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Platelet Rich Plasma Effects on Diabetic Foot Ulcers - A Review
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Abstract: Utilizing platelet rich plasma, one of the newest autologous cellular therapies, as an adjuvant therapy in a regenerative medicine
management, can be very beneficial. Patients with complications like osteoarthritis, spinal disorders and musculoskeletal problems still facing
global lacking in the area of tissue repair strategies. Along with this another major complication associated is with diabetic patients - the
development of diabetic foot ulcers that predisposes to limb amputation. To advance the healing process and prevent the patients from
progressing towards amputations. Besides many other approaches used. Platelet Rich Plasma (PRP) therapy is attaining momentum, which is
composed of platelet growth factors that assist the wound healing cascade — inflammation, proliferation and remodeling. It may occur because
of provision of vital growth factors necessary for healing. Currently, variety of PRP formulations have been assessed. The article intends to

evaluate the PRP effectiveness for managing diabetic ulcers.
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INTRODUCTION

Platelet-rich plasma (PRP) which is also known as autologous
human plasma is prepared with platelets [1, 2] that are in high
concentration exposed to centrifugation. The sample is large
amount of patient’s own blood. These platelets are overabun-
dant with multiple growth factors as displayed in Table 1 [3].
They are concentrated by the process of centrifugation that
aids in the release of supraphysiologic quantities of not only
growth factors but cytokines also at injury site to enhance the
healing [4, 5]. The typical range of human platelets counts
falls somewhere around 150,000 — 350,000/uL and to achieve
the healing of bone and soft tissue wounds a concentration of
1,000,000/uL is required. This high amount increases the
growth factors up to 3 to 5 folds [6]. Variety of PRP formula-
tions are available together with Leukocyte-rich PRP
(LR-PRP) — high neutrophil concentration beyond baseline
and Leukocyte-poor PRP (LP-PRP) - leukocyte (neutrophil)
concentration under baseline [7]. Diabetes mellitus is very
common and most prevalent disease globally. The Interna-
tional Diabetes Federation data indicated that, 1 out of 11
among 415 million adults have been suffering from diabetes.
Out of them almost 15% faces the complications of diabetic
foot ulcers (DFU) [2] that further lead to severe consequences
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related to lower limb amputation in more than 88% cases
mediated by necrosis [8], gangrene and osteomyelitis [9-11].
These ulcers are pool for variety of infections so early
treatment is necessary [12]. DFU being the principal source of
limb amputations, these ulcers are commonly developed by
neuropathy, foot deformities, peripheral arterial disease and
any overlooked minor trauma. The process of ulcer healing is
delayed in diabetes that makes these foot ulcers chronic [13]
which are often hindered at the initial step of healing cascade
— inflammation. Additionally impairment in granulation
tissue formation is also observed [14, 15]. Hence, DFU is a
severe diabetes mellitus-related problem [16] persuaded by
uncontrolled glycemic level, leading to vascular complica-
tions and peripheral neuropathy. Due to the functioning
biomolecules in PRP that promote analgesia, immunomodula-
tion, angiogenesis, and cell proliferation for managing both
acute and chronic wounds, it may be favorable for healing
progressions [17, 18].
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Table 1. Growth Factors in PRP

Growth Factors

Platelet-Derived Growth Factor [19]

Transforming Growth Factor - [20]
Vascular Endothelial Growth Factor [21]

Epidermal growth factor [20]

Hepatocyte Growth Factor [22]
Fibroblast Growth Factor [23, 24]
Insulin-Like Growth Factor 1 [25, 26]

Table 2. Article Selection Methodology.
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METHODOLOGY

English language articles only are included. Literature was
explored in Google Scholar and PubMed by using standard
keywords as mentioned in Table 2. The articles are included
with no exclusion criteria from the years 2000 -2022. Obser-
vational studies, randomized controlled trials, and systematic
reviews made up the majority of the recently evaluated litera-
ture, which is current as of September 2022.

Keywords Results | Results after utilizing MeSH Keywords Results after using
inclusion criteria applied inclusion criteria
Diabetic foot ulcer 17,200 13,600 Diabetic foot/complications 493
Diabetes foot care 37,500 14,700 Diabetic foot/therapy 1,534
Management of diabetic | 17,300 11,400 Platelet rich plasma for diabetic foot ulcer 121
foot ulcer
RESULTS factor (rh-PDGF-BB), recombinant human basic fibroblastic

By exploring data on Google scholar and PubMed 121 articles
were reviewed after applying inclusion criteria from which
100 are included in our review.

