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ABSTRACT
Non healing diabetic foot ulcers and the resulting potential amputations present significant costs to the health care
system and reduce patient quality of life. The goal of diabetic foot ulcer treatment is to obtain wound closure as
expeditiously as possible. The use of platelet-rich plasma (PRP) to enhance wound healing has increased dramatically
over the last decade. However, controversies exist in the literature regarding the added benefit of this procedure.
The aim of this study is to investigate the efficiency of platelet releasate on the healing of chronic diabetic ulcers
in comparison with platelet-poor plasma (PPP). This study included 24 patients with chronic diabetic ulcers. They
were systematically randomised into two groups: PRP group (n = 12) and PPP group (n = 12). The results showed
that healing in PRP group was significantly faster (P < 0·005). PRP enhances healing of chronic diabetic foot
ulcers.
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INTRODUCTION
A chronic wound is a wound that does not
heal in an orderly set of stages and in a
predictable amount of time the way most
wounds do; wounds that do not heal within
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3 months are often considered chronic (1). The Key Points

• growth factors (GF) are imper-
ative in timely wound healing;
inadequate GF levels may be an
important factor in the chronic-
ity of the wound

• in chronic wounds, the forma-
tion and release of GF may be
prevented, the factors may be
sequestered and unable to per-
form their metabolic roles, or
degraded in excess by cellular
or bacterial proteases

vast majority of chronic wounds can be classi-
fied into three categories: venous, diabetic and
pressure ulcers (2). A small number of wounds
that do not fall into these categories may be
because of causes such as radiation, poisoning
or ischaemia (2).

Growth factors (GF) are imperative in timely
wound healing; inadequate GF levels may
be an important factor in the chronicity
of the wound (3). In chronic wounds, the
formation and release of GF may be pre-
vented, the factors may be sequestered and
unable to perform their metabolic roles, or
degraded in excess by cellular or bacterial
proteases (3).
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Platelet-derived GF have been used as an
active treatment modality to stimulate the
wound healing process of chronic non healing
ulcers promoting growth of skin, soft tissue

Key Points

• the use of platelet-rich plasma
(PRP) to enhance wound heal-
ing has increased dramatically
over the last decade

• however, controversies exist in
the literature regarding the
added benefit of this procedure

• the aim of this study was
to investigate the efficiency of
platelet releasate on the healing
of chronic diabetic ulcers

and blood vessels (4). Platelet-derived GF may
be recombinant (5) or autologous (6).

The use of platelet-rich plasma (PRP) to
enhance wound healing has increased dramati-
cally over the last decade. However, controver-
sies exist in the literature regarding the added
benefit of this procedure (7).

Many authors (8–11) found that platelet
releasate has improved healing rates over stan-
dard care. On the other hand, others (12–15)
found no major difference in healing outcome
of leg ulcers, between treatment groups with
platelet releasate and control groups (placebo).

These controversies necessitated further con-
trolled studies. Therefore, the aim of this study
was to investigate the efficiency of platelet
releasate on the healing of chronic diabetic
ulcers.

PATIENTS AND METHODS
The patients enrolled in this study were eligi-
ble if they met the following inclusion criteria:
age between 40 and 60 years old, suffering
from either type of diabetes – type I (insulin
dependent) or type II (non insulin depen-
dent) – and they were in a controlled status.
Patients included should have normal periph-
eral platelet count (>150 000/mm3).

Patients who were receiving or had received
radiation or chemotherapy within 3 months
of study and those with screening serum
albumin level of <2·5 g/dl or haemoglobin
<10·5 mg/dl or platelet count <100 × 109/l
were excluded. Any patient with peripheral
vascular disease was excluded too.

All patients had chronic (of at least 12
weeks’ duration) non healing diabetic ulcer(s)
confined to one anatomical site with no
evidence of gangrene in the ulcer or on any part
of the foot. All ulcers had debridement before
the onset of this study to freshen the wounds
and to remove necrotic tissues. Biopsy was
taken from each ulcer and if the bacterial count
exceeded 105 organisms per gram of tissue the
patient was excluded from this study. Ulcers
that had exposed tendons, ligaments or bone
were excluded.

All patients who participated in this study
provided informed consent forms.

PREPARATION OF PLATELET
RELEASATE AND PLATELET-POOR
PLASMA

– Venous blood was drawn into a tube con-
taining an anticoagulant (citrate dextrose)
to avoid platelet activation and degranu-
lation (10 cc).

– Then the blood was centrifuged, the first
centrifugation is called ‘soft spin’ (1007 g),
which allows blood separation into three
layers, namely bottommost red blood cell
(RBC) layer (55% of total volume), topmost
acellular plasma layer called platelet-poor
plasma (PPP; 40% of total volume) and
an intermediate PRP layer (5% of total
volume) called the ‘buffy coat’.

