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Background: For optimal wound-healing process, antimicrobial ability and proper moisture balance appear to play vital
roles in design of wound dressings. Ideal wound dressing should promote moist wound environment that supports the body’s
healing process. Pain-free removal, proper exudates absorption, suitable moisture and infection control serve as the bench-
marks for ideal wound dressing. Biocellulose derived from Acetobacter xylinum has been found to provide decent moisture
control and exudate absorption. By combining with impregnated silver nanoparticles, the resultant dressings obtain antimi-
crobial property. This study describes another innovative ribbon form of blue nano-silver biocellulose ribbon dressing
(BNBR: BluRibbon®, Novatec Healthcare, Thailand) with effective wound healing property for deep or cavity wounds where
extra care is required.

Objective: The present study aimed at evaluating the clinical efficacy of cavity wounds management using BNBR at 4 weeks.
Material and Method: 24 patients, aged over 18 years, who were presented at an outpatient wound clinic and treatment unit
with cavity wounds of various etiologies, were included in this study. Patients were prospectively followed for 4 weeks or until
healing completion for analysis of safety and efficacy endpoints. Wound surfaces were used to assess the initial sizes and
evaluate the progress of healing. Evolution of wound size was conducted with tracing and standardized digital photographs
using Image J image analysis software for determination of the healing rates.

Results: 24 patients (30 wounds) with an average age of 47.6 years old were evaluated. Cavity wounds enrolled has an
average area of 2.4 cm?and approximately 1.4 cm in wound depth. BNBR enabled minimization of wound area in 90% (27
wounds) of wound samples, whereas 97% (29 wounds: p<0.001) demonstrated significant reduction in wound depth after an
average of 20.7 days of treatment using BNBR dressing. All patients reported their experiences as pain-free both in situ and
on removal.

Conclusion: BNBR significantly promotes cavity wound healing process by reducing both wound area and depth. Suitable
moisture balance and antimicrobial function in BNBR contributed to fast healing process. The present findings appear
encouraging for further randomized controlled trial in larger study groups.
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The ideal wound dressing should be simple
to apply, be available in various shapes and sizes,
maintain appropriate moisture balance, sustain
antimicrobial activity, activate autolytic debridement,
and be non-painful in situ and on dressing removal->.
Specifically, fluid-holding capacity has been reported
as the key factor for optimal wound healing®®. Various
types of dressings for wounds have continuously been
launched into the wound care market. Each contains
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unique properties to serve different types of wounds.
Sophisticated wound dressings with highly absorptive,
nonadherent, and painless property (e.9. hydrocolloids,
alginates, and foam) are widely used in current wound
care. Nonetheless, most of them are not specifically
designed for cavity wounds and they fulfilled very few
properties of ideal cavity wound dressing.
Biocellulose, a polysaccharide synthesized
by Acetobactor xylinum, contains nanostructure
with high mechanical strength and moisture retention
properties”. Due to these unique physical and
mechanical properties, biocellulose shows great
potential as novel wound dressing materials. It
promotes good moisture balance and close adhesion
as its soft texture allow it to good conformity to shape
of the wound bed™'®, Biocellulose dressings show
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immediate pain relief, high absorbency, and fast wound
closure in more than 300 chronic ulcers and lesion
treatments'¥. However, such biocellulose contains no
antibacterial activity to prevent wound infection®.
Many studies have therefore been devoted to the
development of antimicrobial biocellulose dressing
materials, especially silver-containing dressing
materials!'619.

Silver nanoparticles appear to be the most
promising antibacterial agents due to its high
antimicrobial efficiency and non-toxicity to human cells
(with minute concentration). Since bactericidal
efficiency is influenced by the particle’s shape, size,
and concentration®®?"_ triangular-shaped silver
nanoparticles are found to demonstrate the most
effective bactericidal action when compared with
spherical and rod-shaped nanoparticles®?. Biocellulose
dressing with impregnated silver nanoparticles showed
high antimicrobial efficiencies against Gram-negative
and Gram-positive bacterial®!"?¥, They are also
effective against resistant organisms such as MRSA
and Pseudomonas®®. To date, silver-containing
microbial cellulose dressing exists as various
commercial products for the treatment of infected
wounds, chronic ulcers and burn wounds.

