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Abstract

Platelet-rich plasma (PRP) is an autologous blood-derived product enriched in platelets, growth

factors, chemokines and cytokines. Initial applications were predominantly in musculoskeletal
and maxillofacial fields, however in recent years, it has been used for a range of dermatological

indications including wound healing, fat grafting, alopecia, scar revision and dermal volume

augmentation. Here, we critically appraise the literature relating to the usage of PRP within

Dermatology. We have evaluated in vitro data, preclinical animal studies and human trials. We
conclude that, whilst the literature may be consistent with a modest benefit for specific

indications, there is not sufficient evidence supporting the efficacy of PRP to justify a role in

routine dermatological practice at the present time. However, since PRP is generally well

tolerated with few reported complications, further study may be justified in the context of
organized trials.
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Introduction

There are now several thousand publications relating to platelet-

rich plasma (PRP) which has been touted as a panacea for

indications ranging from tissue regeneration to the treatment of

inflammatory diseases. In recent years, there has been a

proliferation of reports relating to the usage of PRP for

Dermatological indications. Here, we summarize the biology of

PRP and critically appraise literature relating to the usage of PRP

within dermatology. We have evaluated in vitro data, preclinical

animal studies and human trials. It is noted that, with the

exception of chronic wound healing, there is a lack of high quality

randomized controlled trials (RCTs) in this field. This reflects a

dearth of RCTs for dermatological interventions in general likely

exacerbated by the difficulties of funding trials of an autologous

product not subject to patent protection.

What is PRP?

PRP is an autologous biologically active product that is enriched

in a range of growth factors, cytokines and other plasma proteins

(1). Typically PRP is prepared on a per-patient basis from 20 to 60

ml of fresh blood via a two stage centrifugation protocol (2). An

initial slow centrifugation step separates the erythrocytes from

lighter plasma with buffy coat at the interface. Plasma and buffy

coat are aspirated and centrifuged at high speed to pellet platelets.

A portion of the plasma is removed and the platelet pellet is

resuspended in small volume of the remaining plasma. A number

of commercial kits are available which simplify the preparation of

PRP (2). There is no standardized method of preparation with the

numerous protocols in the literature differing in the details of

centrifugation, the precise cellular composition and the content of

other plasma proteins (2).

During physiologic wound healing, growth factors are released

from platelets as a consequence of activation of the clotting

cascade. To stimulate growth factor release, most protocols

advocate platelets activation ex vivo. This can be achieved by the

addition of calcium chloride or thrombin which stimulate platelet

degranulation and the release of growth factors. Degranulation

occurs rapidly after the process of activation and therefore

activated PRP must be used soon after preparation (1).

What is the mechanism of action of PRP?

PRP represents a complex mixture of growth factors, cytokines

and chemokines including VEGF, PDGF and TGF-beta (3). One

model for PRP action is that local application of PRP causes

supra-physiological concentrations of these biologically active

substances with modulation of pathways implicated in inflamma-

tion and tissue repair. In order to understand the potential function

of PRP in disease, it is instructive to examine the consequences of

injection into healthy tissue. PRP was injected into various soft

tissues including the skin of 18 healthy rabbits (4). Histological

examination at two weeks revealed fibrosis and neovascularity. At

six weeks there was a chronic inflammatory infiltrate with fibrosis

and calcium deposits. No changes were observed at the site of

control saline injections. Thus it is plausible that PRP is

biologically active, however whether it will prove neutral,

beneficial or deleterious for a particular disease process can

only be determined by carefully designed trials.

A variety of in vitro mechanistic studies have been reported.

Application of PRP to cultured fibroblasts increases fibroblast

matrix protein synthesis and proliferation, although a similar

magnitude of effect was also observed for platelet poor plasma

(5). Another study showed increased fibroblast proliferation and
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expression of collagen and matrix remodelling proteins (6) in the

presence of PRP. A third study demonstrated that PRP promoted

proliferation of dermal fibroblasts and differentiation into

myofibroblasts with the potential to promote wound contraction

(7). In vitro studies have also suggested a role in the promotion of

dermal papilla cell proliferation (8) and a modest increase in the

proliferation and migration of immortalized keratinocytes (9). In

general, the relevance of these in vitro findings to disease

processes in vivo remains unclear.

Non-dermatological indications

Early applications of PRP were predominantly within musculo-

skeletal and maxillofacial fields with the aim of accelerating

recovery from musculoskeletal injuries and facilitating bone

growth and bone grafting for the purposes of restorative dentistry.

A recent Cochrane review (10) examined 19 small single centre

trials relating to the usage of PRP in musculoskeletal disorders –

predominantly tendonopathies and surgical repair of tendons. It

was concluded that there was insufficient evidence to support a

role for PRP in any musculoskeletal application. A meta-analysis

of the usage of PRP for orthopaedic indications also concluded

that there was insufficient evidence of benefit (11). A Cochrane

review of interventions for missing teeth found no evidence that

PRP improved the outcome of sinus lift procedures with either

autologous bone or bone substitute grafts (12). Thus, despite a

very large number of publications in these fields, there is little

objective evidence to support a significant benefit for PRP.

