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Abstract

Background: Several recent studies have focused on negative pressure wound therapy (NPWT) and its effect on pressure ulcers. Basic fibroblast growth factors (bFGF) promote the formation of granulation tissue and new blood vessels,
thereby facilitating wound healing. We sought to determine and compare the efficacy and safety of NPWT combination
therapy with bFGF and NPWT.
Methods: We evaluated 20 cases of pressure sores in 15 patients from December 2012 to January 2014. The patients
had stage 3 or stage 4 pressure ulcers without necrosis or inflammatory tissue. NPWT only was used in the control group
(CG), while NPWT and bFGF were used in the experimental group (EG). Comparisons in each group involved the
amount and rate of change of the size and volume of pressure ulcers before and after treatment, and during treatment.
Results: Changes in volume according to size (volume/size) were 1.10 ± 0.78 for the EG and 0.41 ± 0.30 for the CG.
Changes in EG volume were statistically greater than those in size (P = 0.012).
Conclusion: Although no difference was seen in size for each period, changes in volume were significant. CG showed a
significant difference during the 3rd and 4th weeks, and EG during the 2nd to 4th weeks. This indicates that the parallel use of bFGF and NPWT can reduce the volume of pressure ulcers more quickly than the use of only NPWT.
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Introduction
A pressure ulcer is caused by excessive pressure on a body part where bones protrude. This pressure causes tissue ischemia and disturbs delivery of oxygen and nutrition to tissues. This mechanism can lead to irrecoverable ischemia and tissue necrosis, ultimately leading to tissue ulcers and the formation of pressure ulcers. Maklebust defined pressure as a perpendicular load or force exerted on a unit of area
[1]. Blood circulation is recovered in the area, causing reperfusion damage, and
thus damaging even more tissues. In 1999, Amlung et al. [2] reported 42,817 patients of 356 organizations who had pressure ulcers based on documents. The overall pressure ulcer prevalence was 14.8%, while the organization-related prevalence
was 7.1%. After 10 years, VanGilder et al. [3] argued that the overall prevalence was
12.3% and the organization-related prevalence was 5% according to research findings from the International Pressure Ulcer Prevalence Survey (IPUSPS).
Various methods have been used to study the treatment of patients with pressure
ulcers, with negative pressure wound therapy (NPWT) as one of these advanced
treatment options. Several studies have recently shown that using NPWT is significantly effective method in treating patients with pressure ulcers [4,5]. An appropriately sized polyurethane foam is placed on the wound during NPWT, the dressing
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area is molded with a film, and negative pressure is exerted
on the area using a machine. The negative pressure is maintained through the film dressing, which is semi-permeable to
maintain moisture in the wound area and facilitate recovery
[6]. NPWT also creates an environment where aerobic bacteria do not have a sufficient amount of oxygen to survive. In
addition, it facilitates blood circulation, the formation of granulation tissues, and controls the expression of inflammatory
cytokines and other proteins. Moreover, the therapy removes
edema and promotes blood circulation to accelerate wound
recovery [7,8]. With such beneficial mechanisms, NPWT remarkably reduces wound recovery time, compared with other
conventional wound treatment methods [9].
Basic fibroblast growth factors (bFGF) are a single-chain
polypeptide with a 17,000-dalton molecular weight that stimulates fibroblast proliferation [10]. bFGF plays a role in the inflammation, proliferation, and remodeling periods of the
wound healing stage via bFGF receptors. Moreover, it accelerates keratinocyte formation in the remodeling stage, which
leads to granulation tissue formation [11].
We included patients with stage 3–4 ulcers based on the
National Pressure Ulcer Advisory Panel (NPUAP; 2007)
classification of pressure ulcers [12]. The purpose of this
study was to determine and compare the efficacy and safety
of NPWT, which is used for treating pressure ulcers worldwide, with a combination therapy that uses bFGF Fiblast
spray® (Kaken Pharmaceutical Co. Ltd, Tokyo, Japan) and
NPWT (CuraVAC®, CGBio, Seongnam, Korea). The control
group (CG) included those treated with NPWT only, while the
experimental group (EG) included those treated with NPWT

and bFGF.

