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Effects of Polydeoxyribonucleotide in the Treatment of Pressure 
Ulcers

This study aimed to examine the positive effects of polydeoxyribonucleotide (PDRN) on the 
wound-healing process in pressure ulcers. In this randomized controlled trial, the effects of 
PDRN were compared over time between an experimental group (n = 11) and a control 
group (n = 12). The former was administered the same dose of PDRN intramuscularly  
(1 ampule, 3 mL, 5.625 mg, for 5 days) for 2 weeks and perilesionally (1 ampule, 3 mL, 
5.625 mg, twice a week) for 4 weeks. The primary endpoint for determining efficacy was 
wound healing in the pressure ulcers, which was reflected by the wound surface area 
determined using VISITRAK Digital (Smith & Nephew, Largo, FL). The secondary endpoint 
was the pressure ulcer scale for healing score, determined using pressure ulcer scale for 
healing (PUSH Tool 3.0 developed by the National Pressure Ulcer Advisory Panel). After the 
4-week treatment period, PDRN therapy was found to significantly reduce the wound size 
and PUSH score, without adverse effect during the treatment. The findings indicate that 
PDRN can positively modify the wound healing process in pressure ulcers, and its use could 
improve the clinical outcomes of patients and lower the need for additional therapies or 
hospital stay.
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INTRODUCTION

A pressure ulcer, which is a type of chronic wound, reflects da
mage occurring on skin and tissue through continuous pres
sure imposed on the tissue, and it is mostly found in patients 
with limited mobility and certain health issues (1, 2). In acute 
care settings in the United States, the prevalence of pressure ul
cers has been reported to be 10%18% (3). In the United King
dom, Germany, and the Netherlands, it reportedly ranges from 
10%11%, while in Korea, the reported prevalence ranges from 
5.9%20.2% (4, 5). Pressure ulcers not only cause pain and make 
patients susceptible to morbidity and mortality but also result 
in increased medical spending and prolonged hospital stay, 
eventually leading to economic losses as well as deteriorated 
quality of life for patients (6). For these reasons, pressure ulcers 
are receiving increasing attention globally, and many associa
tions and government institutions are exerting efforts to reduce 
the burden of treating chronic wounds including pressure ul
cers (7, 8). 
 Polydeoxyribonucleotide (PDRN) helps healing in wounds 
involving skin damage, such as burn injuries and chronic wounds, 
by stimulating tissue reconstruction without any side effects. As 
a deoxyribonucleotide linear polymer, which is a combination 
of purine and phosphodiester bonds forming the monometric 

unit of pyrimidine nucleotides, PDRN is known to selectively 
act on the A2 purinergic receptor to help cell growth and neo
genesis (9, 10). Previous research has shown that at skin graft 
donor sites, PDRN injections resulted in a very high rate of re
epithelialization, and no side effects were reported (11, 12). In 
another study, the diabetic patient group, which received PDRN 
injections in the DM foot, showed improved wound healing, 
relief of skin edema around the wound area, and reduced pain 
(13). 
 Based on the previous studies, we hypothesized that PDRN 
will also promote wound healing of pressure ulcers. Therefore, 
authors aim to verify the efficacy and safety of PDRN on wound 
healing in pressure ulcers. Further, this pilot study was conduct
ed to assess the feasibility of a large clinical trial.

