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Abstract

BACKGROUND: Platelet-rich plasma (PRP), a blood-based product containing platelets and growth factors, is being

utilized to treat numerous non-hemostatic disorders. Studies have explored the use of PRP to provide rapid repair, healing,

and recovery from various injuries; some studies mentioned the effectiveness of PRP as compared with other forms of

treatment like the use of hyaluronic acid. Commercially available PRP systems are available now, and each varies from one

another depending on how it is prepared, thus causing variations in platelet concentration and growth factor content. These

variations also implicated different therapeutic applications.

METHODS: The paper reviews the various applications of PRP, including factors to consider before using PRP therapy,

and provides an extensive list of PRP applications.

RESULTS: The administration of PRP as a standalone treatment or as a co-therapy results in observed positive outcomes.

However, there is a lack of standardization for PRP preparation, increasing the risks for heterogeneity and bias amongst

results.

CONCLUSION: The use of PRP is indeed an option for regenerative therapy, but more research is needed before it can

fully be recommended as a primary treatment modality.
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1 Introduction

Platelet-rich plasma (PRP) is an autologous blood-based

product prepared and administered to promote the repair

and recovery of damaged tissue caused by a variety of

conditions [1]. Applied locally to the site of injury, the

regenerative action of PRP is mainly attributed to the

release of stored growth factors in platelets, like platelet-

derived growth factor [2], insulin-like growth factor [3, 4],

and transforming growth factor-beta [5], and their respec-

tive actions on cells of the affected tissue. These growth

factors promote the differentiation of precursor cells and

the proliferation of mature cells, resulting in the formation

of healthy tissue.

While the American Red Cross defines PRP to have a

platelet concentration greater than or equal to 5.5 9 1010
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platelets/50 mL, its composition varies widely, depending

on the preparation. Most PRP preparation protocols pro-

mote a PRP with a platelet concentration ranging from 1.7

times to 6 times that of whole blood [6], and PRP may also

contain leukocytes, and the most common classification for

PRP describes whether the leukocyte content is increased

(leukocyte-rich PRP/LR-PRP) or decreased (leukocyte-

poor PRP/LP-PRP) [7].

While PRP is extensively studied and is currently

applied as an alternative or supportive therapy for various

injuries, there is more yet to be known about PRP com-

ponents and their interactions with different cell and tissue

types. This literature review will provide various condi-

tions where PRP is being used as a potential therapy, as

well as, present several factors to consider before using

PRP as a therapy.

2 Current PRP preparation considerations

The term ‘‘platelet-rich plasma’’ was coined in the 1970s to

refer to a plasma product with a platelet count higher than

that of whole blood [8]. While the use of PRP for regen-

erative purposes has begun in the late 1980s [9] and its

popularity has increased ever since, there is still contention

amongst experts as to how to truly define ‘‘platelet-rich

plasma’’, as different established PRP preparation proto-

cols result in PRP products that vary in composition and

concentration, making standardization of PRP preparation

difficult.

Two of the most important factors to consider in PRP

preparation are the platelet concentration and the presence

or absence of leukocytes. In 2001, Robert Marx proposed

PRP to be a blood product that contains at least 1,000,000

platelets/uL (1000 9 109/L), a dosage of 2.5–5 times

increased count compared to the normal peripheral platelet

count of around 200,000–400,000 platelets/uL

(200 9 109– 400 9 109/L) [10]. However, in vitro studies

on cell cultures suggest that optimal platelet concentration

in PRP may vary depending on the tissue type. Endothelial

cell proliferation was observed to increase nearly sixfold

when exposed to a platelet concentration of 1.25

platelets 9 106/mL (1250 9 109/L), but the further

increase may inhibit cell proliferation [11]. On the other

hand, a 2021 paper presented different optimal platelet

concentrations for the differentiation of mesenchymal stem

cells (MSCs) into osteogenic (1500 9 109/L), adipogenic

([ 1800 9 109/L), and chondrogenic cell populations

(2000 9 109/L) [12].

There have been attempts to establish a standard for

absolute platelet count in PRP, such as a 2021 clinical trial

that observed long-term improvements in the WOMAC

score of patients with osteoarthritis. administered with

8 mL of PRP containing a total of around 10 billion pla-

telets [13]; however, more clinical trials should be per-

formed to understand the absolute platelet count needed to

elicit positive responses in various disease conditions

where PRP is a treatment modality.

The presence of leukocytes in PRP may also influence

tissue repair. The two main types of PRP are leukocyte-rich

PRP or LR-PRP (minimum of 40–80% of leukocytes

compared to baseline), and leukocyte-poor PRP or LP-PRP

(less than 40% of leukocytes compared to baseline [7]. The

presence of leukocytes, especially neutrophils, in PRP

results in increased release of cytokines that may either

inhibit or aggravate inflammation. In vitro studies on cul-

tured chondrocytes from patients with osteoarthritis do not

reduce gene expressions of OA-associated inflammatory

markers [14]. In line with this, current evidence shows that

LR-PRP demonstrated statistical improvement for tendi-

nopathies and LP-PRP for cartilage pathology, while

varying results were observed when testing the effective-

ness of either LR-PRP or LP-PRP for acute muscle injuries

[15, 16].

Several other factors also affect the final PRP product.

Increased centrifugation speeds have been demonstrated to

increase the number of platelets recovered by a factor of

2.16 at 500g and a factor of 3.48 at 1000g [17]. However,

this may also increase platelet activation due to shear stress

[18], as the expression of P-selectin was markedly

increased in blood spun at 2000g [19]. Interestingly, the

activation of PRP also influences its activity. A 2016 study

on different platelet activators show that calcium chloride

resulted in a gradual increase in measured mean platelet-

derived growth factor (PDGF), transforming growth factor

beta (TGF-b), and vascular endothelial growth factor

(VEGF) values for up to 24 h, while PRP added with

thrombin and thrombin with calcium chloride saw a

stable release of said growth factors over time [20].

Improvements in PRP preparation by adjusting temperature

were explored, like a re-warming step at 37 �C may

improve platelet activation [21] or a pre-incubation at 4 �C
that resulted in an increase in VEGF and epidermal growth

factor (EGF) release [22].

While the abovementioned papers have highlighted the

different PRP preparation procedures that may influence its

components and its medical applications, both the adapt-

ability and adoptability of the PRP preparation and/or kit

should also be heavily considered.

Most commercially available PRP kits are designed to

require a centrifuge with rotor heads specific to their kit

that could both accommodate the exact dimensions of the

kit and deliver the recommended relative centrifugal force

(RCF) needed for optimal regenerative ability. This, in

addition to different centrifuges having different RCFs (as

RCFs are dependent on both the revolutions per minute
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(RPM) and the dimensions of the rotor) [23], makes the kits

not adaptable for most centrifuges readily available in most

hospitals.