– Using a sterile syringe, the PPP, PRP and
some RBCs (i.e. the upper two layers
and very minimal ‘unavoidable’ amount
of bottom layer) were transferred into
another tube without an anticoagulant.

– This tube underwent a second centrifu-
gation (447·5 g) called ‘hard spin’. This
allowed the platelets (PRP) to settle at
the bottom of the tube with a very few
RBCs. The acellular plasma, PPP (80% of
the volume), was found on the top.

– Most of the PPP was removed with
a syringe and the remaining PRP was
shaken well.

– This PRP was then mixed with bovine
thrombin (0·2 ml for every 1 cc PRP) and
calcium chloride 10% (0·1 ml) at the time
of application in a petri-dish (Figure 1).
This resulted in gelling of the platelet con-
centrate. Then the platelet concentrate was
applied to the ulcer after being debrided,
cleaned with normal saline solution.

Figure 1. Platelet-rich plasma (PRP) preparation in a
petri-dish.
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TECHNIQUE OF APPLICATION
This study was performed on 24 patients.
They were systematically randomised into two
groups. The odd-numbered patients had PRP
(group I) and the even-numbered patients had
PPP (group II).

(i) The first group (12 patients): They had
PRP as their dressing protocol, where PRP
was applied to the diabetic foot after being
prepared (within half an hour after prepara-
tion), followed by vaseline gauze and then a
dressing.

The frequency of change of dressing was
twice weekly with an interval of 3–4 days
between every dressing. This protocol was
prospected to be performed for patients up
to 20 weeks, or stopped whenever healing
occurred.

(ii) The second group (12 patients): This
group had the PPP as their dressing protocol,
where after applying the PPP, vaseline gauze
was applied followed by a dressing, with a
frequency of change of dressing twice weekly.
The dressing protocol was performed for up to
20 weeks.

FOLLOW-UP
The patients were advised to avoid pressure
on ulcer area. Special shoe with moulded
insole was used. Elevation of the feet was
recommended during setting or lying down to
decrease oedema. The patients were seen twice
weekly throughout the treatment course and
clinical evaluation was performed once weekly.
Clinical laboratory tests were performed every
4 weeks for all treatment groups.

Evaluation of the rate of healing of the
ulcer was carried out by measuring the ulcer’s
dimensions (length and width) using metric
tapes at initial visit and then every week. Other
wound variables including characteristics of
wound exudates, necrotic tissue, infection and
granulation tissue were documented.

Both clinical and laboratory data were
documented and analysed statistically.

RESULTS
There were several risk factors recorded
while taking the history of the patients of
the two groups. Eight patients (33·3%) were
smokers, 17 patients (70%) were suffering from
hypertension, 11 patients (45·8%) were obese

and 3 patients (12·5%) had a past history of
diabetic sequela.

Using chi-square test, no statistically signif-

Key Points

• this study was performed on 24
patients

• they were systematically ran-
domised into two groups

• the odd-numbered patients had
PRP (group I) and the even-
numbered patients had PPP
(group II)

• there was no statistically signifi-
cant difference between the two
groups regarding clinical signs

• the mean healing time
for PRP was 11·5 weeks
(8–18 weeks) and the mean
healing time for PPP was
17 weeks (14–20 weeks)

icant difference was found between the two
groups concerning the risk factors.

Several clinical signs were detected in the
patients of the two study groups. Neuropathy
was detected in 15 patients (62·5%), signs of
inflammation in 9 patients (37·5%) and Char-
cot’s joint away from the site of ulcer in 2
patients (8·3%). There was no statistically sig-
nificant difference between the two groups
regarding clinical signs.

Using the chi-square test and cross tabs, there
was no statistical significance concerning the
difference in sites of diabetic ulcers in the two
study groups.

The ulcer’s initial length ranged from 2 to
7 cm, the initial width ranged from 2 to 5 cm
and the average surface area ranged from 4 to
21 cm2 (Table 1).

There was no statistically significant differ-
ence between the two groups regarding culture
and sensitivity tests for swabs from ulcers.

There was no statistically significant differ-
ence between the two groups regarding labo-
ratory data at the start or the end of this study.

