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Role of local application of autologous platelet-rich plasma
in the management of pressure ulcers in spinal cord injury
patients

R Singh1, RK Rohilla1, RK Dhayal1, R Sen2 and PK Sehgal3

Study design: Prospective clinical case series.
Objectives: The objective of this study is to evaluate the local application of platelet-rich plasma (PRP) in relation to pressure ulcers
(PrUs) healing on one PrU (case) versus saline dressing on another PrU (control) in the same patient.
Setting: Tertiary Level Care Centre, India.
Methods: Twenty-five spinal cord injury patients with at least two PrUs were included. All 25 PrUs (case) were grade IV, and PrUs
(control) were grade II (n¼11), grade IV (n¼10) and grade III in 4 patients. Evaluation of PrU healing was done by measuring wound
surface area, Pressure Ulcer Scale for Healing (PUSH), biopsy and clinical examination.
Results: Statistically significant decrease in mean PUSH scores of PrUs (case) (t¼6.13, Po0.000) and PrUs (control) (t¼3.98,
P¼0.000) was observed after 5 weeks. The wound surface area of PrU (case) decreased significantly (t¼4.98, P¼0.000); however,
the decrease was not significant (t¼0.095, P¼0.924) in PrUs (control). Majority of histopathological pictures of PrUs (case) showed
necrosis and suppuration (56%) at the time of enrollment and well-formed granulation tissue and epithelialization (60%) at the 5th
week. Twenty-four (96%) PrUs (case) improved and only 1 deteriorated with PRP therapy, whereas in control group 17 (68%) PrUs
improved, 7 (28%) deteriorated and 1 wound showed no change.
Conclusions: Advanced wound therapy using local applications of PRP seems to be a promising alternative to standard saline
dressings in PrU healing. With the advantages of simple preparation, biocompatible safety, low cost and significant clinical
effectiveness, it may be beneficial to study the effects of PRP in large-scale trials to validate it as an ideal therapy for enhanced wound
healing in PrUs.
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INTRODUCTION

As life expectancy is steadily improving through modern spinal unit
care, the increased survival in spinal cord injury (SCI) patients is
associated with secondary complications, which continue to pose
management challenges and impair the quality of life of such
patients.1,2 Pressure ulcers (PrUs) are one of the major secondary
complications of SCI and are a source of suffering for the patients and
their caregivers.1,2 These wounds are typically non-healing, resulting
in a downward spiral of chronic inflammation, which can be a source
of morbidity and even mortality in immobile populations.3

Wound healing is a complex and dynamic process. Soft tissue
wound healing involves physiologic cascades in which cellular and
hormonal factors have pivotal roles.4 Wounds on persons with SCI
may be even more difficult to heal because of the physiological deficits
that an SCI causes.5 When chronic wounds do not respond, a more
aggressive, and sometimes more expensive, treatment is required to
stimulate natural healing.6 Platelet-rich plasma (PRP) gel is
considered to be an advanced wound therapy for chronic and acute
wounds.7 A myriad of growth factors released by platelets regulate the

orchestrated and complex events in normal wound healing.5

Promoting accelerated healing of PrUs would provide an
improvement of patient’s quality of life and reduce the economic
impact that chronic wounds have on the health care system.3

Since the 1980s, efforts to improve the clinical outcomes have
explored the use of growth factor-based therapies.8 The clinical use of
PRP has been reported for a wide variety of applications, most
predominantly for the problematic wounds, maxillofacial applications
and spine.9 Many studies in the literature provide support for clinical
use of PRP in the treatment of acute and chronic wounds.10–13

Authors have not come across any pre-clinical evidence of PRP in
PrUs; however, recently few studies have shown usefulness of PRP
in PrUs, as it leads to reactivation and accelerated healing in
PrUs.3,5,10,11,14

The purpose of the present prospective study was to evaluate the
application of PRP in relation to PrUs healing on the basis of clinical,
wound size measurement and histopathological features in one PrU
(case) versus saline dressing on the another PrU (control) in the
same patient.
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MATERIALS AND METHODS
Twenty-five patients with SCI with PrUs presenting to the author’s institute, a

tertiary-level referral centre, between May 2009 and March 2012 were included

in the present prospective study. All patients who met the following eligibility

criteria were included in the present study: (1) occurrence of a traumatic event

resulting in SCI with at least two PrUs; (2) PrUs that had not shown any

progress (decrease in size, formation of granulation tissue and epithelization)

after conventional treatments; (3) a minimum regular follow-up of 6 months;

(4) signed informed consent; (5) age older than 18 years; and (6) injury below

C4. Exclusion criteria were as follows: (1) single PrU; (2) associated malignant

disorder; and (3) non-traumatic spinal cord lesion.

