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Background and Objective: The study aims to identify the latest treatment protocols implementing
platelet concentrates (PCs) to treat temporomandibular joint internal derangement (TM]J-ID) alone or in
combination with arthroscopy/arthrocentesis. Biosupplementation to treat TMJ-ID refers to the injection of
an autologous product which possesses biological activity in the synovial joint, insofar as modulation of the
inflammatory process, and can set the stage for tissue repair and/or tissue regeneration. PCs are increasingly
used and tested, as an easily accessible biosupplement, for TMJ-ID.

Methods: A systematic approach was used to perform the literature search. The study involves a
presentation of recent data and a general discussion in the form of a narrative review regarding the biological
characteristics and preparation protocols of PCs, the treatment protocols for TMJ-ID and clinical outcomes.
Key Content and Findings: The PCs described in the literature to treat TM]J-ID are platelet rich plasma
(PRP), plasma rich in growth factors (PRGF), platelet-rich fibrin (PRF) and concentrated growth factors
(CGF). All studies reported PCs as a beneficial therapeutic for TMJ-ID, in terms of arthralgia, joint noises
and mandibular range of motion. Despite the biological differences among the various PCs, there exists
similarities that could explain the reported benefits. The authors recommend clinicians the implementation
of the acronym AR2T?3 to standardize the reporting of PC preparations in future studies.

Conclusions: Our findings suggest that non-surgical treatment through biosupplementation using PCs
provides an alternative therapy or adjunct for painful TMJ-ID. The reduction in pain and dysfunction may
avoid the need for TMJ surgery.
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Introduction the release of inflammatory cytokines from the synovial

The homeostasis and movement of the temporomandibular cells or cartilage cap (1). The ensuing inflammatory cascade

joint (TM]J) depends on the equilibrium of its internal parts. will lead to oxidative stress and the breakdown of joint

A primary chemical or mechanical abnormality may trigger structures. The process would begin at molecular and
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Table 1 Physiological benefits of PCs compared to hyaluronic acid

Hyaluronic acid Platelet concentrates

Cushioning Rheology
Lubrication Anti-inflammatory
Elasticity Anti-nociceptive effect

HA synthesis

Chondroprotection

PC, platelet concentrate; HA, hyaluronic acid.

subclinical levels progressing to symptomatic macroscopic
breakdown of joint structures (2). Examples of chemical
abnormalities include excess estrone signaling through
estrogen receptor-B, subsynovium seeding of bacteria
or their toxins from ports of entry (gastro intestinal
tract, respiratory tract, urethra), and high inflammatory
processes such as in autoimmune diseases (3,4). Examples
of mechanical abnormalities include joint overload through
micro or macrotrauma, ligament laxity and lateral pterygoid
muscle hyperactivity (5). Chemical abnormalities may
weaken anatomical structures, and structural abnormalities
within or around joints may promote intra-articular
inflammation. Regardless of the initial trigger, intra-joint
inflammation and joint degradation fuel each other in what
is known as the cycle of hypoxia-reperfusion injury (6).

As a result, TMJ-internal derangement (TM]J-ID)
implies an anatomical disturbance between the mandibular
condyle and the articular disk (1). These are typically
identified as a disc displacement with or without reduction,
and with or without the presence of degenerative condylar
and disc changes (7). All of which lead to a deviation from
the normal biomechanics applied to the TM]J structures.

Local biosupplementation refers to the injection of an
autologous product which possesses some biological activity
in synovial joints, insofar as modulation of the inflammatory
process, tissue repair and tissue regeneration (8).
Biosupplementation, in recent years, has gained popularity
instead of, and in combination with, viscosupplementation
in the orthopedic and maxillofacial arenas, in the hopes that
organized tissue repair or regeneration will provide long-
term painless function.

The ideal therapeutic sets the stage for tissue
regeneration, so that haphazard repair can be avoided.
Three main categories of regenerative biologics exist (9):

(I) Blood or plasma concentrates which predominantly

provide a source of growth factors [e.g., platelet
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rich plasma (PRP), platelet-rich fibrin (PRF),
plasma rich in growth factors (PRGF) and
concentrated growth factors (CGF)].

(II) Mesenchymal stem cells (MSCs) which provide
pluripotential cells for cartilage, bone, and synovial
regeneration. Common sources for MSCs are
concentrates typically retrieved from bone marrow
aspirates, adipose-derived, and peripheral blood.

(IIT) Scaffolds are structures that provide a matrix and
recruitment of local MSCs for tissue regeneration.

Understanding and communicating to patients the
known and potential objectives of biosupplementation as a
therapeutic alternative or treatment adjunct is of paramount
importance (7able 1). There are several variables that will
impact these objectives: age, severity of articular disease,
functional restrictions, systemic (including gastro-intestinal)
health, and of course, content of the bio-product (growth
factors +/- cells).

As stated above, there are numerous types of
biosupplements available to clinicians. Recent published
studies have shown that the protocol of preparation affect
the final characteristic of PCs (8). Furthermore, preclinical
and clinical research in dentistry and maxillofacial surgery
describe augmented healing properties (e.g., increased
bone regeneration and vascular formations) by optimizing
the g-force of some PCs (8). This narrative review aims
to identify the latest treatment protocols implementing
PCs to treat TMJ-ID alone or in combination with
arthroscopy/arthrocentesis. Special focus is placed on the
different plasma concentrates in terms of their content,
centrifugation protocols, injection protocols, biological and
clinical benefits.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://fomm.
amegroups.com/article/view/10.21037/fomm-20-48/rc).

Methods

The study involves a presentation of recent data and a
general discussion in the form of a narrative review of the
use of platelet concentrates (PCs) as a therapeutic for TMJ-
ID by direct intra-articular injection. To reduce bias in
article selection, a systematic approach was used to perform
the literature search following the steps described by Egger
et al. (Table 2) (10).

Step I involved the establishment of the working team
composed of two oral and maxillofacial surgeons with
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Table 2 Methodological approach
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Steps General activities

Specific activities

| Formation of working group

Two oral and maxillofacial surgeons with experience in blood concentrates and the

treatment of TMJ-ID

Il Formulation of the review question

Biosupplementation as a treatment option for TMJ internal derangement. State of

the art and what does the future hold?

1] Identification of relevant studies on PubMed, 1. Selection of keywords

Cochrane and Key Journals

2. Use of Boolean operators (And; OR; NOT)

3. Search (Table 3 search strategy)

4. Inclusion criteria

5. Elimination of duplicates

6. Manual search

I\ Analyses and presentation

All data is shown in tables and graphs

TMJ-ID, temporomandibular joint internal derangement.

experience in writing literature reviews and in the treatment
of TMJ-ID with PCs. In step II, both authors established
the research question and defined the study variables
to be extracted from the search, which were considered
relevant to grasp the latest treatment options, outcomes
and conclusions. The following variables were extracted:
author, therapy, number of patients (NP), follow-up time
(FU), baseline and final values of control and experimental
groups and final conclusion from the authors. Additionally,
an emphasis is placed on determining the protocol of
centrifugation to obtain the PCs and the method/site of
injection. Other therapies such as splint, soft diet and the
use of analgesics were recorded if they were described
as part of the treatment protocol. For step III, keywords
relevant to the topic were used together with Boolean
operators to make the search more precise and focused.
The search was performed in PubMed and Cochrane
and involved the evaluation of the full-text if eligible. All
studies from the last 15 years related to the use of PCs as
biosupplementation to treat TMJ-ID and involving human
subjects were included in the study. Studies without follow-
up and not reporting the protocol of centrifugation were
excluded. As final step, a manual search from the references
of the included articles and from key journals was conducted
to extract relevant studies not found during the systematic
search (Table 3). Finally, in step IV, all results were gathered
in table format, analyzed and discussed. A flow chart
describing the search methodology was depicted using the
PRISMA template (Figure I) (11).
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Results and discussion