The mean healing time for PRP was 11·5
weeks (8–18 weeks) and the mean healing time
for PPP was 17 weeks (14–20 weeks). Statistical
analysis (using the one-way ANOVA test and
post hoc tests) showed statistically significant
difference (P < 0·005). Table 2 shows healing

Table 1 Detailed criteria of the diabetic ulcers according to
the dimensions

Ulcer criteria Minimum Maximum Mean

Wound length (initial; cm) PRP 2·5 7 3·66
PPP 2 4 3·2

Wound width (initial; cm) PRP 2 5 2·70
PPP 2 5 2·61

Wound area (initial; cm2) PRP 5 21 10·25
PPP 4 20 8·50

Table 2 Healing duration in weeks for the healed cases
(maximum, minimum and mean)

Healing duration
(weeks) n Mean Minimum Maximum

PRP 12 11·5 8 18
PPP 9 17·1 14 20
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Figure 2. Diabetic foot ulcer before application of platelet-rich
plasma (PRP).

Figure 3. Diabetic foot ulcer shown in Figure 2 completely
healed 10 weeks after application of platelet-rich plasma (PRP).

duration of both PRP and PPP. Figures 2
and 3 show a case healed using PRP in 10
weeks. Figures 4 and 5 show healing ulcer
using PPP.

Figure 4. Diabetic foot ulcer on sole before application of
platelet-poor plasma (PPP).

Figure 5. Diabetic foot ulcer shown in Figure 4 did not heal
after 20 weeks of application of platelet-poor plasma (PPP).

Furthermore, using the Kaplan–Meier test
and the log-rank test for studying the heal-
ing duration it showed that it is statistically
significant.
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DISCUSSION
One of the most common complications of
diabetes in the lower extremity is the diabetic
foot ulcer. It is estimated that 15% of patients
with diabetes will develop a lower extremity
ulcer during the course of their disease (16).

In this study, the effect of platelet releasate
(PRP) and the released GF upon activation on
the healing of diabetic foot ulcers was studied
in comparison with the PPP (control group).

All associated factors that might have given
advantage in healing of ulcers other than tested
materials (PRP and PPP) showed no signifi-
cant difference between the two groups. These
factors included risk factors (smoking, hyper-
tension or obesity), clinical signs (neuropathy,
Charcot’s joints and inflammation), location
and dimensions of ulcers, culture and sensi-
tivity tests from swabs taken from ulcers and
laboratory data both at the start and the end of
study.

Although McAleer et al. (17) supported the
use of autologous blood to prepare PRP and
PPP, Jeong et al. (18) used homologous blood.
McAleer et al. (17) stated that the use of autolo-
gous blood is free from concern about transmit-
table diseases such as HIV and hepatitis. On the
other hand, the rationale of Jeong et al. (18) was
that many diabetic ulcer patients are anaemic
or haemodynamically unstable. In this study,
we used autologous blood as a source of PRP
and PPP preparation.

The volume of blood used to prepare the
platelet concentrate was a matter of debate.
Driver et al. (19) used small volumes (20–60 cc)
for preparation of PRP. Jeong et al. (18) used
large volumes of blood (250–500 cc) to prepare
homologous platelet concentrate. In our study,
small volumes (10–20 cc) (of the patient own
blood) were taken to prepare PRP or PPP.

The local application of platelet gel differs
through different techniques of preparation.
Man et al. (20) used one of the dual syringe
method with PRP (platelet gel) and the other
with bovine thrombin and calcium chloride.
Driver et al. (19) poured platelet gel directly
into the wound and then covered the wound
by a dressing. In this study, the platelet gel
was prepared in the gel form and then applied
directly to the wound after being debrided and
to be followed by dressing.

Concerning the frequency of dressing, it is
variable in many studies using PRP. Crovetti
et al. (3) used the dressing once per week. Jeong

et al. (18) and Driver et al. (19) used it twice
weekly. We used the same protocol of twice-
weekly application.

The result of this study showed that the
healing of chronic diabetic foot ulcer by PRP
is significantly faster than by PPP. The role of
PRP in accelerating healing of chronic ulcers
was supported by previous studies (8–11).

CONCLUSION
PRP promotes and accelerates healing of

Key Points

• the result of this study showed
that the healing of chronic
diabetic foot ulcer by PRP is
significantly faster than by PPP

• the role of PRP in accelerating
healing of chronic ulcers was
supported by previous studies

• in conclusion, PRP promotes
and accelerates healing of
chronic diabetic foot ulcers

• this helps rapid wound healing
in patients who have comorbidi-
ties that preclude anaesthesia
and surgeries or who refuse
undergoing skin grafting

• wound healing will prevent
spread of infection and prevent
lower extremities amputations

chronic diabetic foot ulcers. This helps rapid
wound healing in patients who have comor-
bidities that preclude anaesthesia and surg-
eries or who refuse undergoing skin grafting.
Wound healing will prevent spread of infection
and prevent lower extremities amputations.
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