Some PRP kits have separation methods that depend

entirely on the skill and handling of the person preparing

the PRP. After centrifugation, the plasma is either pushed

or pulled into the syringe. Any unexpected or unintended

movement during PRP extraction may disrupt the layers

and may result in an increase of red blood cell content and/

or a decrease of platelets and white blood cells collected.

While most distributors would provide their centrifuge

to the laboratory or clinic in a ‘‘tie-up’’ deal, the available

number of centrifuge units may not be sufficient to meet

demand should it increase. Aside from this, the user is

required to purchase a specific number of PRP kits to avail

of the centrifuge units, which could be too costly for most

clinics or patients to meet. In the Philippines, the cost of

PRP kits ranges between $175 and $300, which may not be

financially viable for most patients, especially those who

require multiple PRP injections.

Finally, most PRP protocols detail the preparation of

only one type of PRP. As the PRP contents are dependent

on several factors such as centrifugation forces and the

number of spins, most published protocols prepare only

either LR-PRP or LP-PRP. As mentioned previously, the

therapeutic applications of PRP are influenced by numer-

ous factors such as the leukocyte content and platelet

activation. As a result, clinics should have at least two PRP

preparation methods or kits that could produce the specific

type of PRP needed, which could also increase the burden

on the end user due to the cost of PRP.

3 Uses of PRP as a therapy

While there is a pronounced heterogeneity among the dif-

ferent PRP preparation protocols, because of PRP’s

potential to promote mitogenesis, cell differentiation, and

angiogenesis, PRP therapy is being used increasingly to

treat a plethora of conditions. Despite the lack of stan-

dardization for PRP preparation, promising results have

been observed and reported on the use of PRP therapies for

chronic wounds, musculoskeletal disorders, dentistry, and

hair loss (Fig. 1). Several meta-analyses (Table 1) and

experimental studies (Table 2) discussing the use cases of

PRP are highlighted in this paper. These are further dis-

cussed in the following sections.

3.1 Chronic wound healing

Chronic wounds, when untreated, can be debilitating for

those afflicted. These wounds are either recurring or do not

heal fully due to various disease conditions which include but

are not limited to inadequate blood supply (i.e., cardiovas-

cular disease), metabolic disorders (i.e., diabetes), nutrient

deficiencies (i.e., vitamin C or K deficiencies), impaired

immune function (i.e., immunodeficiency), or extensive tis-

sue damage (i.e., burns or radiation therapy) [24]. Although

wound care methods for chronic wounds are dependent on the

type of ulcer present, advanced wound care technologies like

growth factors can be administered to improve chronic

wound healing [25] Because platelets and the growth factors

within play a pivotal role in hemostasis and tissue repair, PRP

is being explored for use in chronic wounds.

A report prepared by clinicians of the Mayo Clinic for

the US Department of Health and Human Services pre-

sented the results of a systematic review on the effective-

ness of PRP in the treatment of lower-extremity diabetic

ulcers, lower-extremity venous ulcers, and pressure ulcers

[26]. Results of their meta-analysis show that lower

extremity diabetic ulcers managed with PRP resulted in

more significant wound closure, reduction in the wound

area, reduced time for wound closure, and reduced wound

depth. Although the authors reported no significant differ-

ence in evaluated subgroups for lower-extremity diabetic

ulcers and pressure ulcers due to insufficient evidence, they

recognize that further studies should be more rigorous, with

the characterization of PRP preparation being one of the

main factors that need to be reported. In 2022, another

meta-analysis of 13 studies shows a significant increase in

wound healing rate and reduction in healing time for burn

wounds treated with PRP, but little change in the per-

centage of burn skin graft take [27].

Nevertheless, the use of PRP therapy to enhance wound

healing for various other conditions has resulted in positive

outcomes. A 2018 study on the potential uses of LR-PRP

on wounds of AIDS patients showed increased healing,

with a nonsignificant increase in epidermal processes

between baseline and 10 days after PRP administration.

Additionally, IHC of VEGF immunoexpression revealed a

significant increase in mean VEGF 10 days after PRP

treatment (118.9 vessels/mm2 vs. baseline = 114.3 vessels/

mm2), as well as increased immunoexpression of CD34,

suggesting improved wound vascularity [28].

There is increasing discussion on the use of PRP to

facilitate the healing of surgical wounds related to cancers.

Although there were initial reservations against the use of

PRP due to its angiogenic and mitogenic effects conferring

a potential for tumor regrowth [29], recent studies have

indicated that PRP may be oncological inert. No long-term

adverse effects were seen when PRP was administered to

patients with breast cancers, with no cancer reoccurrence

being observed when PRP was injected into sentinel lymph

node biopsy sites of low-risk oncological cohorts [30].

These results, combined with a successful decrease in the

time of closure for chronic wounds of the breast after PRP
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administration with little to no complications [31], could

further reinforce the notion that PRP may be a beneficial

therapy for other cancer complications.

3.2 Musculoskeletal injuries

Nearly half of the more common musculoskeletal injuries

reported involved tendon and ligament injuries [32], while

about 30% of sports injuries are on muscles [33], with

hamstring injuries being common with acute hamstring

injuries composing an average of 17% of all injuries in

association football players [34] and 25.6% of all injuries

among American football athletes [35].

Several case studies on PRP use for musculoskeletal

diseases have reported positive outcomes. However,

reviews of several case series and clinical trials are

inconclusive, especially since different musculoskeletal

tissue may react differently to PRP treatment. A 2014

systematic review of the use of PRP on musculoskeletal

soft tissue injuries reported a marginal reduction in short-

term pain reported in four trials, while no significant dif-

ferences were observed in four trials that compared the

incidence of adverse effects between treatment groups [36].

In 2018, a review of 6 studies involving 374 patients

with acute muscle injury reported a significantly shorter

time to return to sport from various types of acute muscle

injury but a non-significant difference in re-injury rate,

while outcomes of complications, pain, strength, range of

motion/flexibility, functional scores, and imaging were too

heterogenous [37]. Two years later, a systematic review of

10 studies involving patients with acute hamstring muscle

injury presents a non-significant decrease in the mean time

to return to play and reinjury rates, favoring PRP in com-

bination with physical therapy (PT) compared to either

PRP or PT alone [38].

The use of PRP and its effectiveness on both tendon and

ligament injuries were explored by a 2018 systematic

review of 37 randomized controlled trials, with rotator cuff

injuries and lateral epicondylitis being the most studied,

each representing 38.1% of the studies included. Patients

who received PRP reported improved VAS scores upon

short-term (2–6.5 months) and long-term follow-ups [39].