Studies such as randomized controlled clinical studies,
retrospective cohort studies, case series and case reports
were found. The flowchart demonstrates the number
of examined articles (Figure I). In total the literature
assessment led to the evaluation of 15 full-text articles, from
which 11 included an experimental and a control group
(1able 4). Local biosupplementation using PCs is defined
as the intra or peri-articular deposition of biologics. This
differs from systemic biosupplementation for which we
propose as definition systemic correction of homeostatic
disequilibrium, often with the aid of an anti-inflammatory
nutrition (low intake of refined sugars, dairy products,
gluten), and a reversal of a gut dysbiosis (12,13). Blood is
an organ highly and directly influenced by systemic health,
and it is therefore plausible to expect that the clinical
effectiveness of an autologous blood-derived biosupplement
is in turn highly dependent on systemic health (14). As such,
clinical results may vary depending on the composition
of biosupplements, site of injection, number of injections,
disease state, age of the patient and overall health (i.e.,
inherent regenerative potential) of the patient (15) (7azble 5).

A pre-treatment staging of the TMJ condition allows
an assessment of the effectiveness of any given applied
treatment. For the diagnosis, management and follow-
up of patients with TM]J-ID, the Wilkes’ staging and the
Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD) are widely accepted. The Wilkes’ staging
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Table 3 Search strategy

Search strategy Database

Systematic search
Keywords: (((((((((((((PIatelet concentrates)) OR (PRF)) OR (PRP)) OR (PRGF)) OR (Chondrocytes)) OR (Platelet rich PubMed,
fibrin)) OR (Platelet rich plasma)) OR (Plasma rich in growth factors)) OR (concentrated growth factor)) OR (CGF)) AND Cochrane
(Temporomandibular joint)) OR (TMJ)) OR (TMD) AND (dysfunction) NOT (Knee)))

Hand search

International Journal of Oral and Maxillofacial Surgery, Journal of Oral and Maxillofacial Surgery, Journal of
Cranio-Maxillofacial Surgery, Oral and Maxillofacial Surgery Clinics of North America, Oral Surgery Oral Medicine Oral
Pathology Oral Radiology and British Journal of Oral & Maxillofacial Surgery

T
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Figure 1 PRISMA flowchart of research methods. PRP, platelet rich plasma; PRE, platelet rich fibrin; PRGE, plasma rich in growth factor;

CGF, concentrated growth factor.
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Table 4 Results of studies utilizing PCs for TMJ-OA
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Author Therapies NP FU Results Statistically significant pain
Baseline Final evaluation ~ outcomes at longest FU
PRP
Gokge Kutuk PRP, HA, CS 60 12 PRP:7 (P), PRP: 1 (P), 0% (MO);  Single intra-articular PRP
et al. [2019] 53.8 % (MO); HA: 8 (P), HA:5 (P), 50% (MO); injection of 1 mL decreased TMJ
62.5% (MO); CS: 8 (P), CS:3.4 (P), palpation pain more than single HA
83.3% (MO) 83.3% (MO) or CS injection in TMJ-OA patients
at 3 months
Comert Kili¢ Ar, Ar+PRP 30 48 Ar:6.8+2.2 (P) Ar: 2.4+4.8 (P), Ar+PRP +4 monthly PRP
et al. [2015] 41.0+£7.3 mm (MO); 40.2+8.9 (MO); injections decreased pain
Ar+PRP: 5.7+1.3 (P) Ar+PRP: 1.02+1.88 (P) compared to baseline and to
38.7+7.8 mm (MO) 38.3+ 8 (MO) Ar-alone in TMJ-OA patients, at
1 year
Hanci PRP, Ar 20 24 PRP:6.6+2.2 (P), PRP: 0.07+0.2 (P) Single intra-articular PRP
et al. [2015] 32 mm 8.5 (MO); 39.7 mm+10.3 (MO); injection of 0.6 mL for the
Ar: 6.5+£2.2 (P) Ar:2.7+1.4 (P) treatment of painful reducible disc
30.2+9.4 (MO) 36.3+5.5 (MO) displacement decreased pain more
than arthrocentesis at 6 months
Crockett PRP 1 24 25 mm (MO) PRP: 42 mm (MO) Single PRP injection of 3 mL +
et al. [2018] 3 weeks of immobilization for the
treatment of painful disc
displacement with reduction
resolved pain and click at 6 months
Hegab Ar+PRP, Ar+HA 50 48 PRP:7.3x£1.1 (P) PRP: 0.4+0.7 (P) Arthrocentesis + three PRP
et al. [2015] 33.8+3.0 (MO); 41.5+2.3 (MO); injections of 1 mL decreased pain
HA: 6.9+1.2 (P) HA: 1.6+1.3 (P) more than arthrocentesis +
32.4+2.7 (MO) 39.2+2.8 (MO) 3 HA injections in TMJ-OA
patients at 12 months
Pihut PRP 10 6 6.5(P) PRP: 0.6 (P) Single intra-articular PRP
et al. [2014] injection of 0.5 mL decreased pain
compared to baseline,
experienced by RDC/TMD la-llla
patients at 6 weeks
Toameh et al. Ar, Ar+PRP, 30 36 Ar: 6.4 (p) 33.4 (MO); Ar: 2.60 (P) 42.6 (MO); Arthrocentesis + single PRP
[2019] AR+HA HA+Ar: 5.6 (P) HA+Ar: 1.20 (P) injection of 1 mL decreased pain
31.6 (MO); 54.4 (MO); more than arthrocentesis+HA or
PRP+Ar: 6.10 (P) PRP+Ar: 0.70 (P) arthrocentesis alone in ADDwoR
32.3 (MO) 48.2 (MO) patients at 9 months
PRGF
Fernandez Arthroscopic 92 96 Ar+PRGF:7.7£1.6 (P) Ar+PRGF: 1.2+1.9 (P) Single 5 mL PRGF injection to I1JS
Sanroman [2016] surgery +PRGF, 26.4+6.3 (MO); 37.2+3.9 (MO); and SJS decrease pain compared
arthroscopic A+NS: 8.1+1.9 (P) Ar+NS: 1.5+2.3 (P) to NS in TMJ-ID Wilkes’ IV
surgery+NS 27.2+7.6 (MO) 36.1+4.2 (MO) patients, at 1 year. No difference in

