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• A novel multi-layer wound dressing
consisting of antimicrobial drug and
methylene blue laden polyvinyl alcohol
(PVA) foam as well as electronspun so-
dium carboxymethylcellulose (CMC)
surface mesh was prepared.

• This is the first wound dressing where
antibacterial drug (STAC) was com-
bined with laser photodynamic therapy
of methylene blue (MB) to achieve
near-total eradication of both S. aureus
and E. coli bacteria strains.

• The smart dressing can also present a
distinct color change visible to naked
eyes, providing timely in situ monitor-
ing of the infection development.

• CMC offered effective hemostatic
function.
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In this work, a multi-layer wound dressing consisting of polyvinyl alcohol (PVA) foam and electrospun sodium
carboxymethylcellulose (CMC) surface mesh was developed and characterized. Antimicrobial drug stearyl
trimethyl ammoium chloride (STAC) was loaded into the PVA foam for infection control and the CMC surface
mesh offers effective hemostatic function. Additionally, the potential of laser photodynamic response of the
loadedmethylene blue (MB) and its effect in enhancing thewounddressing's bacterial inhibition has been inves-
tigated. The antibacterial drug and laser photodynamic therapy (PDT) were jointly deployed, which demon-
strated greater potential in killing both S. aureus and E. coli bacteria strains. In addition, the unique color
changing property of MB has enabled real time bacterial infection monitoring of the wound dressing. The
multi-layer wound dressing with ideal material combination and unique multifunctionality may be a promising
option for wound management in the future healthcare sector.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
scu.edu.cn (L. Zhang).
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1. Introduction

Each year, millions of people suffer from wounds and/or wound re-
lated infections [1] and it is predicted that the global wound-closure
products market will exceed $15 billion by 2022 [2]. Traditional
wound dressings, such as wet-to-dry medical gauzes, need to be
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Sample names and their compositions.

Sample names Compositions

PVA-F PVA, H2SO4, formaldehyde
P/M PVA, H2SO4, formaldehyde, 0.2 g/L MB
P/M-S40 PVA, H2SO4, formaldehyde, 0.2 g/L MB, 40 mg/L
P/M-S60 PVA, H2SO4, formaldehyde, 0.2 g/L MB, 60 mg/L
P/M-S100 PVA, H2SO4, formaldehyde, 0.2 g/L MB, 100 mg/L
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replaced frequently to protect the wounds from contamination andmi-
crobial invasion. However, such dressings can adhere to the healing
wound surface, causing pain and damaging healthy tissue on removal
[3]. Wound dressings which can maintain a clean, moist environment
while offering early detection of infection can potentially extend the
dressings service time, reduce work load of healthcare professionals
and hence contributes to a reduce hospital cost [4].

While many modern wound dressings have been designed to keep
the injury site protected and maintain a moist environment, some can
also release drugs to prevent infection and promote healing [5]. In re-
cent years, research into dressings that can sense the infection condi-
tions of the wound environment with regards to its pH [6–8],
temperature [9,10], tissue oxygenation [11,12], moisture [13], mechan-
ical and electrical properties [14] etc. have been developed. However,
many of these dressings are highly complex in their composition / struc-
tures and require additional techniques / systems tomonitor thewound
infection development. Recently, researchers have developed dressings
that can present a distinctive color change upon development of infec-
tions. For instance, Jenkin's group [4] developed wound dressings that
can respond to virulence factors and switch on fluorescent color when
in contact with pathogenic wound biofilm. Karine et al. [15] fabricated
a κ–carrageenan/locust bean gum/cranberry hydrogel dressing film,
which exhibited a visible change of colors under alkaline pH typical of
infection condition. Magee et al. [16] developed a wound dressing con-
taining xylenol blue dye which exhibited a marked color change from
blue to yellowwithin 12h of inoculationwithbacteria. To date, no single
wound dressing has yet been designed to meet all the demanding re-
quirements for proper wound healing. An ideal wound dressing should
be able to provide a moist environment, absorb excess exudate, inhibit
infection, and offer highly visible monitoring of infection development.
As such, a low cost multi-functional wound care product that can pro-
vide a multi-facet solution to all the above requirements is highly
desirable.