DISCUSSION

Wound healing is complex which involves numerous cell
populations, soluble mediators and extracellular matrix i.e.
growth factors and cytokines [27-29]. A number of abnormal-
ities have been reported in diabetics that could modify wound
healing biology. Diabetic foot ulceration can be led with
interaction of the buildup of enhanced glycation end-products
with inflammation [14]. Also, the wound healing cascade can
be influenced by injurious hyperglycemia effect on neutrophil
activities. Elastases and metalloproteinases, two enzymes
generated by neutrophils, are accountable for the breakdown
of the peptide growth factors and extracellular matrix required
in wound cure [30-33]. Moreover, there is unusual expression
of growth factors in DFU [14, 34, 35]. Additionally, skin
insensitivity evolving from autonomic modifications which
damage the sweat glands function, leads to more nodule
formation. There is additional influence on the mechanics of
weight bearing and gait due to damaged sensorimotor neurons
that inexplicably lead to decreased or changed sensation [16].

Precise synthetic growth factors to be applied topically for
treatment of DFU have been suggested due to the pathologic
anomalies observed in diabetics. These synthetic growth
factors comprise recombinant human platelet derived growth

growth factor (th-bFGF) and recombinant human vascular
endothelial growth factor (th-VEGF-A) [12, 36, 37,38]. FDA
approved the topical hPDGF-BB application, more thorough
research is required to determine how recombinant PDGF
works to treat DFU [39,40]. However, addressing the biologi-
cal issues with DFUs by employing just one growth factor
might not be sufficient [14].

PRP Application is another approach suggested to manage
DFUs which is established on the abundance and complex
discharge of such cells that involve above 300 proteins [41].
PRP comprises protease inhibitors, growth factors, cytokines
and antimicrobial apart from coagulation and associated
proteins. PRP can also recruit macrophages owing to its
chemotaxis characteristics and acts as an anti-infective too
[42, 43]. Utilizing PRP to deal with DFU can be beneficial
methodology established on the pathophysiology of diabetic
wound healing, but good evidence is lacking [44]. There are
suggestions to use PRP on DFU which stay unhealed follow-
ing standard therapy [45]. Nevertheless, the expenses of PRP
treatment for DFUs are seemingly higher than the standard
therapy [46]. Due to this cause, application of this methodolo-
gy could be problematic for DFU treatment and should be
built on its cost-effectiveness [14].

Updates on the Management of Diabetic Foot Ulcer

The conventional procedures in DFU management are: surgi-
cal debridement [47-50], dressings facilitating a moist wound
setting and control of exudation [51], wound off-loading [52,
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53], vascular evaluation [54], and infection [55, 56] and
glycemic control [57-59]. A multidisciplinary diabetic foot
wound facility is the best place to handle these treatments [60,
61]. The recommendations for existing approaches and the
effectiveness of adjuvant agents include these types: nonsur-
gical debridement agents [62], dressings and topical agents,
oxygen therapies [63], negative pressure wound therapy [64],
acellular bioproducts [65], human growth factors [40, 66-71],
energy-based treatments, and systemic therapies. Though the
majority of the evidence come from small-scale, randomized
controlled studies with higher potential of bias, several of
these medications have proved helpful to increase wound
healing rates. [72-75].

Composition and Formulation of PRP

There is no concordance in general on the finest possible PRP
formulation with regard to blood components concentration
and there are several PRP procedures available in the market.
Variations are existing in protocols of PRP collection and
formulation properties dependent on the market, offering PRP
procedures in distinctive characteristics [4, 7, 76, 77]. In
commercial markets, there are often differences in their plate-
let capture efficacy, isolation technique, centrifugation veloci-
ty, and the kind of collection tube method. In general, there is
collection of whole blood [78, 79] for PRP production.
Anticoagulants are included for prevention of premature
secretion of the alpha granules [80], preceding to centrifuga-
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tion, which splits RBCs from platelet-poor plasma (PPP) and
the “buffy coat,” which encompasses the concentrated plate-
lets and leukocytes (Fig. 1).

Fig. (1). Whole blood Separation by Centrifugation.

