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Abstract Background This clinical trial aimed to evaluate the clinical efficacy of chitosan
derivative hydrogel paste (CDHP) as a wound bed preparation for wounds with cavities.
Methods This study enrolled 287 patients, with 143 patients randomized into the
CDHP group (treatment) and 144 patients randomized into the commercial hydro-
active gel (CHG) group (control). The granulation tissue, necrotic tissue, patient
comfort, clinical signs, symptoms, and patient convenience during the application
and removal of the dressing were assessed.
Results The study was completed by 111 and 105 patients from the treatment and
control groups, respectively. Both groups showed an increasing mean percentage of
wound granulation over time when the initial wound size and comorbidity were
adjusted (F(10,198)¼4.61; p<0.001), but no significant difference was found be-
tween the groups (F(1,207)¼ 0.043; p¼0.953). The adjusted mean percentage of
necrotic tissue of both groups showed a significant decrease over time (F
(10,235)¼5.65; p <0.001), but no significant differences were found between the
groups (F (1,244)¼0.487; p¼ 0.486).
Conclusion CDHP is equivalent to CHG and is an alternative in wound management
and wound bed preparation for wounds with cavities.
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Introduction

Chitosan is a biodegradable, nontoxic, complex carbohydrate
derivative of chitin (poly-N-acetyl-D-glucosamine),1,2 a nat-
urally occurring material found in crustacean exoskeletons
(such as crabs and shrimp) and the cell walls of fungi.2–4

Chitosan possesses various biological properties, such as
hemostasis5–8 and acesodyne activity (analgesic), wound
healing properties,9,10 scar reduction, bacteriostasis,11,12

biocompatibility, and biodegradability.13–17 These proper-
ties make chitosan a suitable candidate as a prospective
material for wound dressings.

Chitosan is water insoluble but can be made water
soluble either through derivatization of its functional
groups or hydrolysis of the long polymeric chains into
shorter chain length chitosan products called oligochito-
san.18 One such derivative is N,O-CMC, a water-soluble
chitosan derivative bearing carboxymethyl substituents at
some of both amine and 6-hydroxyl sites of glucosamine
units. Moisture retention, gel performance capability, low
toxicity, and good biocompatibility are a few of the physical
and biological features that make chitosan a promising
biomaterial.19

Various dressings are available, indicating that no single
dressing material can be considered the gold standard and
suitable for all wound types.20,21 Ideally, wound dressings
should be selected based on their ability to enhance
re-epithelialization as well as angiogenesis and extracellu-
lar matrix (ECM) synthesis. To enhance blood flow for
angiogenesis, the ideal dressing must be sufficiently per-
meable to allow gas exchange while maintaining tissue
temperature.22

Furthermore, the dressing must be nonadherent and easy
to remove, preventing damage to the new epithelialized and
granulation tissues, and the dressing must provide a de-
bridement factor for easy removal of necrotic tis-
sue.20,21,23,24 Wound dressings are generally classified as
passive, interactive, or bioactive (advance)25,26 products that
contain an active compound that aids wound healing.

Gel dressings are widely used as a wound treatment. The
most common hydroactive gels include Intrasite, Hydrosorb,
Purilon, and DuoDERM hydroactive gels. Commercial hydro-
active gel (CHG) is a viscous hydrogel that is preservative-
free and transparent. It has been recommended for partial
and full-thickness wounds, and as a filler for dry cavity
wounds to generate a moist healing environment.

This clinical trial is aimed to compare the clinical efficacy
of biomedical grade chitosan derivative hydrogel paste
(CDHP) in a clinical setting compared with CHG for wound
bed preparation.

Patients and Methods

This prospective, multicenter, randomized controlled clini-
cal trial involved patients at our study centers with full-
thickness wounds with a cavity that required wound bed
preparation for a subsequent surgery/procedure to close the
wound at a later stage.

Selection of Patients
Patientsof both sexes, aged16 to70years,whopresentedwitha
full-thicknesswoundwithacavityat the fourmedical centers in
Malaysia were screened for the study. Patients with severely
contaminated or infected wounds, allergies to seafood, uncon-
trolled diabetes (random blood glucose>10mmol/L), noncom-
pliance, pregnancy, and any skin pathology (such as eczema)
were excluded from the study. Patients who fulfilled the inclu-
sion criteria were enrolled in the study after providing signed
consent andwere randomized into either the treatment groups
with CDHP dressings or control group with commercially
available CHG dressings. Randomization was conducted using
web-based software (http://www.randomization.com).