both groups at 2 years

Table 4 (continued)
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Table 4 (continued)
Results isti ignifi i
Author Therapies NP FU Statistically significant pain
Baseline Final evaluation ~ outcomes at longest FU
Giacomello etal. PRGF 13 24 7.7x1.9 (P) PRGF: 0.2+0.6 (P) Two injections of 1.5-2 mL of
[2015] 30.1+4.4 (MO) 39.5+4.5 (MO) PRGF-Endoret to the SJS and
RDT decreased pain compared to
baseline represent in ADDwoR+0OA
patients at 6 months
Fernandez-Ferro  Arthroscopic 100 72 PRGF: 8.3+0.64 (P) PRGF: 1.5+1.9 (MO)  The injection of PRGF (1 mL in IJS
et al. [2017] surgery + PRGF, 27.7+4.6 (MO); 37.2+4.9 (MO); and 4 mL in SJS) following
arthroscopic HA: 8.1+0.93 (P) HA: 2.2+1.4 (MO) arthroscopic surgery reduces pain
surgery +1% HA 27.9+5.0 (MO) 36.5+5.8 (MO) more than AS + HA in Wilkes’ IV
TMJ-OA patients, at 18 months
PRF
Albilia [2020] PRF 37 48 5.7+2.5(P) PRF: 0.8+1.2 (P) Multiple [3-5] intra-articular liquid
33.116.5 (MO) 39+ 8.7 (MO) PRF injections of 1.5-2 mL reduce
pain compared to baseline in 69%
of Wilkes’ 1I-V TMJ-ID patients at
12 months
Abdelmoneim and PRF+Ar, Ar 30 8 Ar:8+1.5(P) Ar: 0.5+0.5 (P) Single intra-articular PRF injection
Teama [2020] 25.7+2.7 (MO); 39.8+2.1 (MO); of 1.5-2 mL decreased pain
Ar+PRF: 8+1.5 (P) Ar+PRF: 0 (P) significantly compared to baseline
25.5+3.1 (MO) 45.5+3.9 (MO) but not significant compared to
arthrocentesis in ID Wilkes II-1IV
patients, at 8 weeks
CGF
Lin et al. [2018] Ar, Ar+CGF 90 48 CGF:0.95 (P), CGF: 0.89 (P), No significant decrease in pain in
48.3 (MO); 48.5 (MO); both treatment groups,
Ar+CGF: 2.0 (P), Ar+CGF: 1.47 (P), compared to baseline. No
40.3 (MO) 42.0 (MO) significant difference in Ar+CGF
compared to CGF
Yang et al. [2017] CGF 29 16 4.7+2.6 (P) CGF:1.1+1.7 (P) Single injection of 2 mL of Liquid

37.5+6.7 mm (MO)

47.1£6.1 mm (MO)

phase CGF in the SJS decreased
TMJ pain compared to baseline in
ADDwoR patients at 4 months (all
patients wore a centric relation
occlusal splint (CROS) at night
after the injection)

PC, platelet concentrate; TMJ-OA, temporomandibular joint-osteoarthritis; PRP, platelet rich plasma; NP, number of patients; FU, follow-
up time; PRGF, plasma rich in growth factor; PRF, platelet-rich fibrin; P, pain; MO, mouth opening; HA, hyaluronic acid; CS, corticosteroid;
Ar, arthrocentesis; IJS, inferior joint space; SJS, superior joint space; RDT, retrodiscal tissue.
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Table 5 Preparation protocols in reported studies

Page 7 of 21

Protocols to obtain blood derivates (PC)

Author " o Protocol of infiltration and number of infiltrations (x)
(g-force, steps, additives, spin time)
PRP
Gokege Kutuk GPS Ill platelet separator system (Biomet Biologics, 1 mL doses at a 1-month intervals under ultrasonographic
et al. [2019] Warsaw, Poland) and was centrifuged (Model 755VES, guidance (3x)
The Drucker Company, Port Matilda, PA) in 2 sessions
including soft spin (3,000 rpm, 3 minutes) allowing
separation of the blood into 3 layers and then hard spin
(4,000 rpm, 3 minutes) allowing formation of the PRP
Comert Kilig Sterile tubes coated with an anticoagulant (acid, Arthrocentesis was performed with Ringer lactate
et al. [2015] citrate, and dextrose; 3.2% sodium citrate). Thesetubes 100 mL. Oncearthrocentesis was completed, PRP 1 mL
were centrifuged at 1,000 rpm for 10 minutes at room was injected into the degenerative joint. Intra-articular PRP
temperature. The upper part of the acellular plasma was injections were applied after the intra-articular anesthesia
judged plasma poor in GFs and was discarded. The on a monthly basis (4x)
remaining buffy coat (PRP) was collected with a pipette.
The PRP was injected into a degenerative joint without
activating CaCl, and thrombin
Hanci Citrated blood samples were fractionated using Injection of 0.6 mL PRP into each joint. A soft diet and
et al. [2015] centrifugation at 1,000 g for 20 min. Then the plasma of the occlusal splint were advised for the patients after injection
first harvest was fractionated using centrifugation at 1,500 g  for one week (1x)
for 10 min to collect the pellet. PRP was photo-activated
using an AdiLight (AdiStem, Australia) for 20 min
Crockett etal.  The Magellan centrifuge (Arteriocyte Medical Systems, Ultrasound guidance was used to introduce the PRP into
[2018] Hopkinton, MA, USA) was used to obtain a total of 4 mL  the center of the temporal fossa and distribute the PRP at
of PRP angles centrally, posteriorly, and anteriorly into the
posterior ligament. A total of 3 mL of PRP was infiltrated
with a 27 gauge, 1.5-inch needle. Use of splint 24 hours a
day for 3 weeks (1x)
Hegab Closed vacuum systems and glass tubes with sodium citrate  Intra-articular injections of 1 mL PRP once per week for
et al. [2015] as an anticoagulant. The centrifugation parameters were 3 consecutive weeks following arthrocentesis with 50 mL
3,200 rpm and 12 minutes. After separation of the erythrocyte of Ringers lactate (3x)
mass and the platelet-poor and platelet-rich plasma layers
directly above the erythrocytes, the platelet-rich plasma was
carefully aspirated into a separate syringe
Pihut Closed vacuum systems and glass tubes with sodium Injections were made in the determined point with the
et al. [2014] citrate as an anticoagulant. Centrifugation parameters mandible abducted. Following aspiration, 0.5 mL of plasma
were set to 3,200 rpm, and the centrifugation time was was injected into each temporomandibular joint (1x)
12 minutes
Rajput Glass tubes of 3.2% sodium citrate under aseptic protocol. PRP was injected into the upper joint space (1.5 mL). Soft
et al. [2020] Doublecentrifugation cycle was used for preparation of PRP.  diet for 6 days. Occlusal splint therapy was advised after

The first cycle (separating cycle) involves centrifugation of
blood at 1,800 rpm for 15 min to separate erythrocytes. After
centrifugation, plasma and buffy coat layer were transferred
to other plain tube and centrifuged at 3,500 rpm for 10 min
to concentrate platelets (concentration cycle). At the end,
two layers are formed: the upper 2/3rd of PPP and lower
1/3rd of PRP, which is further separated and loaded in
syringe

6 months in cases of persistent pain associated with deep
bites (1x)

Table 5 (continued)
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Table 5 (continued)

Protocols to obtain blood derivates (PC)

Author . L Protocol of infiltration and number of infiltrations (x)

(g-force, steps, additives, spin time)

Toameh 1.5 cm® of anticoagulant (3.8% sodium citrate) was drawn The joint was irrigated with 100 mL of Ringer’s lactate

et al. [2019] into a 20-cubic centimeter syringe prior to taking blood solution. 1 mL of PRP was injected into the joint before
and the inside walls were coated with the anticoagulant;  removing the needles. During the follow-up phase, we did
13.5 cm® of venous blood was then drawn; afterward, the not administer any physical therapy or splint therapy (1x)
blood and the anticoagulant were mixed by slowly
swinging the syringe and the gathered blood was
transfused into a Ycellbio™ tube (Ycellbio Medical Co. Ltd.,
Seoul, South Korea). The tube was then centrifuged with
the following parameters: 3,400 rpm for 4 min; and RCF
of 1.888 xg. After separation, 1 mL of P-PRP, without any
leukocytes, was carefully aspirated into a separate syringe;
immediately before injecting it into the joint, it was activat-
ed with 0.1 mL of 10% calcium chloride

PRGF

Fernandez Extraction tubes containing 3.8% sodium citrate as The inferior joint space was entered under arthroscopic

Sanroman et al. anticoagulant. The extracted blood was centrifuged at guidance using a spinal gauge inserted through the disc in