The patients were given detailed information about the purpose of study

and written consent was obtained from all the participants. The complete

history of patients was taken to rule out any other occult medical or

neuropsychological problem, and the complete general physical and neurolo-

gical examination was done. X-rays of the injury site as well as of PrUs sites

were done. Routine hematological investigations (viz. hemoglobin, bleeding

time, clotting time, blood urea, blood sugar, serum sodium ion, serum

potassium ion, total serum protein and serum albumin) were done.

The eschar was adequately removed and PrUs were staged according to the

European Pressure Ulcer Advisory Panel.15 The normal protocol for

management of PrUs at our institute is as follows: the PrUs are debrided

thoroughly to remove necrotic and infected tissue, and then are graded.

Dressings are done daily with normal saline and repeat debridements are

done if needed. Once wound is healthy, decision regarding skin grafting,

flap surgery or spontaneous healing is taken depending on the need of the

particular PrU.

PrUs over which PRP was applied was designated as PrUs (case) and PrUs

over which saline dressing was done was designated as PrUs (control). As per

study protocol, bigger among all the PrUs present on the patient was chosen as

PrU (case) irrespective of the site. Patients were made mobile and were actively

participating in routine recreational and rehabilitation activities depending on

the SCI level and neurological status. General principles of care of SCI patients

viz. support surface, posture and complete wound care were followed.

Tables 1 and 2 show demographic, injury and PrU characteristics of the study

population.

Methods of dressing

PrU dressing with PRP. PRP was prepared in the Department of Blood

Transfusion using the standard preparation techniques on the day of

application from the patient’s own blood in a sterile environment using a

Cryfuge 6000i (Thermofisher Scientific, Schwerte, Germany). A total of 30ml

of blood was drawn from the patient’s antecubital vein. Blood was antic-

oagulated with citrate phosphate dextrose adenine with a ratio of 1:9

(citrate phosphate dextrose adenine:blood). After a 10-min centrifugation at

2000 r.p.m., the blood was layered in three basic components: red blood cells,

platelets and platelet-poor plasma. The red blood cells layer was at lowest level

because of different sediment coefficient. The platelet layer was in the middle

and the platelet-poor plasma layer was at the top. Red cells layer was drawn

from the tube. The remainder was agitated for several seconds and underwent

a second centrifugation at 2000 r.p.m. for 10min, the blood was then

centrifuged into two layers, the supernatant was platelet-poor plasma, while

the lower layer was concentrated platelets. About three quarters of the

supernatant was discarded and the residual PRP (B6ml) was introduced into

two 5-ml vacutainer tubes. Calcium chloride (10%) was taken in to a 2-ml

syringe and injected into both vacutainer tubes in a ratio of 6:1 (PRP: 10%
Table 1 Demographic and injury characteristics of the study

population

Characteristic Incidence

Age (years), mean±s.d. (range) 36.84±12.67 (20–60)

Gender, n (%)

Men 19 (76)

Women 6 (24)

Mode of trauma, n (%)

Fall from height 15 (60)

Road traffic accidents 8 (32)

Fall of heavy objects on back 2 (4)

Bony level of injury, n (%)

Cervical 6 (24)

Dorsal (D1–D11) 6 (24)

Dorsolumbar junction (D12–L1) 11 (44)

Lumbar 2 (8)

Neurological level of injury, n (%)

ASIA A complete 13 (52)

ASIA B incomplete 4 (16)

ASIA C incomplete 7 (28)

ASIA D incomplete 1 (4)

Body mass index, mean±s.d.

