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INTRODUCTION: Pressure injury (PI) impacts the quality of life, and socioeconomic and psychological well-being negatively in
persons with Spinal Cord Injury (SCI). Autologous Platelet Rich Plasma (PRP) and Platelet Rich Fibrin (PRF) showed promising roles in
wound healing. PRF is considered a second-generation PRP, contains more growth factors and is more biocompatible than PRP. It
possesses an additional favourable impact on wound healing due to its three-dimensional fibrin architecture, and antimicrobial
property. There are no studies on PRF membrane use for PI healing in SCI.
CASE PRESENTATION: A 25-year-old male with operated traumatic T10 American Spinal Injury Association Impairment Scale grade
A paraplegia with neurogenic bowel, and bladder and a stage II PI over the left greater trochanter, was admitted for inpatient
rehabilitation. The chronic non-healing PI which did not show any improvement following normal saline (0.9%) dressing for the
past 3 months, was treated with autologous PRF membrane weekly for four weeks. The PI healed completely and no adverse events
were noted. Weekly total scores of the Spinal Cord Impairment Pressure Ulcer Monitoring Tool and Pressure Ulcer Scale for Healing
were 6, 6, 5, 2, 0 and 12, 10, 10, 3, and 0 respectively.
DISCUSSION: To the best of our knowledge, this is the first case report on the healing of PI in SCI with the use of PRF. This novel
biomaterial is a safe and effective promising agent for PI management in SCI. But further randomized trials are needed to establish
stronger evidence regarding feasibility and effectiveness.
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INTRODUCTION
Pressure injury (PI) is one of the most serious secondary
complications following spinal cord injury (SCI). The global
magnitude of PIs among the population with SCI is around 32%
[1]. The altered physiological status of SCI along with its numerous
consequences like immobility, sensory-motor impairments, incon-
tinence of bowel-bladder, etc constitute the major risk factors for PIs
[2]. The high cost of management of PI and its complication makes it
an economic burden for this population [3]. Moreover, it also affects
the psychosocial well-being and quality of life negatively [4, 5].
Among all the available treatment options for PIs, nothing is

superior to the other and in the chronic phase of SCI, PIs become
difficult to manage. Platelet-rich plasma (PRP) has been studied for
the treatment of PIs in SCI previously [6–8]. Platelet-rich fibrin
(PRF) is considered a second-generation PRP which possesses
potential characteristics for wound healing [9–12]. It is found to be
safe and promising in ‘hard-to-heal’ skin ulcers [13]. Though PRF
has been tried with promising results in dental procedures,
maxillofacial surgeries and in a few cases of neuropathic ulcers
due to leprosy, it has never been tried in PIs in people with SCI. In
this case, we used PRF as a dressing material in a chronic non-
healing PI in an individual with SCI, and in a short duration
complete healing of the PI was observed.

CASE PRESENTATION
A 25-year-old, unmarried, right-handed male with operated
traumatic T10 American Spinal Injury Association (ASIA) Impairment
Scale (AIS) grade A paraplegia, presented to our rehabilitation unit
16-month post-injury. He had neurogenic bladder and bowel and
had developed a pressure injury (stage II and without signs of
infection according to NPUAP classification) over the left greater
trochanter 3 months back and it had not improved following
dressing with normal saline (0.9%) daily. He was admitted for
inpatient rehabilitation and weekly dressing with PRF was planned
for PI. The patient was hemodynamically stable and had no fever,
anaemia, thrombocytopenia, history of malignancy, coagulation
disorders, cardiac disorders, and was not on any non-steroidal anti-
inflammatory drug (NSAIDs), steroid medication, fibrinolytic ther-
apy, or anticoagulant.
For preparing PRF 10ml of venous blood was collected under all

aseptic precautions from his antecubital vein into a vial (with no
anticoagulant) and was immediately (within 2 min) centrifuged at
3200 revolutions per minute (rpm) for 10 min (min) using REMI
(R-8C Plus) centrifuge machine. This yielded a natural fibrin matrix
gel which was compressed between two sterile gauze pieces into
a thin membrane rich in platelets. This was placed directly over
the ulcer base, was covered with a sterile dressing, and was left
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in situ for 7 days. This was repeated weekly for a total of 4 weeks.
Details of the step-by-step procedure have been depicted in the
schematic illustration [Fig. 1].
A baseline assessment of PI was done and images were taken

before the starting of PRF dressing and these assessments were
repeated weekly. The first reassessment done 7 days after the
initiation of PRF dressing showed the formation of significant
granulation tissue at the base of PI. This trend was observed during
the subsequent weekly reassessments and complete healing of PI
happened by the 4th week of PRF dressing.
At baseline, the PI was oval in shape and had a pink-red floor

