with the knee fully extended. Therefore.
athletes who play sports that require explosive acceleration, sudden
changes in direction or jumping and running are at greater risk [5.6]
Patients with an AT rupture usually describe a history of severe.
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Abstract: Spinal cord injury (SCI) represents a severe trauma to the nervous system, leading to
significant neurolog;

al damage, chronic inflammation, and persistent neuropathic pain. Current

treatments, including pharmacotherapy, immobilization, physical therapy, and surgical interven

check for tions, often fall short in fully addressing the lying pathoph: it and resultant disabili
updates Emerging rescarch in the field of regenerative medicine has introduced innovative approaches such

Citation: Lana, | F; Navan, A

oA as autologous orthobiologic therapies, with bone marrow aspirate (BMA) being particularly notable
M. Santos,N.; Pires,

i p,  for it regenerative and anti-inflammatory properties. This review focuses on the potential of BMA
gues 1] Santos, D.

o to modulate inflammatory pathways, enhance tissue regeneration, and restore neurological func-
tion disrupted by SCL We hypothesize that BMA's bioactive components may stimulate reparative
Bane Marmow Aspiratein Spinal Cord  PTOCEsS€s at the cellular level, particularly when applied at strategic sites like the sacral hiatus to
Infaries. Biooiginering 224, 11,461, influence lumbar centers and higher neurological structures. By exploring the mechanisms through
ttps:/ /o crg/ 10390, which BMA influences spinal repair, this review aims to establish a foundation for its application
blocngincering 1050461 in clinical settings, potentially offering a transformative approach to SCI management that extends
st B i e beyond symptomatic relief to promoting functional recovery

Received: 13 March 2024 Keywords: spinal cord injury; neuromodulation; orthobiologics; bone marrow aspirate; regenerative
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Acceptet 26
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1. Introduction

Spinal cord trauma is a complex injury that causes a series of disabling problems and
functional deficits in patients [1]. Neurological injury is the most serious and debilitating
alteration experienced by these patients. SCI interrupts nerve impulse conduction, affecting
the ascending, descendingand p pinal pathways. This can cause sensory,
motor, proprioceptive or mixed deficits [2]. Such deficits can have devastating effects on

Copyright: by the authors.
Licersee MDPL, Basel, Switzerland
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canditions of the C

Atrbution (CC BY) leense g/ the patient’s life, causing severe dependence on performing daily activities and personal
crestivecommons oeg Mcenses/by/  hygiene [2]. According to the American Spinal Injury Association (ASIA), the loss of motor,
aon. sensory, or autonomic functions characterizes SCI, which can be complete or incomplete
Bioengineering 2024, 11, 461. https:/ /dol.org/10.3390/bicengineering 11050461 https: //www.mdpi.com/joumal /bicengineering
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Abstract: Bioproducts derived from platelets have been extensively used across various medical
fields, with a recent notable surge in their app in logy and aesthetic proced
These products, such as platelet-rich plasma (PRP) and platelet-rich fibrin (PRF), play crucial roles

in inducing blood vessel proliferation through growth factors derived from peripheral blood. PRP
Citation: Santos, L.C: Lana GL and PRE, in particulas, facilitate fibrin polymerization, creating a robust structure that serves as a
Sentos, GS: Visons SBC:Brigagho.  reservoir for numerous growth factors. These factors contribute to tissue regeneration by promot
RJ: Santos, . Sobeiro, R: da Cruz

Silva Reis, A Rodnigues, BL
Ferrasi 5. et al. The Biological Rede
of Pateiet Dervatives in
Regenecasve At .| Mo

ing cell proliferation, differentiation, and migration and collagen/elastin production. Aesthetic
medicine hamesses these effects for diverse purposes, including hair restoration, scar treatment,
striae management, and wound healing, Furthermore, these biological products can act as adju-
vants with other treatment modalities, such as laser therapy, radiofrequency, and microneedling
This review synthesizes the existing evidence, offering insights into the applications and benefits of
biological products in aesthetic medicine.

Keywords: platelet-rich plasma; platelet.-rich fibrin; growth factors; tissue regeneration; aesthetic
Academmic Editor: Tomoyuls Kawase »
medicine
Receved: 24 Aprl
Revised: 13 May X

1. Introduction

Biological products are diverse substances, indluding vaccines, growth factors, im-

lators, monoclonal dies, and h logical c Various
Copyright: N by G authors studies have demonstrated the use of numerous biologics in almost eve pr\ field of medi-
Licenee MDPL, Bl Swigerand — Gine. The use of al , espedially platelet-rich plasma
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(PRP), has become a highly attractive therapeutic tool for various applications since the
distabued undes the terms and

biological functions of these products go beyond hemostasis [1].