Amongst the range ofwound dressings developed in recent decades,
the widely available polyvinyl alcohol (PVA) foam has been considered
a promising candidate for negative pressurewound treatments [17] due
to its biocompatibility, air permeability, desirablemechanical properties
and low cost [18]. In addition, its open-cell structure with rich hydroxyl
surface functional groups allow water absorption up to 6–9 times of its
own mass [19]. Despite these advantages, PVA foam lacks the blood
clotting function that is desired for wound closing and healing. In con-
trast, hemostatic sodium carboxymethyl cellulose (CMC) has been pro-
posed in several wound healing applications as it releases
phosphodiesterase growth factor, epidermal growth factor (EGF) and
basic fibroblast growth factor (bFGF), all of which stimulate fibroblast
growth and anti-inflammatory effects [20,21]. Other beneficial proper-
ties of cellulose include: hydrophilic surfaces, high water uptake capac-
ity/gas permeability, and tensile strength matching that of the natural
collagen [22].

For wounds that are prone to infection, it is desirable to use awound
dressing with built-in real time infection monitoring function, which
helps to ensure timely dressing replacement and avoid deterioration
of the would condition. Methylene blue (MB) has a strong promise in
this aspect. MB is an organic antimicrobial cationic dye with a strong af-
finity to dead cells.When in contactwith bacteria, its blue color can fade
due to the local depletion of oxygen [23]. The distinctive color change
visible by naked eyes is an excellent feature that can be deployed for
in situ/real time monitoring of wound infection. On the other hand,
MB is potent to bacteria and fungi and attaches easily to protein-rich ex-
udate and infectious debris [24]. When irradiated by red laser (wave-
length of 635–660 nm), MB can generate bactericidal reactive oxygen
species (ROS) such as hydroxyl radicals and singlet oxygen. This unique
property has also been exploited for antimicrobial photodynamic ther-
apy (aPDT) [25–28] in biomedical devices such as Ti implants [27,29].

In this work, a novel wound dressing consisting of PVA foam with
CMC surface mesh has been developed. PVA foam was loaded with
stearyl trimethyl ammoium chloride (STAC) and MB to allow for effec-
tive exudate absorption, infection control and monitoring; while the
CMC mesh offers the hemostatic function. This is the first multifunc-
tional wound dressing to combine antibacterial drug and laser photody-
namic therapy to achieve real time infectionmonitoring and eradication
of both S. aureus and E. coli bacteria strains.

2. Experiment

2.1. Materials

PVA1799, CMC and STAC were purchased from Aladdin (Shanghai,
China). Formaldehyde (wt% = 8% ~ 14%), H2SO4 (wt% = 95% ~ 98%),
citric acid, sodium citrate, glucose and CaCl2 was purchased from
Chengdu Kelong Reagent Co., Ltd., China. MB was provided by Solarbio
Science & Technology Co., Ltd., China. All reagents were used as
purchased.

2.2. Sample preparation

2.2.1. Preparation of CMC mesh
PVA aqueous solution was prepared by adding 4 g PVA into 50 mL

deionizedwater and the solutionwas stirred at 95 °C for 2 h. CMC aque-
ous solution was prepared by adding 0.8 g CMC into 41 mL deionized
water followed by heating and stirring at 70 °C for 30 min. The two so-
lutions were thenmixed vigorously and the resultingmixture was used
to prepare the CMC mesh via electrostatic spinning technique [30]. The
electrospinning was carried out under a voltage of 20 kV for 4 h under
an ambient temperature of 25 °C and 30% ~ 40% humidity. The distance
from the nozzle tip to the receiver was 10 cm and a flow rate of
0.04 mm/min was used.

2.2.2. Preparation of PVA foam with a dense surface
8 g PVAwas added into 80mL deionizedwater and themixture was

stirred at 95 °C for 2 h to obtain a uniform PVA solution. After the solu-
tionwas cooled down to room temperature, 1mLH2SO4 and 5mL form-
aldehyde solution were added to obtain the prepolymer solution [31].
0.2 g/L MB and STAC with different concentrations (0, 40, 60,
100mg/L)were then loaded into the prepolymer bymixing. Thesemix-
tureswere heated at 80 °C for 2 h, and the resulting foams sampleswere
listed in Table 1. All foam samples were immersed in deionized water
for 5 d to removeH2SO4 and formaldehyde residuals before further test-
ing. The deionizedwater was replaced daily until its pH reaches ~7.0. Fi-
nally, a small amount of ethanol was brushed onto the bottom surface
(porous side) of the PVA foam, and the CMC mesh was pressed against
the PVA foam to form the multi-layer wound dressing.