Despite limited evidence of efficacy in other fields, PRP has

been increasingly employed within dermatology for indications

ranging from chronic wounds to alopecia.

Chronic wounds

A role for PRP has been proposed in promoting the healing of

chronic wounds such as diabetic and venous ulcers via various

mechanisms including stimulation of the proliferation of kera-

tinocytes and fibroblasts and the synthesis and remodelling of

extracellular matrix components (13). Studies in animal models

are inconsistent. Experimentally induced ear wounds in white

New Zealand rabbits were employed as a model for the effects of

intralesional PRP injection. Nineteen of twenty animals in the

study group healed within a mean of 25 days. For the control

group, seven ulcers were not healed at day 28 and six cases

resulted in a full thickness defect (14). However, in another study

of wound healing in rabbit back skin, there were differences in the

rates of wound contraction but not statistically significant

differences in other aspects of wound healing (15).

Furthermore, a study of six beagle dogs did not observe a

substantial difference in wound healing (16).

There have been a number of RCTs addressing the efficacy of

PRP in promoting the healing of chronic ulcers. In an initial study,

a total of 32 patients with chronic lower leg ulcers were

randomized to either PRP treatment or placebo. At eight weeks

re-epithelialization was demonstrated in 81% of treated patients

and only 15% of controls (17) (p50.0001). An additional RCT

randomized 72 patients to PRP versus placebo gel. Results were

assessed by independent blinded investigators. There was a trend

towards improved healing in the PRP group with 68% of the PRP

group and 43% of the control group healed after 12 weeks,

however this did not meet statistical significance (p¼ 0.125). A

further trial compared 10 patients with lower leg ulcers treated

with PRP with eight patients treated with placebo and found no

significant difference (18). A separate study randomized 86

patients with chronic venous ulceration into two arms. Forty-two

patients received treatment with PRP and 44 were assigned to the

control group. No benefit was demonstrated for PRP in this study

(19). A recent Cochrane review (13) reported a meta-analysis of

all RCTs for the role of PRP in wound healing and concluded that

there were no significant evidence of efficacy.

In addition to the RCTs discussed above, there have been a

number of small series and uncontrolled trials. A study of 39

Japanese patients with chronic lower extremity wounds of various

aetiologies compared the outcome before and after PRP injec-

tions. Patients had been treated in a specialist wound care centre

for an average of 75 days prior to PRP injection; over this time

period none had healed. 83% of these wounds subsequently healed

within 145 days following PRP injection (20). In another series 15

patients with leg ulceration caused by necrobiosis lipoidica

diabeticorum were treated with PRP injections (21). All had failed

conventional therapy with advanced dressings with duration of

lesions ranging from 9 to 42 months. Wound size following PRP

application decreased from a mean of 13.9 to 2.9 cm2 with

complete healing of all ulcers within four months. A series of five

patients with chronic leg ulcers of multiple aetiologies reported

complete resolution following PRP injection in between 14 and

137 days (22). Another series of two patients with neuropathic

ulcers secondary to leprosy also supported a benefit with this

treatment (23). It is noted that a limitation of these trials is that

they fail to control for the degree to which conventional wound

care may be – perhaps unintentionally – escalated following

recruitment. Moreover, there may be an element of publication

bias with positive results more likely to be accepted for

publication.

Fat grafting

Autologous fat grafts offer an attractive solution to the correction

of soft tissue atrophy resulting from a range of conditions

including atrophic scarring, morphea, antiretroviral therapy, and

breast reconstruction. However, application of this technique is

limited by a highly variable and unpredictable degree of

resorption (24). A number of studies have been performed in

animal models with the goal of increasing the survival of fat

grafts. The efficacy of PRP was evaluated in a nude mouse scalp

transplant model (25) with 10 mice receiving 0.7 ml of human

adipocyte in combination with human PRP and 10 receiving

human adipocytes with a saline control. Survival of transplanted

adipocytes was evaluated by weight. A modest increase in the

volume of surviving fat at 10 weeks after transplantation was

demonstrated (a mean of 60% of the initial volume in the

treatment versus 52% in the control group (p50.05). Increased

graft survival with autologous adipocytes and PRP was also

evaluated in a rat autograft model (26). Whilst a subjective

improvement in survival on gross examination was reported, this

was not quantified. The survival of autologous fat grafts was also

evaluated in a rabbit autograft model (27), however whilst the

authors describe a ‘‘significant’’ increase in the weight of the fat

graft with PRP after six months, the magnitude is not specified.