A significant decrease in retear rate of arthroscopic rotator

cuff repair was also reported by a 2019 review, along with

improved VAS scores [40].

Several studies have also compared PRP with com-

monly provided treatments for lateral elbow tendinosis and

elbow epicondylitis. When comparing cases treated with

PRP to those who underwent surgery for lateral elbow

tendinosis, no significant differences were observed in both

their pain scores and functional outcomes, suggesting that

the use of PRP may be an alternative if surgery is not

viable [41]. As for lateral epicondylitis, no statistically

significant differences were observed in the short-term and

long-term VAS scores and MAYO index between groups

injected with either PRP or corticosteroids. However, while

the DASH score of the corticosteroid group was signifi-

cantly lower than the PRP group in the short-term, the

DASH score of PRP becomes lower than that of the cor-

ticosteroid group at the 24-week follow-up [42].

Fig. 1 The current uses of PRP as a treatment. When an injury has

occurred, activated platelets (A) release growth factors (B) for

connective tissue regeneration, cell growth, cell differentiation, and

angiogenesis. In musculoskeletal injuries (C) and chronic wounds

(D), growth factors played a significant role in regeneration and

effectiveness in hemostasis, tissue repair, and reduction of healing

time. These growth factors found in PRP are also impressive when

used as a dental implant (F) in dental cell regeneration and as well in

hair regrowth (E)
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Table 1 Summary Table of the discussed meta-analyses

Study first

author

Reference

number

Year of

publication

Type of

study

Types of studies

analyzed

Case definition Findings

Qu et al. [26] 2021 Meta-

analysis

20 randomized

controlled trials and

5 observational

studies

Lower-extremity diabetic ulcers,

lower-extremity venous ulcers, and

pressure ulcers

Significantly increased

wound closure in lower-

extremity diabetic ulcers

(RR 1.20, 95% CI

1.09–1.32); insufficient

strength of evidence for

lower-extremity venous

ulcers and pressure

ulcers

Zheng

et al.

[27] 2022 Meta-

analysis

2 double-blind

randomized

controlled trials, 1

randomized control

trial, 5 prospective

studies, and 5

retrospective studies

Burn wounds with or without grafts;

6 PRP treatments (3 topically

applied on the wound; 3 injected

into the wound), 5 autologous PRP

gel applied on the wound. 1

platelet-rich fibrin sprayed on the

wound, and 1 fibrin glue applied on

the wound

Significant increase in

healing rate (MD:

12.69%, 95% CI 9.08,

16.31; p\ 0.00001; OR:

2.63, 95% CI 1.37, 5.08;

p = 0.004) and decrease

in healing time (MD:

- 4.02 days, 95% CI

- 5.23, - 2.81; p\
0.00001)

Moraes

et al.

[36] 2014 Scoping

review

19 small single-center

trials (17 randomized

controlled trials and

2 quasi-randomized

studies)

6 trials—rotator cuff tear

arthroscopic surgery; 1 trial—

shoulder impingement syndrome

surgery; 3 trials—elbow

epicondylitis; 4 trials—ACL

reconstruction; 2 trials—ACL

donor graft site application; 1

trial—patellar tendinopathy; 1

trial—Achilles tendinopathy; 1

trial—Achilles rupture surgical

repair

No significant differences

in overall effect between

both PRP and control for

short-term (SMD 0.26;

95% CI - 0.19 to 0.71;

p value 0.26; I2 = 51%;

162 participants; positive

values favoring PRP),

medium (SMD - 0.09,

95% CI - 0.56 to 0.39;

p value 0.72; I2 = 50%;

151 participants), and

long-term function

(SMD 0.25, 95% CI

- 0.07 to 0.57; p value

0.12; I2 = 66%; 484

participants)

Grassi

et al.

[37] 2018 Meta-

analysis

6 randomized

controlled trials

Acute muscle injury (3 studies

exclusively hamstring injury; 3

studies that include hamstring,

rectus femoris, quadriceps,

gastrocnemius, thigh, foot and

ankle, and shoulder)

The significant mean

difference in return to

sport favoring PRP (MD

- 7.17, 95% CI - 12.26

to - 2.08, p\ 0.00001;

6 trials), while no

significant differences in

risk of reinjury,

complications, pain,

strength, ROM/

Flexibility, functional

scores, and imaging were

observed
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Table 1 continued

Study first

author

Reference

number

Year of

publication

Type of

study

Types of studies

analyzed

Case definition Findings

Seow

et al.

[38] 2020 Meta-

analysis

10 clinical studies Hamstring injury (2 studies

comparing PRP and control, 3

studies comparing PRP and PT, 2

studies comparing PRP ? PT and

PT alone, 1 study comparing

PRP ? PT and whole blood

injection, 1 study comparing

PRP ? PT, PPP ? PT, and PT

alone, and 1 study comparing

PRP ? PT and placebo)

Nonsignificant decrease in

mean time return to play,

favoring PRP (MD

- 5.67; 95% CI - 12.62

to 1.28; p = 0.11), and a

nonsignificant reduction

in reinjury rate in

patients receiving

PRP ? PT versus PT

alone (95% CI

0.45–1.71; I2 = 0%;

p 0.70)

Chen

et al.

[39] 2017 Meta-

analysis

21 randomized

controlled trials

Tendon or ligament injury (8 studies

on rotator cuff injury, 2 studies on

tendinopathy, 3 studies on ACL

injuries, and 8 studies on lateral

epicondylitis)

Significantly improved

reduction in short-term

pain (MD - 0.72; 95%

CI - 1.10 to - 0.34;

p\ 0.01; 17 trials),

long-term pain (MD

- 0.84; 95% CI - 1.23

to - 0.44; p\ 0.01; 14

trials), and overall pain

(MD, - 0.56; 95% CI

- 0.76 to - 0.37;

p\ 0.01; 21 trials) in

patients treated with PRP

Han et al. [40] 2019 Meta-

analysis

13 randomized

controlled trials

Arthroscopic rotator cuff repair (6

studies on single-row repair; 6

studies on double-row repair; 1

study on both single-row and

double-row repair)

Significant reduction in

retear rate (RR 1.18;

95% CI 1.03–1.18;

overall effect p 0.004; 12

trials) and visual analog

scale scores (MD

- 0.35; 95% CI - 0.57

to - 0.13; overall effect

p 0.002; 5 trials) for

patients who underwent

surgery augmented with

PRP, as well as improved

Constant shoulder score

(MD 2.31; 95% CI

1.02–3.61; overall effect

p 0.0005; 9 trials),

UCLA shoulder scores

(MD 0.98; 95% CI

0.27–1.69; overall effect

p 0.007; 7 trials); and

SST score for patients

with PRP (MD 0.43;

95% CI 0.11–0.75;

overall effect p 0.008; 4

trials)
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It is important to note that heterogeneity was observed

in most models in the meta-analyses highlighted. This can

be attributed to the differences in reporting of outcomes,

differences in PRP preparation, and variations in PRP

administration and follow-up.