Enrollment 20.97±2.96

Final 21.78±2.97

Associated co-morbidities, n (%)

Anemia 9 (36)

Muscle atrophy 10 (40)

Spasticity 1 (4)

Contractures 3 (12)

Table 2 PrU characteristics of the study population

Characteristic Incidence

Incidence of PrUs per patient 2.32

Mean duration of PrUs at enrollment (days),

mean±s.d. (range)

72.76±22.59 (27–195)

No. of PrUs, n (%)

2 20 (80)

42 5 (20)

Grade of PrUs (EPUAP), n (%)

PrUs (case)

Grade IV 25 (100)

PrUs (control) n (%)

Grade II 11 (44)

Grade III 4 (16)

Grade IV 10 (40)

Sites of PrUs, n (%)

PrUs (case)

Sacrum 16 (64)

Trochanter 5 (20)

Ischial tuberosity 3 (12)

Malleolus 1 (4)

PrUs (control)

Sacrum 1 (4)

Trochanter 18 (72)

Ischial tuberosity 2 (8)

Malleolus 1 (4)

Heel 2 (8)

Medial epicondyle of humerus 1 (4)

Abbreviations: EPUAP, European Pressure Ulcer Advisory Panel; PrU, pressure ulcer.
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calcium chloride) to activate the PRP. Vacuutainer tubes were agitated for

5–10 s to initiate the gel formation. After cleaning the wound with normal

saline and debridement (if needed), activated PRP was applied to the ulcer.

When activated PRP was spread over the wound it transformed in to a gel.

Non-absorbent Vaseline gauze was applied over the wound after application of

PRP, and then dry cotton gauze and cotton pad was applied to absorb the any

discharge from the wound. A transparent drape was used to cover the wound.

Twice-weekly dressings were done for a minimum of 10 dressings. After this,

wound was evaluated whether further dressing was required or not.

PrU dressing with saline. Other PrU was dressed daily with normal saline as a

control.

Evaluation of the PrU was done as follows:

Wound-site measurement. The wound surface area was calculated by linear

measurement of length and width with a measuring tape.

Pressure Ulcer Scale for Healing. Pressure Ulcer Scale for Healing (PUSH16;

as described in Table 3).

Biopsy. A punch biopsy was taken from the margins of the wound initially, at

the end of first, third and fifth week to monitor histopathological signs of

healing in the entire grade III and IV PrUs.

Clinical examination. Wound was assessed in terms of formation of

granulation tissue, moisture balance, infection and measurement. This assess-

ment was used to document the wound as improved, unchanged or

deteriorated.

Weekly evaluation of the wound healing was done clinically, by wound

measurement and photographs till the end of 5th week of treatment. Later on,

monthly follow-up was done for aminimum of 6 months.

Statistical analysis
The w2-test and two-tailed paired t-test were used for statistical analysis.

A P-value p0.05 was considered statistically significant. Normalization of data

was checked using Kolmogorov–Smirnov test. In case data were found to be

non-normal, it was normalized using log transformation. In the statistical

analysis, apart from pre- and post-measurement comparison in cases and

controls separately, comparison between cases and controls was done applying

mixed-model analysis of variance.

RESULTS

Mean follow-up was 7.36±3.79 (range: 6–18.5) months. Mean total
stay in hospital was 83.44±33.81 days (range: 45–212 days). Mean
body mass index at enrollment was 20.97±2.96 and at final follow-up
increased to 21.78±2.97. Figure 1 shows trend and average PUSH
score of PrUs (case) and PrUs (control) during treatment and at final
follow-up. The decrease in PUSH scoring was statistically significant
in both PrUs (case) (paired t-test, t¼ 6.13, P¼ 0.000) and PrUs
(control) (t¼ 3.98, P¼ 0.000) after 5 weeks of treatment (Figures 2
and 3). However, there was no significant difference in decrease in
PUSH scores between the groups. A mixed between-within subjects
analysis of variance was conducted to compare PUSH scores on the
PrUs between cases and control across seven time periods (from
enrollment to final follow-up). The main effect comparing the two
treatment groups was not significant (P¼ 0.099), suggesting no
difference in PUSH scores between cases and control PrUs. There
was a significant main effect for time (Po0.001) with both PrUs

Table 3 Pressure Ulcer Scale for Healing16

Length 
× Width 
(in cm2)

0

0

1

< 0.3

2

0.3-0.6

3

0.7-1.0

4

1.1-2.0

5

2.1-3.0

Sub-score

6

3.1-4.0

7

4.1-8.0

8

8.1-
12.0

9

12.1-24.0

10

>24.0

Exudate 
Amount

0

None

1

Light

2

Moderate

3

Heavy

Sub-score

Tissue 
Type

0

Closed

1

Epithelial 
Tissue

2

Granulation 
Tissue

3

Slough

4

Necrotic 
Tissue

Sub-score

TOTAL 
SCORE

Directions: Observe and measure the pressure ulcer. Categorize the ulcer with respect to
surface area, exudate and type of wound tissue. Record a sub-score for each of these ulcer
characteristics. Add the sub-scores to obtain the total score. A comparison of total scores
measured over time provides an indication of the improvement or deterioration in pressure
ulcer healing.16
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Figure 1 Showing mean PUSH scores in cases and controls Prus.
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Figure 2 Clinical and histopathology photographs of the PrU (case) during treatment with PRP. Final outcome is improvement in the ulcer. (a) Clinical

photograph at the time of enrollment. European Pressure Ulcer Advisory Panel (EPUAP) Grade IV PrU, wound size 51cm2 and PUSH score 14.