Cavity wounds superficially look like simple
wounds to treat, but this was where the concept of the
proper wound drainage and moisture balance came into
consideration. A cavity wound may produce excessive
exudates which increases maceration or infection.
Wound depth may impede wound assessment and
healing. Specialized wound dressing is therefore
required.

Recently, blue nano-silver biocellulose ribbon
dressing (BNBR: BluRibbon®, Novatec Healthcare,
Thailand), a silver-releasing ribbon dressing product
specialized for cavity wound, has been launched in the
market. This dressing is designed in the ribbon form
for ease of use in cavity wound care. Clinical trials were
undertaken in patients with cavity wounds to
investigate the clinical efficacy of BNBR in wound
healing. The effectiveness of such dressing was
determined by the impact on wound healing and pain
level during dressing change.

Material and Method
Study design and ethical conduct of research

This was a prospective open label non-blinded
observational study of BNBR, a nano-silver biocellulose
ribbon dressing, as the primary wound care product
used in treatment of patients with cavity wounds of
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various ectiologies. The study was conducted in
accordance with the Helsinki Declaration of Human
Rights and all patients gave their informed consent.
This study was approved by the Ethic Committee on
Human Experimentation of the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University.

Materials

On the microscopic scale, BNBR is
impregnated with a specifically designed triangular
shape and size of silver nanoparticles with unique
optical property that makes the nanoparticles blue,
upon release and deformation of its original shape and
size the blue color fades and becomes pale yellow®*3?
(Fig. 1). This acts as a self-indicator to notify caretaker
when redressing is required. On the macroscopic scale,
BNBR is designed in the shaped of a ribbon to be
easily conformed to fit the contour of the actual wound

(Fig. 2).
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Fig. 1  A)Chartrelating wavelength and color of the nano-
silver particles at different shapes & sizes, B)
Actual picture of the nano-silver particles at shapes
& sizes. The shape and size shown in the lower

right is chosen for BNBR.

A) Picture of BNBR immediately after application
to a cavity wound, B) Picture of BNBR 2 days
after application.
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Study objectives

This study aimed to evaluate the effectiveness
of BNBR on cavity wound healing by reduction in
wound dimension, growth of healthy tissue, and pain
level during dressing change.

Patients

Patients were recruited from the Outpatient
Wound Clinic of the Department of Surgery at
Ramathibodi Hospital, Thailand.

Inclusion criteria

All participants were required to be between
18 and 90 years of age. The cavity wounds must have
occurred less than 28 days before the subject enrolled
in the study.

Exclusion criteria

Criteria included uncontrolled cardiac
failure, evidence of severe liver or kidney disease,
vascular inadequacy, and participants undergoing
immunosuppressive therapy. These criteria were
assessed by reviewing patients’ medical history, direct
interview, and taking pulses - dorsalis pedis pulse and
posterior tibial pulse.

Treatment protocol

Prior to enrolling into this study, the study
requirements were explained to the potential subjects.
Written informed consent was obtained for study
inclusion and photography of their wounds. Patients
and their wounds were assessed for inclusion
suitability. For analysis of safety and efficacy endpoints
all participants were followed prospectively weekly for
amaximum of 4 weeks, or until full healing. The primary
parameters of the study were the percentage of wound
reduction and the reduction in wound depth by
comparing day 0 with week 4 results. Secondary
parameters were pain score during dressing change.
Complete healing was defined as complete
epithelialization with the absence of drainage or the
wound no longer requiring any dressings.
Characteristics of the wound bed were recorded at each
patient visit along with wound measurements. Local
wound therapy included surgical debridement when
appropriate.

This was followed by application of BNBR by
trained wound care specialist nurses. For cavity wound
with very small opening area, BNBR may be cut into
appropriate shape, and it may also be necessary to
carefully extend the wound opening in order to insert
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the BNBR into the cavity wound. Secondary dressing
of normal gauze is used to securely position the BNBR
directly above the wound area. Extra care in dressing
the BNBR is required due to the softness & slipperiness
of the biocellulose otherwise body movement or a
change of position can accidentally displaced the
dressing from the wound bed. Redressing is applied
every 1 to 3 days depending on the clinical judgment
of the nurses or physicians based on the wound
conditions.