According to the International Olympic Committee, PRP is an autologous prepara-
tion derived from whole blood in which platelets are concentrated in a small fraction of
the plasma [2] (Figure 1).
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Abstract: Degenerative disc disease (DDD) is a pervasive condition that limits quality of life and
wentional pharmacological treatments primarily aimed at slowing
the progression of degeneration have demonstrated limited long-term efficacy and often do not
address the underlying causes of the disease. On the other hand, orthobiologics are regenerative

burdens economies worldwide.

agents derived from the patient’s own tissue and represent a promising emerging th
degenerative disc dise
highlighting the inadequacies of existing pharmacological therapies and detailing the pot
orthobiologic approaches. It explores advanced tools such as pl

py for
c. This review comprehensively outlines the pathophysiology of DDD,
al of
rich plasma and mesenchymal

stem cells, providing a historical overview of their development within regenerative medicine, from
foundational in vitro studies to preclinical animal models. M

reover, the manuscript delves into
clinical trials that assess the effectiveness of these therapies in managing DDD. While the current
clinical evidence is promising it remains insufficient for routine elinical adoption due to limitations
in study designs. The review emphasizes the need for further research to optimize these therapies for
consistent and effective clinical outcomes, potentially revolulionizing the management of DDD and

offering renewed hope for patients.

Keywards: disc discase; orthobiol 1l hopedi ive med
1. Introduction
Degenerative disc diseases (DDDs) encompass a wide and heterogencous set of health

conditions which can affect all musculoskeletal and nervous tissues along the spine
DDDs are frequently associated with pain syndromes, radiculopathy, spondylosis, spond
lolisthesis, stenosis, fractures, tumors, and osteoporosis [1]. DDD i

linked to signifi-
its high global
mostly due to degenerative

cant pain and disability, generating a major socioeconomic burden
prevalence [2]. Patients often present pseudoradicular pai

ve
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Abstract: Glutathione (CSH), a tripeptide synthesized intracellularly, serves as a pivotal antioxidant,

es (ROS) and reactive nitrogen species (RNS) while maintai

ing redox homeostasis and detoxif;
attributed to the sulfhydryl group (-5H) in cy
organclles. The glutathione-glutathione disulfide (GSH-GSSG) cycle is facilitated by enzymes like

xenobiotics. Its potent

tioxidant properties, particularly

teine, are crucial for cellular health across various

hach for glutathione peroxidase (GPx) and glutathione reductase (GR), thus aiding in detoxifi
updates and mitigating oxidative damage and inflammation. Mitochond ria, being primary sources of reactive
ion: Larw, |V, Rios, A oxygen species, benefit significantly from GSH, which regulates metal homeostasis and supparts
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autophagy, apoptesis, and ferroptasis, playing a fundamental rol

in neuroprotection. The vulner

bility of the brain to oxidative stress underscores the importance of GSH in neurological disorders
and regenerative medicir
delivering this antioxidant directly to the central nervous
bicavailability and therapeutic efficac
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bulization of glutathione pre and promising approach to
potentially enhancing its

This method may offer significant advantages in mitigating
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e Treatment of

neurodegeneration by enhancing nu
and mitochondrial function, thereby providing direct neuroprotection. By addressing oxidative stress
and its detrimental effects on neuronal health, nebulized GSH could play a

r factor erythroid 2-related factor 2 (NRF2) pathway signaling.

rucial role in managing
Disease (PD) and Alzheimer'
cidate the therapeutic potential of nebulized GSH

and potentially ameliorating conditions such as Parkinson
(AD). Further clinical research is warranted to
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Abstract: Hyaluronic acid (HA), a naturally occurring polysaccharide, holds immense potential in

regenerative medicine due to its diverse biological functions and clinical applications, particularly in

gel formulations. This paper presents a comp ploration of HA, P its origins,
molecular characteristics, and therapeutic roles in gel-based interventions. Initially identified in
bovine vitreous humor, HA has since been found in various tissues and fluids across vertebrate
organisms and bacterial sources, exhibiting consistent physicochemical propertics. The synthesis of

HA by diverse cell types underscores its integral role in the extracellular matrix and its relevance to

tissue homeostasis and repair. Clinical appli

tions of HA, particularly in addressing musculoskeletal

ailments such b

, are examined, its efficacy and safety in promoting tissue
r

neration and pain relief. Building upon this foundation, a novel classification system for HA-
based interventions is proposed, aiming to standardize treatment protocols and optimize patient
outcomes. The VISCNOVAS classification system refers to viscosity, storage, chain, number, origin,
volume, amount, and size. This dlassification is specifically designed for HA-based orthobiologic

products used in regenerative medicine, including orthopedics, sports medicine, aesthetics, cosmetic

dermatology, and wound healing, 1t aims to provide clinicians with a structured framework for
personalized treatment strategies. Future directions in HA research are also discussed, emphasizing
the need for further validation and refinement of the proposed classification system to advance
the field of regenerative medicine. Overall, this manuscript elucidates the biological functions of
hyaluronic acid and its potential in clinical practice while advocating for standardization to enhance
patient care in various regenerative applications.