2.3. Materials characterization

2.3.1. Microstructure analysis
Scanning electron microscope (SEM, Inspect F50, Netherlands) was

used to observe the microstructure of the PVA foam and the CMC
mesh. The samples were gold sputtered for 150 s before viewing in
SEMunder pressure of 5 × 10−4 Pa and an accelerating voltage of 15 kV.
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2.3.2. Chemical analysis
The samples were pressed into tablets under 5 MPa for 1 min and

tested by Fourier transform infrared transmission spectroscopy (FTIR,
Nicolet 6700, US) to identify the chemical bonds in the PVA foam sam-
ples. X-ray photoelectron spectroscopy (XPS, XSAM800UK)was used to
analyze the chemical states of elements (such as C, O, N) within the PVA
foam samples. The pass energywas 160 eVwith energy step of 1.000 eV
and survey range of 0–1200 eV. The scan stepwas 0.050 eV and the scan
ranges for C, O and N were 275–300 eV, 522–544 eV, and 390–412 eV,
respectively.

2.3.3. Mechanical analysis
The tensile property of the PVA foam samples (45 mm × 10 mm ×

2 mm) were tested by a universal mechanical testing machine (MTS,
model E45, USA) at a speed of 10 mm/min according to GB/T
17200–2008/ISO 5893: 2002.

2.4. Functional characterization

2.4.1. CMC blood coagulation effect
Blood coagulationwas tested in vitro following established protocols

[32,33]. The blood was prepared by mixing ACD blood (consisting of
citric acid, sodium citrate and glucose) and blood from mouse
(4–6 weeks, with a body weight of 19–25 g, Chendu Dossy Experimen-
tal Animals Co., Ltd.) at a ratio 4:1 for inhibiting the blood coagulation
in vitro. 100 μL of the blood was drop-casted onto 1 cm × 1 cm CMC
mesh with a blank control and a medical gauze as references. 10 μL cal-
cium chloride solution (CaCl2) was added into each group to initiate the
blood coagulation for 5min under 37 °C [34,35]. The samples were then
immersed in 25 mL deionized water in separate vials and shaken for
10 min under 37 °C. Each sample solution was then filtered (Nylon
Φ25mm aperture) and analyzed for the UV absorbance value (UV-
1000, AOE instrument, Shanghai) [36,37]. The blood clotting index
(BCI) was calculated by Eq. (1) [32]:

BCI ¼ A=A0� 100% ð1Þ

where A is UV absorbance value of samples, A0 is UV absorbance value
of the control.

2.4.2. Water absorption and retention of PVA foams
The mass of all the freeze-dried PVA foam samples (PVA\\F, P/M, P/

M\\S40, P/M\\S60, P/M\\S100)were recorded asW0. The freeze-dried
samples were immersed in deionized water until no further weight
gain. The samples were then removed from water, and the excess sur-
face water was removed by lab tissue paper. The mass of the foam
after immersion was recorded as W. The water absorption ratio can be
calculated following Eq. (2) [17]:

Water absorption ratio ¼ W−W0
W0

� 100% ð2Þ

All the swollen samples (PVA\\F, P/M, P/M\\S40, P/M\\S60, P/
M\\S100) were placed in a 37 °C oven and their weights were mea-
sured at different time intervals. The corresponding sample mass was
recorded as Wn. The water retention ratio can be calculated by Eq. (3)
[38]:

Water retention ratio ¼ Wn
W

� 100% ð3Þ

2.4.3. Antibacterial properties of PVA foams
Gram-negative Escherichia coli (E. coli, ATCC25922) and gram-

positive Staphylococcus aureus (S. aureus, ATCC25923) were used to
evaluate the antibacterial properties of the PVA foam [39,40]. Ten-fold
dilution method was used to quantitatively measure the bacteriostasis
rate which is defined by the Eq. (4) [41]. Briefly, bacterial strain was in-
cubated in the culturemedium for 24 h and the subculture from the sec-
ond passage was used as the pre-made bacterial fluid. 100 μL pre-made
bacterialfluidwas dropped onto samples and incubated for 2 h followed
by addition of 2 mL physiological saline. The mixture of bacterial fluid
and physiological saline extracted from each sample was subsequently
diluted 104 times. Finally, 100 μL of each diluted fluid sample was inoc-
ulated on Luria-Bertani nutrient agar plate. The number of bacterial col-
onies up to 30–300 CFU (colony-forming unit) was counted.