3.3 Orthodontics and dentistry

Current medical procedures for most oral diseases, like

periodontitis and dental cavities, do not fully regenerate

tissue; as a result, most of these procedures instead focus

on preventing further damage or by replacing damaged

tissue with artificially synthesized materials i.e. fillings and

metal implants [43]. Due to the abundance of growth fac-

tors and cytokines in PRP and platelet-rich fibrin (PRF)

which could promote cell growth and proliferation of the

stem cell populations present in dental tissue, its applica-

tions in regenerative dentistry are also being studied

extensively, in the hopes that it could promote significant,

if not complete, regeneration of dental tissue [44]. Its use in

Table 1 continued

Study first

author

Reference

number

Year of

publication

Type of

study

Types of studies

analyzed

Case definition Findings

Kim et al. [41] 2021 Meta-

analysis

4 studies (2

retrospective cohort

studies, and 2

randomized

controlled trials)

Lateral elbow tendinosis No significant difference

in VAS scores after

2 months (p 0.55; 2

studies), 6 months,

(p 0.67; 2 studies), and

1 year (p 0.36; 3 trials),

as well as no significant

difference in PRTEE

scores after 12 weeks

(p 0.86; 2 studies),

24 weeks, (p 0.72; 2

studies), and 52 weeks

(p 0.66; 2 trials)

Li et al. [42] 2019 Meta-

analysis

5 studies Lateral epicondylitis (2 studies

compared PRP and triamcinolone,

1 study comparing PRP and

methylprednisolone alone, 1 study

comparing PRP and

methylprednisolone ? lignocaine,

and 1 study comparing

PRP ? lignocaine and

methylprednisolone ? lignocaine)

Significantly improved

mean VAS scores at

24 weeks (MD - 2.61;

95% CI - 5.18 to

- 0.04; overall effect

p 0.05; 2 trials) and mean

DASH scores at

24 weeks, (MD - 7.73;

95% CI - 9.99 to

- 5.46; overall effect

p\ 0.001; 2 trials) for

patients receiving PRP

treatment

Franchini

et al.

[50] 2016 Meta-

analysis

11 randomized

controlled trials

Periodontal intrabony defects Significantly improved PD

(MD - 0.39; 95% CI

- 0.80 to 0.02;

p\ 0.01; 11 trials), CAL

gain (MD - 0.57; 95%

CI - 0.93 to - 0.20;

effect p 0.002; 11 trials).

GR gain (MD - 0.46;

95% CI - 0.77 to

- 0.15; effect p 0.0035;

9 trials), and BD gain

(MD - 0.46; 95% CI

- 0.77 to - 0.15; effect

p 0.0035; 6 trials) in

groups treated with PRP

RR risk ratio, CI confidence interval, MD mean difference, OR odds ratio, ACL anterior cruciate ligament, SMD standardized mean difference,

ROM range of motion, PT physical therapy, UCLA University of California, Los Angeles, VAS visual analog score, PRTEE patient-rated tennis

elbow evaluation, DASH disabilities of arm, shoulder and hand score, PD probing depth, CAL clinical attachment level, GR gingival recession,

BD bone defect
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Table 2 Summary table of the discussed experimental studies

Study first

author

Reference

number

Year of

publication

Type of study Patient characteristics Patient case definition Results

Cieslik-

Bielecka

et al.

[28] 2018 Experimental

study

5 patients with AIDS

ulcers

Venous or arteriovenous

insufficiency-related

crural ulcers in AIDS

patients

Statistically significant

IHC expression of VEGF

(p 0.001523), FLK-1

(p 0.008241), and CD34

(p 0.006982)

Eichler

et al.

[30] 2020 Consecutive,

retrospective,

experimental

study

163 patients (81 control

patients and 82

receiving PRP

injection)

Patients who underwent a

single-incision sentinel

lymph node biopsy under

the arm

No significant increase in

major and minor

complication rates, with

a 100% overall survival

after 30 months

Berna-

Serna

et al.

[31] 2020 Prospective

observational

study

23 patients (15 patients

without cancer and 8

patients with a history

of breast cancer)

Patients with chronic

wounds of the breast

Complete wound closure

was observed in 19 out of

23 patients (82.6%)

within 4 weeks, and no

malignant breast

pathologies were

observed in the cancer

patients after[ 4 years

Singhal

et al.

[63] 2015 Experimental

observational

study

16 males and 4 females

(10 patients treated

with PRP (8 males, 2

females; 10 patients

without PRP treatment

(8 males, 2 females)

Patients with mild to

moderate AGA, having

either a Hamilton-

Norwood score I to IV

for males or a Ludwig

alopecia score I or II for

females

An 89.4% reduction in

mean hair pulled was

observed in patients

treated with PRP after

12 weeks (12 weeks 0.6

hair/pull vs. baseline 4.4

hair/pull), as the growth

of new hair was observed

after an average of

1.4 weeks

Bayat et al. [64] 2019 Experimental

observational

study

19 patients were given

PRP injections at week

0, week 4, and week 8

Patients with AGA, having

a Hamilton-Norwood

score of III–V, and

excluding patients using

other topical and

systemic medications

Significant increase in hair

count (3 months

38.58 ± 7.574 vs.

baseline 30.11 ± 7.055;

p\ 0.001) and hair

thickness (3 months

0.054 ± 0.0124 vs.

baseline 0.041 ± 0.0076;

p\ 0.001) were

observed 3 months after

last PRP injection

Butt et al. [65] 2019 Experimental

observational

study

30 patients with AGA

(20 males and 10

females)

Patients with AGA, having

either a Hamilton-

Norwood score of III–VI

for males or a Ludwig

alopecia score of I–III for

females

Significant decrease in the

number of hairs pulled

(6 months 7.7 ± 3.8 vs.

baseline 11.0 ± 4.05;

p\ 0.05) and increase in

mean hair density

(6 months

50.20 ± 15.91/cm2 vs.

baseline 34.18 ± 14.36/

cm2; p\ 0.05) were

observed 6 months after

last PRP injection, with

18 out of 30 patients

(60%) reported an

increase in terminal to

vellus hair ratio
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dental and oral surgery has been extensively reviewed, with

previous studies reporting varying, but promising

improvements in bone and soft tissue healing post-opera-

tion [45].