[2016] 580 g for 8 min at room temperature in a BTI the intermediate joint space to infiltrate 5 mL of PRGF, and
Biotechnology Institute system centrifuge (BT, Vitoria, the remaining PRGF was injected into the superior joint
Spain). Once the blood tubes were centrifuged, the space before withdrawing the arthroscopic cannula. In the
plasma fractions were separated by pipetting under immediate post-surgical period (2 weeks), all patients
strictly sterile conditions. Only the 2 mL of plasma that received NSAIDs, consumed a soft diet, and underwent
was rich in platelets remaining above the red series was physical therapy (thermal applications and range of motion
obtained; the leukocytes were avoided. Prior to infiltration, all and isometric exercises) (1x)
of the 2-mL fractions were placed together in a single tube
(for a total volume of 8 mL), with gentle inversion of the tube
in a sterile glass container in which it was activated before
infiltration via the addition of 400 pL of calcium chloride

Giacomello et al. To prepare the PRGF-Endoret technology, at each 2 injections to the suffering joint 30 days apart from each

[2015] treatment visit, 36 mL of peripheral blood was extracted other, both in the periarticular and intra-articular area at the
into 4 extraction tubes containing 3.8% sodium citrate as  level of the upper articular joint space and the bilaminar
anticoagulant. The extracted blood was centrifuged at (retrodiscal) zone. The volume injected was approximately
580 g for 8 minutes at room temperature in a 1.5to 2 mL (2x)

Biotechnology Institute System centrifuge. Once the
blood tubes were centrifuged, we proceeded to physically
separate the plasma fractions by meticulous pipetting and
under strictly sterile conditions. Only the 2 mL of plasma
rich in platelets remaining above the red series and the
“buffy coat” was pipetted, avoiding picking up the
leukocytes. Before infiltration, all these 2-mL fractions
were put together in a single tube (total, 8 mL), gently
inverting the tube in a sterile glass container where it will
be activated before infiltration, by adding 400 mL of
calcium chloride

Table 5 (continued)
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Table 5 (continued)

Page 9 of 21

Protocols to obtain blood derivates (PC)

Auth
uthor (g-force, steps, additives, spin time)

Protocol of infiltration and number of infiltrations (x)

Fernandez-Ferro Sterile tubes using 3.8% sodium citrate as an

[2017] anticoagulant. The blood was then centrifuged (PRGF
Centrifuge System, BT, Vitoria, Spain) at room temperature
for 8 minutes at 1,800 rpm. The platelets concentrate in the
area immediately above the red cell layer, and the leukocytes
are sedimented into a very thin layer immediately above the
red cells. This allows a trained technician to collect the PRGF
via careful pipetting to avoid contamination with leukocytes. A
pipette was used to collect 100 pL of the plasma fraction.
Approximately 1 cc of PRGF was obtained from each
4.5 cc of blood. Activation was performed with 10%
calcium chloride immediately before the injection, thereby
maintaining the PRGF in liquid form, useful for
intra-articular injection

PRF
Albilia et al. Sterile uncoated plastic tubes without additive (9-mL i-PRF
[2020] tubes, Process for PRF, Nice, France) and immediately

centrifuged. The low speed centrifugation protocol used
to obtain liquid PRF was 60 g for 3 min

Abdelmoneim 10 mL vacutainers (plain tubes) then centrifuged for two
and Teama minutes at 3,300 rpm
[2020]

CGF

Lin et al. [2018] Plastic whitecapped tubes (Greiner Bio-One, GmbH,
Kremsmunster, Austria) without anticoagulants and
reagents. These tubes were then immediately centrifuged
at 2,400 to 3,000 rpm in a special machine (Medifuge;
Silfradent srl, Sofia, Italy) using the following program:

30 seconds of acceleration, 2 minutes at 2,700 rpm,

4 minutes at 2,400 rpm, 4 minutes at 2,700 rpm,

3 minutes at 3000 rpm, 36 seconds of deceleration, and
then stop. The CGF was then separated using a spinal
needle

Yang et al. [2017] Plastic white cap tubes (Greiner Bio- One, GmbH,
Kremsmunster, Austria) without anticoagulants and
reagents. These tubes were then immediately centrifuged
at 2,400 to 3,000 rpm in a special machine (Medifuge;
Silfradent srl, mSofia, Italy) using a program with the
following characteristics: 30 seconds acceleration, 2 min at
2,700 rpm, 4 min at 2,400 rpm, 4 min at 2,700 rpm, 3 min
at 3,000 rpm, and 36 seconds deceleration and stop

Under direct visual control and by puncturing through the
disc with a fine needle, PRGF was injected in liquid form
into the inferior articular space (1 mL), and the rest was
injected into the superior space (5 mL in total). For

15 days during the immediate postoperative period, all of
the patients received treatment and recommendations
nonsteroidal anti-inflammatory drugs, a bland diet (1x)

An auriculotemporal nerve block was performed with
0.5-1.0 cc of 3% mepivacaine. 1.5-mL of liquid PRF was
deposited into the superior joint space (SJS), and 0.5 mL
was distributed in the retrodiscal tissue (RT) and
pericapsular area (maximum of 2 mL/joint) (2-5x)

The affected joint was lavaged with 300 mL of saline solu-
tion concomitant with vigorous manipulation of the mandible
to ensure full range of mandibular motion and then injected
with 1.5 to 2 mL of injectable (flowable) PRF into the superior
joint space (1x)

2 mL of extracted CGF was injected through the G21
needle (1x)

2 mL of LPCGF at point D was injected. All patients orally
took 500 mg of acetaminophen once every 8 h for 3 days
as necessary, with soft food for 1 week. All patients were
advised to continue wearing the CROS at night after the
injection, with follow-ups in the first week and every month
after the injection for 6 consecutive months (1x)

PC, platelet concentrate; PPP, platelet poor plasma; RCF, relative centrifugal force; P-PRP, pure platelet-rich plasma; CGF, concentrated
growth factors; PRF, platelet-rich fibrin; LPCGF, Liquid Phase of Concentrated Growth Factors; CROS, centric relation occlusal splint.
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guides the evaluation at clinical, radiological and surgical
(direct view) levels and takes into account the physical
state of the joint. The DC/TMD has two parts named
AXIS 1 for the classification of the physical state, and AXIS
2 for the classification of the psychosocial behavior of
patients (16,17). The proper imaging methods also aid in
establishing an accurate diagnosis and refer to 2 dimensional
images like panoramic radiography and 3 dimensional
images like computer tomography, magnetic resonance and
electromyography (18,19). Once a diagnosis is established,
there are two main clinical outcome variables being assessed
to measure improvement: pain and maximal incisal opening
(MIO). Pain is measured by means of the commonly used,
validated and subjective visual analogue scale (VAS) and
MIO is registered by measuring the distance between
the central incisors of the mandible and the maxilla (8).
In this regard imaging methods, like CT and MRI, are
also useful to determine improvement, especially at the
bone and cartilage level (18,19). An additional method,
although not described as a standard clinical assessment, is
the analysis of synovial fluid aspirates. The synovial fluid
of patients with TM]J-ID showed higher concentrations of
pro-inflammatory cytokines and cytokine receptors, such
as TNF-q, IL-1B, IL-6 and active forms of MMP (20,21).
Measuring markers of cytokine receptors in synovial fluid
samples needs to be established as a valuable method to
determine the effectiveness of biosupplementation therapy,
as systemic markers of osteoarthritis (OA) disease have not
been demonstrated to be reliable for monitoring cases of

isolated TMJ-OA (22).