BR ¼ n0−n1

n0

� �
� 100% ð4Þ

where n0 is the number of colonies on the control plate, and n1 is the
number of colonies on the plates of the experimental group.

To investigate the effect of laser irradiation and its potential in en-
hancing antimicrobial efficiency, a separate set of samples were irradi-
ated by a 650 nm laser (5 mW, YZ-SPQ003, Yizheng technology co.
LTD, China) for 2 min before the ten-fold dilution method was applied.

2.4.4. Real time infection monitoring and air permeability
Ultraviolet spectrophotometer (Shimadzu UV-2600, Japan) with a

wavelength of 600 nm (OD 600) was used to analyze the concentration
of bacterial suspension [42]. Bacterial suspension with respective OD
values of 0.8 and 2.2 were dropped and casted onto PVA foam samples
to simulate the infection. The samples were then incubated in a bacteri-
ological incubator at 37 °C. The optical image showing corresponding
color change was recorded at 0 h, 6 h, 48 h, respectively.

The air permeability of a typical PVA foam sample (P/M\\S40) was
measured by a gas transmittance tester (Beijing hake experimental in-
strument factory, GTR-701 M) under a pressure of 0.1 MPa according
to the GB/T 1038–2000 standard.

2.4.5. Toxicity
The cytotoxicity of the multi-layer wound dressings was evaluated

by the extraction method following ISO 10993-5:1992. Specifically,
samples were immersed in a serum-free MEMmedium (Thermo Fisher
Scientific, US) for 24 h under 37 °C. The cells were cultured by the me-
dium for 24 h. Then the cells were fixed with 4% paraformaldehyde
for 20 min and permeabilized with 0.1% Trion X-100 in PBS for 5 min.
Afterwards, the cells were stained with FITC-phalloidin (Solarbio,
China) for 30 min at room temperature, washed by PBS, and stained
with DAPI (Solarbio, China) for 5 min [43]. The cell morphology was
then observed by laser confocal microscope (CLSM, OLYMPUS, Japan).
The live and dead cells were cultured for 24 h, stained by calcein AM
and PI, respectively, andwere recorded by a fluorescent invertedmicro-
scope (OLYMPUS, U-HGLGPS, Japan). Live and dead viability/cytotoxic-
ity assay kit was supplied by Jiangsu Kaiji Biotechnology Co., Ltd.

Finally, cell proliferation within the medium was investigated using
MTT assay (Sigma-Aldrich, Shanghai) after culturing for 1, 3, 5 and
7 days, respectively.

3. Results and discussion

3.1. Materials characterization

3.1.1. Microstructure analysis
Fig. 1A shows the optical image of the multi-layer wound dressing

and the microstructures of each constituent layer. As can be seen from
Fig. 1B, the inner structure of PVA\\F, P/M, P/M-S40 and P/M-S60
were highly porous with a pore diameter of 15 ± 5 μm. The P/M-S100
had a relatively larger pore size (30 ± 15 μm). Due to the interaction
of prepolymer with air during the materials preparation, the outer sur-
face of the PVA foamwas dense, which helps tomaintain a dust free sur-
face [40].



Fig. 1. (A) Optical image of multi-layer wound dressing; (B) SEM images of the PVA foam surface and bulk; (C) SEM image of the CMC mesh and its fibre diameter distribution.

4 M. He et al. / Materials and Design 194 (2020) 108913
Fig. 1C shows the microstructure of the CMC mesh, where the
electrospunned fibres with average diameter of 150–250 nmwere ran-
domly oriented.