Methods
Patients and Data Collection
The study was approved by the Institutional Review Board of
Soon Chun Hyang University Hospital (Approval No. 201253) and all patients provided written informed consent before
enrolling. We examined 20 pressure ulcer cases in 15 patients from December 2012 to January 2014. The subjects
were at least 18 years old with stage 3–4 pressure ulcers
based on NPUAP (2007) classification, with no necrosis or
infected tissues. Table 1 describes the inclusion and exclusion criteria for the research subjects. For four weeks, 12
subjects in the EG received NPWT and a Fiblast® spray, while
eight subjects in the CG received only NPWT. To prevent possible bias in group allocation and enhance their comparability, the subjects were randomized to each group. Their visits
were scheduled in the first, second, third, and fourth weeks
after the initial visit. We checked the number of dressing
changes for their NPWT during each visit, as well as the number of Fiblast® sprays, and the size and volume of the pressure ulcers.

Medical device application
For NPWT, ulcers were first cleaned with sterilized physiological saline and cleansed with gauze. The Fiblast® spray was
then applied at a distance of 5 cm from the ulcer until it was
fully covered. After 60 seconds, polyurethane foam was applied to the ulcer using a size corresponding to that of the ul-

Table 1. Inclusion and exclusion criteria
Inclusion criteria
Patients aged 18 or older
Patients with at least 3-stage pressure ulcer under the
NPUAP (2007) classification
Pressure ulcer patients without any necrosis and
infected tissue (soft tissue, osseous
tissue) after debridement
Patients agreed in writing to participate in this
research experiment
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Exclusion criteria
Pregnant or breast-feeding women
Patient diagnosed with osteomyelitis based on radiologic findings
Patients who have received a growth factor injection into a target ulcer
Patients who have injected another treatment agent into a pressure ulcer within 7 days of the
screening day
Patients diagnosed with vascular circulatory failure, ulcer accompanying cardiac
arrhythmia thrombus, etc. and venous insufficiency
Patients with the record of malignant tumor and malignant diseases
Patients who seemed to have a shorter life expectation
Patients receiving immunosuppressant treatment, radiation therapy and chemo therapy
Patients who have experienced any side effect due to the research treatment above
Patients with a mental disease or alcohol addiction
Patients who have participated in another medicine experiment at least 30 days
before this research
Patients who seemed to have a difficulty in following this clinical research
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cer. NPWT was performed using Curasys® (Daewoong Co.
Ltd, Seoul, Korea) on the -125 to -50 mmHg pressure in cyclic mode. The dressing was changed three times per week.
CG followed the same steps with the exception of the Fiblast®
spray. This clinical experiment lasted four weeks in the longest case. If the pressure ulcers were completely cured or referred for surgery within that period, the therapy was terminated early.

Wound evaluation
The size (wound surface area) and volume of pressure ulcers
was measured during each patient’s visit. The wound surface
area and volume were calculated by measuring the longest
horizontal axis, the longest vertical axis perpendicular to the
horizontal axis with a flexible ruler, and the deepest height.
After each measurement, the results were obtained according to Xakellis and Frantz’s method (22), using the following
formulas:
Wound surface area = length × width × 0.783
Wound volume = area × depth × 0.327
The measurements were used to compare the pre- and
post-treatment changes in ulcer size and volume, and the
change rate and amount of change in the volume/size.
Changes in ulcer size and volume were examined according
to the treatment period (first, second, third, and fourth weeks)
from the baseline status. In addition, we checked the ratio of
patients who experienced at least a 50% reduction in pressure ulcer volume before and after treatment as well as points
in the treatment period when the pressure ulcer volume decreased by 50% or more in the two groups.