Furthermore, in another nude mouse model comparing human fat

grafting with either human PRP or saline control in 12 control and

12 treated mice, no significant increase in the weight of fat graft

survival at 16 weeks was observed (28).

Despite equivocal animal studies, there are a number of

reported case series. Twenty-three patients undergoing breast

reconstruction were divided into three groups: adipocytes alone,

adipocytes in combination with PRP or adipocytes in combination

with stromal vascular fraction (SVF) – a lipoaspirate-derived

fraction enriched in mesenchymal stem cells, adipocytes and other

progenitors (29). Fat graft survival was quantified by magnetic

resonance imaging (MRI) evaluation at one year revealing a 69%

and 63% maintenance of three-dimensional volume for PRP and

SVF, respectively compared to 34% for adipocytes alone
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(p50.0001). The same investigators performed a similar study in

10 patients with depressed facial scars (30) and found an identical

magnitude of effect as quantified by clinical observation: 69% and

63% maintenance of three-dimensional volume for PRP and SVF,

respectively compared to 34% for adipocytes alone (p50.0001).

In contrast a series of 42 patients treated with either fat grafting or

fat grafting in combination with PRP found no significant

differences in clinical outcomes as assessed by patients and

surgeon, the incidence of fat necrosis and the requirement for

further fat grafting (31).

Alopecia

Alopecia areata

Forty-five patients with alopecia areata (AA) were treated in a

randomized, double-blind placebo and active controlled study

(32). Patients were divided into three groups and received either

intralesional injections of PRP, triamcinolone or saline to one half

of the scalp; the other half of the scalp was not treated. Each

patient had 4–6 patches of involvement and had received no other

treatment during the preceding year. The average duration of the

current period of activity was 1–3 years. After 12 months of

treatment, 27% of patients treated with triamcinolone injections

had achieved complete remission compared to 60% of patients

treated with PRP (no p value is specified). It is noted that AA can

improve spontaneously with time so longitudinal evaluation is

challenging; nevertheless these early results would appear

encouraging.

Androgenetic alopecia

Studies of PRP in the treatment of androgenetic alopecia are

generally small, unblinded and poorly controlled. Sixty-four male

patients with androgenetic alopecia were treated with a regimen

of PRP enriched with leucocytes in addition to concentrated

plasma proteins (33). Two sequential injections were performed at

initiation of the study and subsequently at three months.

Evaluation was performed on the basis of global assessment of

before and after photographs by unblinded assessors. An

improvement in appearance was documented for 62 of 64

patients. Another series of 10 male patients with androgenetic

alopecia were treated with PRP injections with control-injected

areas elsewhere on the scalp serving as control (34). Injections

were performed monthly with assessment at three months.

Terminal hair density increased at 14 weeks from a mean of

142.7 to 169.8 hairs/cm2 (p¼ 0.0003). It is not stated that

investigators were blinded either at the time of treatment or

assessment. Another non-controlled, non-blinded study of 22

patients (20 men, 2 women) found an increase in total hair density

from a mean of 143.1 at baseline to a maximum of 170.7 hairs/

cm2 at three months (p50.001) (35). Other series are difficult to

interpret as the efficacy of PRP is compared to placental extract

(36) or dalteparin and protamine containing microparticles (37)

with no placebo control.

Follicular unit transplantation

PRP has been employed in an effort to improve the survival of

transplanted follicular units. In support of a biologically relevant

effect, a chamber grafting assay that consisted of the transplant-

ation of keratinocytes in combination with cultured dermal

papillae cells to the dorsal skin of nude mice (4) demonstrated

a mean of 344 follicles in the presence of PRP versus 288 for

dermal papillae alone (p50.05). In a non-blinded split-scalp

study of 20 patients undergoing follicular unit grafting, half of the

grafts were incubated with PRP, control grafts were incubated

with saline (38). Hair density was assessed in transplated areas

with final assessment at seven months. PRP-treated areas

exhibited a density of 18.7, control areas 16.4 (p value50.001),

which, although statistically significant, is unlikely to be of

clinical relevance.

Scars and dermal volume augmentation

Scars

Scar tissue represents the replacement of the normal dermal

architecture with dense collagen bundles; this may lead to

significant cosmetic or functional impairment. In a randomized,

non-blinded study, 60 patients with unsightly scars were divided

into three groups which were treated with either laser resurfacing,

PRP and autologous fat grafting or all three modalities in

combination. Results were evaluated by an independent physician

at six months after treatment according to the Manchester Scar

Scale. An improvement was reported in 18% of patients treated

with fat grafting and PRP, in 30% treated with 1540 nm

nonablative laser alone and in 45% when all three modalities

were employed in combination (39). Interpretation of the role of

PRP is hindered by the lack of control group and the lack of a fat

grafting only treatment group. Another non-controlled study of 64

patients evaluated PRP in combination with fat grafting and

fractionated carbon dioxide laser (40). Patient satisfaction was

reported at six months, however there was no independent

evaluation of scar appearance.