An estimated 90% of the entire population is affected by

some sort of periodontal disease [46]. The periodontium is

a structure serving to anchor the teeth in place and provide

protection against stress. A combination of epithelial tis-

sue, mineralized tissue, and connective tissue comprises

the periodontium, with the alveolar bone, cementum, and

interposed periodontal ligament forming the functional

structure [47]. Due to the prevalence of fibroblasts in gin-

gival tissue on which growth factors can act, both PRP and

PRF have been adopted as a therapy for soft tissue or hard

tissue damage [48, 49], resulting in favorable prognosis for

patients with intrabony defects.

However, meta-analyses of trials studying the potential

applications of PRP for orthodontics and oral surgery show

mixed results. In 2019, a meta-analysis of 11 randomized

controlled trials that evaluated the use of PRP in oral sur-

gery reported no difference in probe depth and a slight

decrease in clinical attachment level. In the same review, a

slight decrease in gingival recession was observed across 9

trials, and data from 6 trials also show a slight decrease in

bony defects [50].

3.4 Hair loss

Alopecia is a term referring to several dermatological

disorders that result in hair thinning or hair loss. One of the

most common types of alopecia is androgenic alopecia

(AGA), also known as pattern baldness, which has a

worldwide prevalence of about 60–70% [51]. AGA is

characterized by hair thinning due to the effects of dihy-

drotestosterone on dermal papillae cells, resulting in a

shortened anagen phase [52]. Another type of alopecia is

alopecia areata (AA), also known as spot baldness, and is

characterized as an autoimmune disorder caused by local-

ized inflammation due to T cells infiltrating hair follicle

bulbs, resulting in nonscarring alopecia [53]. AA is seen in

an estimated 0.1–0.2% of people, with a 2% risk of

developing AA throughout life [54].

Growth factors found in platelets are also known to

promote hair growth through stimulation of the anagen

phase in hair follicles by fibroblast growth factor (FGF)

[55] and insulin-like growth factor (IGF) [56], enhanced

proliferation of hair follicle stem cells by platelet-derived

growth factor (PDGF) [57], and the synergistic regenera-

tion of hair follicles by epidermal growth factor (EGF) and

Jagged-1, a Notch ligand [58]. The increased VEGF levels

found in PRP also promote angiogenesis, which in turn

increases nutrient delivery into the hair follicle [59] This is

supported by the results of a 2015 half-head placebo study,

Table 2 continued

Study first

author

Reference

number

Year of

publication

Type of study Patient characteristics Patient case definition Results

Dubin et al [66] 2019 Experimental

observational

study

30 female patients with

AGA (15 patients

treated with PRP and

15 patients treated with

placebo)

Patients with AGA, having

a Ludwig alopecia score

of I–III, and excluding

patients using topical

medications

Significant increases in

mean hair density

(PRP ? 71.1 hairs/cm2

vs. placebo - 26.7 hairs/

cm2; p\ 0.01), and

mean hair caliber

(PRP ? 0.0043 mm vs.

placebo - 0.0034 mm;

p\ 0.01) were observed

in patients 8 weeks after

PRP treatment, and

significant increases in

mean hair density

(PRP ? 105.9 hairs/cm2

vs. placebo - 52.4 hairs/

cm2; p\ 0.01) and mean

hair caliber

(PRP ? 0.0053 mm vs.

placebo - 0.0060 mm;

p\ 0.01) were observed

in patients 24 weeks after

PRP treatment

IHC immunohistochemistry, VEGF vascular endothelial growth factor, FLK-1 fetal liver kinase 1, CD34 cluster of differentiation 34, AGA
androgenetic alopecia
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where a slight but significant increase in blood cell vas-

cularization and hair growth was observed on the side

treated with PRP [60].

PRP therapy as an additional treatment for hair loss has

resulted in an improvement in overall hair growth and

thickness between 50% [61] and 62% [62]. In 2015, a study

on 10 patients with AGA showed a 65% reduction in hair

pulled out 12 weeks after having PRP therapy, and hair

growth was observable after an average of 1.4 weeks [63].

Significant increases in hair count and thickness were

observed in 19 patients 12 weeks after three monthly

injections of PRP [64]. Another study that includes 30

patients with AGA who had two PRP injections 1 month

apart showed that after 6 months, 73.3% of them had a

significant decrease in vellus hair, and 60% of them had a

1.46 times increase in mean hair density [65]. A 2020

comparative study observed 30 women with AGA that

were given three monthly injections of either PRP or pla-

cebo. After 24 weeks, the PRP group observed significant

improvements in mean hair density and mean hair caliber

[66].

4 PRP as a co-treatment

The regenerative capabilities of platelets have been studied

extensively, and PRP as a standalone therapy has been used

to promote the healing of chronic wounds, treat and man-

age musculoskeletal disorders, stimulate regeneration of

oral and dental tissue, and increase hair growth, as dis-

cussed in the previous sections. Research on how PRP can

augment other regenerative therapies can lead to the

implementation of more effective co-treatments. The use of

PRP with hyaluronic acid (HA), minoxidil, and mes-

enchymal stem cells are some of the co-treatment

approaches being explored by clinicians.

4.1 Hyaluronic acid

Joint disorders, like osteoarthritis, are often degenerative

due to the lack of capacity for affected tissues to self-repair

[67]. Cartilage, the type of tissue found in joints, acts both

to reduce friction and absorb compressing forces. However,

cartilage does not repair fully as the tissue is avascular,

lacks nerves, and is composed of cells that have a low

metabolic rate [68]. As a result, current treatments for joint

disorders commonly support a palliative approach in

combination with rehabilitation exercises and medication.

Although the use of non-steroidal anti-inflammatory drugs

(NSAIDs) has the highest level of evidence for pain relief,

they are not recommended for long-term use due to the

adverse side effects associated with their use such as car-

diovascular disease, renal damage, and increased GI

bleeding [58, 59]. Also, several NSAIDs are contraindi-

cated against bleeding conditions [69], and may increase

risk of developing cardiovascular and gastrointestinal

problems [70] due to their mechanism of action being

cyclooxygenase inhibitors [71].

Because of this, other treatment methods for

osteoarthritis are being explored. The use of exogenous

hyaluronic acid injections as a palliative treatment is being

considered because it adds lubrication and increases shock

absorption while increasing endogenous HA production

[72]. PRP has also been studied extensively as a potential

treatment for cartilage disorders due to its aforementioned

regenerative capabilities [73]. In terms of comparison,

numerous meta-analyses have described that PRP provided

more long-term relief than HA with fewer side effects

[63, 64]. However, what is interesting is that the growth

factor release of PRP is potentiated by the presence of HA.