with a surrounding area of hypopigmentation, followed by
hyperpigmentation. At the end of the first week, there was a
significant increase in pink-red granulation tissue, a reduction in
the size of the wound and the area of surrounding hyperpigmen-
tation. A further decrease in size was noted during the following
reassessments and at the end of the third-week maximum healing
was observed, areas of pigment changes disappeared completely
except for a small area of hypopigmentation, and at the end of 4th

week, PI had healed completely [Figs. 2 and 3].
As the initial stage was II, NPUAP staging could not be used for

follow-up [14], we used more detailed scales to monitor the
healing process such as Spinal Cord Impairment Pressure Ulcer
Monitoring Tool (SCI-PUMT) [15] and Pressure Ulcer Scale for
Healing (PUSH tool 3.0) [16]. Furthermore, weekly pictorial
documentation was also carried out.
SCI-PUMT was 6 at baseline, 6 at the end of the first week, 5 at

the end of the second week, 2 at the end of the 3rd week, and
completely healed (complete epithelisation) at the end of the 4th

week [Fig. 4]. PUSH total score was 12 at baseline, 10 at the end first
week and second week and 3 at the end of the third week and zero
(healed) at the end of the fourth week [Fig. 5]. Though PUSH total

score was the same in the first and second week, there was a
reduction in length X width from 8 cm2 to 5 cm2.
He was taught posture-positioning with pressure relief techni-

ques and recommended nutritional care (protein: approximately
1.5 g/kg of body weight/day, calories: 30 Kcal/kg of body weight/
day) was also followed [17]. His routine blood investigations
(complete hemogram, liver function tests, kidney function tests)
were within normal range.
To continue the follow-up during the Covid-19 pandemic

and lockdown period, he received telerehabilitation services and
on later dates, he also took a physical visit to the rehabilitation
outpatient department. There is currently no recurrence of
PI at the concerned site. There were no immediate adverse
reactions noted and also till now no untoward side effects have
been observed.

DISCUSSION
To the best of our knowledge, this is the first case report of
healing of PI following PRF dressing in people with SCI. Though
few studies have documented the effectiveness of PRP in the
healing of PIs in persons with SCI [6, 18], there are no studies on
PRF for pressure injuries in SCI. Multiple in-vitro [19–21], and in-
vivo studies on animal [22], and human subjects [23–27] on the
use of PRF in wound healing and chronic ulcers favour its use.
Autologous PRP (first generation) contains a 6–8-fold increased

amount of growth factors than whole blood. Eventually, it has
been popular in the treatment of wound healing but with time it
was also noticed that the use of anticoagulants may cause a delay
in wound healing. Second-generation PRP then came into the
picture where anticoagulants are not utilized for its preparation. It
was named PRF which additionally contains white blood cells.

Fig. 1 Step-by-step procedure of PRF preparation and dressing. 1 Drawing of venous blood from patient. 2 Collection of blood into
anticoagulant free vial (clotted vial). 3 Centrifugation of sample (3200 rpm 10min). 4 PFR formation in the vial. 5 Obtaining PRF by sterile
forceps. 6 Separated PRF from separator gel. 7 Compressing by gauge to make PRF membrane. 8 Putting PRF membrane over ulcer base for
dressing.
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It was first prepared by Choukroun et al. [28]. Multiple human
studies used a centrifugation speed of 3000-3500 rpm for
10–15min [29], but in our case, a well-formed PRF was prepared
after 10 min of centrifugation at 3200 rpm. In the three-
dimensional scaffold of PRF, apart from platelets, macrophages
also play a key role in wound healing by the secretion of growth
factors such as transforming growth factor-beta, platelet-derived
growth factors (PDGF), and vascular endothelial growth factor
[30, 31] and the neutrophils remove debris and microbes thus
preventing infections at the wound site. Furthermore, mesench-
ymal stem cells (MSCs) in the fibrin meshwork of PRF also have a
profound role in the healing and regeneration [32]. Thus, PRF
assists in tissue regeneration, angiogenesis, and infection preven-
tion leading to a collaborative impact on wound healing.
A Cochrane review suggested that PRP might be useful in the

healing of diabetic foot ulcers but the quality of evidence was low
[33]. In a study done on three patients of SCI in which a sustained-
release PRP preparation was used for the treatment of chronic
pressure injuries, an accelerated rate of wound healing was