Statistical Analysis
Measurements were calculated as averages and standard
deviations. The Mann-Whitney U test was used to compare
the pre- and post-treatment changes and rates of change in
the size and volume between the CG and EG. The paired ttest was used to verify any significant differences in the size
and volume changes in both groups according to specific periods. The chi-square test was used to compare the gap in
the ratios of patients experiencing a 50% or more reduction
in pressure ulcer volume between the EG and CG after four
weeks of treatment. The log-rank test was used to compare
the time cost for a 50% pressure ulcer decrease, compared
with baseline. Statistical significance was set at P < 0.05. For
subjects who dropped out during the study, the point at
which they dropped out was treated as truncated data, and
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for those who were not cured by the end of this clinical experiment, the clinical experiment’s point of termination was
treated as truncated data.

Results
In this clinical experiment, which was performed from December 2012 to January 2014, we evaluated 15 patients with
an average 62.95 ± 16.57 years (range, 18-82). The two
groups had age or gender differences (P = 0.792 and 0.910,
respectively). No significant difference was seen between
groups in in diabetes and hypertension (P = 0.305 and 0.851,
respectively). The anatomic distribution and etiology of the
pressure ulcers were similar in both groups (Table 2).
Size, volume, and rate changes before and after treatment
are described in Table 3. The size change was -7.23 ± 13.88
cm2 in the EG, while it was -4.28 ± 8.83 cm2 in the CG. Although there was a larger drop in size in the EG than in the
CG, the difference was not statistically significant (P = 0.910).
The rate of size change in EG and CG were -17.10 ± 27.16%
and -18.08 ± 31.32%, respectively; it was not statistical significance (P = 0.970). The changes in volume were also similar, showing a larger decrease in EG (-8.16 ± 12.09 cm3) than
CG (-4.09 ± 7.66 cm3), but with no statistical significance
(P = 0.238). The volume change rates were found to be
-32.84 ± 37.06% in the EG and -37.81 ± 21.64% in the CG,
which shows no significant differences (P = 0.910). Alternatively, the volume/size change was significantly greater in the
EG (1.10 ± 0.78) than in the CG (0.41 ± 0.30) (P = 0.012).
For the treatment period–specific changes in size, as compared to the baseline measurements, The EG had a larger
decrease in size than the CG during treatment, compared
Table 2. Summary of patients
Number of patients
Male
Female

EG (NPWT+bFGF)

CG (NPWT)

12

8

7

5

5

3

61.42

65.73

Sacral area

9

3

Buttock

0

1

Trochanter

2

2

Heel

1

1

Back

0

1

Mean age
Location
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with baseline; the trend was not significant at any of the time
points (Table 4, Fig. 1). However, the ulcer volume for the EG

in the fourth week was remarkably reduced, compared with
baseline. Compared with baselines, volume changes were

Table 3. Comparison of the pre- and post-experiment size and volume changes, change rates and volume/size changes

Change
Surface area

Amount (cm2)
Rate (%)

Volume

Amount (cm )
3

Rate (%)
Volume/Surface

Experimental group (n = 12)

Control group (n = 8)

Mean ± standard deviation

Mean ± standard deviation

P-value

-7.23 ± 13.88

-4.28 ± 8.83

0.910

-17.10 ± 27.16

-18.08 ± 31.32

0.970

-8.16 ± 12.09

-4.09 ± 7.66

0.238

-32.84 ± 37.06

-37.81 ± 21.64

0.910

1.10 ± 0.78

0.41 ± 0.30

0.012*

The statistical significance test was performed using the Mann-Whitney U test.
*P-value < 0.05.
Table 4. The size changes at first, second, third, and fourth week size compared with the baseline

Size change amount
Experimental group

Amount (cm2)
P-value

Control group

Amount (cm )
2

P-value

Baseline - 1 wk

Baseline - 2 wk

Baseline - 3 wk

Baseline - 4 wk

0.70 ± 3.28

-4.08 ± 7.21

-5.37 ± 9.14

-5.42 ± 8.06

1.000

0.0757

0.664

0.1232

-0.87 ± 1.66

-2.35 ± 6.72

-5.23 ± 8.33

-4.74 ± 9.06

0.0938

0.3548

0.1192

0.1830

The statistical significance test was performed using the paired t-test.
*P-value < 0.05.
Table 5. The volume changes at first, second, third, and fourth week compared with the baseline