A 2016 in vitro study of PRP incubated with HA showed

that compared to PRP alone, the presence of HA led to

significant increases in TGF-b (PRP with HA

33.7 ± 8.3 mg/mL vs. PRP only 12.7 ± 10.5 mg/mL;

p = 0.034) and PDGF-AA levels (PRP with HA

2.00 ± 0.52 ug/mL vs. PRP only 1.51 ± 0.40 ug/mL;

p = 0.003) at day 5 [74]. The study performed by Yu et al.

demonstrates the positive anti-inflammatory effect of a co-

treatment of PRP and HA after it was revealed that

expression of platelet derived-endothelial cell growth fac-

tor, VEGF, IL-6, and IL-10 were further upregulated

compared to standalone PRP or HA therapies, as well as

significant improvements in WOMAC scores, showing a

62% decrease of total mean WOMAC score 52 weeks after

administration of combination therapy (52 weeks

14.40 ± 11.73 vs. baseline 38.21 ± 17.25; p B 0.0001)

[75].

The synergistic effect of both PRP and HA has

prompted studies on the effectiveness of the cotreatment, as

a 2020 meta-analysis reported that PRP combined with HA

resulted in overall improved outcome scores with no

increase in manifestations of side effects [76]. This is

supported by the results of a 2021 retrospective study

comparing the cotreatment with LR-PRP alone, which

reported that not only did the combination of PRP and HA

result in the recipients reporting improved outcome scores

over time, but knee mobility and function were also

reported to be improved [77].

Despite the favorable potentiality of PRP in combination

with HA as a therapeutic agent for degenerative diseases,

certain limitations of the co-treatment were identified. PRP

preparation protocols should be standardized, as leukocytes

that may be present in the prepared PRP may lead to

inflammation in the injury site. This was reported by a

2021 paper when an increase in post-injection pain and

swelling was seen in the PRP group [78]. Fortunately, no
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further treatment was needed, as the pain and swelling

subsided over time. Other adverse side effects, including

hypertension and proteinuria, were also reported in patients

treated with PRP and HA [75]. The aforementioned 2018

study also suggested a maximum dose of 8 mL of PRP

with 0.20 mg of HA, with more side effects like diarrhea,

constipation, and hyperlipidemia being reported as doses

increase. Further research should be performed to under-

stand the connection between the cotreatment and the side

effects reported in the study.

4.2 Minoxidil

The current treatment approach to AGA involves the

topical application of a 5% minoxidil solution [79]. As a

standalone treatment, PRP therapy has resulted in mixed

outcomes. Interestingly, PRP as an adjuvant in combina-

tion with other therapies shows more promise and can

result in better outcomes [80]. As topical minoxidil is

known to have side effects like localized irritation [81] and

varying degrees of hair shedding during the early stages of

treatment [82], it is believed that supplementation with

PRP may help reduce these side effects while significantly

improving outcomes.

One study in 2018 showed that the group treated with

PRP combined with 5% minoxidil showed significantly

increased improvements in hair count (9.8 ± 26.9/

0.65 cm2 vs. placebo 3.7 ± 14.5/0.65 cm2), density

(12.3 ± 34.2/cm2 vs. placebo 5.1 ± 23.9/cm2), and ana-

gen/telogen ratio (69.6 ± 234% vs. placebo

1.7 ± 192.5%) compared to groups treated with placebo

[83]. Significant improvements in hair density [84] and

concentration of positive immunohistochemical indicators

of hair growth [85] seen in treated areas further support the

use of PRP with minoxidil, while reporting minimal side

effects.

4.3 Mesenchymal stem cells

Interest in the use of stem cells as a regenerative therapy is

not new. Because stem cells are unspecialized, these can be

directed to differentiate into more specialized cells in the

presence of the appropriate cell signals [86]. Their use in

medicine is predicated on their potential to transform into

cells needed to constitute the specific tissue needed. As a

result, applications of stem cells to manage different dis-

eases, including hematologic disorders [87–89], neurode-

generative diseases [90–92], and musculoskeletal disorders

[93–95] are continuously being explored.

Mesenchymal stem cells (MSCs) are non-hematopoietic

(do not become blood cells) and are found in most parts of

the body, including bone marrow and adipose tissue. Due

to their pluripotency, these are the type of stem cells used

for most therapeutic applications [86]. While stem cell

therapies and transplantations have been proven effective,

there is still growing interest in supplementing this treat-

ment to further increase its effectiveness. Because platelets

and their growth factors have mitogenic and proliferative

properties, pairing PRP with mesenchymal stem cells may

be the ultimate cell-based regenerative biotherapy that we

may know of.

As platelets are activated by multiple signaling path-

ways, it is thought that the activation of platelets in PRP

may also promote stem cell growth when both are com-

bined. Adipose-derived stem cells (ADSCs) treated with

inhibitors for the ERK1/2 pathway, PI3k/Akt pathway, and

JNK pathway demonstrated cell growth when PRP or

PDGF-BB was added. In the presence of PRP, phospho-

rylation of ERK1/2 and Akt was observed, and JNK

activity was markedly increased [96]. PRP may also

influence cell migration, as the expression of Cdc 42, Rac

1, and Rho A in ADSCs gradually increased when PRP is

present, and Transwell invasion results show a significantly

increased cell migration of ADSCs when treated with PRP

[97].

A 2013 study demonstrated ADSCs that were cultured

with PRP in vitro proliferated more efficiently and differ-

entiated into chondrogenic cells as genes essential to

chondrogenesis, namely genes for type II collagen, Sox9,

and aggrecan, showed increased expression. In vivo,

ADSCs prepared with 15% PRP resulted in a reduction of

time until recovery by 15 days and an increase of regen-

erated cartilage to 45%, seen in routine H&E staining [98].

ADSCs with PRP were also shown to promote faster

wound closure in mice. Trichrome-stained tissue of sam-

ples treated with ADSCs and PRP exhibited increased

granulation tissue and collagen fiber formation as early as

3 days after treatment [97].

Muscle-derived mesenchymal stem cells (M-MSCs)

were also paired with PRP gel to stimulate the formation of

bone tissue in rabbits with an induced humeral bone defect.

In vitro, M-MSC exposure to PRP demonstrated an

increase in Cbfa-1, an osteogenic transcription factor, and a

subsequent decrease in MyoD1, a myogenic transcription

factor. This was accompanied by elevated type I collagen

expression and increased ALP activity, supporting the

differentiation of M-MSCs into osteoprogenitor cells [99].