Fig. 2 Weekly pressure injury images following weekly PRF membrane dressing.
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Fig. 3 Graph showing wound area (length width) changes
with time.
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observed [18]. In a prospective case series of patients with SCI,
histopathological evidence of ulcer healing was noted following
the use of PRP [19]. Moreover, a recent systematic review based on
in-vitro studies has also concluded in favour of PRF in terms of
cellular proliferation, migration, adhesion, differentiation, and
reduced inflammation leading to wound healing [34]. Despite
multiple studies on tissue regeneration and repair with PRF
conclusive evidence is currently lacking for wound healing [29].
An in-vivo study by Tunali et. al where PRF was prepared with

3500 rpm for 15 min, showed new connective tissue formation in
a rabbit model of wound healing within 30 days [22]. In our
human model (SCI) of wound healing, we used 3200 rpm for
10 min and healing took place within 30 days but new connective
tissue formation was evident even as early as 7 days. Though a
few previous studies on PRF showed contrasting results [23, 35], it
was found to be a safe and effective option in treating recalcitrant
ulcers [24]. One study on the antimicrobial property of PRF
revealed that it induces the expression of hBD-2, an antimicrobial
agent that helps in healing chronic wounds [36]. In chronic PIs in
SCI, Staphylococcus aureus is the most prevalent (35%) bacteria
causing wound infection [37], and PRF is known to possess
antimicrobial properties against biofilm-producing Staphylococ-
cus aureus [38]. This may imply the safety of PRF use in SCI in
terms of infection. Another in-vitro study revealed that the PRF
membrane showed gradual and increased release of growth
factors up to the 19th day and then consecutive slow but constant
release till the 23rd day [21]. Such release is influenced by the
fibrin meshwork [39, 40]. In our case also maximum healing was
observed at the end of 3rd week.
PRF is more biocompatible than PRP as additives are not required

for the preparation of PRF and here the natural property of
autologous blood is involved in fibrin formation. When the rate of
release of growth factors is compared, it is early and immediate in
the case of PRP whereas PRF shows extended release partly due to
its composition which prevents early proteolysis of growth factors
[41] and also due to their higher concentration [42].
In stage II PI, non-operative wound care is usually the

treatment of choice (moist dressing most of the time) [43],
and other methods like debridement and antibacterial oint-
ments are not indicated. Modalities like negative pressure
wound therapy, autologous PDGFs, surgical management and
adjunctive therapies such as electrical stimulation, hyperbaric
oxygen etc. are also available. In non-healing chronic ulcers, the
natural healing process is deranged leading to an abnormally
long duration of the inflammatory phase of healing. Reducing
the inflammatory phase, in particular, can help in accelerating
the healing process. In such a context, PRF is a good option as it
has anti-inflammatory potential.
Advantages we found with the use of PRF are that it requires

changing wound dressing less frequently, thus reducing the risk
for wound infection and improving patient compliance. In
addition, it does not involve any biochemical handling of blood.
The only disadvantage is that it may not be feasible in home
settings. One might encounter practical challenges while using
PRF dressing such as patients having large or multiple PIs, in
which cases PRF dressing might have to be done either in
multiple sittings on the same day or on different days, the reason
being large PIs require large PRF membrane which in turn needs
large amount patient’s blood for preparation. Considering all
factors, PRF would be a good option for both outpatients as well
as inpatient rehabilitation.
Though there are studies on the use of PRF in ulcers of different

grades due to different aetiologies (diabetic foot ulcers, venous
ulcers, etc) there are no studies on PI in SCI [24–26]. Theoretically,
it might be possible to use PRF in PIs of stages III & IV, practically it
might be difficult as mentioned earlier due to needing a PRF
membrane of larger size for dressing in a single sitting. Further
studies are required to comment on this aspect in particular.

We would also like to emphasize that, while using PRF in
persons with SCI, the general contraindications followed in the
PRP preparation for regenerative therapy (thrombocytopenia,
anticoagulation therapy, systemic steroid use, sepsis etc.) should
be followed [44]. In addition, as the role of growth factors in
oncogenesis is already known [45], and the fact that rapid growth
of granulation tissue is observed with PRF we would like to
recommend against the use of PRF in PIs where locally suspicious
abnormal growth is seen or in cases of history of any malignancy.
PRF is safe and may be an effective option in PI management in

SCI. Since it is autologous, the risk of transmission of infection,
immunological reactions and cost of PI management are minimal.
Further research on feasibility, effectiveness, cost-effectiveness
and safety in the long-term period in people with SCI should be
evaluated in randomized trials, and also comparative study with
normal saline (0.9%) dressing would be needed. A future
histopathological study and growth factor estimation studies
might throw light on the microscopic and molecular basis of the
effects of such biomaterial in PIs in persons with SCI.
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