PCs

Mechanisms of action and clinical outcomes for TMJ OA
Our findings suggest that non-surgical treatment through
plasma concentrates (PCs) provides an alternative therapy
for painful TMJ internal derangement. The reduction of
pain and dysfunction may appease surgical wait times and,
in some cases, avoid the need for surgery (8).

Despite the biological differences among the various
PCs discussed below, there exists similarities that could
explain the reported benefits from all PCs. For example,
all PCs contain fibrin, fibronectin and vitronectin, which
act as cell adhesion molecules for cell-cell interaction,
connective tissue and epithelial migration (23). Additionally,
they contain a broad range of growth factors [for example
platelet-derived growth factor (PDGF), transforming growth
factor beta (TFG-B), vascular endothelial growth factor
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(VEGF)] and various cytokines (IL-1B, IL-8, IL-4) (24-27)
(Figure 2). A previous study evaluated the concentration of
PDGF-BB, TFG-B, IGF-1, VEGF and bFGF in PRP, PRF
and CGF. Their findings showed no statistical differences,
except for bFGEF, which was significantly higher in PRF
and CGF compared to PRP (28). Previously, it has been
hypothesized that PRF might be reducing pain as a result
of its high content of the cytokine IL-4 (29). This cytokine
is anti-inflammatory and modulates inflammation and pain
by inhibiting MMP 1-3 and the transduction pathway from
IL-1B, TNF-a and prostaglandins (8). This assumption also
applies to PRGE, PRP and CGEF. In a recent iz vivo study,
PRP, PRF and CGF were compared using a rabbit-skull
defect model to evaluate bone regeneration. The results
showed that all 3 protocols induced bone formation after
6 weeks without statistical differences between them (30).
However, no clinical trials have been conducted up to date.
Further clinical trials need to be conducted to determine if
the differences in the content of each of the PCs affect the
clinical outcomes, and if and how application protocols can
be modified or tailored to each PC.

As demonstrated in this review, there are ample studies
describing the long-term analgesic effects of all PCs (PRP,
PRGEF, PRF and CGF) (Table 4) (8,19,31-43), despite
the absence of standardization in preparation protocols
(especially for PRP) (7able 5). Although the dose (i.e.,
volume) per articulation and frequency of injections are
not clear, it appears that multiple injections are superior to
single injections, and that concomitant arthroscopic disc
repositioning improve long-term analgesia and regenerative
potential (8,18,40). Keeping with the apparent positive
clinical outcomes with all PCs, it is reasonable that the
selection of a PC should be influenced by the rationale
behind the specific preparation protocol, and how this
imparts its biological contents and growth factor release
profile. Ease of access/cost to clinicians and patients, and
the consistent reproducibility of the chosen PC content,
independent of the centrifuge machine, are also reasonable
factors to consider.

Although all PCs are effective for pain and dysfunction,
studies with a high scientific evidence (i.e., clinical
trials) comparing between PRP, PRF, PRGF and CGF
to treat painful TMJ was not found, and therefore
recommendations cannot be made at this point in time as
to the superiority of one PC over another. All studies found
reported either comparable results to control or statistically
significant improvement. From the 15 studies found in the
literature, PRP showed the highest accumulated number
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Figure 2 Spectrum of biological components reported in the literature related to PRGF, PRP, CGF and PRF. PRGE, plasma rich in growth
factor; PRP, platelet rich plasma; CGE, concentrated growth factor; PRE, platelet rich fibrin; GF, growths factors; WBC, white blood cells.

of published studies (8 articles). However, an explanation
for this could be that PRP is the oldest described protocol.
Furthermore, although there exists in vivo evidence of the
superiority of PRP in reversing the content of inflammatory
mediators compared to normal saline injection (44), there
is an absence of a single human study evaluating clinical
outcomes of any of the PCs, compared to normal saline
(without arthrocentesis).

Some groups have demonstrated PRP’s potential to
harness resident MSCs to differentiate into chondroblasts
and osteoblasts in vitro and in animal studies (45). In
humans, such findings have been corroborated by reparative
remodeling on cone beam CT at one-year post-arthroscopic
lysis and lavage in a group of TMJ-OA patients receiving
multiple post-operative PRP injections at monthly intervals;
these CT findings were significantly better than the
arthroscopy-alone group (32,42).

Specifically for TMJ-OA, all studies included in the
search (Table 4) show that PCs decrease subjective pain
significantly, compared to baseline pain levels and compared
to hyaluronic acid; these findings are true whether these
injectables are administered as sole therapy or as adjuncts to
arthroscopy/arthrocentesis. Multiple PC injections appear
to offer longer lasting relief compared to single injections,
but it remains to be demonstrated whether multiple PC
injections are superior to arthrocentesis alone. It is clear
that a single injection of PC is unlikely to provide better
analgesia compared to arthrocentesis alone.

In all studies reviewed (Table 4), PCs appear to reduce
subjective and objective joint noises (namely crepitus) more
than hyaluronic acid or arthrocentesis, and mandibular
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range of motion improved similar to HA and arthroscopy/
arthrocentesis.

In studies where arthroscopic surgical procedures (AS)
were performed (capsulotomy, retrodiscal tissue coblation,
debridement, etc.) concomitant to PC injection, it is
difficult to identify whether the long-term resolution of
arthralgia is attributable to the surgical procedure or to the
PC, irrespective of the type of PC used. As for regenerative
potential, the addition of a PC appears to offer an advantage
when combined to AS, based on CBCT evidence of
reparative remodeling of eroded condylar heads (32,42);
such histological confirmation could not be found. Future
in vivo and clinical studies are required in this regard.

No contraindications or complications were reported
after the use of PCs to treat TMJ ID. However, the
literature is limited in particular on the use of PC in patients
with systemic arthropathies or autoimmune conditions
like rheumatoid arthritis. Mainly because patients with
autoimmune conditions were excluded from the studies as
the treatment continues to be experimental. Patients were
reported to experience temporary discomfort during the
injection procedures and in the next few days (e.g., swelling
and soreness) (8,33,35,43). Overall the treatment with PCs
was reported to be safe.

Biological characteristics and growth factor release
profile of available PCs

PRP

PRP is described to contain 3 to 5-fold the platelet
concentration of normal blood or >1,000,000 platelets/mL (46).
Based on the preparation protocol, PRP can be further
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classified as leukocyte-poor (LP-PRP) also called PRGE,
or leukocyte-rich (LR-PRP). Based on subjective outcome
variables, it appears that LP-PRP is superior to LR-
PRP as the former activates chondrocytes, and certainly
other cellular, anabolic processes (26,47). Although the
best clinical results in orthopedic applications of PRP
(irrespective of their leukocyte content) are found with
tendinopathies, the studies reviewed in the orthopedic
literature also show promising clinical results for articular
applications (9). As for its GF release profile, PRP without
activation releases up to 70% of its GFs within 10 minutes
and nearly 100% after 1 hour (48). The activation process
with calcium chloride (CaCl,) initiates the formation of
fibrin and extends its GF release up to 10 days. An analysis
of the growth factor release from PRP showed that after
15 minutes significantly higher levels of PDGF-AA/AB/BB,
TGF-B1, VEGE, EGF and IGF-1 were released from PRP,
but PRP showed lower accumulated release after 10 days
compared to other PCs (49).