Volume change amount
Experimental group

Amount (cm )
2

P-value
Control group

Amount (cm2)
P-value

Baseline - 1 wk

Baseline - 2 wk

Baseline - 3 wk

Baseline - 4 wk

-0.18 ± 1.29

-4.85 ± 7.42

-5.53 ± 8.51

-6.30 ± 10.81

0.6284

0.0049*

0.0049*

0.0161*

-0.36 ± 0.94

-2.34 ± 5.36

-4.05 ± 7.66

-4.22 ± 7.59

0.4375

0.0781

0.0078*

0.0078*

The statistical significance test was performed using the paired t-test. Values are means ± SD.
*P-value < 0.05.
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Fig. 1. Baseline and weekly size changes.
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Fig. 2. Baseline and weekly volume changes.
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Experimental group
(n = 12)

Control group
(n = 8)

P-value

≥ 50%

5 (42%)

2 (25%)

0.444

< 50%

7 (58%)

6 (75%)

Percentage

The statistical significance test was performed using a Chi-square test.
*P-value < 0.05.

statistically significant during the second, third, and fourth
week for the EG (P = 0.0049, 0.0049, and 0.0161, respectively), and the third and fourth weeks for the CG (P = 0.0078
and 0.0078, respectively) (Table 5, Fig. 2).
Forty-two percent of the EG showed a decrease in the ratio
of patients who experienced at least a 50% decrease in pressure ulcer volume at week four, compared with the baseline;
25% of the CG had a decrease. Although the EG had a higher
ratio, it was not statistically significant (P = 0.444, Table 6).
Table 7 and Fig. 3 describe the duration of a 50% decrease
in a pressure ulcer, compared with baseline. The EG took
20.42 ± 2.64 days to reduce the pressure ulcer by 50% or
more, while the CG took 24.50 ± 2.17 days. This finding indicates that the EG recovered faster, though the difference was
not statistically significant (P = 0.377). During the experiment
period, no subjects showed abnormal vital signs or clinically
abnormal reactions in either group.

Discussion

Table 7. Duration for at least 50% reduction in the pressure ulcer compared with the baseline (days)

Percentage

Experimental group
(n = 12)

Control group
(n = 8)

P-value

20.42 ± 2.64

24.50 ± 2.17

0.377

≥ 50%

The statistical significance test was performed using a log-rank test. Values
are means ± SD.
*P-value < 0.05.

1.0
0.8
Rate of volumetric reduction

Table 6. Ratio of patients experiencing pressure ulcer volume
reduction of at least 50% after treatment (%)

P = 0.377

0.6
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Curavac + Fiblast
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Curavac + Fiblast + censored

0.2
0
0
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10

15

20
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30

Duration (day)

Fig. 3. Comparison of the volumetric reduction rate between the
EG (NPWT+bFGF) and the CG (NPWT).

Different tissues have different pressure tolerance levels.
Muscles are more vulnerable to pressure-caused ischemia
than skin [2]. It is not clear how a pressure ulcer is caused.
One hypothesis is that pressure ulcers develop from the bone
to the surface of skin. Such a hypothesis could explain how
each tissue has a different critical ischemia time [6]. Another
hypothesis is that the skin is first damaged and then moves
down inside the skin. Maklebust and Sieggreen call this hypothesis the “top-to-bottom model” [1].
Wound recovery has stages of coagulation, inflammation,
proliferation, and remodeling. In this process, various growth
factors (e.g., bFGF, platelet-derived growth factor, transforming growth factor beta, and epidermal growth factor) and cytokines are secreted. IL-2b plays an important role in controlling immune responses and inflammatory reactions among
the pro-inflammatory cytokines. TNF-alpha, synthesized by
monocytes and macrophages, has an important function in