(b) Histopathology slide at enrollment shows ulceration covered with necrotic slough and suppurative exudates (red arrows). Hematoxylin and eosin (H/E)

staining, �100. (c) Clinical photograph after first week of PRP application. Wound size 45cm2 and PUSH score 13. (d) Histopathology slide after first

week of PRP application shows surface is still infiltrated with inflammatory cell (black arrows). Early granulation tissue with capillary formation can be

appreciated (red arrows). (H/E staining, �100). (e) Clinical photograph after third week of PRP application. Wound size 37.5cm2 and PUSH score 13.
(f) Histopathology slide after third week of PRP application shows well-formed granulation tissue. The stroma shows neovascularization (black arrows), early

fibrosis and collagenization (red arrows). (H/E staining, �100). (g) Clinical photograph after fifth week of PRP application. Wound size 26cm2 and PUSH

score 11. (h) Histopathology slide after fifth week of PRP application shows regenerating epidermis (epithelization) at the edge (black arrows). Maturation of

the granulation tissue is seen in the form of fibrosis and collagenization (red arrows). A full color version of this figure is available at the Spinal Cord

journal online.

Figure 3 Clinical and histopathology photographs of the PrU (control) treated with daily saline dressing. Final outcome is deterioration in the ulcer.

(a) Clinical photograph at the time of enrollment. European Pressure Ulcer Advisory Panel (EPUAP) Grade III PrU, wound size 12cm2 and PUSH score 13.

(b) Histopathology slide at enrollment shows sloughed out epidermis (ulceration) (black arrow) and foci of suppuration (red arrows). (Hematoxylin and eosin

(H/E) staining, �40). (c) Clinical photograph after first week. Wound size 12cm2 and PUSH score 13. (d) Histopathology slide after first week shows
granulation tissue is still not well formed and surface is super layered with necrotic suppurative slough (red arrows). (H/E staining, �40). (e) Clinical

photograph after third week. Wound size 25cm2 and PUSH score 15. (f) Histopathology slide after third week shows capillary buds that have not still

vascularized (red arrows). The loose stroma is infiltrated with inflammatory cells (H/E staining, �100). (g) Clinical photograph after fifth week. Wound size

27.5 cm2 and PUSH score 16. (h) Histopathology slide after fifth week shows poorly developed granulation tissue with some myofibroblastic proliferation.

A full color version of this figure is available at the Spinal Cord journal online.
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showing a significant decrease in PUSH scores across the seven time
points. The interaction of treatment PrUs (cases and controls) by time
was not significant (P¼ 0.087), demonstrating that the decrease in
PUSH scores from enrollment to end of study was similar for the
PrUs (case) than it was for the PrUs (control) (Table 4).
Figure 4 shows average surface area of PrUs (case) and PrUs

(control) during treatment and final follow-up. The decrease was
statistically significant in PrUs (case) (t¼ 4.98, P¼ 0.000), while it
was statistically insignificant (t¼ 0.095, P¼ 0.924) in PrUs (control).
A mixed between-within subjects analysis of variance was conducted
to compare wound surface area on the PrUs between cases and
control across seven time periods (from enrollment to final follow-
up). The main effect was significant (P¼ 0.002), suggesting difference
in wound surface area between cases and control PrUs. There was a
significant main effect for time (Po0.001) with both PrUs showing a
decrease in wound surface area across the seven time points. The
interaction of treatment groups (cases and controls) by time was also

significant (Po0.001), demonstrating that the decrease in wound
surface area from enrollment to the end of study was greater for the
PrUs (case) than it was for the PrUs (control) (Table 5).
Mean percentage of surface area healed of PrUs (case) was 57.94%