MATERIALS AND METHODS

Study design
This study is a randomized control trial. The participants were 
randomly allocated into two groups by having their representa
tives choose a red or white ball from a container. The trial was 
conducted at the Seoul National University Bundang Hospital, 
Korea.
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Setting and participants
This pilot study lasted 4 weeks, and the study subjects were 30 
patients (age range, 1885 yr) who were hospitalized at Seoul 
National University Bundang Hospital between July 2010 and 
June 2012. The inclusion criteria were as follows: agreement to 
participate in the study; a clean wound bed; delay in treatment 
of pressure ulcers for over 2 weeks; ulcers higher than stage 2 in 
the National Pressure Ulcer Advisory PanelEuropean Pressure 
Ulcer Advisory Panel (NPUAPEPUAP) pressure ulcer classifi
cation system; ulcers no longer than 20 cm2 horizontally with
out any secondary infection or local infection. This study ex
cluded patients with allergies, drug shock history, or a history of 
alcoholism or drug addiction; those who had received or were 
receiving medication for wound healing other than dressing 
(e.g., cell therapy products, plateletderived growth factor, epi
dermal growth factor, and collagen) 10 days prior to the clinical 
trial; those with subalimentation due to voluntary oral feeding 
disorder; those with albumin/total protein level < 10% of the 
normal level; hypotensive patients with systolic pressure < 100 
and diastolic pressure < 60; incontinent patients whose pres
sure ulcers were difficult to treat; patients with other serious 
systemic diseases (e.g., liver disease, uncontrolled diabetes, and 

platelet count ≤ 70,000 μL); patients who had taken other drugs 
in the past 3 months for different clinical trials; those sensitive 
to PDRN; and those deemed inappropriate by the clinical trial 
lead (Fig. 1). Thirty persons with pressure ulcer participated, 
and 7 persons withdrew after enrollment for total sample size 
of 23.

Procedure
In addition to standard wound care, an intramuscular injection 
(1 ampule, 3 mL, 5.625 mg) of PDRN (Placentex® Integro; Mas
telli Srl, Sanremo, Italy) was administered to all patients in the 
experimental group 5 times a week for 2 weeks. PDRN was also 
administered via perilesional infiltration twice a week (1 am
pule, 3 mL, 5.625 mg) for 4 weeks (Table 1), as onefourth of an 
ampule at four different points: superiorly, inferiorly, and left 
and right laterally (Fig. 2).
 The control group received standard wound care, which in
clud ed position changing, use of air mattresses and cushions, a 
proper diet, and dressing. In both groups, pressure ulcers with 
dead space were irrigated with normal saline; Aquacel® Hydro
fiber (ConvaTec, Princeton, NJ, USA) was used for filler dress
ing, while Baitain® SoftHold (Coloplast, A/S Denmark) was 
used for cover dressing. Depending on the amount of exudate, 
dressing was applied every day or every other day.

Measures
The primary outcome was the level of reepithelialization in the 
pressure ulcers during the study. To determine this, the wound 
surface area was measured using VISITRAK® Digital (Smith & 

Table 1. PDRN treatment protocol in patients with pressure ulcers

Week Mon Tues Wed Thurs Fri

Week 1 IM IM
Perilesional

IM IM
Perilesional

IM

Week 2 IM IM
Perilesional

IM IM
Perilesional

IM

Week 3 Perilesional Perilesional
Week 4 Perilesional Perilesional

IM, intramuscular injection.Fig. 1. Flowchart of the study.

Transfer to another hospital = 2
Discharged = 2

Experimental group (n = 15)

Analyzed (n = 11)

Control group (n = 15)

Transfer to another hospital = 1
Discharged = 2

Analyzed (n = 12)

Patient recruitment

Patient screening based on 
eligibility criteria (n = 30)

Random allocation
1:1

Fig. 2. Perilesional infiltration. 
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Nephew, Largo, USA). 
 The secondary outcome, that is, exacerbation of the condi
tion, was determined by using the Pressure Ulcer Scale for Heal
ing (PUSH Tool 3.0) developed by National pressure ulcer advi
sory panel (NPUAP). This tool comprises 3 items: length×width, 
amount of exudate, and tissue type. The total score equals the 
sum of the integer score of each item. Changes in the total score 
over time are used to quantify healing progress. The scale for each 
item begins with zero and a total score of PUSH ranges from 0 
to 17 with a total score of zero representing a healed wound.
 These primary and secondary outcomes were determined by 
a single researcher for all patients, at baseline and in weeks 1, 2, 
3, and 4. At baseline, this was done to examine subject eligibility. 
Photos of the pressure ulcer area in eligible subjects were cap
tured and analyzed using VISITRAK® Digital and PUSH Tool 
3.0. Further, wound evaluation was conducted each week in ac
cordance with the treatment protocol.