Keywords: hyaluronic acid; orthobiologics; classification; regenerative medicine; clinical applications

1. Introduction

Hyaluronic acid (HA), often referred to as hyaluronan, is a naturally occurring bi-
ological compound found in numerous tissues and fluids within the body [1]. Notably,
HA possesses unique gel-forming properties, making it a crucial component in various
medical and cosmetic applications. These properties enable HA to form hydrogels that
exhibit excellent biocompatibility, viscoelasticity, and water retention capabilities, which
are essential for its role in regenerative medicine.. It can be obtained from various sources,
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Abstract: Bone marrow cellular therapy has undergone a remarkable evolution, significantly im-
pacting the treatment of musculoskeletal disorders. This review traces the historical trajectory from
early mythological references to

porary scientific T dbreaking work
of Friedenstein in 1968, identifying fibroblast colony-forming cells in bone marrow, laid the foun-
dation for future studies. Caplan’s subsequent identification of mesenchymal stem cells (M5Cs) in
1991 hted their d t
them as key players in regenerative medicine. Contemporary research has focused on refining
techniques for isolating and applying bone marrow-derived MSCs. These cells have shown prom
ise in treating conditions like osteonecrosis, osteoarthritis, and tendon injuries thanks to their

potential and 'y properties, establishing

ability to promote tissue repair, modulate immune responses, and enhance angiogenesis. Clinical
studies have demonstrated significant improvements in pain relief, functional recovery, and tissue
regeneration. Innovations such as the ACH dlassification system and advancements in bone mar-
row aspiration methods have standardized practices, improving the consistency and efficacy of
these therapies. Recent clinical trials have validated the therapeutic potential of bone mar
row-derived products, highlighting their advantages in both surgical and non-surgical applica-
tions. Studies have shown that MSCs can reduce inflammation, support bone healing, and enhance
cartilage repair. However, challenges remain, including the need for rigorous characterization of
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Abstract: SDIMMMER is an acronym intended for use in both clinical practice and medical research.
1t facilitates a compret

sive evaluation of a patient’s metabolic profile and serves as a mnemonic

heck for ;
Spdates for the following key assessment areas: Sleep, Diet, Microbiome, Metabolism, Medications, Exams,
Citation: Lana, J.V;; Lana, | F; Melo, and Rehabilitation. In the clinical setting, SDIMMMER's primary objective is to monitor and manage

G Azzini, GOM; Santos, GS.

Mosaner, T: Jorge, DAME: da

the patient’s metabolic status, particularly targeting low-grade chronic systemic inflammation, a
hallmark of metabolic syndrome (MS). This inflammatory condition is characterized by elevated
Fonseca, LF; Knuel, A; Costa, FR levels of circulating inflammatory cytokines and increased macrophage infiltration in peripheral
et al SDIMMMER: A Proposed tissues. SDIMMMER aims to enhance the effectiveness of ortho biological treatments by elevating
Clinical Approsch ¥ Optimize growth factor levels, thereby enhancing patient outcomes. Additionally, SDIMMMER emphasizes
Cellular Physiclogy in Regener

204,14, 1267, hisps:
dok org/10.3990/le14101287

™ guiding patients toward positive lifestyle changes to improve overall quality of life and foster

Medicine. L X
o a healthier metabolism. SDIMMMER introduces a patient metabolic profile quantification tool
comprising 7 domains, totaling 35 items. Additionally, an instructional guide is provided to facilitate
Academic Editor: HuangPing Yo the application process. Its versatility spans various clinical and research domains, showcasing its

potential to positively influence multiple fields.
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1. Introduction

Copyright:
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The success of regenerative therapies hinges on many factors influencing the patient’s
overall health and response to treatment. Sleep patterns, dietary habits, microbiome
composition, metabolic status, medication usage, and the patient’s general health condition
play pivotal roles among these factors. Numerous studies have highlighted the direct
impact of these factors on the efficacy and outcome of regenerative interventions [1-3].