and of PrUs (control) was 2.36% at final follow-up (Figure 5).
Majority of histopathological pictures of PrU (case) showed necrosis
and suppuration (56%) at the time of enrollment and well-formed
granulation and epithelialization (60%) at the 5th week (Table 6 and
Figures 2 and 3). Similarly, majority of histopathological pictures of
PrU (control) showed necrosis and suppuration (78.5%) at enroll-
ment and late granulation (38.48%) at the 5th week (Table 6). In the
present study, 36% of the patients were having hemoglobin o10 g%
with an average of 10.27±1.11 gm% at the time of enrollment (range:
8–13.5 g%). After treatment of PrUs with PRP, average hemoglobin
(for all patients) rose by 0.804±1.15 g% (t¼ 3.48, P¼ 0.001).
However, four patients showed decline in hemoglobin levels. Thirteen
patients (52%) had low protein values at presentation and there was a

Table 4 Repeated-measures ANOVA for differences in mean PUSH

scores over time

Source of variation Degrees of

freedom

Sum of

squares

Mean

squares

F P-values

Between-subjects 49 3543.6 y y y

Treatment y 1 197.6 197.6 2.83 0.099

Error subjects within treatment y 48 3346.0 69.7 y y

Within-subjects 300 y 3351.5 y y y

Time y 6 1019.1 169.8 29.1 0.001

Treatment� time y 6 654.2 10.8 1.8 0.087

Error y 288 1678.2 5.8 y y

Total 349 y 6895.1 y y y

Abbreviations: ANOVA, analysis of variance; PUSH, Pressure Ulcer Scale for Healing.
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Figure 4 Showing mean Wound Surface Area (cm2).

Table 5 Repeated-measures ANOVA for differences in mean wound

surface area over time

Source of variation Degrees of

freedom

Sum of

squares

Mean

squares

F P-values

Between-subjects 49 y y y

Treatment y 1 88118.1 88118.1 10.8 0.002

Error subjects within

treatment

y 48 390319.4 8131.6 y y

Within-subjects 300 y 107388 y y y

Time y 6 18432.1 3072.0 12.73 o0.001

Treatment� time y 6 19503.1 3250.5 13.47 o0.001

Error y 288 69452.8 241.1 y y

Total 349 y 195506.1 y y y

Abbreviation: ANOVA, analysis of variance.
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rise in serum protein level with an average of 0.236±0.618 g% at final
PRR therapy. Rise in serum protein level was statistically insignificant
(t¼ 1.90, P¼ 0.068). As a result of PRP therapy, majority of PrUs
(case) 24 (96%) improved and only one PrU deteriorated. In control
group, 17 (68%) PrUs improved, 7 (28%) PrUs deteriorated and
1 wound showed no change.

DISCUSSION

In the current scientific literature, numerous studies have
evaluated PRP in wounds of various etiologies.3,5,10–13,17–19 Only
very few studies have evaluated its role in PrUs in the SCI
population.3,5,10,11,14 The purpose of the present prospective
study was to evaluate the application of PRP in relation to PrUs
healing on the basis of clinical, wound size measurement and
histopathological features versus saline dressing on the other PrU in
the same patient.
There was statistically significant decrease in mean PUSH scores of

PrUs (case) (t¼ 6.13, Po0.000) and PrUs (control) (t¼ 3.98,
P¼ 0.000) after 5 weeks. The decrease in wound surface area of
PrU (case) was statistically significant (t¼ 4.98, P¼ 0.000), whereas in
PrUs (control) it was statistically insignificant (t¼ 0.095, P¼ 0.924).

Mean percentage of surface area healed of PrUs (case) was 57.9% and
in control group was 2.36% at final follow-up. All these changes were
signs of progressive healing in PrUs. Mazzuco et al.12 showed 100%
healing in nearly half the time with the use of autologous platelet gel
in chronic wounds compared with control group of similar category.
Anitua et al.10 showed that after 8 weeks of PRP therapy in chronic
wounds, the mean percentage of surface area healed in PRP group was
72.94±22.25, whereas it was 21.48±33.5 in control group (Po0.05).
Gurgen,13 after 4 weeks of PRP treatment in chronic wounds of
various etiologies, reported complete wound healing in 1, decreased
in size to an average of 55.2% of their original size in 12 and wound
unchanged in 1 patient. Knox et al.17 showed reduction in wound
dimension after 14 weeks of PRP treatment combined with a
powdered skin substitute in a patient with chronic wounds.
Frykberg et al.11 showed reduction in wound area (mean 39.5%,
s.d.¼ 41.2) after a mean of 2.8 weeks with 3.2 (s.d.¼ 2.2) application
of PRP in 51 chronic wounds of PrUs, venous and diabetic ulcers. A
noticeable decrease in exudates amount from wounds was observed.
Sell et al.3 showed complete healing of PrUs in 3 SCI patients after
PRP therapy. Rappl5 showed average reduction of surface area of PrUs
in 20 SCI patients was 53.81% after 3–4 weeks of PRP therapy.
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Figure 5 Showing mean percentage healed area.

