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Original article
A randomized, double-blind, controlled trial between bacterial cellulose
gauze (BC) and petrolatum gauze (PG) in the healing of epidermal

ablative wounds from carbon dioxide laser
Nattaporn Sampattavanich, Chitsachee Sichanugrist and Kobkul Aunhachoke

Division of Dermatology, Department of Medicine, Phramongkutklao Hospital

Background: Bacterial cellulose (BC) was used to dress various wounds. BC has also applied burn wounds and
ulcers as skin repair treatments. The carbon dioxide (CO 2) laser has been widely used to treat numerous skin
lesions. However, the benefit of BC gauze as wound dressing after C'O2 laser has yet to be defined. Objectives:
To evaluate the efficacy of BC gauze compared with petrolatum gauze in epidermal ablative wound healing
from a COZ]aser. Materials and methods: We included 26 patients affected by at least two seborrheic keratosis
lesions in the same area (face or non-face). After being treated by COZ laser, the wounds in each patient were
randomized into BC and PG groups. The dressings were changed on days 2, 4, 7, and 10 post-laser. Wound
healing was assessed by BWAT score and ImageJ application during each visit. Pain scores and patient satisfaction
were also recorded by visual analogue scales (VAS). Results: Twenty-six volunteers completed the study. Most
lesions were on the non-face area. BWAT scores in both BC and PG groups were not different (PG vs BC day
2=24.04vs 24.19; p = 0.895, day 4 = 20.88 vs 21.96; p = 0.305, day 7 = 16.5 vs 16.42; p = 0.918, day 10 = 14.31
vs 14.92; p = 0.178). From ImageJ analysis, without statistically significant differences, BC showed a tendency
for a higher percentage of wound epithelialization than PG (PG vs BC day 2 = 20.5 vs 24.6; p = 0.373, day 4 =
40.52 vs 45.32%; p = 0.354, day 7 = 58.03 vs 61.35; p = 0.369, day 10 = 67.79 vs 70.9; p = 0.426). Pain scores
were not different between groups, but satistaction scores of BC were significantly higher than PG on days 7
and 10. No complications from BC had been found in this study. Conclusions: BC showed comparable efficacy
with conventional dressing in epidermal ablative wound healing and can be safely used for CO, laser wounds.
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and Petrolatum Gauze (PG) in the Healing of Epidermal Ablative Wounds from Carbon Dioxide Laser

Introduction

A defect or breakage of the skin resulting from
physical or thermal damage can be described as a wound.
Wounds can be classified as acute or chronic wounds
based on the nature of the repair process. The tissue
injuries that heal entirely with minimal scarring within
8-12 weeks are usually described as acute wounds, while
longer healing wounds are defined as chronic wounds.
Due to abrasions and tears, mechanical injuries are the
primary causes of acute wounds.'

One of the essential factors for wound healing is the
moist environment that can increase cell proliferation
and activity, promoting epithelialization. Furthermore,
moisture can retain an optimum level of wound exudate,
containing vital proteins and cytokines produced in
response to injury.” This knowledge paved the way for
the modern class of moisture-retentive dressings, which
retain optimal moisture or have a low enough moisture
vapor transmission rate (MVTR) to permit optimal healing
rates.’ Various options of the above dressings, including
films, hydrogels, hydrocolloids, foams, alginates, and
hydrofibers, are widely used for different wounds.*

Hydrogels are cross-linked starch polymers comprising
up to 96% of water. The ability to rehydrate and maintain
a moist environment makes the hydrogels the best wound
dressing materials for dry wounds. Moreover, their
cooling effect on the injury can decrease perceived pain.*

Bacterial cellulose (BC) is one of the biological
dressings classified as hydrogels. It is produced by
acetic acid-producing bacteria in synthetic and non-
synthetic mediums through oxidative fermentation. The
most studied and the most efficient BC producer is
Acetobacter xylinum.” BC exhibits remarkable properties
such as unique nanostructure, high mechanical strength,
high water holding capacity, broad chemical modifying
ability, improved crystallinity, slow water evaporation

capability, and biocompatibility.® Previous studies had

shown that BC and its derivatives had great properties
as ideal scaffolds for protecting injured tissues through
wound dressings and accelerating granulation.” Due to
these characteristics, BC has also been applied as skin
repair treatment in burn wounds and ulcers.’