Although limited, there is evidence that supports the

supplementation of stem cell treatment with PRP for

wounds affected by or resulting from radiotherapy. When

irradiated, co-cultures of human-derived microvascular

endothelial cells (HDMECs) and ADSCs demonstrated a

significant increase in basic fibroblast growth factor

amounts and expression of IL-6 upon the addition of PRP

[100]. Atrophy of oral mucosal tissue due to radiotherapy

was also reduced, as observed in irradiated rat tongue
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models treated with bone marrow MSCs and PRP [101]. A

combined MSC-PRP therapy increased the closure rate of

irradiated wounds in rat models. Simultaneously, histo-

logical analysis show increased VEGF and CD31 expres-

sion [102]. Still, further research into the effects of PRP

and its other components on other cancers should be

performed.

5 Rationale for PRP use

Due to it being considered a ‘‘substance intended for use in

the diagnosis, cure, mitigation, treatment, or prevention of

disease’’, PRP can be defined as a drug [103]. However,

PRP is not considered a drug. Instead, PRP is classified by

the US Food and Drug Administration as a ‘‘human blood

and blood products’’ instead of a drug [104]. While

numerous PRP preparation techniques and kits have been

granted US FDA clearance, there is no FDA approval on

the use of PRP as a specific treatment for the various

conditions, due to a lack of standardized PRP preparation

protocols and inconclusive, albeit positive, results from

published studies and clinical trials [105].

Interestingly, because PRP is a blood product, it is not

considered to be a ‘‘human cells, tissues, or cellular and

tissue-based product’’ (HCT/P). Therefore, PRP, like all

other blood products, requires further regulatory compli-

ance for clinical trials and marketing [106]. Regardless of

the designation, PRP is still being offered as a treatment

modality for various conditions. However, due to the lack

of standardization of PRP preparation methods, there is

little shared consensus among physicians on the proper

preparation and use of PRP, which may also influence both

the healing process and the patient self-assessment of the

healing process.

5.1 Preference for PRP use

In 2020, 148 patients of the Department of Orthopaedic

Surgery of the University of Missouri, who have received

at least one PRP injection for various musculoskeletal

conditions between 2011 and 2016, were contacted, with

40.5% responding to the survey invite (n = 60 respondents)

[107]. Among the 60 respondents, 35 of them received LP-

PRP (58.0%). 43 of the respondents returned to full work

duty after at most 60 days, with an overall level of satis-

faction of 67.9%. Among the remaining 17 respondents, 6

had a planned retirement, 1 had an unexpected retirement,

4 reported disability, 3 reported pain, and 3 required

surgeries. While it is interesting that the use of LR-PRP

resulted in a 2.79 increase in lack of return to full-time

work, 33 of them had PRP injected in a joint, and 19 of

those had osteoarthritis.

A 2021 survey of 599 members of the American

Orthopedic Society for Sports Medicine assessed their use

of orthobiologics [108]. Only 165 members completed the

survey (27.5% of total respondents). However, the two

most commonly used orthobiologic therapy among those

interviewed were LP-PRP (n = 83; 76.1%) and LR-PRP

(n = 77; 70.6%). For osteoarthritis, LP-PRP was the most

commonly used therapy for surgical (n = 36; 33.0% of

cases) and non-surgical (n = 52; 47.7% of cases) cases,

with the knee joint being the most commonly treated with

PRP (94.2% of nonsurgical cases treated with PRP; 97.2%

of surgical cases). Conversely, LR-PRP is the most com-

monly used therapy for muscle injuries (8.3% of surgical,

cases n = 9; 23.9% of non-surgical cases, n = 26), with the

most common muscle group treated with PRP being the

hamstring (88.5% of nonsurgical cases treated with PRP;

88.9% of surgical cases). LR-PRP is also the most com-

monly used therapy for injuries involving the tendon

(34.0% of surgical cases, n = 9; 23.9% of non-surgical

cases, n = 26) and ligament (14.7% of surgical cases,

n = 16; 75.0% of non-surgical cases, n = 12).

Staying on musculoskeletal injuries, 149 team physi-

cians from various American sports leagues were contacted

in a 2021 survey, with only 46 of them completing the

survey (30.9% completion rate) [109]. Among the 46

physicians who responded, 93% of them stated that they

have administered PRP therapy. The same study also pre-

sented differences in the usage and administration of PRP.

98% of those who administer PRP therapy say that they

administer it in the office, but administration of PRP in the

operating room was endorsed by 41%. 26 out of the 46

physicians (56%) have used PRP to treat athletes from the

recreational level through the professional level.

33 of the 46 physicians (72%) administer PRP through

the guidance of ultrasound. When asked about when they

administer PRP, 32.6% of the respondents use PRP initially

as a first-line treatment, while 32.6% use PRP as a last-line

treatment, when options are low. Of the remaining

respondents, 19% administer PRP following physical

therapy and rehabilitation; 13% administer PRP after the

RICE method, and around 2% have given PRP during or

after surgery.

On average, the most athletes treated with PRP were

under the supervision of physicians of collegiate teams

(69.4 ± 100 athletes) and the National Football League

(60.4 ± 87.8 athletes), while physicians of the National

Hockey League treated the least number of athletes

(18.0 ± 12.7 athletes). When asked about the complica-

tions that their patients experienced, 32 physicians (70%)

reported no complications, and for the 14 that have

reported complications, 12 (26) reported that their patient/s

experienced some form of pain.
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While the three surveys give extensive insight into the

opinions and preferences on PRP therapy, their main lim-

itation is that the three studies have a low completion rate.

These studies also do not mention in detail how PRP was

prepared, which increases the likelihood of observing

heterogeneous events when replicated. Finally, either

because or despite the lack of standardization of PRP

contents and preparation, there is no consensus as to the

proper timing and frequency of PRP administration for

each injury. These were acknowledged and are thought to

be attributed to the broad profile of usage, as the respon-

dents or their patients experienced PRP treatment for a

broad range of musculoskeletal disorders.

5.2 Advantages of using PRP

The interest in PRP use has been due to the advantages it

offers, namely its abundance of regenerative growth fac-

tors, ease of preparation, and patient safety. Growth factors

found in platelets are known to be potent mitogens.

Because PRP has increased concentrations of growth fac-

tors, localized application of PRP to the injured site

increases the mobilization of endothelial progenitor cells,

which subsequently promotes the migration of resident

progenitor and endothelial cells [110]. The individual

effects of several growth factors were already discussed in

previous sections. Rather, this section will elaborate on

why PRP is appealing to most clinicians based on its ease

of preparation and its safety to the patients relative to other

similar therapies.