This article is an open access artice
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Abstract: The buffy-coat, a layer of leukocytes and platelets obtained from peripheral blood centrif-

ugation, plays a crucial role in tissue and the modulation of inflammatory responses.
This article explores the mechanisms of regenerative inflammation, highlighting the critical role of
the buffy-coat in g macrophage pol and its therapeutic potential. Macrop

polarization into M1 and M2 subtypes is pivotal in balancing inflammation and tissue repair, with
M1 macrophages driving pro-inflammatory responses and M2 macrophages promoting tissue heal-
ing and regeneration. The buffy-coat’s rich composition of progenitor cells, cytokines, and growth
factors—such as interleukin-10, transforming growth factor-f, and monocyte colony-stimulating
factor—supports the transition from M1 to M2 macrophages, enhancing tissue repair and the reso-
lution of inflammation. This dynamic interaction between buffy-coat components and macrophages
opens new avenues for therapeutic strategies aimed at improving tissue regeneration and managing
inflammatory conditions, particularly in musculoskeletal diseases such as osteoarthritis. Further-
more, the use of buffy-coat-derived therapies in conjunction with other regenerative modalities,
such as platelet-rich plasma, holds promise for more effective clinical outcomes.

Keywords: buffy-coat; macrophage polarization; regenerative inflammation; platelet-rich plasma;
mesenchymal stem cells
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Abstract: Upper Crossed Syndrome (UCS), described by Viadimir Janda, is characterized by pos-
tural changes involving the cervical spine and trunk, leading to biomechanical limitations and
mesotherapy protocol, termed the 8:1 block,
the scapul
, central to shoulder girdle kinematics, often exhibits dyskinesis and muscular imbalances,

to address cervicoscapulobrachialgia by targe

e and associated musculature. The

scapu
notably the pattern referred to as scapular upper trapping (SUT). SUT inv
medial rotation, and sh

ular elevation,

rvicobrachial

er protraction, contributing to The protocol includes

a comprehensive assessment of muscle tone changes and biomechanical considerations, highlighting

the impartance of the scapula in upper limb movement and posture. Key anatomical changes involve

tightened upper trapezius, levator scapulae, and pectoralis minor muscles, with weakened middle

and serratus anterior. The mesotherapy approach targets these imbalance:
n points to alleviate mus
demonstrate the protocol
Patients re significant improvements in pain relief and functional
clinical utility of the 8:1 block in treating cervicoscapulobrachialgia. This protocol
cost-effective intervention that enhances the efficacy of traditional therapeutic exe

ar and biomechanical dysfunctions. In conclusion, the §

hrough specific
udies from our

tension and correct postural deviations. Ca

iveness in reducing pain and restoring scapular biomechanics

underlying muse block mesotherapy
protocol provides a novel approach to max

biomechanics and mus:

1 cervicoscapulobrachial pain by focusing on scapular
ension. Further studies are needed to validate these findings and refine
the protocol for broader clinical application

Keywords: upper crossed syndrome; scapular dyskinesis; cervicoscapulobrachialgia; mesotherapy
protocol; scapular upper trapping

1. Introduction

Described by Vladimir Janda, the Upper Crossed Syndrome (UCS) is characterized by
asyndromic postural change that involves the cervical spine and trunk (1] (Figure 1). Being
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Abstract: Knee ostecarthritis (OA) is a chronic articular disease characterized by the progressive
degeneration of cartilage and bone tissu
phyte formation, and s
anti-inflammatory drugs (NSAIDs), analge:

Citation: Lana, | F; Purita, ]
Jeyaraman, M.; de Souza, BF;

Rosdrigues, BL; Hy

these drugs causes adverse effects. NSAIDs, for instand

are known to be nephrotoxic, incre
damage toarticular cartilage. New therapies capable of accelerating the process of tissue regen
and rep:

are being discussed, such as the use of orthobiolog

that are naturally found in the body
and obtained through minimally invasive collection and /or laboratory manipulations. Bone marrow
aspirate (BMA) and bone marrow aspirate concentrate (BMAC) are both rich in hematopol
cells, mesenchymal stem cells (MSCs), and growth f, s (GFs) that can be used in the h
-inflammatory effects. Th
s the efficacy of BMA and BMAC in the treatment of knee OA on the favorable results
that researchers have obtained with the use of both orthobiok visaging an accelerated healing
process and the prevention of OA progression.

stem

process due to their anabolic and a literature review is to

as:

Keywords: knee osteoarthritis; bone marrow aspirate; bone marrow aspirate concentrate; stem cells;
regenerative medicine

1. Introduction

Knee ostecarthritis (KOA) is a disease characterized by the wear of articular cartilage
and bone changes and may have several causes and risk factors. Bone sclerosis, capsular
fibrosis, and osteophyte formation are the results of tissue growth [1]. KOA involves abnor-
mal remodeling driven by inflammatory mediators within the joint (Figure 1). Pathological
changes in KOA include articular cartilage degradation, subchondral bone thickening,
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Abstract