Adverse effects and safety 

At baseline, the subjects were screened for medical history, drug 
history, vital signs, and hematological parameters (total pro
tein; albumin; glutamic oxaloacetic transaminase; glutamate 
pyruvate transaminase; alkaline phosphatase; blood urea nitro
gen; creatinine; glucose; total bilirubin; serum transferrin; counts 
of white blood cells, red blood cells, and platelets; and hemato
crit). Adverse effects were evaluated every week during the next 
4 weeks in which PDRN injections were administered as well as 
1 week after the last visit; compliance and blood tests were also 
conducted as part of this drug safety study.

Statistical analysis
The data were analyzed using SPSS WIN (Version 18.0, SPSS 
Inc. Chicago, IL, USA). Fisher’s exact test, independent ttests, 
and the MannWhitney Utest were used to examine differenc
es between groups. The latter test was used to identify differ
ences in wound surface area and the PUSH score between the 

groups. The level of significance for all analyses was set below 
0.013 (P value < 0.013); the Bonferroni correction helped avoid 
the problem of multiple testing.

Ethics statements
This study was approved by the institutional review board of 
Seoul National University Bundang Hospital (IRB Approval 
Number: B1001092201). Patients were informed about the 
research protocol both verbally and in writing before they were 
asked to participate in this study and before they signed the in
formed consent form. At all times, patients were free to with
draw from the study without having to provide a reason for do
ing so. 

RESULTS

Betweengroup differences in demographic and pressure ulcer 
related characteristics. Baseline data were analyzed for the en
tire patient population (n = 23), and no significant differences 
were found in any characteristics between the groups (Table 2).

Evaluation of PDRN effects
Overall, in the experimental group, the area of the pressure ul
cer decreased and the condition of pressure ulcer improved with 
PDRN therapy (Fig. 3, 4).

Wound surface area
Significant differences were found between the two groups in 
terms of the wound surface area: compared to the control group, 
the experimental group showed an increasingly significant de
crease in this parameter over the course of treatment (week 1, 
P = 0.007; week 2, P = 0.001; week 3, P = 0.001; week 4, P < 0.001) 
(Table 3).

Pressure ulcer scale for healing 
Similar to the primary outcome, that is, the wound surface area, 

Table 2. Homogeneity test of demographic and pressure ulcer-related characteristics comparing between the experimental and control groups (n = 23)

Variables   Characteristics
Exp (n = 11) Cont (n = 12)

t P
Median (min-max) Median (min-max)

Age 53.63 ± 18.19 54.25 ± 16.82 -0.084 0.934
Sex* Men

Women
7 (63.6)
4 (36.4)

8 (66.7)
4 (33.3)

1.000

Location* Coccyx
Trochanter
Ischial
Buttock

7 (63.6)
1 (9.1)
1 (9.1)
2 (18.2)

8 (66.7)
2 (16.7)
1 (8.3)
1 (8.3)

1.000

Stage* 2
3
4

1 (9.1)
8 (72.7)
2 (18.2)

2 (16.7)
8 (66.7)
2 (16.7)

1.000

Wound surface area† 10.70 (5.30-19.50) 10.50 (5.40-18.30) 56.00 0.926
PUSH score† 15 (14-17) 15 (14-16) 64.50 0.598

*Fisher’s exact test; †Mann-Whitney U-test.
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the pressure ulcer scale for healing scale as the secondary out
come also showed significant differences between the groups: 
compared to the control group, the experimental group showed 
an increasingly significant decrease in the PUSH score with treat
ment (week 1, P = 0.008; week 2, P = 0.002; week 3, P = 0.001; 
week 4, P < 0.001) (Table 4).