3.1.2. Chemical analysis
Fig. 2A shows the FTIR spectra of the PVA foam samples and the pris-

tine PVA. Antisymmetric and symmetric telescopic vibrations of –CH2

were at 2942 cm−1 and 2912 cm−1 respectively. Stretching vibrations
and curving vibrations of –OH were found at 3400 cm−1 and
942 cm−1, respectively. The intensity of these peaks decreased signifi-
cantly in the PVA foam samples as compared to the pristine PVA,
which indicates the consumption of –OH (due to condensation reaction
between PVA and formaldehyde) during the preparation of the PVA
foams. It is worth noting that the peak at 1750 cm−1 belongs to car-
bonyl, due to incomplete hydrolysis of the acetate groups in PVA 1799
[44]. The new peak at 1167 cm−1 belongs to C-O-C formed during the
condensation reaction process, typical of PVA foam.

XPS analysiswas carried out to reveal the states of C andNof the PVA
foams loaded with MB and STAC. The signal of C-C/C-H bond at
284.60 eV, C-O/C-OH bond at 286.2 eV and C\\N bond at 287.7 eV
[45] are evident in Fig. 2B. Other characteristic peaks associated with
Fig. 2. The FTIR spectra (A); the XPS spectra; d
nitrogen containing groups were shown in Fig. 2C, where 399.8 eV can
be attributed to C\\N and 402.4 eV to C-N+ [46]. The C\\N peak in P/
M is derived from MB, while the C-N+ is originated from STAC, and
these indicate the successful introduction of MB and STAC into the
PVA foam samples.

3.1.3. Mechanical properties
The Young's modulus of PVA\\F, P/M, P/M\\S40, P/M-S60 and P/M-

S100 were shown in Fig. 3A, which were about 25 kPa. Fig. 3B shows
that the elongation at break peaks at about 2000% for P/M. Further addi-
tion of STAC has led to decreased elongation at break. and the data for
tensile strength of the samples follows a decreased trend (Fig. 3C), the
corresponding stress-strain curves was shown in Fig. S1.

3.2. Functional characterization

3.2.1. Blood coagulation
As is shown in Fig. 4A, the blood diffusion in water are clearly visible

in both the blank group and the medical gauze group, whereas the
water remains clear for the CMC mesh group, indicating its stronger
blood coagulation capability. Fig. 4B shows that with the coagulated
econvolution of C1s (B) and N1s (C) peak.



Fig. 3. Young's modulus (A), elongation at break (B) and tensile strength (C) of PVA\\F, P/M, P/M\\S40, P/M-S60 and P/M\\S100.

Fig. 4. Optical images showing blood coagulation induced by different samples (A); Water samples before and after filtration (B); Blood clotting index (BCI) of different samples (C).
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blood being removed by filtration, the CMC sample solution is more
clear, again suggesting its effectiveness in promoting blood coagulation
and inducing thrombosis [47,48]. In order to quantify the clotting ability
of each group, BCI of samples after filtration was calculated and the re-
sults can be seen in Fig. 4C. The BCI value of the CMCmesh is ~50% lower
than those of the blank andmedical gauze groups, confirming the better
clotting ability of CMC group. The blood coagulation capability of CMC
has been widely reported in the literature, when mixed with water, it
could form a viscous gel which can effectively stop the bleeding through
filling wound voids, sealing capillary ends and activating the clotting
system [49].
3.2.2. Water absorption and retention
High water absorption and retention capacity are indispensable re-

quirements for wound dressings, as this ensures the effective exudate
absorption while maintaining a desirable moist wound environment
[50]. Fig. 5A shows that the water absorption of all PVA foam samples
reached ~7 times of the initial mass of the freeze-dried samples. Addi-
tion of MB and STAC had no obvious effect on the water absorbing abil-
ity of the PVA foam. When placed in a 37 °C oven, the samples
experienced gradual dehydration and became completely dehydrated
after 40 h, see Fig. 5B.
3.2.3. Antibacterial property
Quantitatively, the bacteriostatic ratewas calculated by counting the