PRGF

PRGF-Endoret is described to possess between 2-3-fold the
concentration of platelets compared to blood with almost the
complete elimination of erythrocytes and leukocytes (26).
The exclusion of leukocytes is supported by an iz vitro study
conducted by Anitua et 4/. The authors postulated that
when comparing PRGF with or without leukocytes, the
growth factor (PDGF AB, EGFE, TGF-f1, IGF-1 and HGF)
release profile after 8 days is not affected, but the inclusion
of leukocytes increases the pro-inflammatory cytokines IL-
1B and IL-16 (26). Another factor influencing the release
of growth factors from PRGF is the activation method.
With the aim of optimizing this protocol, an in vitro study
compared the release of HGE, PDGF-BB, and IGF-1 from
PRGF without undergoing activation and with activation
using CaCl, (50). The results showed that growth factor
concentrations increase after undergoing activation.

Liquid platelet rich fibvin (liquid-PRF)

The characterization of this PC using immunohistochemical
markers has shown that it contains platelets, white
blood cells (Ieukocytes, T-lymphocytes, B-lymphocytes,
neutrophils, granulocytes and monocytes) and
GFs like VEGF, TGF-B1, EGF, PDGF-BB and
MMP 9 (51). Platelet count/mm’ obtained for liquid PRF
(1,434,000+75,233) was shown to be 5-fold compared
to whole blood (291,000+51,575) (52). A growing body
of evidence postulates PRF as a carrier of stem-like cells
including haematopoietic stem cells (CD34"), endothelial
progenitor cells (EPCs; CD34"/VEGR-2"/CD133") and
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fibroblast-like multipotent cells (53-56). In the clinical
setting, one should not confuse the solid PRF-exudate (i.e.,
superacute serum) with the liquid PRF matrix as these are
not interchangeable in their composition. The solid PRF-
exudate can be collected while pressing the solid matrices
after centrifugation using a PRF-box. Liquid PRF is
obtained after a protocol of centrifugation and is directly
withdrawn from the tubes using a syringe. An in vitro study
showed the absence of three key growth factors, namely
VEGF, TGF-B1 and EGF, in the solid PRF-exudate
compared to 10 days of sustained release of these in the
liquid-PRF matrix. The VEGF and TGF-B1 showed a
constant release while EGF peaked during the first hour
with a progressive decrease up to day 10 (57).

CGF

This PC is a modification of the established PRF
centrifugation protocol, however no biological differences
between the two have been shown to date (58). It is described
to result in a stiffer fibrin clot due to the application of higher
and variable centrifugation forces with a longer processing
time. The histological evaluation of CGF showed a dense
fibrin matrix with platelets and leukocytes entrapped (58).
Additionally, the immunohistochemical evaluation detected
entrapment of circulating MSCs (CD34") within the clot. It
has been described to release growth factors for up to 7-10
days (59,60). The measurement of growth factor and cytokine
levels revealed high concentrations of TGF-B1, PDGF-BB,
VEGEF, IL-1B and IL-6 (49).

In general, the described PCs have different cell
concentrations and release kinetics of GFs, but two groups
of PCs can be observed (60,61). The protocols of PRP/
PRGEF aim to deliver a fibrin matrix with embedded platelet
and growth factors, and the protocols of PRF/CGF result
in a fibrin matrix, platelets, white blood cells and stem-like
cells. A trend to develop PCs with higher concentration
of growth factors is evident in the literature. However, the
questions of therapeutic GF concentrations, and interval
of administration for a given joint to induce cartilage,
bone and synovial repair and regeneration still remain to
be elucidated. To date, the various release kinetics of the
PCs does not seem to negatively influence the treatment
outcomes of TMJ-ID. There are clinical studies where
a specific GF and cytokines at different concentrations
induced similar percentages of wound healing (62-65).
Recombinant human PDGF-BB in gel in a concentration
of 100 or 300 pg/g was applied as treatment of pressure
ulcers in a randomized, double-blinded, placebo-controlled
study. The topical application of both concentrations
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Figure 3 Protocols of centrifugation. PRP, platelet rich plasma; PRE, platelet rich fibrin; PRGEF, plasma rich in growth factor; CGF,

concentrated growth factor.

increased significantly the incidence to over 90% of healing
compared to placebo without statistical differences between
the concentrations (66). In a further randomized controlled
study of chronic venous leg ulcers using the growth factor
recombinant human granulocyte-macrophage colony-
stimulating factor (rh-GM-CSF) there was a significant
improvement in the treatment group compared to placebo.
Fifty percent of treated patients with rh-GM-CSF healed
by week 8 compared to 11% of placebo, and the use of
200 or 400 mcg showed no difference in the results (64).
In an additional non-randomized study, the application of
0.5 to 1.0 mcg/cm’ of rh-GM-CSF, applied three times
a week showed beneficial effects in patients with 90%
of wounds showing complete healing (65). As observed,
further studies are needed to understand the real benefits of
higher concentrations of growth factors and whether other
components, i.e., plasma, hormones, fibrin structure and the
quantity of stem-like cells, play a pivotal role in their tissue
regeneration capacity.

Preparation protocols of PCs

PRP

In the literature, protocols described to prepare PRP
involve either a one-step or two-step centrifugation
process (Figure 3). However, several differences in the
protocols are observed between studies when looked
closely (Table 5). In both protocols, blood is collected
in tubes containing 3.2% sodium citrate, but the tube’s
size and surface characteristics were not reported. The
majority of protocols found in the literature are reported
using revolutions per minute (RPM) only, which limits
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their reproducibility to the specific centrifuge machine
used during the study. A one-step protocol makes use of
higher centrifugation forces [3,200 rpm (35), 1,888 g (38)].
Reports of time of centrifugation varied from 3, 4 and 12
minutes. After centrifugation, blood is separated in 3 layers.
The middle layer and the buffy coat are the resulting PRP.
A further unstandardized procedure is the activation of
the matrix. The matrix from PRP can be photo-activated
or activated with 0.1 mL of 10% calcium chloride. The
literature review, however, does not show consensus over
this topic.

The two-step centrifugation process differs from the
one-step process in that a first centrifugation, known as
soft spin, is implemented using lower centrifugation forces
le.g., 1,800 rpm (37), 1,000 g (33)] and a lengthier spin
time [e.g., 15 min (37), 20 min (33)]. At this point the blood
is also divided in 3 layers. The upper layer is discarded
and the middle layer and buffy coat are transported into a
second tube without anticoagulant. A second centrifugation
(hard spin) takes place using higher centrifugation forces
[3,500 rpm (37), 1,500 g (33)] and reduced time [10 min (33)].
The results yield 2 layers; the upper 2/3 is discarded, as it is
considered platelet poor plasma (PPP) and the remaining 1/3
is collected for treatment.

PRGF

PRGF is described as a one-step centrifugation protocol
to obtain a moderate concentration of platelets and the
absence of leukocytes (Figure 3) (26). Sodium citrate is
used as an anticoagulant and calcium chloride, as a clot
activator. Calcium chloride promotes the formation of
native thrombin. Moreover, according to the developer, this
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procedure obviates immunological reactions and the risk of
disease transmission associated with the use of exogenous
bovine thrombin (26). Moreover, according to the developer,
this protocol seems to have achieved standardization, as the
3 studies applying PRGF to treat TMJ-ID report the same
protocol (Table 3). The reason might be that this protocol is
associated with the use of only one commercial centrifuge.
"To prepare PRGE, blood is extracted and collected in tubes
containing 3.8% sodium citrate. Tubes are centrifuged at
580 g for 8 minutes resulting in the fraction of the blood
in 3 layers. The protocol specifically highlights the need
for meticulous pipetting to avoid the contamination of
PRGEF with leukocytes. The superior layer is discarded
and only the 2 mL of plasma remaining above the
erythrocytes are collected. Finally, the obtained plasma
is activated with 400 mL of 10% calcium chloride before
infiltration (19,39,40).