Table 6 Histopathology of PrUs (case) and PrUs (control)

Histopathology No. of PrUs at the

time of enrollment (%)

No. of PrUs at

first week (%)

No. of PrUs at

third week (%)

No. of PrUs at

fifth week (%)

Case

(n¼25)

Control

(n¼14)

Case

(n¼25)

Control

(n¼15)

Case

(n¼25)

Control

(n¼14)

Case

(n¼25)

Control

(n¼13)

Necrosis and suppuration 14 (56) 11 (78.57) 4 (16) 9 (60) 1 (4) 5 (35.71) y 4 (30.76)

Early granulation 9 (36) 1 (7.14) 10 (40) 3 (20) 3 (12) 4 (28.57) 6 (24) 4 (30.76)

Neovascularization and late granulation 2 (8) 1 (7.14) 2 (8) 2 (13.33) 3 (12) 5 (35.71) 4 (16) 5 (38.46)

Well-formed granulation with epithelialization y 1 (7.14) 9 (36) 1 (6.66) 18 (72) y 15 (60) y

Abbreviation: PrU, pressure ulcer.
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Gardner et al.20 reported that total PUSH score was highly
correlated with surface area measurements and this correlation
increased over time as wound progressed toward closure. Hon
et al.21 also observed a strong relationship (r¼ 0.66) between total
PUSH score and surface area. We did not observe such relationship in
the present study. Reasons may be the difference in wound surface
area measurement methods. Both Gardner et al.20 and Hon et al.21

measured wound surface area using acetate surface area tracings,
whereas we measured linear dimensions (length–times–width).
Acetate tracings of surface area are different than length–times–width
determination of wound size used in PUSH tool, although they both
measured wound size.
The histopathological results of the present study demonstrated

that with PRP therapy PrUs can progress from non-healed to wound-
healing stage. Various studies on humans in the literature had shown
clinically granulation tissue formation after PRP therapy, but none
had taken biopsies from the wounds.3,5,10,12,18,22 Mazzuco et al.12

reported angiogenesis in chronic wounds with PRP therapy. Anitua
et al.10 reported that platelet-derived growth factor in PRP had a role
in stimulating fibroblasts proliferation and inducing myofibroblasts.
Another growth factor—vascular endothelial growth factor—induced
angiogenesis in chronic wounds. PRP promotes capillary growth and
accelerates epithelialization in chronic wounds.22 Sell et al.3 also
reported granulation tissue development, vascularization and
epithelialization in three PrUs in three patients after PRP therapy.
Other studies also reported granulation tissue formation after PRP
therapy in PrUs, venous and diabetic ulcers.11,13,19 Pietramaggiori
et al.23 in their study on homozygous genetically diabetic 8- to –12-
week-old, Lep/r–db/db male mice (strain C57BL/KsJ-Leprdb)
reported that treatment with freeze-dried (FD) platelet, FD and
fresh-frozen, sonicated PRPs induced a significant 2.3-, 2.3- and
1.9-fold increase in granulation tissue area, respectively, compared
with the non-treatment group (Po0.01). FD treatments resulted in
significant (Po0.01) increases in mean vessel count per high-power
field when compared with non-treatment. Platelet endothelial cell
adhesion molecule-1 analysis showed a significant (Po0.01) fivefold
increase in blood vessel density in both the fresh-frozen, sonicated
and FD groups, and a sevenfold increase in the FD platelet group
when compared with the non-treatment group. Proliferating cell
nuclear antigen analysis showed that FD and FD platelet groups
resulted in a significant (Po0.01) increase in cell proliferation
compared with non-treatment group. Biopsy in the present
study substantiated clinical observations of granulation tissue
formation, neovascularization and maturation of granulation tissue
histopathologically in human beings.
The present study corroborates the findings of the Rappl5 who