The carbon dioxide (COZ) laser has been widely
used to treat various skin lesions, including actinic
and seborrheic keratosis, warts, skin tags, epidermal
and dermal nevi, xanthelasma, and sebaceous gland
hyperplasia. Proper close-dressings, including hydrocolloid
and topical antibiotics, have always been used as the
option to provide a good environment and promote
wound healing.” Due to the properties mentioned above
of BC, we hypothesized that BC gauze could be used
as a wound dressing in CO2 laser ablative wounds.

A recent unpublished study of BC in ablative wounds
from CO2 laser from our center showed unsatisfied
efficacy of BC compared with petrolatum gauze (PG).
We hypothesized that the long interval between wound
dressings and material changes at 3-4 days caused dry
adhered dressing and affected wound healing ability.
Therefore, we designed to shorten the interval between
wound dressing changes and evaluate the efficacy of
BC compared with PG in epidermal ablative wound

healings from carbon dioxide lasers.

Materials and methods
Trial design
A single-center, double-blind, randomized controlled
trial was conducted at Phramongkutklao Hospital,
Bangkok, Thailand (TCTR20200527003).
Participants
Eligible 26 participants were all adults over 18 years of
age with at least two lesions of seborrheic keratosis that
were approximately similar in size on the same body area.
The exclusion criteria were active dermatitis or rashes

in the treated area, history of allergic contact reaction

3 1 v A N
nIFsUWNdmNsUn 01 76 AT 2 lwen-Anwen 2566



58

to the wound dressing materials, and history of keloid
scar. Pregnant and breastfeeding women and people
who had skin cancer or took any immunosuppressive
drug were also excluded.
Interventions, blinding, and randomization

The wounds of each participant were randomized in a
1:1 ratio to be covered with two different kinds of dressings:
PG or BC (Bio-cellulose composite by Petroleum and
Petrochemical Process Technology Research Department,
Thailand). The BC in our study were produced from
three strains of bacteria (Davinci ST_14_01, Davinci
ST_31_03, Davinci ST_31_03_01). Except for the assigned
assistant, the patients and the physician were blinded
to the kinds of dressings used for each lesion.
Study protocol

On day 0 (operative day), the lesions were randomly
labeled as A and B. CO2 laser ablation (MultipulseCOZ,
Germany) was done to each lesion and photographs
were taken before and after the laser and by the same
physician. The code A and B were randomly matched
with two dressings for each patient and were given to the
assistant in charge to dress the wounds. The dressings
were changed at the hospital on days 2, 4, 7, and 10
post-operation (Figure 1). The same assistant uncovered
the wounds before they were photographed and clinically
evaluated by the same physician on each visit. The clinical
wound healing was assessed by the Bates-Jensen Wound
Assessment Tool (BWAT). The sizes of the wound and
areas of epithelialization were measured by the ImageJ

program in square millimeters (mm?). The patients
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were also asked to do the questionnaires composed of
visual analog scales (VAS) for the pain during dressing
changes and satisfaction with each wound dressing.
If there were any signs of inflammation, infection, or
allergy to the wound dressing, these volunteers were
promptly treated and excluded from the study.
Outcomes

The primary objective of this study was to evaluate
the efficacy of BC in clinical wound healing, areas of
epithelialization, pain during a dressing change, and
satisfaction compared with PG on days 2, 4, 7, 10 post-
operation in patients aged above 18 years with ablative
wounds from a CO2 laser. The secondary objective was
to evaluate the safety of BC as the wound dressing
material.
Statistical analysis