The gut microbiome, a complex ecosystem of microorganisms in the digestive
tract, has emerged as a critical factor in human health, influencing metabolic,
immune, and neurological functions. This review explores the connection between
the gut microbiome and orthopedic health, examining how gut microbes impact
bone density, joint integrity, and skeletal health. It highlights mechanisms linking
gut dysbiosis to infl tion in cond: such as d arthritis and os-

hritis, suggesting microbiome modul. as a potential therapeutic stra-
tegy. Key findings include the microbiome’s role in bone metabolism through
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Introduction: Adhesive capsulitis causes chronicshoulder pain and restricted mnge of motion (ROM). Conventional treatments often offer

H limited relief, prompting theneed for innovat hes, such as high lsed elec field (PEME) th hodk
Napoliane Costa Santos A A gL T A SR e AU
And I’é ViniCiUS Sauel’eSSig Kl’ue| intensity PEMF therapy, orthobiologic injections, and 1 ry thempies in improving pain and shoulder function in patients with
Alex Pontes de Macedo

adhesive capsulitis. Methods: This retrospective case series induded five patients treated in Indaiatuba, S50 Paulo, Brazil, between May 2023
and Octaber 2024. Individualized multimodal protacals were performed. Pain and ROM were assessed pre- and post-treatment. Discussion
All patients showed significant improvements in pain and ROM after treatment. High-intensity PEMF therapy, shodowave therapy, and

X rihobiologics enhanced tissue ion, supported by complementary therapies. Pemsonalized protocols cptimized outcomes, with
F a b io R amos CO St a synergistic effects observed between treatments. Conclusion: A multimodal, pemonalized approach effectively reduced pain and improved.
function inadh Th showsp pecially forth P toc Itreatments, warmnting
. furtherresearch.
LUYddy P| res Keywords: Adhesive capsulicls, High intersity pulsed elect ic field therapy, Ordhobiologics, Regenerative medicine, Shockwave
. . . therapy
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Adhesive capsulitis (AC) or frozen shoulder is a pathn]ngy nature of AC is crucial. Recent studies indicate that early intervention

Palmerindo Anténio Tavares de Mendonca Néto chnarnedbypragesing Wi physca ey v oo candduce oy tne
. . associated with stiffness, pain in the shoulder joint and severely ~for some patients. Furthermore, other treatments, such as
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limiting mobility. Such mricuanissacanduyminﬂmmaﬁan ofthe  acupuncture or corticosteroid injections, may provideadditional relief
joint capsule with consequent thickening and adherence of this  for patients who do not respond well to conventional thempies,
structure toitselforto the anatomical neck ofthe humerus [ 1,2]. the need fora p lized approach in the treatment of
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Abstract: The use of autologous biological preparations (ABPs) and their combinations
fills the void in healthcare treatment options that exists between surgical procedures, like
plastic reconstructive, cosmetic, and orthopedic surgeries; non-surgical musculoskeletal
biological procedures; and current pharmaceutical treatments, ABPs, including high-den-
sity platelet-rich plasma (HD-PRP), bone marrow aspirate concentrates (BMACs), and ad-
ipose tissue preparations, with their unique stromal vascular fractions (SVFs), can play
important roles in tissue regeneration and repair processes. They can be easily and safely
prepared at the point of care. Healthcare professionals can employ ABPs to mimic the

classical wound healing cascade, initiate the angiogenesis cascade, and induce tissue re-
generative pathways, aiming to restore the integrity and function of damaged tissues. In
this review, we will address combining autologous HD-PRP with adipose tissue, in par-
ticular the tissue stromal vascular fraction (t-SVF), as we believe that this biocellular com-
bination demonstrates a synergistic effect, where the HD-PRP constituents enhance the
regenerative potential of t-SVF and its adipose-derived mesenchymal stem cells (AD-
MSC:
and wound healing in variety of clinical applications. We will address some relevant

s) and pericytes, leading to improved functional tissue repair, tissue regeneration,

platelet bio-physiological aspects, since these properties contribute to the synergistic ef-
fects of combining HD-PRP with t-SVE, promoting overall better outcomes in chronic in-
flammatory conditions, soft tissue repair, and tissue rejuvenation,

Keywords: high-density platelet-rich plasma; tissue stromal vascular fraction;

adipose-derived mesenchymal stem cells; autologous platelet exosomes; tissue repair
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Abstract