Adverse effects and safety 
In both groups, hematological examinations conducted in week 
4 showed no abnormal results compared to the baseline values. 
Further, the patients’ vital signs were within the normal ranges, 
and no adverse effects were reported. 

DISCUSSION

Pressure ulcers are widespread chronic wound, which interests 
a large part of the population and whose incidence is likely to 
grow rapidly in the future due to the increase in life expectancy 
and aging. Because of their chronicity, pressure ulcers inflict 
extensive damage to the skin, and the recovery time often ex
ceeds 3 months (14). The process of wound healing does not 

progress to the next level or may even stop altogether at the in
flammation or proliferation stages (15). In addition, excessive 
production of matrix metalloproteinases causes uncontrollable 
tissue destruction. Further, although this finding is slightly con
troversial at present, the growth rate of fibroblasts in chronic 
wounds has been found to be slower than that of normal fibro
blasts, and it has been reported that the lack of gene expression 
ability among fibroblasts hampers continued wound healing 
(16). Therefore, for chronic wounds like pressure ulcers, simple 
moist dressing is ineffective, necessitating active treatment ef
forts using various methods such as growth factors. Yet, no gold
en standard therapy for pressure ulcers has been established 
up to now. Since 2000, many alternative methods were devel
oped and introduced. Various alternative methods for chronic 
wounds can be distributed into 2 groups. First, cellbased meth
od was introduced. Shin et al. (17) had used plateletrich plas
ma on chronic inflammatory wound, and Choi et al. (18) had 
demonstrated the efficacy and safety of PRP (PlateletRich Plas
ma) and ADSC (AdiposeDerived Stem Cells) in chronic wound. 
Also Yang et al. (19) reported the effect of amniotic fluid stem 
cells and amniotic fluid cells on the wound healing process in a 

A B C D

Fig. 3. Change in wounds over time with PDRN administration (1). The patient was a 77-yr-old woman with a pressure ulcer over the coccyx. The wound size was 3.3 cm2 and 
PUSH score was 12. (A) At baseline and after (B) 1, (C) 3, and (D) 4 weeks of treatment.

A B C D

Fig. 4. Changes in wounds over time with PDRN treatment (2). The patient was a 57-yr-old man with a pressure ulcer over the buttock area. The wound size was 6.7 cm2 and 
PUSH score was 13. (A) At baseline and after (B) 1, (C) 2, and (D) 4 weeks of treatment.

Table 3. Comparison of wound surface area between the experimental and control 
groups (n = 23)

Time
Exp (n = 11) Cont (n = 12)

P
Median (min-max) Median (min-max)

Week 1 5.30 (2.50-8.70) 9.52 (4.80-17.00) 0.007
Week 2 2.30 (0.3-5.90) 6.45 (3.00-16.00) 0.001
Week 3 1.30 (0.30-5.00) 5.70 (2.00-16.00) 0.001
Week 4 0.90 (0.20-4.50) 4.25 (1.80-14.00) < 0.001

Table 4. Comparison of PUSH score between the experimental and control groups  
(n = 23)

Time
Exp (n = 11) Cont (n = 12)

P
Median (min-max) Median (min-max)