All statistical analyses were performed using STATA
software (version 14, StataCorp, College Station, TX). The
demographic data were summarized using frequency,
percent, means, and standard deviations. The BWAT,
wound size, percentage of epithelialization, pain scores,
cosmetic appearance, and overall satisfaction for each
dressing were compared using the general linear model
(GLM). Statistical significance was defined as a p-value
less than 0.05.
Ethical approval

This study received ethical approval from the
Research Ethics Committee of Phramongkutklao College

of Medicine (S063h/62).
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Figure 1 Study protocol
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Results

Participant demographics

Table 1 Demographic data

59

Demographic data

The total of 26 patients’ demographic data is Age (year) 64.65 + 9.63 (47-76)
documented in Table 1. Their mean age was 65.12 Male (n) 10 (38%)
years, with 9 males (45%) and 11 females (55%). Most Female (n) 16 (62%)

Locations (n)
of the treated areas were on the non-face area (11). The Face 10 (38%)
underlying diseases were dyslipidemia, hypertension, Non-face 16 (62%)
benign prostate hyperplasia, and diabetes mellitus. PG~ Underlying diseases (n)
and BC’s average initial wound sizes were 19.75+23.16 Dyslipidemia 13
cm” and 14.57+9.72 cm’, respectively, and considered ;Y)I;Iertensmn A
not different among both groups. Diabetes mellitus
Clinical outcomes Initial wound sizes (cm?)

The evaluation of wound healing assessed by BWAT Petrolatum gauze (PG) 0.14 + 0.09
is shown in Table 2. All of the wounds were healed Bacterial cellulose gauze (BC) 0.13+008
within ten days. The total BWAT scores of PG and BC
Table 2 Wound healing assessed by BWAT

Day 2 Day 4 Day 7 Day 10 p-value
Size

PG 1+0 1+0 1+0 1+0 N/A

BC 1+0 1.04+0.2 1+0 1+0 0.561

Mean difference (95%CI) N/A -0.04 (-0.12, 0.04) N/A N/A

p-value 1 0.327 1 1
Depth

PG 2+0.28 1.96+0.2 1.65+0.49 1.27+0.45 < 0.001*

BC 2+0 1.8840.33 1.54+0.51 1.23+0.43 < 0.001*

Mean difference (95%CI) 0(-0.11, 0.11) 0.08 (-0.08, 0.24) 0.12 (-0.06, 0.29) 0.04 (-0.14, 0.22)

p-value 1 0.327 0.185 0.664
Edge

PG 2.46+0.58 2.15+0.67 1.62+0.57 1.15+0.37 < 0.001*

BC 2.54+0.58 2.31+0.74 1.5+0.65 1.27+0.53 < 0.001*

Mean difference (95%CI) -0.08 (-0.35, 0.2) -0.15 (-0.47, 0.16) 0.12 (-0.15, 0.38) -0.12 (-0.29, 0.06)

p-value 0.574 0.327 0.376 0.185
Undermine

PG 1.15+0.37 1.12+0.33 140 140 0.007*

BC 1.27+0.45 1.19+0.4 1.04+0.2 140 < 0.001*

Mean difference (95%CI) -0.12 (-0.29, 0.06)  -0.08 (-0.27, 0.12)  -0.04 (-0.12, 0.04) N/A

p-value 0.185 0.425 0.327 1
Necrotic type

PG 1.58+0.64 1.5840.81 1.35+0.56 1.15+0.37 0.004*

BC 1.69+0.93 1.65+0.69 1.27+0.53 1.15+0.46 0.001*

Mean difference (95%CI) -0.12 (-0.63, 0.4) -0.08 (-0.5, 0.35) 0.08 (-0.15, 0.3) 0 (-0.16, 0.16)

p-value 0.649 0.713 0.49 1
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Table 2 Wound healing assessed by BWAT (continue)