The gut microbiome comprises a vast community of microbes inhabiting the
human alimentary canal, playing a crucial role in vasious physiological functions.
These microbes generally live in harmony with the host; however, when dysbiosis
occurs, it can contribute to the pathogenesis of diseases, including osteoporosis.
Osteoporosis, a systemic skeletal disease characterized by reduced bone mass and
increased fracture risk, has attracted significant research attention concerning the
role of gut microbes in its development. Advances in molecular biology have
highlighted the influence of gut biota on esteoporosis through

involving immunoregulation, modulation of the gut-brain axis, and regulation of
the intestinal barrier and nutrient absorption. These microbes can enhance bone
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Abstract: At the forefront of e medicine, cs represent a spectrum of
biological substances that offer promising alternatives for tissue repair and regeneration.
Traditional surgical treatments often involve significant risks, extended recovery periods,
and may not fully restore tissue functionality, creating a strong demand for less invasive

options. This paper presents a concise overview of orthobiologics, reexamining their role

i within the broader landscape of regenerative medicine. Beginning with a brief introduction
Acndmic Edioes: Sung K (S 10 Orthobiologics, the paper navigates through various types of biological materials and
Kim, Evangeia Saiha and their associated mechanisms of action and clinical applications. By highlighting platelet
i Tramesid derivatives, bone marrow-derived products, and processed adipose tissue, among others,
Recuined: 11 M it underscores the pivotal role of orthobiologics in prompting biological resp like
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cellular proliferation, differentiation, and angiogenesis, thereby fostering tissue healing.
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Furthermore, this paper explores the diverse applications of orthobiologics in orthopedic
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conditions, outlining their utility in the treatment of bone and soft-tissue injuries. Address-
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emerging chall jith the 1 traditional medicine bea 2 more o
R V] okl MR B, N emerging ch: \hv(h the n of 0 medicine becoming more apparent,
PR AT T orthobiologics offer an innovative and less invasive approach to patient care. Looking
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the need for continued innovation and exploration. Through a concise perspective, this
paper aims to provide clinicians, researchers, and stakeholders with a comprehensive

understanding of orthobiologics and their evolving role in regenerative medicine.
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Abstract: Red blood cells (RBCs) have traditionally been excluded from orthobiclogic
formulations due to inflammation, oxidative stress, and hemolysis concerns. However,
emerging evidence suggests that RBCs may play an active role in regenerative medicine,
contributing to immune modulation, vascular support, and oxidative balance. Their in

tions with macrophages, involvement in nitric oxide signaling, and release of extracellular
vesicles suggest they may influence tissue repair more than previously assumed. De
spite these potential benefits, RBC retention in arthobiologic preparatians like platelet-rich

plasma (PRP) and bane marrow aspirate concentrate AC) remains controversial, with

most protocols favoring their removal in the absence obust translational clinical data.
This review explares the biological functions of RBCs in regenerative medicine, their poten
tial contributions to PRP and BMAC, and the challenges associated with their inclusion.
While concerns about by lysis and persist, lled studies are needed

to determine whether selective RBC retention could enhance musculaskeletal healing in
some scenarios. Future research should focus an optimizing RBC processing techniques
and evaluating their impact on clinical applications. Addressing these gaps will clarify
whether RBCs represent an overlooked but valuable component in regenerative therapies
or their exclusion remains justified.

Keywords: red blood cells; e medicine; extracellular vesicles; duk
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1. Introduction
Regenerative medicine has transformed the treatment of musculoskeletal (MSK) disor
ders by introducing biclogically active therapies that enhance tissue repair and modulate
fl [1}. Orthobiologic formulations, including platelet-rich plasma (PRP) and
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CHAPTER Ohana Marques Azzinl, Lucas Furtado da Fonseca, Thiago Settl.

I} _INTRODUCTION

We often accomipany different patients with a pathology at a very similar stage, and even though these
Individuals recetve exactly the same treatment, one has a much better result than the other. In cancer,
for example, ofien two patients are diagnosed with a specific type of the disesse, at exactly the same
Hon. However, one of them languishes quickly while the other Hves for years, seeming not
ercome by the disease. When we are dealing with candidates to recetving regenerative
Ilhrap\ the same Intriguing story takes place.

Medicine has found numerous factors that influence the human organism's ability to recover. Many of
them are not able to be modified, swch as age and genetics. On the other hand, faciors swuch as lifestyle,
diet, supplementation and quality of seep are totally modifiable | In regenerative medicine, we depend
directly on the body s response to the treatment administered to the patients. [n this context, an adequate
«celhular response reles on 3 number of Gctors, lke the sbsence of chronic systemic inflammation, the
functional capacity of the cells of the iImmune system and the presence of essential nutrients for the
praper functioning of the body (vitamins and minerals).

In this chapter, there 15 no intention o discuss all aspects of patlents’ metabolic status. However, key
points for metabolic optimization are presented. First, it will discuss some imporiant semiological polnts
In the evaluation of patients, followed by basic laboratory tests that are requested, before regencrative
treatment are suggested. Finally, therapewtic options that may be individually evaluated according to
the patients’ needs are also discussed.