the human physical reaction to diverse inflammatory diseases
and infections [10]. VEGF and VEGFR-2 (KDR) promote angiogenesis, as well as the mobility and growth of endothelial
cells. FGF2 (bFGF) and bFGFR are involved in angiogenesis,
cell growth and differentiation, and facilitate fibroblast growth,
neovascularization, and granulation tissue formation [14]. As
such, wound recovery requires diverse growth factors.
The bFGF, an important growth factor for wound recovery,
is a human recombinant form that was first commercialized
in Japan in 2001 [15]. Since then, it has been widely used to
treat patients with pressure ulcers, burns, and ulcer wounds
in the leg. Multiple studies have confirmed the efficacy of
bFGF. However, only a few studies have assessed bFGF with
pressure ulcer wounds. Our study was based on the hypothesis that the pressure ulcer wound would recover faster if
bFGF was applied, because it has reduced bFGFR and other
growth factors. We also sought to investigate the efficacy of
combination therapy with bFGF and NPWT in patients with
pressure ulcer wounds based on a study reported that VEGF,
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EGF, platelet-derived growth factor, and angiotensin-2 rose
significantly after using NPWT [16].
There are many controversies regarding the best method
for measuring wound size and volume, and diverse methods
have been introduced. Measuring wound length and width is
simple, but it can be difficult to apply to large wounds or
wounds with irregular shapes. The tracing or planimetry
method measures a wound by placing a permeable metric
grid on it and counting the number of quadrangles. It is easy
and reproducible, but it there are issues with tracing. There
are also errors when determining whether to include halfquadrangles [17]. The Kundin device consists of disposable,
3D, and plastic-coated paper gauze. The device can be used
to measure wound length and width. The Kundin device is
not expensive and does not take a long time to use. However,
it must be placed on the wound, which can cause pain [18].
A computer program called Verge Videomater (VeV) (Vista
medical, Winnipeg, Canada) is also available. The program
measures wounds using digital photographs. It is highly reproducible and avoids direct contact with the wound [19].
Stereophotogrammetry (SPG) is similar to VeV. However, the
former can superimpose photographs and extract 3D images
through stereogram processes. Cutler et al. reported that the
tracing method and photo method were similar (r = 0.98,
P < 0.001). Thomas and Wysocki [20] stated that tracing was
most accurate one among the 2D method of acetate tracings,
the photograph methods, and the Kundin gauge methods.
Griffin et al. [21] argued that there were no differences between the photograph and transparency methods. In another
study, SPG was said to be the most accurate and reproducible [19,22]. Langemo et al. [19] examined SPG, Kundin
gauze, planimetry tracing, and a ruler, and found that the
most erroneous method was using the ruler length and width,
but it was the most accurate method after SPG. Keast et al.
[23] contended that the ruler method, which measured the
longest width and longest length of a wound with a ruler, was
the most appropriate and reproducible. As a result, we chose
the ruler method. The ruler method is easy to apply, inexpensive, and does not require any special techniques to be performed by the medical staff [13].
We confirmed that no significant differences in therapeutic
effects between previous reports and our results. As shown in
Table 3, the rate of change in surface area reduction was
-17.10 ± 27.16% for the EG and -18.08 ± 31.32% for the CG.
These rates are similar to the results from the trials using
VAC®. Braakenburg et al. [24] examined 65 cases and found
https://doi.org/10.22467/jwmr.2017.00248