The surface of all wounds was used to assess
the initial size and evaluate its progress. The evolution
of wound size was monitored using standardized digital
photographs and Image J software version 1.34 (NIH,
USA, http://reb.info.nih.gov/ij/), which was used to
calculate wound surface area and determine healing
rate. Wound depth was measured by probing the wound
with cotton-tipped applicator. Pain at dressing change
was assessed by the patient using a 10-point visual
analogue scale (VAS). There were no variations in
treatment of any of the wounds included in this study.

Statistical analysis

Paired t-tests were used to compare the
differences of wound area between day 0 and week 4.
Ninety-five percent confidence intervals of the
difference were taken and statistical significance was
setas <0.05.

Results

In the present study, 30 wounds from 24
patients with age ranging from 18 to 74 years old
(average 47.6 years old) were evaluated from August
2011 to September 2012. There were thirty cavity
wounds: 13 were by trauma, 11 were by dog bites, 5
were by post-operative infection, 1 was by soft tissue
infection. 8 patients (about 26.7%) had type-2 diabetes
and diabetes-related foot.

The average wound area and depth before
treatment are 2.4 cm?(ranges 0.1 t0 26.0 cm?) and 1.4 cm
(ranges 0.3 to 4.8 cm), respectively. After application of
BNBR, the wound dimensions were significantly
reduced in 29 wounds (97%). Overall, there was a
86.8+27.1% reduction in wound area and 91.2+21.8%
reduction in wound depth observed (Table 1).
Furthermore, BNBR displayed great potentials as a
pain-free product. Neither pain in situ nor on removal
nor side effect was observed in all patients.

The average duration of healing is 20.7+7.7
days (range 5 to 28 days). There were complete healings
in 20 cases wound depths were reduced 14.3% to 100.0%
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Table 1. Statistical data after application of BNBR on 30 cavity wounds in all study patients

Mean + SD Range p-value
Age (years) 47.6+15.6 18 to 74
Time to complete healing (days) 20.7+7.8 5to 28
Wound area (cm?)
Before 2.4+4.9 0.1 to 26.0
After 0.5+1.5 0.0 to 8.0
% reduction 86.8+27.1 -30.4 to 100 <0.001
Wound depth (cm)
Before 1.4+1.0 0.3t04.8
After 0.1+0.2 0.0t0 0.9
% reduction 91.2+21.8 14.3 to 100.0 <0.001

at week 4 (Table 2).

In the group of 28-day treatment, after the
BNBR’s application in 30 wounds, the differences in
wound area before vs after treatment and wound depth
before vs. after treatment are statistically significant.

After amaximum of 28 days of treatment with
BNBR, there are more cavity wounds with complete
depth reduction than cavity wounds with complete arca
reduction. (Fig. 3, 4). This result is in accordance with
normal cavity wound healing process, where the deep
part of the wound must be healed prior to the healing
of the superficial part.

In sub-group analysis of diabetic patients, not
only were all the wound areas minimized, but also the
reductions in wound depth were observed in all but
one case. BNBR dressing enabled cavity filling and
many of the diabetic wounds were completely recovered
after 28 days of application. Only 14% (1 in 7 wounds)
of wounds with diabetes showed enlargement. These
findings support that BNBR dressing could provide
decent moisture balance and bacterial barrier for cavity
wound healing in diabetic cases.

Discussion

Ata minimum, an ideal cavity wound dressing
should be able to absorb large volume of exudates, be
molded to contour to the irregular shape of the cavity
wounds, and adhere to the wound in such a way as to
be atraumatic upon removal.