The patient-specific aspects, inclusive of drugs taken, and
commercial system formulation techniques both affect the
precise PRP makeup. This inconsistency in the composition
of PRP formulation produces difficulties to interpret the
literature about the PRP’s clinical efficacy [7, 81]. When
combined with autologous platelet-rich plasma, leukocyte-
and platelet-rich fibrin (L-PRF) has proven to be an efficient
adjuvant therapy for managing DFUs (PRP). PRP effective-
ness results can be contradictory because of lacking of unifor-
mity in the PRP formulation procedure and the scarcity of
well-conducted RCTs [82].
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Pure PRP (P-PRP) and leukocyte- and platelet-rich plasma
(L-PRP), are the main classifications of PRP, which are
separated by fibrin architecture and cell components [83-88].
P-PRP is created after activation, deprived of leukocytes and
with a low-density fibrin network whereas, numerous leuko-
cytes are there in L-PRP. The typical process consist of two
sequential centrifugation phases (Fig. 2). In first phase, the
blood components are separated into 3 tiers namely red blood
cell layer, buffy coat layer and poor platelet plasma. In the
subsequent phase, PRP, concentrated platelets are extracted
from a little amount of plasma. P-PRP and L-PRP may be
distinguished from one another only when the buffy coat has
been assembled completely or partially for second centrifuga-
tion (Fig. 2). When the buffy coat is not fully or just partially
collected, P-PRP is created. PRP can then be activated by
various substances such as calcium chloride, bovine throm-
bin, collagen, or mechanical stress [82]. There is only one
product found in P-PRF, and that is platelet-rich fibrin matrix
(PRFM). One tube is for blood collection, and the other tube
is for PRFM clotting. Due to the high cost and complexity of
this methodology, it is not commonly employed. The L-PRF
formulations include a 3D-designed fibrin matrix as well as a
lot of leukocytes [89]. Hence, unlike P-PRP/L-PRP, PRF
dissolves very slowly after administration. Moreover, the
formulation of L-PRF is entirely natural as it has one-step
centrifugation with no use of anticoagulants or activators; this
is a fundamental difference amid all other types of PRP
formulations. So, this method is very simple, rapid, and cost
effective to prepare the PRP. Consequently, L-PRF is regard-
ed as second-generation of platelet concentrate, to be
commonly employed in clinical practice [82, 90]. In addition
to growth factors, activated PRP platelets release significant
amounts of substances that support primary homeostasis, such
as fibrinogen, fibronectin, serotonin, factor V,VI and VIIIL.
These cause platelet aggregates to form (clots), which
stabilise the platelets by creating cross-linked fibrin and sticky
glycoproteins [91].

The capability of PRP in improving DFU healing has been
assessed in many RCTs. It has been observed that the thera-
peutic effects of PRP are stronger and more consistent in DFU
than in other injuries. According to reports, a statistically
significant difference between conventional care and the
percentage and pace of DFU recovery was found in 10 out of
12 controlled trials. Furthermore, after PRP usage, uncon-
trolled trials also exhibited greater healing rates that range
from 0.385 to 0.867 cm2/week. Such results reveal the distinct
benefits of PRP to treat DFUs. Some recent studies suggest
that PRP may contain anti-inflammatory activities so it may
show further beneficial effects on infection prevention [82].
Yet, more vigorous clinical trials are needed to establish such
activities [92, 93] before PRP is tried for treating chronic
wound infections and osteomyelitis. Few of the uncontrolled
trials reported decrease in pain in DFU patients after PRP use,
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as observed by a decline in intake of then analgesics. Thus,
administration of platelet concentrates for DFU treatment,
particularly for refractory and chronic wounds, exhibits favor-
able outcomes, together with a reduction in inflammation or
infection, accelerated DFU healing, and decreased use of
analgesics [82, 87, 94, 95].

As per 2017 data, there had been no conduction of substantial
and evidence-based study for PRP [48]. The existent trials
validating positive outcomes of PRP [38] can be methodologi-
cally debatable or be considered as not showing considerable
improvement in DFU healing in comparison to control group
or cases managed by standard processes [44, 96]. Neverthe-
less, considerable improvement in DFU healing with PRP
usage combined with other therapies had been reported [12,
96].

55 individuals total were enrolled in the trial, of whom 29
cases were in the study group and 26 cases were in the control
group. The mean wound score in the study group significantly
improved following PRP therapy (p 0.0001). In all cases of
the study group, the wound completely healed in 36.7 days on
average and 3.3 days on average, compared to 60.6 days on
average for the control group (p 0.0001). Due to the use of
PRP, undesirable effects were not noticed in this investigation
[97].

A randomised control trial for DFU included 24 cases, with a
mean age of 55.2 6.4 years, split into 2 groups. Comparatively
to group II cases, where none displayed complete healing,
three (25%) of the cases in group I achieved overall recovery.
The DFU's longitudinal and horizontal shrinkage percentages
were significantly larger in group I than in group II. When
compared to group II, group I required significantly less time
to reach maximum recovery. According to reports, PRP gel
dressing for chronic DFU significantly reduced the size of the
ulcer compared to ordinary saline dressing. Additionally, PRP
dressing offered the fastest healing time feasible with the
smallest size of wound [84].

In a different study, 10 DFU RCTs with a total of 456 cases
were examined. In the meta-analysis, which compared the
PRP group to controls, it was found that there was a higher
rate of complete ulcer recovery 1.32 pooled relative risk, a
shorter recovery time and a decrease in the incidence of
adverse events. The results were not significantly changed by
the application of the trim-and-fill technique, despite the fact
that different data were identified for publication bias.
According to the reports, autologous PRP may speed up the
healing of all ulcers, reduce recovery time, and increase
adverse effects [85].

The management of DFU with and without PRP was exam-
ined using the data from 20 RCTs and 5 observational studies.
In lower-extremity diabetic ulcers, it was analyzed that the
PRP wuse significantly increased total wound closure,
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decreased time to complete wound recovery, and decreased
wound region and depth (low SOE). Significantly detrimental
alterations were observed in the instances of wound infection,
amputation, wound relapse, or hospitalization [98].