Day 2 Day 4 Day 7 Day 10 p-value

Necrotic amount
PG 1.81+1.06 1.77£1.24 1.35+0.56 1.15+0.37 0.001*
BC 2.04+1.51 1.92+1.02 1.35+0.69 1.12+0.33 < 0.001*
Mean difference (95%CI) -0.23 (-1.01, 0.55)  -0.15 (-0.83, 0.52) 0 (-0.26, 0.26) 0.04 (-0.1, 0.18)
p-value 0.546 0.642 1 0.574

Exudate type
PG 1.65+0.85 1.19+0.49 1.04+0.2 1+0 < 0.001*
BC 1.42+0.81 1.5+0.65 1.08+0.27 1.12+0.43 0.006*
Mean difference (95%CI) 0.23 (-0.12, 0.58)  -0.31 (-0.63, -0.09)  -0.04 (-0.12, 0.04)  -0.12 (-0.29, 0.06)
p-value 0.185 0.008 0.327 0.185

Exudate amount
PG 1.65+0.69 1.38+0.85 1.04+0.2 140 < 0.001*
BC 1.46+0.81 1.81+0.94 1.15+0.61 1.12+0.43 0.005*
Mean difference (95%CI) 0.19 (-0.22, 0.6) -0.42 (-0.75, -0.1)  -0.12 (-0.29, 0.06)  -0.12 (-0.29, 0.06)
p-value 0.346 0.013 0.185 0.185

Color
PG 1.65+0.69 1.35+0.49 1.04+0.2 1.04+0.2 < 0.001*
BC 1.58+0.5 1.42+0.5 1.23+0.65 1.08+0.27 < 0.001*
Mean difference (95%CI) 0.08 (-0.28, 0.44)  -0.08 (-0.33, 0.18)  -0.19 (-0.45, 0.06) ~ -0.04 (-0.18, 0.1)
p-value 0.664 0.538 0.134 0.574

Edema
PG 1.15+0.37 1.27+0.45 1.15+0.37 1.04+0.2 0.102
BC 1.35+0.49 1.27+0.45 1.12+0.33 1.08+0.27 0.005*
Mean difference (95%CI) -0.19 (-0.42, 0.04) 0 (-0.23, 0.23) 0.04 (-0.17, 0.25) -0.04 (-0.18, 0.1)
p-value 0.096 1 0.713 0.674

Induration
PG 1.27+0.45 1.31+0.47 1.27+0.67 1.04+0.2 0.062
BC 1.35+0.56 1.31+0.47 1.15+0.37 1.12+0.33 0.025*
Mean difference (95%CI) -0.08 (-0.4, 0.24) 0 (-0.26, 0.26) 0.12 (-0.12, 0.35)  -0.08 (-0.19, 0.03)
p-value 0.627 1 0.327 0.161

Granulation
PG 3+1.39 2.08+1.09 1.35+0.8 1.15+0.37 < 0.001*
BC 2.81£1.3 1.96+0.82 1.23+0.59 1.23+0.65 < 0.001*
Mean difference (95%CI) 0.19 (-0.56, 0.94) 0.12 (-0.39, 0.62) 0.12(-0.21, 0.45)  -0.08 (-0.27, 0.12)
p-value 0.602 0.64 0.478 0.425

Epithelialization
PG 3.77£1.37 2.73£1.22 1.65+0.8 1.31£0.47 < 0.001*
BC 3.73£1.15 2.65+1.09 1.77+0.86 1.5+0.86 < 0.001*
Mean difference (95%CI) 0.04 (-0.52, 0.59) 0.08 (-0.35, 0.5) -0.12 (-0.4, 0.17)  -0.19 (-0.62, 0.13)
p-value 0.887 0.713 0.416 0.232

Total
PG 24.04+4.17 20.8845.2 16.5+3.25 14.31+1.98 < 0.001*
BC 24.19+4.81 21.96+4.97 16.42+4.85 14.92+3.57 < 0.001*
Mean difference (95%CI) -0.15 (-2.54, 2.23)  -1.08 (-3.2, 1.04) 0.08 (-1.44, 1.59) -0.62 (-1.53, 0.3)
p-value 0.895 0.305 0.918 0.178