reported that most healing occurred in first 3–4 weeks of treatment,
and also of Scevola et al.14 who reported that in subjects with SCI and

deep PrUs , there was a statistically significant increase in the onset of
the granulation phase of wound healing, the healing process was
triggered faster and there was more healing in the first 2 weeks of
treatment with allogenic PRP gel compared with ‘current best-practice
approach to chronic wound-dressing protocol’. It is generally accepted
that platelet growth factors have a central role in the healing process
and tissue formation.20 On the basis of the actions of the various
platelet growth factors during the different stages in the wound-
healing cascade, the use of autologous platelet leukocyte gel to
stimulate wound repair is an interesting proposition. Platelet gels
have the supreme advantage in that they synergistically induce various
growth factors and promote mitogenesis of mesenchymal stem cells at
the wound site.23,24

In the present study, 96% of PrUs (case) improved with PRP
therapy and 68% PrUs (control) treated with conventional therapy
showed improvement. Various studies showing improvement in
wound healing with PRP applications are shown in Table 7.
No major complication was seen after the treatment with PRP,

except that four patients showed decline in hemoglobin levels. Thirty-
six percent of the patients in this study had lower hemoglobin and
52% had low serum protein values at the time of enrollment. Similar
to the present study, Rappl7 reported that subjects in his study had
lower-than-normal levels for hemoglobin and hematocrit, yet healing
progressed in all wound parameters. Frykberg et al.11 reported in their
study that majority of patients with chronic wounds (PrUs, venous
ulcers and diabetic foot ulcers) had low albumin, hematocrit and
hemoglobin levels. At 5 weeks of PRP treatment in the present study,
there was improvement in the mean hemoglobin level (statistically
significant) and serum protein levels (statistically insignificant).
In our previous study, we were able to demonstrate that healing in
PrUs is associated with improvement in anemia and hypopro-
teinemia.25 Fuoco et al.26 also reported that both anemia and
hypoproteinemia disappeared after PrU healing. Healing of PrUs
prevents further loss of proteins through the wound.26 We are of the
opinion that PRP application hastens the healing of PU and thus
decreases the continuous discharge of proteins and leads to
improvement in anemia and hypoproteinemia, although the overall
improvement may be due to a summation effect of our
comprehensive approach of dietary therapy, blood transfusion and
PRP application.
There are some limitations inherent with this study. First, there is

diversity in the sites of PrUs, and PrUs (case) and PrUs (control) are
not of the same grade. Healing pattern and response to specific
therapeutic approach may be varying, depending on the site and
grade of the PrU. The control population comprised mainly of
trochanteric sores, which are known to be refractory to treatment. We
have avoided any selection bias by adhering to strict study protocol of
selection of bigger PrU as case irrespective of site, and hence any

Table 7 Wound-healing improvement reported with PRP in different studies

Study Type of wound No. of wounds Healed (%) Improved but not healed (%) Not improved or deteriorated (%)

Anitua et al.10 Venous ulcer and PrUs 5 20 80 y

Yuan et al.18 Diabetic and PrUs 3 100 � y

Scevola et al.14 PrUs 16 y 93.7 7.3

Frykberg et al.11 PrUs, diabetic and venous ulcers 65 y 97 3

Rappl5 PrUs 20 y 90 10

Sell et al.3 PrUs 3 100 � y

Present study PrUs 25 36 60 4

Abbreviations: PRP, platelet-rich plasma; PrU, pressure ulcer.
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confounding data. Another potential limitation is that we have not
undertaken any analysis to validate that the composition of PRP did
not differ from case to case. Further future research is needed to test
the efficacy of PRP in PrUs healing, taking into consideration the
methodological limitations of this study.

CONCLUSIONS

This is the first study in human beings that has demonstrated
potential efficacy of PRP both clinically and histopathologically in
enhancement of healing in chronic PrUs in SCI patients. Early
granulation tissue formation and neovascularization between first
and third week, and subsequent maturation of the granulation tissue
and epithelization adds weight to the theory of various factors present
in PRP causing neovascularization, cell proliferation and epithelializa-
tion. Advanced wound therapy using local applications of PRP seems
to be a promising alternative to standard saline dressings in PrU
healing. With the advantages of simple preparation, biocompatible
safety, low cost and significant clinical effectiveness, it may be
beneficial to study the effects of PRP in large-scale trials to validate
it as an ideal therapy for enhanced wound healing in PrUs.
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