PRP Mechanisms in DFU

PRP's effects on wound healing may primarily result from the
release of various bioactive molecules along with growth
factors, chemokines, and cytokines gathered in platelets [40].
PRP comprises of several significant proteins apart from
growth factors, like fibrin which may affect remodeling of
ECM. Also, PRP holds a number of antibacterial proteins
upon activation (Fig. 2). PRP can be deemed as adjunct thera-
py for infections, in cases of multidrug resistant bacteria
particularly [82,99,100].

CONCLUSION

There has been increase in the utilization of autologous PRP
for DFU management. However, the extensive use of PRP is
hindered by its complex preparation process and high cost of
PRP. It is expected in the near future that modest and low-cost
methods, like L-PRF, may be broadly utilized. The potential
benefits of PRP must be wisely considered. The
evidence-based application of autologous PRP is continuous-
ly emerging with the ongoing clinical trials to prove its effica-
cy. Though, data related to its complete therapeutic effective-
ness is still lacking. The uniform technique of PRP formula-
tion and well-planned RCTs with huge sample sizes may
reduce the disparities on related outcomes and benefit to
reexamine its clinical efficacy. It is expected that platelet
concentrations that develop PRP, may turn out to be clinically
efficient, cost-effective and easy adjunct for the treatment of
DFUs.

CONFLICT OF INTEREST
Declared none.
ACKNOWLEDGEMENTS
Declared none.
REFERENCES

[1] Kabiri A, Esfandiari E, Esmaceili A, Hashemibeni B, Pourazar
A, Mardani M. Platelet-rich plasma application in chondro-
genesis. Adv Biomed Res 2014; 3: 138.

[2] Mohammadi MH, Molavi B, Mohammadi S, et al. Evaluation
of wound healing in diabetic foot ulcer using platelet-rich
plasma gel: A single-arm clinical trial. Transfus Apher Sci
2017; 56(2): 160-4.

[3] Lacci KM, Dardik A. Platelet-rich plasma: Support for its use
in wound healing. Yale J Biol Med 2010; 83(1): 1.

[4] Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier LA.
Platelet-rich plasma: A milieu of bioactive factors. Arthrosco-

[13]

[15]

[18]

Zia et al.

py 2012; 28(3): 429-39.

Le AD, Enweze L, DeBaun MR, Dragoo JL. Platelet-rich
plasma. Clin Sport Med 2019; 38(1): 17-44.

Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo
SA. Platelet-rich plasma: From basic science to clinical
applications. Am J Sport Med 2009; 37(11): 2259-72.

Le AD, Enweze L, DeBaun MR, Dragoo JL. Current clinical
recommendations for use of platelet-rich plasma. Curr Rev
Musculoskelet Med 2018; 11(4): 624-34.

Alvarsson A, Sandgren B, Wendel C, Alvarsson M, Brismar
K. A retrospective analysis of amputation rates in diabetic
patients: Can lower extremity amputations be further prevent-
ed? Cardiovasc Diab 2012; 11(1): 1-11.

Boulton AJ. The diabetic foot: Grand overview, epidemiology
and pathogenesis. Diabetes Metab Res Rev 2008; 24(S1):
S3-S6.

Frykberg RG. Diabetic foot ulcers: Pathogenesis and manage-
ment. Am Fam Phys 2002; 66(9): 1655.

Gehling DJ, Lecka-Czernik B, Ebraheim NA. Orthopedic
complications in diabetes. Bone 2016; 82: 79-92.

Gonchar I, Lipunov A, Afanasov I, Larina V, Faller A, Kibar-
din A. Platelet rich plasma and growth factors cocktails for
diabetic foot ulcers treatment: State of art developments and
future prospects. Diabetes Metab Syndr 2018; 12(2): 189-94.

Blakytny R, Jude EB. Altered molecular mechanisms of
diabetic foot ulcers. Int J Low Extrem Wounds 2009; 8(2):
95-104.

del Pino-Sedefio T, Trujillo-Martin MM, Andia I,
Aragon-Sanchez J, et al. Platelet-rich plasma for the treatment
of diabetic foot ulcers: A meta-analysis. Wound Repair Regen
2019; 27(2): 170-82.

Gary Sibbald R, Woo KY. The biology of chronic foot ulcers
in persons with diabetes. Diabetes Metab Res Rev 2008;
24(S1): S25-S30.

Lim JZM, Ng NSL, Thomas C. Prevention and treatment of
diabetic foot ulcers. J Roy Soc Med 2017; 110(3): 104-9.

Leme KC, Neri GM, Biscaro GG, et al. Full Diabetic foot
ulcer healing and pain relief based on platelet-rich-plasma gel
formulation treatment and the involved pathways. Int J Low
Extrem Wounds 2022; 15347346221109758.