Values presented as mean+SD. p-value corresponds to the general linear model (GLM)
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showed a reduction in wound severity from mild severity
to minimal severity (PG vs BC day 2 = 24.04+4.17 vs
24.19+4.81, day 10 = 14.31+1.98 vs 14.92+3.57). Comparing
between PG and BC groups in all parameters, the BWAT
scores were not significantly different (PG vs BC day
2 =24.04 vs 24.19; p = 0.895, day 4 = 20.88 vs 21.96;
p = 0.305 day 7 = 16.5 vs 16.42; p = 0.918, day 10 =
14.31 vs 14.92: p = 0.178). BC tended to show better
results in depth score than in PG without statistically
significant differences (PG vs BC day 2 = 2+0.28 vs 2+0;
p =1, day 4 = 1.96+0.2 vs 1.88+0.33; p = 0.327, day 7
= 1.66+0.49 vs 1.54+0.51; p = 0.185, day 10 = 1.27+0.45
vs 1.23+0.43; p=0.664).

Baseline wound sizes in both groups were not different,
as shown in Table 3. Wound sizes evaluated by the
ImageJ program are shown in Table 4. A decrease
in wound size within ten days was observed in both
groups. Without statistically significant differences, BC
showed a tendency for a higher percentage of wound
epithelialization than PG (PG vs BC day 2 = 205 vs
24.6, p = 0.373, day 4 = 40.52 vs 45.32%; p = 0.354, day
7 =58.03 vs 61.35; p = 0.369, day 10 = 67.79 vs 70.9; p
= 0.426) (Table 4, Figure 2).

From visual analog scales (VAS), shown in table 5,
only minimal pain was reported for all dressing materials.
The mean VAS scores were not significantly different
between materials (PG vs BC day 2 = 140 vs 1.12+0.59;
p = 0.327, day 4 = 1+0 vs 1.08+0.39; p = 0.327, day
7 =140 vs 1+0; p = 1, day 10 = 1+0 vs 1+0; p = 1).
Satisfaction for convenience, cosmetic appearance, and
overall satisfaction of BC were higher than PG on days
7 and 10 with statistically significant. No complications

from BC had been found in this study.

Discussion

BC is a biological material with outstanding properties
providing a suitable environment for wound healing.
Many studies revealed the benefits of BC as a wound
dressing on chronic wounds with limited data on acute
injuries.”” This randomized, double-blind controlled trial was
designed to evaluate the efficacy of BC gauze compared
with PG in epidermal ablative wound healing from the
CO, laser. By BWAT score and ImageJ program, BC
showed promising efficacy for wound healing comparable
to PG in our study. Neither infection nor complication

was found in both groups.

Table 3 Wound size measured by the ImageJ program (cm?)

Day 0 Day 2 Day 4 Day 7 Day 10 p-value

PG 0.14+0.09 0.16+0.19 0.13+0.17 0.09+0.13 0.07+0.1 < 0.001*
BC 0.13+0.08 0.12+0.09 0.09+0.09 0.07+0.09 0.06+0.07 < 0.001*
Mean difference (95%CI) 0.01 (-0.01, 0.02) 0.04 (-0.01, 0.09) 0.04 (-0.01, 0.08) 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05)
p-value 0.636 0.099 0.101 0.147 0.229
Table 4 Percentage of epithelialization compared with baseline wound size (%)

%Change Day 2 Day 4 Day 7 Day 10 p-value
PG -20.5+20.6b -40.62+21.01 -68.03+20.7 -67.79£17.62 < 0.001*
BC -24.6£18.69 -45.32+25.65 -61.35%25.71 -70.9+24.44 < 0.001*
Mean difference (95%CI) 41(-521,134) 479 (-5.66, 15.25) 3.32 (-4.16, 10.79)  3.11 (-4.8, 11.02)
p-value 0.373 0.354 0.369 0.426
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Figure 2 Percentage of epithelialization of the wounds compared between groups