From our study, it was found that the silver-
containing BNBR can provide moisture balance and
exudates control leading to good wound-healing
environment for cavity wounds. BNBR can absorb a
moderate amount of exudates. For most wounds, the
treatment with BNBR alone is sufficient for complete
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healing within 28 days including the wounds of the
diabetic patients as evident from the 6 out of 7 wounds
that were healed without any clinical complications.
For wounds with an unusually large amount of exudates,
secondary dressing with high moisture absorption
capacity is recommended on top of BNBR. On the
contrary, for wounds with an unusually dry surface
dressing that provide moisturizing effect such as
hydrogels may be indicated in conjunction with BNBR.
The final decisions of the wound dressers should be
based upon individual wound conditions since each
stage may require different types of wound dressing.
From observations, it was found that in the early part
of wound treatment the blue color of the BNBR fades
quite quickly resulting in frequent redressing.
Nevertheless, after improvement of the wound
condition the discoloration rate is much slower, malodor
is noticeably reduced, and the dressing can remain in
the cavity wound for a longer period. Potentially, this
could be the result of reduced bacterial load that reduces
the rate of silver release, which ultimately slows down
the discoloration.

Dressing with stuffed gauze soaked in normal
saline solution is the traditional way of managing cavity
wounds. However, this dressing will dry out, causing
adherence of the dressing to the wound bed, which
upon removal causes the wound to bleed and results
in much discomfort and pain for the patient. The
flexibility of the BNBR allows the dressing to be placed
into irregularly shaped cavity wounds with ease.
Additionally, the moisture retention property of the
product enables BNBR to be removed easily, pain free,
and atraumatically from cavity wounds.

From observation in actual clinical use, most
diabetic wounds were healed after BNBR dressing and
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Degree of reduction wound depth

not improve
10%

Complete = Cavity wounds whose depths have been
completely reduced.

Improved = Cavity wounds whose depths have been reduced
by >30%, but have not been completely reduced.

Not improved = Cavity wounds whose depths have been
reduced by <30%.

Fig.3  Reduction of wound depth after 28 days of
treatment with BNBR.

Degree of reduction wound area

not improve
10%

complete

el
57%

Complete = Cavity wounds whose areas have been completely
reduced.

Improved = Cavity wounds whose areas have been reduced
by >30%, but have not been completely reduced.

Not improved = Cavity wounds whose areas have been
reduced by <30%.

Fig. 4  Reduction of wound area after 28 days of treat-

ment with BNBR.

many showed good improvement in wound size. There
was reports of irritation and pain in the wound area
when BNBR is used with betadine. Further
investigations are warranted to see if there are any
possibilities of adverse reactions between the iodine
in betadine and the silver in BNBR.

The present study has limitations because
clinical evaluations using case series are descriptions
of practice and do not have comparison or control
groups, it is not possible to draw any conclusions on
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cause and effect relationships from the present
evaluation. A randomized controlled trial with a larger
sample size would be needed to show definite significant
differences in clinical efficacy of BNBR.

Conclusion

This study demonstrated that the silver-
containing BNBR can provide moisture balance and
exudates control leading to good wound-healing
environment for cavity wounds. BNBR dressings
showed significant reduction in wound dimension,
especially wound depth. Moreover, the triangular nano-
sized silver in BNBR promotes antimicrobial activity
resulting in fast healing in this study. Additionally, most
diabetic wounds were healed after BNBR dressing and
many showed good improvement in wound size.
Combining the pain-free and color-fading properties,
BNBR may be an alternative option for cavity wound
dressing products, especially for home care. However,
this study was a descriptive case series, therefore
further randomized control studies are warranted to
ascertain the statistical significance of these
observations.

What is already known on this topic?

Cavity wounds provide a number of
management challenges. Tissue types and exudate
levels will determine which wound dressing is selected.
The use of topical antimicrobial product may help to
reduce the bacterial level in wound and restart the
healing process. All wounds will require regular review
to ensure the treatment is optimal for the condition of
the wound.

What this study adds?

This study described an innovative pre-cut
ribbon shaped of blue nano-silver biocelllulose wound
dressing. This unique ribbon shape allows the product
to fit the contours of the wound without changing the
shape of the dressing. Biocellulose provides decent
moisture control and exudate absorption and silver
nanoparticles add antimicrobial action. The use of this
new dressing should address the bacterial balance in
the wound while maintain a moist wound healing
environment.
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