PRF

PRF is defined as a second-generation PC obtained through
a one-time centrifugation process, without the need of
additives (i.e., sodium citrate and CaCl,) (Figure 3) (67).
Depending on the centrifugation process and the tubes
used, PRF can be obtained in a solid or liquid matrix. For
the treatment of TMJ-ID, it is required to prepare liquid/
injectable PRE. Liquid PRF was developed by reducing the
centrifugation force and time, and by using uncoated plastic
tubes. In the present review, differences were observed
between the two PRF studies regarding the size of the
tubes (8,41). This is of relevance, as the variation of the size
of the tubes alters the centrifugation force. Additionally,
one of the studies significantly altered the RPMs, likely
altering the contents of the liquid PRF and thus reducing
the reproducibility of the liquid PRF protocol (41). The
original protocol for the preparation of liquid PRF is a one-
time centrifugation using uncoated plastic tubes at 60 g for
3 minutes (8,51). These protocols provide approximately
2-3 mL of liquid PRF per tube of blood collected. Most
recently, a new centrifugation protocol called the low speed
centrifugation concept (LSCC) to obtain liquid PRF was
described applying 8 minutes of centrifugation (24). The
latest research producing optimized liquid PRF is 44 g for
8 minutes (24). Through a longer spin time, it is possible
to obtain up to 3—4 mL of liquid PRF from a 10 mL blood
sample. The availability to work with more liquid PRE,
that undergoes slow and natural coagulation, with the
same amount of blood, makes it clinically attractive for
procedures like biomaterial handling, wound coverage, bone
regeneration, or intra-articular injection of larger joints.
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It is critical to understand that although lower RCFs yield
smaller PC volumes, these PCs are maximized insofar as
their concentration of growth factors, cytokines and cellular
content, and thus their therapeutic/regenerative potential
(68-71) (Figure 4). It has been demonstrated that higher
centrifugation protocols (higher g-force) reduce the cell
content and the concentration of growth factors in PRF (24).
Furthermore, horizontal centrifugation was introduced as
an apparent improvement to fixed-angle centrifugation (72).
According to Miron et 4l., on a fixed-angel centrifuge, cells
are pressed against the wall of the tube while spinning,
causing shear stress on cells and possible cell rupture (73).
Horizontal centrifugation allows for free cell movement
and a more uniform separation of the cells in the tube (72).
By comparing 24 protocols of horizontal centrifugation
of platelet-rich fibrin (H-PRF), a recent study determined
that the optimal protocols for solid and liquid H-PRF are
in the range of 400-700 g for 8 minutes and 200400 g for
5 minutes respectively (73). Further studies are necessary
to determine whether this represents a real clinical
improvement compared to other PCs. To date, there are
no studies reporting the use of horizontal centrifugation to
treat TMJ-ID.

CGF

Its name originates from the statement of the author
that CGF contains a higher concentration of growth
factors compared to other PCs. CGF is produced without
anticoagulant by variable and continuous centrifugation
ranging from 2,400 to 2,700 rpm (74).

This protocol is likely standardized as it appears to be
associated with a commercial centrifuge machine. The
protocol of preparation is known as differential continuous
centrifugation. The authors postulate that due to the
alternating centrifugation forces, cells collide with the tube
wall causing the rupture of platelets resulting in a higher
release of growth factors (74). For a liquid phase CGE, the
protocol is described as follows: blood is collected in plastic
tubes without anticoagulants and immediately centrifuged
using 30 seconds of acceleration, 2 minutes at 2,700 rpm,
followed by 4 minutes at 2,400 rpm, followed by 4 minutes
at 2,700 rpm, followed by 3 minutes at 3,000 rpm, and
finally 36 seconds of deceleration to a full stop (42,43).
Once finalized, the middle layer of the tube is retrieved and
injected in the joint.

Challenges in clinical applications of PCs
Absence of standardization
In the literature, varying centrifugation protocols to obtain
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Figure 4 Theoretical regenerative potential of various injectables. Biosupplementation can be viewed conceptually as a modification of

the synovial fluid biochemistry, from its simple dilution with NS, addition of HA as a synthetic lubricant and resulting chondroprotection,

addition of high concentration of growth factors that act to reverse inflammation and harness cells for repair and/or regeneration (PRP/

PRGF), to more complex plasma concentrates such as PRE/CGF which contain progressively more cells and growth factors including

circulating stem cells, to the outright application of endogenous or exogenous MSCs. NS, normal saline; HA, hyaluronic acid; PRP, platelet

rich fibrin; PRGE, plasma rich growth factors; PRE, platelet rich fibrin; CGE, concentrated growth factors; MSC, mesenchymal stem cells.

PCs are described. However, recently published studies
have shown that the characteristics of the centrifuge
machine and the characteristics of a tube have an effect
over the resulting PC. A mnemonic developed by Herrera-
Vizcaino C. to correctly report PCs is the acronym AR273
(manuscript in preparation). This acronym includes all
principles affecting the final content within the PCs.
According to AR2T3, a protocol reporting on a PC
should include the (A) angulation of the tube within the
centrifuge, (R) the radius maximum (r-max), (R) the relative
centrifugation force (g-force), (T) the time (duration) of
centrifugation, (T) the characteristics of the tube’s surface
and (T) the tube’s size. The aforementioned principles could
be embodied within research articles using the following
template: “PRF was centrifuged using a table-top centrifuge
(name of the centrifuge machine; angle X°, X c¢m radius-
max) following a standardized protocol described by X
etc. (X rpm, X g, X min). Blood was withdrawn according
to the best practices in phlebotomy into X-mL sterile
(characteristic of the tube; plastic, glass or titanium) tubes
(name of the manufacture). This protocol was reported
following the AR27T3 acronym.”

In the meantime, clinicians are encouraged to inquire
about, or calculate, the relative centrifugal force (RCF)
or g-force exerted on the harvested biologic by using the
following formula: g-force (RCF) = (RPM)’ x1.118x107x r,
where r is the maximum radius from the tube to the center
of the centrifuge rotor. The purpose of which is to keep
within an optimal g-force range for the ideal balance of
growth factors and cellular contents, for either liquid or
solid PC preparations (75).

Red blood cell (RBC) hemolysis
Manipulation of whole blood specimens with shear forces
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beyond the shear strength of RBCs can cause eryptosis
within the biologic (76). RBC hemolysis or eryptosis
releases excessive amounts of hemoglobin (Hb) and its
toxic byproducts heme and iron, rapidly overwhelming the
body’s innate neutralizing capabilities (76). Also devastating
is plasma-free Hb (PFH) causing physiological effects such
as endothelial damage and dysfunction, depletion of nitric
oxide and vasoconstriction, cytotoxicity and release of
reactive oxygen species and pro-inflammatory infiltrates,
and suppressed MSC recruitment (76). RBCs are also a
reservoir of macrophage inhibitory factor (MIF), greater
than that found in platelets and leukocytes (76); release of
potent MIF is a well-documented cause of inflammatory
cytokine chemotaxis in painful OA (77,78).