Table 5 Pain on dressing changes and satisfaction scores reported by volunteers in visual analog scales

Day 2 Day 4 Day 7 Day 10 p-value
Pain
PG 1+0 1+0 140 10 N/A
BC 1.12+0.59 1.08+0.39 110 1+0 0.169
Mean difference (95%CI) -0.12 (-0.35, 0.12)  -0.08 (-0.24, 0.08) N/A N/A
p-value 0.327 0.327 1 1
Healing
PG 8.31+0.93 8.68+0.76 8.88+0.82 9.15+0.67 < 0.001*
BC 8.64+0.86 8.77+0.65 9.15+0.73 9.46+0.51 < 0.001*
Mean difference (95%CI) -0.23 (-0.66, 0.2)  -0.19 (-0.59, 0.2)  -0.27 (-0.75, 0.21) -0.31 (-0.56, -0.06)
p-value 0.282 0.327 0.258 0.018
Convenient
PG 7.96+1.34 8.46+0.95 8.69+0.68 9.08+0.63 < 0.001*
BC 8.31+0.88 8.73+0.78 9.1240.65 9.35+0.49 < 0.001*
Mean difference (95%CI) -0.356 (-0.95, 0.26) -0.27 (-0.76, 0.22)  -0.42 (-0.75, -0.1) -0.27 (-0.45, -0.09)
p-value 0.249 0.271 0.013 0.006
Cosmetic
PG 8.23+0.91 854 £ 0.76 8.77 £ 0.65 9.19+0.63 < 0.001*
BC 8.35+1.23 8.77 £ 0.82 9.15 £ 0.67 9.46+0.51 < 0.001*
Mean difference (95%CI) -0.12 (-0.68, 0.35)  -0.23 (-0.61, 0.15) -0.38 (-0.69, -0.08) -0.27 (-0.45, -0.09)
p-value 0.611 0.228 0.015 0.006
Total
PG 8.5+0.76 8.69+0.74 8.81+0.75 9.19+0.69 0.001*
BC 8.64+1.07 8.88+0.71 9.35+0.69 9.54+0.51 < 0.001*
Mean difference (95%CI) -0.04 (-0.44, 0.37) -0.19 (-0.55, 0.17) -0.54 (-0.87, -0.21) -0.35 (-0.57, -0.12)
p-value 0.846 0.284 0.002 0.004
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BWAT was initially developed as the Pressure Sore
Status Tool (PSST) and is widely used for pressure
ulcers assessment. Although BWAT was not designed
for acute wound assessment, the study by Garbuio DC
et al. showed the validity and reliability of this tool in
this kind of wound.” However, the lower sensitivity in
acute wound assessment of BWAT score due to many
more suitable parameters with chronic wounds, such
as granulation or necrotic tissue, might fail to show
the significant changes in our study. Thus, we added
another wound assessment tool, the ImageJ program,
offering a more objective wound assessment to evaluate
the size of the wound in this study.’

The previous unpublished study of BC in CO2 laser
wounds done in our center revealed different results
of a slight delay of epithelialization on days 7 and 10.
With 3-4 days intervals of dressing changes, most BC
got dry and adhered to the wound base resulting in
disruption of epithelialization. In this study, with less
interval between wound dressing changes at 2-3 days,
we found that BC tended to have a higher percentage of
wound epithelialization than PG. However, this difference
had no statistical significance. Therefore, further study
with the daily change of the dressing materials and
increasing the study population might lead to a significant
difference in wound epithelialization between groups.

The safety of BC as a wound dressing material
was demonstrated. There was no infection or any
complication in this study. However, the cosmetic
appearance and dressing convenience are also the crucial
factors determining the usage of BC as a wound dressing

for this kind of wound.

Limitations included a relatively small number of
patients in both groups, limiting the conclusions drawn

for subgroup analysis.

Conclusion
BC showed comparable efficacy with conventional
dressing in epidermal ablative wound healing and can

be safely used for CO, laser wounds.
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