Babaei V, Afradi H, Gohardani H, Nasseri F, Azarafza M,
Teimourian S. Management of chronic diabetic foot ulcers
using platelet-rich plasma. J Wound Care 2017; 26(12): 784-7.

Takikawa M, Nakamura S, Nakamura S, ef al. Enhanced effect
of platelet-rich plasma containing a new carrier on hair
growth. Dermatol Surg 2011; 37(12): 1721-9.



Platelet Rich Plasma effects on Diabetic foot Ulcers- A Review

[20]

(21]

(22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

(30]

(31]

[32]

[33]

[34]

Lin W-h, Xiang L-J, Shi H-X, ef al. Fibroblast growth factors
stimulate hair growth through B-catenin and Shh expression in
C57BL/6 mice. BioMed Res Int 2015; 2015: 730139.

Paus R. Do we need hair follicle stem cells, hair follicle
neogenesis to cure common hair loss disorders? Hair Trans-
plant Forum Int 2008 18(3): 81-90; DOI: https:/-
doi.org/10.33589/18.3.0081

Anitua E, Sanchez M, Orive G. The importance of understand-
ing what is platelet-rich growth factor (PRGF) and what is not.
J Shoulder Elbow Surg 2011; 20(1): e23-¢4.

Takabayashi Y, Nambu M, Ishihara M, et al. Enhanced effect
of fibroblast growth factor-2-containing dalteparin/protamine
nanoparticles on hair growth. Clin Cosmet Investig Derma-
t0l2016; 9: 127.

Shi H-X, Lin C, Lin B-B, et al. The anti-scar effects of basic
fibroblast growth factor on the wound repair in vitro and in
vivo. PloS One 2013; 8(4): €59966.

Eppley BL, Pietrzak WS, Blanton M. Platelet-rich plasma: A
review of biology and applications in plastic surgery. Plast
Reconstr Surg 2006; 118(6): 147¢-59%.

Li ZJ, Choi HI, Choi DK, et al. Autologous platelet-rich
plasma: A potential therapeutic tool for promoting hair
growth. Dermatol Surg 2012; 38(7pt1): 1040-6.

Velnar T, Bailey T, Smrkolj V. The wound healing process:
an overview of the cellular and molecular mechanisms. J Int
Med Res 2009; 37(5): 1528-42.

Amable PR, Carias RBV, Teixeira MVT, et al. Platelet-rich
plasma preparation for regenerative medicine: Optimization
and quantification of cytokines and growth factors. Stem Cell
Res Ther 2013; 4(3): 1-13.

Alves R, Grimalt R. A review of platelet-rich plasma: History,
biology, mechanism of action, and classification. Skin
Appendage Disord 2018; 4(1): 18-24.

Menke NB, Ward KR, Witten TM, Bonchev DG, Diegelmann
RF. Impaired wound healing. Clin Dermatol 2007; 25(1):
19-25.

Brem H, Tomic-Canic M. Cellular and molecular basis of
wound healing in diabetes. J Clin Investig 2007; 117(5):
1219-22.

Conde-Montero E, de la Cueva Dobao P, Martinez Gonzalez
JM. Platelet-rich plasma for the treatment of chronic wounds:
Evidence to date. Chronic Wound Care Manag Res 2017; 4:
107-20.

Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation end
products and diabetic complications. Korean J Pphysiol
Pharmacol 2014; 18(1): 1.

Tsang MW, Wong WKR, Hung CS, et al. Human epidermal

[36]

[38]

[40]

[43]

[45]

National Journal of Health Sciences, 2023, Vol. 8. No. 1 33

growth factor enhances healing of diabetic foot ulcers. Diabe-
tes Care 2003; 26(6): 1856-61

Elbarbary AH, Hassan HA, Elbendak EA. Autologous
platelet-rich plasma injection enhances healing of chronic
venous leg ulcer: A prospective randomised study. Int Wound
J2020; 17(4): 992-1001.

Barrientos S, Brem H, Stojadinovic O, Tomic-Canic M.
Clinical application of growth factors and cytokines in wound
healing. Wound Repair Regen 2014; 22(5): 569-78.

Singh RP, Marwaha N, Malhotra P, Dash S. Quality assess-
ment of platelet concentrates prepared by platelet rich
plasma-platelet concentrate, buffy coat poor-platelet concen-
trate (BC-PC) and apheresis-PC methods. Asian J Transfus Sci
2009; 3(2): 86.

Kontopodis N, Tavlas E, Papadopoulos G, et al. Effectiveness
of platelet-rich plasma to enhance healing of diabetic foot
ulcers in patients with concomitant peripheral arterial disease
and critical limb ischemia. The Int J Low Extrem Wounds
2016; 15(1): 45-51.

Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic--
Canic M. Growth factors and cytokines in wound healing.
Wound Repair Regen 2008; 16(5): 585-601.

Marti-Carvajal AJ, Gluud C, Nicola S, ef al. Growth factors
for treating diabetic foot ulcers. Cochrane Database Syst Rev
2015 (10).