bacterial colonies (see Supporting Information). Fig. 6A shows that
while P/M demonstrated no obvious antibacterial effect against
S. aureus, the bacteriostatic rate of P/M\\S40, P/M-S60 and P/M-S100
approached 99.99% against S. aureus (images of bacterial colonies see
Fig. S2). Upon laser irradiation, a significantly enhanced bacteriostatic
rate (55.00%) for the P/M sample. Fig. 6B shows that the antibacterial ef-
ficiency of the STAC loaded samples were lower towards E. coli (73.44%,
82.81% and 90.63% for P/M\\S40, P/M-S60 and P/M\\S100, respec-
tively) as compared to S. aureus (also see Fig. S3), indicating that the
bacteriostatic rate against E. coli was improved by increasing the STAC
content. The greater bacteria inhibition against S. aureus was in accor-
dance with our previous study [51]. Upon laser irradiation, the bacteri-
ostatic rate against E. coli has significantly improved and approached
99.99% for STAC loaded samples, similar to that of S. aureus (also see
Fig. S4 and Fig. S5). The bacteriostatic rate of STAC free samples has
also reached 67.53%. The MB under 650 nm laser produces highly
reactive oxygen species (ROS) such as singlet oxygen (1O2, Type II pho-
tochemicalmechanism) and hydroxyl radicals (HO·, Type I photochem-
ical mechanism), which can damage biomolecules (proteins, lipids,
nucleic acids) in a wide range of microorganisms [52]. The results
show that combination of STAC and laser irradiation can lead to a



Fig. 5. (A) Water absorbance; (B) Water retention ratio of different PVA foam samples.

Fig. 6. (A) Bacteriostatic rate of PVA foams against S. aureus; (B) Bacteriostatic rate of PVA foams against E. coli, ***p b 0.001.

Fig. 7. (A) Images of color change indicating infection development; (B) Mechanism of color change.
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Fig. 8. CLSM images and live-dead of MG63 cultured for 24 h.
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near-total eradication of both bacterial strains. It is worth noting that
the effectiveness of bacterial inhibition depends on the promptness of
the dressing application and the local bacterial loading. If used properly,
our dressing design may also help reduce antibiotic-related side-effects
and combat drug-resistant bacterial infections in wound management.
3.2.4. Real time infection monitoring and air permeability
Fig. 7A shows that with bacterial suspensions OD= 0.8, P/M shows

significant fading after 6 h, whereas P/M-S40 maintains the same blue
color up to 48 h. The results suggest thatMB can provide an effective in-
fection monitoring function in situ and in real time, while the STAC can
effectively inhibit the growth of bacteria when OD= 0.8. When a more
excessive bacteria loading was used (OD = 2.2), the blue color started
to fade on P/M-S40 after 6 h, indicating that the bacteria loading has
exceeded the inhibition threshold of P/M\\S40. Fig. 7B illustrates the re-
action mechanism involved in the color change of MB, where the pres-
ence of the bacteria consumes the oxygen and leads to the reduction
reaction product of MB (colorless) [26].

The air permeability has been measured for a typical sample (P/
M\\S40). The value of 41.11 cm3/m2 under the pressure of 0.1 MPa is
comparable to other “breathable” wound dressing systems reported in
the published literatures [53,54].
Fig. 9. MTT results of all samples: ***p b 0.001, **p b 0.01, *p b 0.05 vs. PVA-F under the
same testing condition.
3.2.5. Toxicity
The CLSMmorphologies of cells cultured for 1 day were recorded in

Fig. 8. Cells displayed a good growth and spreading condition on all
wound dressing samples. The live-dead cell images suggest that the ac-
tive cells predominate. MTT evaluation in Fig. 9 shows a significant in-
crease in the absorbance as number of days increases. The greatest
enhancement was seen on day 7 with P/M showing the greatest in-
crease, followed by P/M-S40 and P/M\\S60, indicating the strong ability
of these samples in promoting cell proliferation.

4. Conclusion

In this work, a multi-layer wound dressing composed of STAC and
MB laden PVA foam and CMC mesh was prepared. The surface CMC
mesh demonstrated strong capability in promoting blood coagulation.
The PVA foam can absorb liquid up to 7 times to its own weight, sug-
gesting its potential effectiveness in absorbing excess exudate. On the
other hand, the STAC laden PVA foam demonstrated bacteria inhibition
towards both E. coli and S. aureus, and the antimicrobial effect can be
further enhanced by initiating the photodynamic response (generation
of bactericidal ROS) of MB under 650 nm laser irradiation. When the
bacteria loading exceeds the dressing's bacteria inhibition threshold,
theMB embedded within the dressing can cause a distinct color change
visible to naked eyes, which can provide the real timemonitoring of the
infection development and give timely feedback to healthcare profes-
sionals informing the patients wound condition.
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