[l METABOLIC SYNDROME AND INFLAMMATION

The first investigation that Is carred out on a likely candidate for regenerative treatment are the
suggestive signs of metsholic syndrome. Sclentific stisdies show that the presence of metabolic syndrome
considerably decreases in the regenerative capacity of the progentior cells and Immune system 2.

Metabolic syndrome (M5) has become one of the major health burdens for over three decades not only
sz tov ks effects on cardiovascular system but also s iImplications tn orthopedics. Extensive researches
"have shown that M3 1s tightly Iinked to ostecarthritis and inflammation. Obesity, dyshipidemia, insulin
resistance and hypertension are the top metabolic nsk factors. These factors are responsible for the
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5.1 Concepts of Systemic
Inflammation

5.1.1 Osteoarthritls
and Inflammation

For a long time, osteoarthritis {OA) has been con-
sidered a disease affecting the hyaline articular
cartilage alone, while at present, it is believed
that all articular tissues, including the subchon-
dral bone, the ligaments, the synovium, and the
Joint capsule, participate collectively, to varying
degrees, in the development of such disorder.
Extensive research has shown that meta-
bolic syndrome is tightly linked to osteoarthri-
tis and inflammation, a process which appears
to primarily occur in the subchondral bone via

L. F. daFonseca (.} - I. F. Lana - 5. B. C. Visoni

G. 0. M. Azzini

10C—Instituto do Osso e da Cartilagem/The Bone and
Cartilage Institute, Indaiatuba. SP, Braril

A V.S Lana
UniMAX Faculdade de Medicina, Indaiatuba, Brazil

the incidence of bone marrow lesions (BMLs).
Numerous studies identify obesity, dyslipid-
emia, insulin resistance, and hypertension as
the top metabolic risk factors, the so-called
deadly quartet. These factors are responsible
for the disruptive physiological processes that
culminate in detrimental alterations within the
subchondral bone, cartilage damage and, over-
all, the predominant proinflammatory joint
microenvironment.

More recent studies have shown that osteoar-
thritis (OA) tissue and synovial fluid have abnor-
mally high levels not only of plasma proteins, but
also of complement components and cytokines,
and that chondrocytes and synovial cells in OA
produce or overproduce many of the inflamma-
tory mediators (e.g.. IL-1f, TNF. and nitric oxide
(NO)) that are characteristic of inflammatory
arthritis.

5.1.2 Meta-Inflammation

The inflammatory state that accompanies the
metabolic syndrome does not completely fit
into the classical definition of acute or chronic

E. Irlandini
(OAS] Bioresearch Foundation, Milan, [taly
e-mail: e irflandini @ oasiortopedia.it

@ ISAKOS 1022

infl ion, as it is not accompanied by
infection. There is no massive tissue injury and
the dimension of the inflammatory activation is
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18.1 Introduction

Orthobiology and regenerative medicine, nonsur-
gical interventional procedures, involve the use
of autologous-prepared biologics to stimulate the
body's natural healing processes. These biologics
act as a scaffold for tissue repair, immunomodu-
lation, pamkilling, and tissue regeneration. The
most well-known orthobiological treatment prod-
ucts include platelet-rich plasma (PRF), BMAC.
and adipose lissue (AT) preparations. In this
chapter we will focus on how (o perform a bone
marrow aspiration procedure o extract BMA w
prepare a BMAC produet for injection in patients
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esearch and Education Division, Gulf Coast
Biologics, Forl Myers, FL, USA

OrthoRegen Group, Mas-Planck University,
Indaiztuba, SP, Brazil

e-mail: peter@gulfeoasthinlogies com

T Dallo

Department of Orthopaedic Surgery and Sports
Medic: spart Me Medical Center, Unit of
Biological Therapres and MSE Inierventionism,
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L. Podesta
Bluetail Medical Group and Podesta Orhopedic
Speats Medicine, Naples, FL, USA

with knee OA This procedure can be safely per-
formed by well-trained physicians at POC. The
reader should be familiar with their national reg-
ulatory requirements to wiilize BMAC, which is
beyond the scope of this chapter.