Striae distensiae

Nineteen patients (41) with striae distensiae were treated with

PRP in combination with radiofrequency stimulation. Rating at 12

weeks by independent dermatologists blinded to the study found

excellent improvement in 5.3%, marked improvement in 36.8%

and moderate improvement in 31.6%. Unfortunately there was no

control group treated with radiofrequency stimulation alone.

Another non-controlled study of PRP with ultrasound reported

reduction in width of the widest striae from 0.75 to 0.27mm (42).

Dermal volume augmentation

Dermal atrophy can result from scarring disease processes, acne

cysts and can complicate steroid injections and skin aging. A non-

controlled study of 23 patients receiving three consecutive

monthly facial intradermal PRP injections (43) reported a

qualitative improvement in appearance. Another study employed

PRP injections in the context of microneedling, reporting a

difference in skin firmness as rated by Dermatologists, however it

is not possible to distinguish this from the effect of the

Dermaroller used in isolation.

Laser resurfacing

Fractional ablative carbon dioxide (CO2) laser resurfacing is an

effective treatment for acne scarring and rhyitides and stimulates

dermal remodelling with minimal disruption to the epidermis via

the generation of microcolumns of thermolysis that extend deep

into the dermis (44). However, it may be complicated by

significant erythema, oedema and post-inflammatory

hyperpigmentation.

In a split-face, non-blinded study of 18 patients, fractionated

CO2 laser was followed by intradermal injection or topical

application of either saline or PRP. Application of PRP was found

to give qualitatively better results with less side effects, however

no difference was noted between topical and intradermal admin-

istration (45). A split-face study of 14 Korean patients studied the

effect of PRP injected intradermally to one side of the face with

saline injections to the other (46). The mean duration of erythema
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was 10.4 days on the control side and 8.6 days on the treated side

(p¼ 0.047). Overall clinical improvement was assessed and

divided into four qualitative groups at four months by blinded

Dermatologists and revealed a significant difference (2.3 on the

treated side and 2.7 on the control side, p¼ 0.03). In another

Korean study of 22 patients (47), one group of patients was

treated with topically PRP in combination with fractional laser

ablation, a second group was treated with laser ablation alone.

Although, there was an improvement in patient satisfaction,

assessment of before and after photographs by blinded

Dermatologists did not reveal a significant difference. A study

of 25 Korean patients compared topical administration of PRP

with saline following fractional ablative laser treatment of an area

on the inner arm (48). The erythema index and melanin indexes

were measured with spectrometer and revealed a small improve-

ment in the erythema index at day 1 but no significant differences

at later time points. No significant difference in melanin index

was present at 21 days.

Conclusion

In many domains there is a need for therapies that expedite

healing, restore normal tissue form and function and modulate

inflammation. PRP is an autologous product that incorporates

growth factors, cytokines and chemokines (1). The term refers to a

number of related preparations that may differ both in compos-

ition and in the nature and timing of platelet activation (1).

Histological studies of PRP in non-diseased animal tissues

support biological activity (4) and a range of mechanisms have

been proposed based upon in vitro studies, however there is at

present no clear mechanistic basis for efficacy in any specific

disease process in vivo.

PRP was initially adopted within the maxillofacial and muscu-

loskeletal fields. Within these domains, meta-analyses have failed

to demonstrate efficacy (10–12). Notwithstanding this there has

been increasing usage for a number of Dermatological indications.

It is acknowledged that, in Dermatology, many treatment modalities

lack rigorous support from RCTs. However, preclinical animal

studies are feasible and it would be reassuring if data from such

studies supported an unambiguous benefit for PRP. Unfortunately,

whilst studies in the transplantation of dermal papillae show modest

benefit (4), animal studies in wound healing (14–16) and fat

grafting are contradictory.

RCTs have only been reported for wound healing and AA. For

chronic wound healing, individual studies are contradictory with

some showing substantial benefit for PRP and others no effect.

This may reflect heterogeneity in the study populations or trial

protocol. A recent Cochrane review failed to show a significant

benefit for the promotion of chronic wound healing (13). A single

small RCT trial of PRP in the treatment of AA did show benefit

(32). For all other indications, human studies are limited to small

series or poorly controlled trials. Studies within the fields of

androgenetic alopecia, scars, dermal volume augmentation and

laser resurfacing are consistent with a modest benefit, however

such studies are at risk of unintentional investigator bias and

reporting bias.

In summary, PRP therapies are in general well tolerated with

few complications and further evaluation is justified in the context

of organized trials. Preliminary data may be consistent with a

modest benefit for specific applications, however current evidence

is not yet sufficiently robust to recommend the routine usage of

PRP for any Dermatological indication.
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