Week 1 11 (8-14) 13 (10-15) 0.008
Week 2 10 (6-13) 12.5 (10-14) 0.002
Week 3 8 (5-11) 11 (8-14) 0.001
Week 4 4 (2-10) 11 (6-13) < 0.001
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white rat model. Cell based method wanted to demonstrate 
more basic roll of these cells as a key factor of the wound heal
ing process. Second, artificial substitutes were developed. Kang 
et al. (20) compared wound healing effect of cellulose and gela
tin. And Kim et al. (21) reported Amniotic MembraneCollagen 
Dermal Substitute in the Management of FullThickness Skin 
Defects in a Pig. Also PDRN were introduced by Chung et al. 
(22), and PDRN can promote the survival of random pattern 
skin flap in rats. PDRN is a lowmolecular weight DNA complex 
that is known to act on adenosine receptors and stimulate vas
cular endothelial growth factor, thereby accelerating DNA bio
synthesis and boosting the healing process (13).
 In this randomized clinical trial, our results showed that PDRN 
significantly reduced the wound surface area and improved the 
condition of the pressure ulcer with time in the experimental 
group. This finding is in agreement with those of previous re
search on skin graft donor sites, diabetic foot and burn wound. 
According to Dealoe et al.’s research (11), graft donor site was 
completely healed within 21 days after PDRN injections. Rube
qni et al.’s research (12) also revealed that donor site with PDRN 
had a more prompt reepithelialization effect within 10 days af
ter PDRN injections. In the other research, patients with Dia
betic foot ulcer received PDRN 3 days a week for 8 weeks by in
tramuscular and perilesional route. As a result, PDRN facilitat
ed the healing of wagner 1 or 2 diabetic foot ulcers (13). In vivo 
experiment, mice with deep dermal second degree burn was 
given PDRN (8 mg/kg/day intraperitoneally for 14 days). As a 
result, PDRN improved neoangiogenesis as suggested by the 
marked increase in microvessel density and enhanced vascular 
endothelial growth factor expression. These application cases 
suggested that PDRN was an effective therapeutic approach to 
improve clinical outcomes of wound (23). It is also in line with 
the results of pharmacology studies (24). Consequently, PDRN 
stimulates vascular endothelial growth factor production, in
creases the rate of granulation tissue in fibroblast differentia
tion and maturation, and thus accelerates the repair process. 
Acute and chronic toxicity studies regarding stability testing 
proved that PDRN caused neither mortality nor toxic effects on 
liver, lungs, brain, skeletal muscle, and heart evaluated macro
scopically and by means of histologic analysis (16, 19). PDRN 
was approved in Italy for both parenteral and topical uses and 
in this study, no side effects were found when PDRN was applied 
to pressure ulcers. PDRN seems safe to use for this purpose.
 This is the first study to identify the effectiveness of PDRN on 
pressure ulcers, and our results indicate that this agent is effec
tive in treating chronic wounds. Additionally, most prior studies 
focused only on donor site and burn injuries while excluding 
other types of chronic wounds. From this aspect as well, the pres
ent study has significance, in that it was conducted on pressure 
ulcers.
 The present study has some limitations. The effectiveness of 

PDRN was measured by setting the contour using a twodimen
sional linear model to calculate the wound surface area, because 
of which it was impossible to measure the extent of tissue gran
ulation and the depth of the pressure ulcer. While evaluating 
treatment efficacy, it is important to assess changes in size as 
well as reduction in ulcer depth. Thus, it was difficult to accu
rately evaluate the efficacy of PDRN in the case of subjects with 
deep yet small pressure ulcer areas. In the next phase of the study, 
we will evaluate the depth of the pressure ulcers in addition to 
their size. Further, in the present study, PDRN was administered 
in two different ways, that is, intramuscularly and perilesional
ly. Therefore, it was not possible to differentiate its systemic ef
fects from its local effect like other research (11). In the next phase 
of the study, local infiltration and intramuscular infiltration of 
PDRN will be compared in order to examine the effects of these 
routes of administration. Our study was insufficient for accu
rately evaluating PU’s completely healing because of short fol
lowup period (only 4 weeks). In the future studies, the time 
frame should be prolonged to observe and verify complete heal
ing of pressure ulcer. Since PDRN requires invasive treatment, 
which may cause pain and discomfort to the patient, patient 
evaluation and adherence must also be included in the next 
phase of the study. Lastly, this study is pilot study that included 
a small number of subjects, and their outcomes were not gen
eralized. Despite these limitations, this study is significant as it 
is the first study conducted specifically in pressure ulcer patients 
and because it was conducted as a blinded study in terms of 
subject selection, evaluation of PDRN efficacy against pressure 
ulcers, and the statistical analysis.
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