an average size reduction of -14.24%. Eginton et al. [25] investigated seven cases and found a -16.4% size reduction,
which is similar to our results. As for the rate of change in the
volume in Table 3, the reduction rates for the EG and CG
were -32.84 ± 37.06% and -37.81 ± 21.64%, respectively.
These results are also consistent with the results of the trials
using VAC®. Ford et al. [26], Wanner et al. [5], and Eginton et
al. [25] reported mean reductions of -51.8% in 41 cases,
-55.0% in 22 cases, and -59.0% in 7 cases, respectively.
The CG also experienced a sufficiently accelerated wound recovery process, as shown in this study.
No significant differences were found between the groups
with regard to the four values derived from the measured
amount of changes and calculated change rates in the surface area and volume (Table 3). These results may lead to
the assumption that the use of bFGF did not greatly influence
pressure ulcer therapy outcomes. However, the volume/size
change in the EG was 1.10 ± 0.78, while in the CG it was
0.41 ± 0.30 and the difference was statistically significant
(P = 0.012). This implies that the combined use of bFGF and
NPWT could cause more change in pressure ulcer wound
volume than the use of NPWT by itself. Since muscles require more oxygen than skin, and thus are more prone to
ischemia, most of the pressure ulcer cases have a deep inner
wound. For this reason, most of the pressure ulcer cases
have inner pockets. This is why volume matters more than
size when managing a pressure ulcer.
The treatment period–specific size and volume changes in
each group are organized in Tables 4 and 5, and Figs. 1 and
2. These tables show the experiment results regarding significant change rates, compared with the baseline, at each treatment point. There were no differences in size according to
the period, but significant differences were found in the CG’s
third and fourth week results and the EG’s second, third, and
fourth week results. Based on these data, combination of
bFGF and NPWT is more effective in terms of volume change
than size change. Also, the results imply that the combination
treatment could help reduce pressure ulcer volume faster
than the use of NPWT by alone.
Table 7 and Fig. 4 give the time cost for a 50% reduction in
pressure ulcer volume. The EG took 20.42 ± 2.64 days to reduce the volume of the pressure ulcer by 50% or more, while
the CG took 24.50 ± 2.17 days to accomplish the same.
Though this difference was not statistically significant, the
pressure ulcer volume reduction was four days faster in the
EG. With regard to reaching 50% of the initial wound volume,
www.jwmr.org 23
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Wanner et al. [5] reported a mean time of 27 days in 11 patients treated with VAC® versus 28 days in 11 patients in the
control group (P = 0.9). Both groups in our research showed
better performances than those in Wanner et al.
This study was conducted to investigate the effects of
Curavac® and Fiblast®. VAC® (Kinetic Concepts, Inc., San Antonio, TX, USA) is one of the most commonly used NPWT
devices in the world. A number of studies have proved the
superior wound healing efficacy of VAC®, compared with the
standard wound therapy [16]. In South Korea, the Curavac®
wound dressing kit, manufactured by Daewoong Pharmaceutical Co., Ltd., is also used as an NPWT device. Despite the
clinically observed superior efficacy of Curavac® for rapid
wound healing compared with the standard wound therapy,
to our knowledge, no study documenting this fact has yet
been published. Therefore, this study was conducted to provide data to support the efficacy of Curavac® and to investigate the effectiveness of Fiblast®.
Collectively, the combined use of NPWT and bFGF provided better results than the use of NPWT alone in pressure
ulcer volume reduction. It has been reported that there was a
significant increase in VEGF, EGF, PDGF, and angiotensin-2
following NPWT, while bFGF was decreased significantly [16].
Since bFGF plays crucial roles in wound healing, supplementing the growth factor can be beneficial on pressure ulcer
care, confirming the superior effect of combination therapy in
patients with pressure ulcers.
Pressure ulcers are chronic wounds and tend to form a
deep inner wound even though its surface is small. Therefore, a change in the pressure ulcer volume is a key indicator
for recovery. NPWT increases various growth factors to accelerate the wound recovery process. We found that pressure
ulcer treatment based solely on NPWT was statistically significant, while the combined use of NPWT and bFGF contributed even more to the reduction of the pressure ulcer volume. This finding indicates that NPWT is highly efficacious in
decreasing the vertical dimension of a pressure ulcer. Moreover, bFGF plays a role in accelerating a larger decrease in
volumes in pressure ulcers. The size reduction, however, was
found to be statistically insignificant in this research, and this
is likely due to the polyurethane foam applied in the NPWT.
The sites of pressure sores, nutrition compounds, and underlying diseases could be biases. Thus, further study is expected to overcome such a bias.
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