Andia I, Abate M. Platelet-rich plasma: Underlying biology
and clinical correlates. Regen Med 2013; 8(5): 645-58.

Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autolo-
gous platelets as a source of proteins for healing and tissue
regeneration. Thromb Haemost 2004; 91(01): 4-15.

Sanchez-Gonzalez DJ, Méndez-Bolaina E, Trejo-Bahena NI.
Platelet-rich plasma peptides: key for regeneration. Int J Pept
2012;2012: 532519.

Martinez-Zapata MJ, Marti-Carvajal AJ, Sola I, ef al. Autolo-
gous platelet-rich plasma for treating chronic wounds.
Cochrane Database Syst Rev 2016 (5).

Picard F, Hersant B, Bosc R, Meningaud JP. The growing
evidence for the use of platelet-rich plasma on diabetic chronic
wounds: A review and a proposal for a new standard care.
Wound Repair Regen 2015; 23(5): 638-43.

GNEA UPP. National conference of consensus on ulcers of the
extremity (CONUEI). 2018; Available at:
https://gneaupp-info.translate.goog/conferencia-nacion-
al-de-consenso-sobre-las-ulceras-de-la-extremidad-inferior-c-
o-n-u-e-i/?_x_tr sl=es& x_tr tl=en& x_tr hl=en& x_tr pto

lower

=SC

Braun L, Kim PJ, Margolis D, Peters EJ, Lavery LA. What's



34 National Journal of Health Sciences, 2023, Vol. 8. No. 1

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

new in the literature: An update of new research since the
original WHS diabetic foot ulcer guidelines in 2006. Wound
Repair Regen 2014; 22(5): 594-604.

Game F, Apelqvist J, Attinger C, et al. Effectiveness of
interventions to enhance healing of chronic ulcers of the foot
in diabetes: A systematic review. Diabetes Metab Res Rev
2016; 32: 154-68.

Elraiyah T, Domecq JP, Prutsky G, et al. A systematic review
and meta-analysis of débridement methods for chronic diabet-
ic foot ulcers. J Vascular Surg 2016; 63(2): 37S-45S. 2.

Hinchliffe R, Valk G, Apelqvist J, et al. A systematic review
of the effectiveness of interventions to enhance the healing of
chronic ulcers of the foot in diabetes. Diabetes Metab Res Rev
2008; 24(S1): S119-S44.

Bakker K, Apelqvist J, Schaper NC, Board IWGotDFE.
Practical guidelines on the management and prevention of the

diabetic foot 2011. Diabetes Metab Res Rev 2012; 28: 225-31.

Yavuz M, Ersen A, Hartos J, et al. Plantar shear stress in
individuals with a history of diabetic foot ulcer: an emerging
predictive marker for foot ulceration. Diabetes Care 2017
40(2): el4-e5.

Bus S, Armstrong D, Van Deursen R, et al. INGDF guidance
on footwear and offloading interventions to prevent and heal
foot ulcers in patients with diabetes. Diabetes Metab Res Rev
2016; 32: 25-36.

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA,
Fowkes FGR. Inter-society consensus for the management of
peripheral arterial disease (TASC II). J Vascular Surg 2007;
45(1): S5-S67.

Acar E, Kacira BK. Predictors of lower extremity amputation
and reamputation associated with the diabetic foot. J Foot
Ankle Surg 2017; 56(6): 1218-22.

Barwell ND, Devers MC, Kennon B, et al. Diabetic foot
infection: Antibiotic therapy and good practice recommenda-
tions. Int J Clin Pract 2017; 71(10): e13006.

Fernando ME, Seneviratne RM, Tan YM, et al. Intensive
versus conventional glycaemic control for treating diabetic
foot ulcers. Cochrane Database Syst Rev 2016 (1).

Christman AL, Selvin E, Margolis DJ, Lazarus GS, Garza LA.
Hemoglobin Alc predicts healing rate in diabetic wounds. J
Invest Dermatol 2011; 131(10): 2121-7.

Hemmingsen B, Lund SS, Gluud C, Vaag A, Almdal TP,
Wetterslev J. Targeting intensive glycaemic control versus
targeting conventional glycaemic control for type 2 diabetes
mellitus. Cochrane Database Syst Rev 2013 (11).

Buggy A, Moore Z. The impact of the multidisciplinary team
in the management of individuals with diabetic foot ulcers: A

[61]

[67]

[68]

[70]

[72]

Zia et al.

systematic review. ] Wound Care 2017; 26(6): 324-39.

Rubio JA, Aragén-Sanchez J, Jiménez S, Guadalix G, Albar-
racin A, Salido C, et al. Reducing major lower extremity
amputations after the introduction of a multidisciplinary team
for the diabetic foot. Int J Low Extrem Wounds 2014; 13(1):
22-6.