The manipulation of blood or bone marrow aspirates
requires delicate handling in the harvesting technique,
centrifugation protocol (namely g-force), and injection
technique, so as to reduce RBC trauma, especially since
the body’s natural circulating scavenging systems for
Hb byproducts and PFH are entirely bypassed, in the
biologic treatment vial, syringe and in the target tissue’s
microenvironment (76). Careful evaluation of the state of
RBCs post processing is paramount in selecting the ideal
biologic. Several laboratory investigations have confirmed
that centrifugal forces in the range of 500-1,500 g for
10 minutes impart no hemolytic damage to blood samples;
however repeat centrifugation cycles within such a g-force
range could raise levels of PFH within the supernatant (79).
Effects of suboptimal systemic bealth in patient samples
Knowledge of this potential concern is inexistent insofar
as its effect on the composition of PCs. That being said,
there is mounting evidence that gut dysbiosis fuels systemic,
and indeed, articular inflammation. As such, probiotic
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Figure 5 Treatment protocol (A). Step 1: The A-line is marked along the crease ahead of the tragus. A second line is traced between the
tragus and canthus (Tragus-Canthus landmark). Step 2: A mark is placed on top of the Tragus-Canthus landmark 10 mm anterior to the
tragus (Point B). Step 3: Two mm below Point B, a second point is placed (Point D). Step 4: A third mark is placed on top of the Tragus-
Canthus landmark 20 mm anterior to the tragus (Point C). Step 5: A mark is placed 10 mm below Point C (Point E). The area to be
infiltrated or canalized is disinfected. Protocol of treatment (B). The auriculotemporal (AUT) nerve is anesthetized by infiltrating anesthesia
into the joint cavity. This is followed by placement of two 20-gauge needles in Points B and C as entry and exit points for lavage (Double
needle technique). Lavage is performed with 300 mL of NaCl or Ringer’s lactate. The outflow needle can be momentarily blocked with
finger pressure to rupture adhesions and distend the inferior joint space (IJS) and superior joint space (SJS). While washing, the patient’s
mandible is moved in order to achieve movement of the disk. Platelet concentrates are centrifuged and prepared in a liquid matrix. 1.5 mL
is infiltrated in the IJS and SJS and 0.5 mL in the retrodiscal tissue (RT) (Point D) and pericapsular area. Follow-up is conducted every 2

weeks and if necessary, the procedures is repeated until the clinical symptoms disappear or are not life diminishing. The use of non-steroidal

anti-inflammatory drugs in the presence of pain and bland diet during two weeks are recommended.

supplementation and nutritional corrections reverse
dysbiosis to a normal gut microbiome (80), which in turn
optimize the immune system.

Absence of standardization in injection technique/site and
in combination therapies

Most reports included herein describe the deposition of
PCs in the superior joint space (Figure 5). Although from
a technical standpoint, this seems like an appropriate space
to introduce the maximum volume for the TM]J, there are
studies that suggest treatment of the inferior joint space as
highly beneficial (40,81). The TM]J’ inferior joint space
can be accessed by arthroscopic guidance or by experienced
injectors (40). It is logical to believe that treatment of
this space may be very beneficial insofar as improving
joint rheology and the regenerative potential of PCs by
recruitment of fibrochondrocyte stem cells found in the
superficial layer of the condylar cartilage (82).

Whether PCs offer superior outcomes as an
adjunctive therapy to arthrocentesis or can some PCs
induce a natural joint lavage, in part by its vascular
recruitment as some have suggested (8), requires
further investigation. Our findings showed positive
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outcomes in all studies independent of whether
lavage was performed. Although it has been described
that the optimal volume to remove inflammatory
mediators responsible for pain lays between 200 and
300 mL (83), authors describe using Ringer’s lactate
or 0.9% NaCl in a range from 50 to 100 mL (7able 5).
A study with 17 patients with TM]J-ID were treated
with 50, 100, 200, 300 or 400 mL. The results
showed that the perfusion with over 200 mL causes a
statistically significant reduction in the concentrations
of the pro—inflammatory mediators Bradykinin,
IL-6 and total protein, making them undetectable
in synovial fluid (83). In light of this information,
it would be interesting to compare outcomes of
the cumulative effect of multiple PC injections at
2—4-week intervals to arthrocentesis alone, to determine
if PCs can provide a physiologic lavage by progressively
modifying the TMJ’s microenvironment. Noteworthy,
arthroscopic surgery involving capsulotomy, debridement
and retrodiscal coagulation, improving functional TM]
anatomy, appears to optimize long-term outcomes when
followed by a PC, compared to arthrocentesis (Tuble 4).
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MSCs

Although this review focuses on PCs, a brief discussion on
MSC:s as they relate to articular disease is warranted. MSCs
make up 0.001% to 0.01% of mononuclear cells in bone
marrow aspirates (84); they possess significant anabolic
properties (and anti-catabolic properties via secretion
of IL-1 receptor antagonist) on target tissues, provide a
significant source of GFs and tissue-specific cells capable of
matrix formation (i.e., blast cells) (9).

Stem cell therapy is a rapidly expanding field in
regenerative medicine and its application in orthopedics
is FDA approved. MSCs possess the multipotency
to differentiate into osteoblasts, chondroblasts and
synoviocytes. These are typically retrieved from bone
marrow aspirates (BM-MSCs) and they can be combined
with PCs to improve their osteoblastic/chondroblastic
differentiation, as recently shown (85). Furthermore, in
a recent animal study, PRP was used as a carrier of BM-
MSC:s on the surface of a damaged cartilage murine model.
The histological results showed a complete repair of the
articular surface with the presence of cartilage-like tissue
and subchondral bone filling compared to the control
group, which showed no signs of repair (86). MSCs can
also be found in adipose tissue and blood; furthermore,
these can be harnessed locally in an injured tissue. The
latter two sources of MSCs (blood and tissue-resident) offer
procedural simplicity for the ambulatory setting.

In 2016, it has been demonstrated for the first time
that the superficial zone of the adult TM] is a niche of
fibrocartilage stem cells with both chondrogenic and
osteogenic potential. Such is not the case in articulations
covered with hyaline cartilage, and thus fibrocartilage stem
cells can be tested for repair of injured hyaline cartilage, as
hyaline cartilage is naturally repaired with fibrocartilage.
Interestingly, severely arthritic joints exhibit capillary
tidemarks that provide access to chondro-progenitor cells
into injured joints (82). It is thus reasonable to consider PCs
as a means to recruit and activate MSCs with chondrogenic/
osteogenic potential, and thus bypass the risks and concerns
of stem cell therapy (85,87).

MSCs possess immunomodulatory properties in acute
inflammatory settings, but this should not be the main
reason for their application in painful arthritic joints,
as similar effects have been demonstrated in vivo and
in vitro with the various PCs (8). Furthermore, there is
evidence that MSCs can be pro-inflammatory in a chronic
inflammatory environment, which is often the case in
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chronic conditions such as painful OA (9).

Conclusions

PCs have different cell concentrations and release kinetics
of GFs. The protocols of PRP/PRGF aim to deliver a fibrin
matrix with embedded platelet and growth factors, and the
protocols of PRF/CGEF result in a fibrin matrix, platelets,
white blood cells and stem-like cells. Nevertheless, all
studies reported PCs as a beneficial biosupplementation
treatment for painful TMJ-ID. This review is limited
in that it cannot yet classify a single PC as the type with
the strongest evidence. However, all studies included
in the review showed that PCs decrease subjective pain
significantly and these findings are true whether these
injectables are administered as sole therapy or as adjuncts
to arthroscopy/arthrocentesis. Furthermore, multiple PC
injections offer longer lasting relief compared to single
injections. Despite the biological differences among the
various PCs, there exists similarities that could explain
the reported benefits. There are other aspects that need
further consideration in future research; like the effects
of suboptimal systemic health in patient samples when
collecting blood and the release of toxic bioproduct from
RBC hemolysis after the use of excessive centrifugation
forces. Furthermore, standardization of centrifugation and
injection protocols should be a main concern in order to
improve reproducibility and homogeneity of results. The
authors recommend that clinicians implement the acronym
AR2T3 to correctly report PC preparations in future
studies. Altogether, our findings suggest that non-surgical
treatment through biosupplementation provides an effective
therapy for TMJ-ID.
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