Although the specifics of PRP preparation have yet to be

standardized, commercial PRP products have simplified

their preparation through the patented kits that manufac-

turers have developed. Most PRP kits provide both the

collection methods and the anticoagulant used. Although

most PRP preparations in literature use low centrifugation

speeds, PRP preparation kit protocols usually require

around 1500 rpm (1776g) centrifugation speeds, which can

be provided by most tabletop centrifuges, although some

kits require specific rotor heads that could fit their spe-

cialized preparation vessels. Also, most PRP kits do not

require specialized temperatures, and PRP can be prepared

at room temperatures (20–25 �C).

PRP is arguably safer than other similar therapies due to

it being autologous, designed to be compatible with

homeostatic conditions, and easier to collect and prepare.

Since PRP is made from the patient’s blood, it does not

have the disadvantages that most allogeneic blood products

have. It eliminates the need for testing to check for trans-

fusion-transmissible diseases and compatibility, as there is

no exposure to donor blood when autologous units are used

[111]. Compatibility is also not an issue, as crossmatching

is also not required for autologous blood units [112]. Most

PRP kits also do not require enormous amounts of blood to

be collected. While several PRP preparation protocols

typically require around 20–60 mL of whole blood to be

collected [113], more modern PRP preparation kits devel-

oped by various pharmaceutical companies have reduced

the amount of blood required to achieve a therapeutic

effect, down to around 8–15 mL of whole blood. Because

modern PRP preparations consider overall cellular com-

position, clinicians may choose between using LR-PRP or

LP-PRP depending on the type of injury treated. LR-PRP

contains an increase of proinflammatory cytokines and

growth factors which may benefit tendon healing; mean-

while, LP-PRP reduces the severity of the inflammatory

response, and may confer therapeutic benefit for

osteoarthritis [16].

The amount of anticoagulant is specific, to maintain the

proper ratio of 3.2% sodium citrate (SC) to blood. Most

PRP preparations use an anticoagulant-to-blood ratio of

1:9, as this ratio is used for platelet function and coagu-

lation tests [114]. However, improvements in the effec-

tiveness of PRP were observed when the amount of

anticoagulant used was reduced in half. When treating

excisional wounds in mice models, both proliferation and

migration of fibroblasts treated with PRP containing 1/2 SC

were observed in tissue sections, and almost complete

closure was observed after 6 days [115].

5.3 Disadvantages of using PRP

PRP shares the potential issues that other similar blood

products may have. For instance, PRP should be kept at

room temperature (22 �C) as cold temperatures may alter

platelet morphology, affect glycoprotein Ib/IX/V/alpha

(GPIba), and promote platelet clearance [116]. As a result,

it is much more prone to bacterial growth compared to

other blood units when stored for more than 24 h [117].

Additionally, several growth factors in platelets are

observed to have shortened clearances, which may limit the

overall effectiveness of PRP. PDGF has a biological half-

life of 2.4 h, while VEGF has an even shorter half-life of

less than 30 min [118]. Because of these, PRP should be

used almost immediately after preparation, and most PRP

kits recommend the use of PRP within 30 min after

preparation.

Due to the lack of standardization of PRP preparation,

the presence of other formed elements may lead to further

tissue damage. While the presence of erythrocytes is kept

to a minimum and is more easily separated from the pla-

telets during PRP preparation, it is more difficult for pla-

telets and leukocytes to be separated, as their specific

gravities are close to each other. Although the presence of

leukocytes in PRP could promote cell migration and

enhance the proliferation of fibroblasts [119], it could also
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lead to increased inflammation due to increased gene

expression and production of interleukin-1 beta (IL-1b) and

tumor necrosis factor-alpha (TNF-a) [120]. Expression of

genes related to autophagy and production of reactive

oxygen species (ROS) were observed to be increased in

tendon fibroblasts treated with PRP [121].

It is important to note that most adverse effects attrib-

uted to the presence of leukocytes in PRP result from the

presence of neutrophils and their contents. Neutrophil

elastase (NE) and cathepsin G (CG) is released from neu-

trophils during inflammation, and both cleave elastin,

reducing the integrity of the extracellular matrix of con-

nective tissue and its elasticity [122]. Both NE and CG

indirectly promote further tissue destruction by playing a

role in the activation of matrix metalloproteinases and the

inactivation of protease inhibitors [123, 124]. Overpro-

duction of nitric oxide (NO) as a response to cytokine

signaling at the site of injury could activate neutrophils

present [125] and promote further proinflammatory effects

[126].

Because PRP lacks a standardized method of prepara-

tion, most manufacturers have patented their PRP prepa-

ration protocols and are selling them as PRP kits.

Additionally, most PRP preparation procedures require

specific centrifuges. Professional fees may further increase

the price of treatment, as administering PRP requires spe-

cialized training. As a result, the cost of these kits varies

widely, from $175 to $1150 per kit [17]. The procedure

may cost between $500 and $2000, and because the

treatment may not be covered by insurance, regular addi-

tional PRP treatment may be costly for the patient [105].

6 Conclusion

Due to the presence of growth factors in platelets, the use

of PRP for regenerative therapy is becoming prevalent.

While PRP is shown to have great therapeutic potential as

supported by improvements in the recovery of individual

cases, its efficacy is still questioned, as clinical trials have

returned mixed results. Most systematic reviews regarding

PRP use in clinical trials report an increase in heterogeneity

and risk of bias, while also having low-quality of evidence.

Although differences in patient recruitment, the extent

of injury, and observation time may have caused dis-

agreement on the effectiveness of PRP, PRP preparation is

also reported to be a major contributor. The numerous PRP

classification systems based on the quantity and quality of

its components resulted in varying PRP preparation pro-

tocols intended to produce different types of PRP. These

variations in preparation protocols make standardization of

the preparation procedure difficult. Aside from improve-

ments in PRP standardization and clinical trial design,

further research on the interactions between PRP compo-

nents and different tissue microenvironments may help us

understand the extent of the regenerative capacity of PRP.

Considering everything discussed previously, the use of

PRP is an option of regenerative therapy for most disor-

ders. Aside from the presence of growth factors, cytokines,

and bioactive formed elements in PRP, its autologous

preparation removes the potential for any unintended ele-

ments to be introduced to the tissue site, and it is more

affordable or less invasive compared to other possible

treatments available, like stem cell treatment, reparative

surgery, or tissue/organ replacement. Ultimately, the pre-

scription of PRP therapy as an alternative or supportive

intervention remains at the discretion of the attending

physician, after careful consideration of the individual case

presentation.
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