Dumville JC, O'Meara S, Deshpande S, Speak K. Hydrogel
dressings for healing diabetic foot ulcers. Cochrane Database
Syst Rev 2013 (7).

63. de Smet GH, Kroese LF, Menon AG, Jeekel J, van Pelt
AW, Kleinrensink GJ, ef al. Oxygen therapies and their effects
on wound healing. Wound Repair Regen 2017; 25(4):
591-608.

Liu S, He C-z, Cai Y-t, et al. Evaluation of negative-pressure
wound therapy for patients with diabetic foot ulcers: System-
atic review and meta-analysis. Ther Clin Risk Manag 2017;
13:533.

Guo X, Mu D, Gao F. Efficacy and safety of acellular dermal
matrix in diabetic foot ulcer treatment: A systematic review
and meta-analysis. Int J Surg 2017; 40: 1-7.

Singla S, Garg R, Kumar A, Gill C. Efficacy of topical
application of beta urogastrone (recombinant human epider-
mal growth factor) in Wagner's Grade 1 and 2 diabetic foot
ulcers: Comparative analysis of 50 patients. J Nat Sci Biol
Med 2014; 5(2): 273.

Gomez-Villa R, Aguilar-Rebolledo F, Lozano-Platonoff A, et
al. Efficacy of intralesional recombinant human epidermal
growth factor in diabetic foot ulcers in M exican patients: A
randomized double-blinded controlled trial. Wound Repair
Regen 2014; 22(4): 497-503.

Dumantepe M, Fazliogullari O, Seren M, Uyar I, Basar F.
Efficacy of intralesional recombinant human epidermal
growth factor in chronic diabetic foot ulcers. Growth Factors
2015; 33(2): 128-32.

Ahmed M, Reffat SA, Hassan A, Eskander F. Platelet-rich
plasma for the treatment of clean diabetic foot ulcers. Ann
Vasc Surg 2017; 38: 206-11.

Pinto NR, Ubilla M, Zamora Y, Del Rio V, Dohan Ehrenfest
DM, Quirynen M. Leucocyte-and platelet-rich fibrin (L-PRF)
as a regenerative medicine strategy for the treatment of refrac-
tory leg ulcers: A prospective cohort study. Platelets 2018;
29(5): 468-75.

Londahl M, Tarnow L, Karlsmark T, et al. Use of an autolo-
gous leucocyte and platelet-rich fibrin patch on hard-to-heal
DFUs: A pilot study. J of Wound Care 2015; 24(4): 172-8.

Everett E, Mathioudakis N. Update on management of diabetic
foot ulcers. Ann NY Acad Sci 2018; 1411(1): 153-65.



Platelet Rich Plasma effects on Diabetic foot Ulcers- A Review

(73]

[74]

(73]

[76]

[77]

(78]

[79]

[80]

(81]

(82]

(83]

(84]

(85]

Lavery LA, Davis KE, Berriman SJ, et al. WHS guidelines
update: Diabetic foot ulcer treatment guidelines. Wound
Repair Regen 2016; 24(1): 112-26.

Lipsky BA, Berendt AR, Cornia PB, ef al. 2012 Infectious
Diseases Society of America clinical practice guideline for the
diagnosis and treatment of diabetic foot infections. Clin Infect
Dis 2012; 54(12): e132-¢73.

Bakker K, Apelqvist J, Lipsky B, Van Netten J, Schaper N,
International Working Group on the Diabetic Foot. The 2015
IWGDF guidance documents on prevention and management
of foot problems in diabetes: development of an
evidence-based global consensus. Diabetes Metab Res Rev
2016; 32: 2-6.

Dragoo JL, Braun HJ, Durham JL, et al. Comparison of the
acute inflammatory response of two commercial platelet-rich
plasma systems in healthy rabbit tendons. Am J Sports Med
2012; 40(6): 1274-81.

Mazzocca AD, McCarthy MBR, Chowaniec DM, et al.
Platelet-rich plasma differs according to preparation method
and human variability. JBJS 2012; 94(4): 308-16.

Mehrannia M, Vaezi M, Yousefshahi F, Rouhipour N. Platelet
rich plasma for treatment of nonhealing diabetic foot ulcers: A
case report. Canad J of Diabetes 2014; 38(1): 5-8.

Weibrich G, Kleis WK, Hafner G, Hitzler W, Wagner W.
Comparison of platelet, leukocyte, and growth factor levels in
point-of-care platelet-enriched plasma, prepared using a
modified Curasan kit, with preparations received from a local
blood bank. Clin Oral Implants Res 2003; 14(3): 357-62.

Hesseler MJ, Shyam N. Platelet-rich plasma and its utility in
medical dermatology: A systematic review. J Am Acad
Dermatol 2019; 81(3): 834-46.

Sundman EA, Cole BJ, Fortier LA. Growth factor and catabol-
ic cytokine concentrations are influenced by the cellular
composition of platelet-rich plasma. Am J Sports Med 2011;
39(10): 2135-40.