18.1.1 Safety and Contraindications

Before performing a BMA procedure, patients
should be well informed about the procedure, and
it is essential to obtain an informed writlen con-
sent. Patients need to be informed about potential
risks, like infection, bematoma, and anemia [1]
After obtaining an informed consent, any medi-
cations, supplements, or activities of daily living
that might have an impact in the BMA extraction
procedure, bone marrow cell viability, or poten-
tial therapeutic effect need to be reviewed and
discussed with the patient. It is important that
paticnts avoid specific medications (o maintain
bone marrow cell viability and post BMAC treat-
ment cellular function in the recipient environ=
ment. These medications include nonsteroidal
anti-inflammatory drog (NSATDs), corticosteroid
injections, systemic and inhaled steroids, antibi=
olics  (flworoguinolone),  anticoagolants,  and
statins [2—3]. Contraindications to perform a
BMA procedure are severe anemia, active sys-
temic or local infection at the BMA extraction
and injection site, and active cancer.
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21.1 Introduction

Osteoarthritis (OA) is & degenerative and debili-
tating joint disease and is one of the most preva-
lent diseases in the United States [1]. OA is
characterized by a painful inflammatory disease,
causing progressive arficular cartilage destruc-
tion, limiting patients in their activities. An
increase in prevalence and incidence in osteoar-
thritis can be attributed to many factors, with age
and obesity being the most frequent factors [2].
Currently. many orthobiologic treatments options
are available to reat various osteoarthritic pathol-
ogies (Fig. 21.1). Nonsurgical treatment options

P A Everts (50)
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are still limited, other than the use of antolegous
biclogics like PRP and bone aspirate marmow
concentrate (BMAC), or similar derived products
[3]. It has been suggested that AZM, a serum pro=
lease inhibitor protein, inhibils the many endog=
enous and exogenous proleinases presenting in
the pathogenesis of OA [4], despite the fact that
only few clinical studies report on the application
of A2ZM in OA pathologies [5]. Unfortunately,
robust clinical trials are lacking regarding the
A2M treatment efficacy and mid- to long-term
results.

21.1.1 Safety and Contraindications

AZM proteins are naturally occurring macromol=
ccules and are present in a low concentration in
1he circulation or in the synovial luid of joints, Tn
order 1o be an effective orthobiologic product, it
has been suggested to use concentrated AZM as
an orthobiologic injectate [6]. Fhu et al. postu-
lated that A2ZM is an autologous proteinase inhib-
itor with no autoimmune rejection potential and
only one active ingredient, while inhibiting vari-
ous inflammatory factors and degenerative pro-
teinase [7]. They mentioned no negative effects
of AZM injections, or adverse events following
the preparation method, which in part 15 very
similar to the preparation of PRE.
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20.1 Principles of Regenerative
Medicine

Regenerative medicine is an emerging interdisci-
plinary field that aims to develop new approaches
10 repair, rege
tissues and organs. It has the potential to offer per-

¢ and replace damaged cells,

manent and often curative solutions to the most
debilitating ailments by restoring the function of
biological tissues and organs that have been
impaired. Regenerative medicine in musculoskel-
etal diseases is of particular significance to
patients because the structural changes that under-
lic degencrative processes in muscle, cartilage,

bone and higament increasingly preclude biologic
reversal with conventional therapies that typically
aim only to alleviate symptoms by reducing pain
and inflammation. Musculoskeletal  discases
encompass a broad spectrum of conditions, from
spontancous traumas and autoimmune or molecu-
lar aberrations to subtle ageing processes that may
follow lifestyle-related behaviours, such as dietary
habits or excess body weight, that have a long

G. O. M. Azzini (=) - L. F. da Fonseca - D, S. Visoni
D. S. Huber - J. F. Lana

Department of Orthopedics, Brazilian Institute of
Regenerative Medicine (BIRM), Indaatuba, Brazil
e-mail: contato@driucasfonseca.med br

F.R. Costa
Department of Orthop

Clinic, Salvador, Brazil

fics. FC Sports T tology

term impact on musculoskeletal tissue structure
and function. Regencrative medicine offers novel
scientific approaches and clinical applications to
treat patients with a wide range of debilitating
conditions, from traumatic injuries and industrial
diseases to spontancously developed degencrative
diseases and age-related tissue wear, including
osteoarthritis, autoimmune diseases, 0SICOpoOrosis
and many other diverse musculoskeletal condi-
tions [ 1-6]

The techniques involved in the field of regen-
crative medicine are manifold and ever evolving.
Cellular therapy exploits the use of cells (often
stem cells) to promote the growth and repair of
tissue, Embryonic stem cells are pluripotent,
meaning these cells possess the ability to differ-
entiate into any type of body tissue. On the other
hand, the group of cells known as adult stem cells
includes mesenchymal stem cells (MSCs) that
are progenitor cells, which can differentiate into
multiple cell types, such as bone, cartilage and
muscle, depending on the specific micro-
environmental cues at the target site of implanta-
tion. Tissue engineering consists of the growth of
biological tissues on scaffolds (biocompatible
supports), seeded with either cells or a combina-
tion of cells and bioactive molecules, Although
various types of biological tissues can be engi-
neered in vitro, this methodology has been most
widely employed to cultivate cartilage, bone and
muscle. Cells generated under in vitro conditions
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