Shao S, Pan R, Chen Y. Autologous platelet-rich plasma for
diabetic foot ulcer. Trends Endocrinol Metabol 2020; 31(12):
885-90.

Hogge J, Krasner D, Nguyen H, Harkless L, Armstrong D. The
potential benefits of advanced therapeutic modalities in the
treatment of diabetic foot wounds. ] Am Pediatr Med Assoc
2000; 90(2): 57-65.

Elsaid A, El-Said M, Emile S, Youssef M, Khafagy W, Elsho-
baky A. Randomized controlled trial on autologous
platelet-rich plasma versus saline dressing in treatment of
non-healing diabetic foot ulcers. World J Surg 2020; 44(4):
1294-301.

Dai J, Jiang C, Sun Y, Chen H. Autologous platelet-rich

[87]

[89]

[90]

[95]

[97]

(98]

National Journal of Health Sciences, 2023, Vol. 8. No. 1 35

plasma treatment for patients with diabetic foot ulcers: A
meta-analysis of randomized studies. J Diabetes Complica-
tions 2020; 34(8): 107611.

Moneib HA, Youssef SS, Aly DG, Rizk MA, Abdelhakeem
YI. Autologous platelet-rich plasma versus conventional
therapy for the treatment of chronic venous leg ulcers: a
comparative study. J Cosmet Dermatol 2018; 17(3): 495-501.

Stacey M, Mata S, Trengove N, Mather C. Randomised
double-blind placebo controlled trial of topical autologous
platelet lysate in venous ulcer healing. Eur J Vasc Endovasc
Surg 2000; 20(3): 296-301.

Ehrenfest DMD, Rasmusson L, Albrektsson T. Classification
of platelet concentrates: from pure platelet-rich plasma
(P-PRP) to leucocyte-and platelet-rich fibrin (L-PRF). Trends
Biotechnol 2009; 27(3): 158-67.

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AlJ,
Moubhyi J, et al. Platelet-rich fibrin (PRF): A second-genera-
tion platelet concentrate. Part III: leucocyte activation: A new
feature for platelet concentrates? Oral SurgOral Med Oral
Pathol Oral Radiol Endodontol 2006; 101(3): e51-e5.

Wang Y, Wang X, Chen R, et al. The Role of leukocyte-plate-
let-rich fibrin in promoting wound healing in diabetic foot
ulcers. Int J Low Extrem Wounds 2021; 15347346211052811.

Obolenskiy VN, Ermolova DA, Laberko LA, Semenova TV.
Efficacy of platelet-rich plasma for the treatment of chronic
wounds. EWMA J 2014; 14(1).

Rainys D, Cepas A, Dambrauskaite K, Nedzelskiene I,
Rimdeika R. Effectiveness of autologous platelet-rich plasma
gel in the treatment of hard-to-heal leg ulcers: A randomised
control trial. ] Wound Care 2019; 28(10): 658-67.

Henning PR, Grear BJ. Platelet-rich plasma in the foot and
ankle. Curr Rev Musculoskel Med 2018; 11(4): 616-23.

Aguirre JJ, Anitua E, Francisco S, Cabezas Al, Orive G,
Algorta J. Efficacy and safety of plasma rich in growth factors
in the treatment of venous ulcers: A randomized clinical trial
controlled with conventional treatment. Clin Dermatol2015;
3(1): 13-20.

Suthar M, Gupta S, Bukhari S, Ponemone V. Treatment of
chronic non-healing ulcers using autologous platelet rich
plasma: a case series. J Biomed Sci 2017; 24(1): 1-10.

Braun LR, Fisk WA, Lev-Tov H, Kirsner RS, Isseroff RR.
Diabetic foot ulcer: an evidence-based treatment update. Am
J Clin Dermatol 2014; 15(3): 267-81.

Singh SP, Kumar V, Pandey A, Pandey P, Gupta V, Verma R.
Role of platelet-rich plasma in healing diabetic foot ulcers: A
prospective study. ] Wound Care 2018; 27(9): 550-6.

Qu W, Wang Z, Hunt C, et al. The Effectiveness and safety of



36 National Journal of Health Sciences, 2023, Vol. 8. No. 1 Zia et al.

platelet-rich plasma for chronic wounds: A systematic review [100] Mishra A, Pavelko T. Treatment of chronic elbow tendinosis
and meta-analysis. Mayo Clin Proc 2021; 96(9): 2407-17. with buffered platelet-rich plasma. Am J Sports Med 2006;

[99] Mariani E, Filardo G, Canella V, et al. Platelet-rich plasma 34(11): 1774-8.

affects bacterial growth in vitro. Cytotherapy.\ 2014; 16(9):
1294-304.

Received: January 11,2022 Revised: February 06, 2022 Accepted: February 07, 2022

© 2023 National Journal of Health Sciences.

This is an open-access article.