Preparation of CDHP Dressing
This dressing was manufactured in a good manufacturing
practice-compliant pilot plant facility by our collaborator,
Standard and Industrial Research Institute Malaysia (SIRIM
Malaysia). This product was granted aMalaysian patent with
grant no. MY-145085-A on 30 December 2011 under the
Intellectual Property Corporation of Malaysia (MyIPO).

Hydroactive Dressing
The hydroactive gel dressing was purchased from our local
supplier.

Dressing Application
Wound toilets were treatedwith 0.9% normal saline and 0.5%
chlorhexidine aqueous solution until clean and free of dirt or
foreign bodies. The dressing material, either CDHP or CHG,
was applied to the wound, and a secondary dressing was
applied using an Opsite Flexigrid with gauze on top and
securedwith a bandage. The dressing was changed every 1 to
3 days based on thewound condition that was decided by the
treating surgeon/physician. The wounds were photographed
during wound inspection and before a new dressing was
applied (►Fig. 1).

Measurement Outcomes
The patient details and all clinical characteristics were
recorded on a case report form by our trained research
assistants (staff nurses/medical assistants). The time until
the wound bed is ready, granulation tissue, necrotic tissue,
patient comfort (pain and itching), clinical appearance
(wound drainage, erythema, localized warmth, and edema),
convenience during application and removal of the dress-
ings, such as pain following removal, exudate, adherence,
ease of removal, and odor, were all noted. Additionally, notes
were made regarding allergies and complications caused by
the dressings.

The formation of granulation tissue (percentage of area),
quality of granulation tissue, wound contraction (percentage
of area), and exudates and pain were evaluated using a scale
of 0 to 3 (where 0 denotes nil/none and 3 denotes maxi-
mum).27 Patient comfort (pain and itching) and pain follow-
ing removal of the dressings were assessed using a visual
analog scale of 0 to 10 (where 0 denotes nil/none and 10
denotes maximum).
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Statistical Methods
The data were analyzed using IBM SPSS Statistic version 24.
Numerical variables were summarized as means and stan-
dard deviations, and categorical variables were presented as
frequencies and percentages. Baseline comparisons of vari-
ables were performed using Pearson’s chi-squared test,
independent t-test, and one-way analysis of variance. Differ-
ences in scores between groups at any time point were
analyzed using independent t-test. Repeated measures anal-
ysis of covariance was used to analyze the time effect,
treatment effect, time–treatment interaction effect for the
granulation, necrotic tissue percentages, the assessments of
wound characteristics, dressing, granulation tissue, and
complications. All analyses were adjusted for initial wound
size and diabetes comorbidity. The level of significance was
set at a p-value of 0.05.

Results

A total of 287 patientswere included during the study period
from April 2012 until May 2019. Of these, 143 patients were
randomized into the treatment group, and 144 patients were
randomized into the control group. One hundred eleven and

105 patients from the treatment and control groups, respec-
tively, completed the study, while 58 patients (25 and 33
from the treatment and control groups, respectively) were
discontinued for various reasons.

A comparison of the patients’ background characteristics
and baseline data is shown in ►Table 1. Both groups were
comparable except for the days to complete the study (heal-
ing duration) (p¼0.032) and initial wound size (p¼0.025).
Because of the higher initial wound size, the duration of
healing in the treatment group was longer time than that of
the control group.

When the healing duration was compared further, signif-
icant mean differences were observed in the healing dura-
tion among the age group, diabetes, and wound etiology
(►Table 2). The younger group and nondiabetic patients
healed faster than the other groups. Those with motor
vehicle accidents and trauma healed faster than those with
infection and surgical complications.

The wounds were located at various parts of the body, and
most were at the lower limbs for both groups with number of
wounds are 95 and 76, respectively (►Fig. 2A).►Fig. 2B com-
pares thehealing timesofdifferent typesofwoundedges.Most
of the wounds had sloping edges. Although the punch-out

Fig. 1 Wound toilet preparation and dressing application. The wound was photographed with a disposable ruler (a), wound dressing set; 0.9%
normal saline and 0.5% CHD solution (b), Chitosan gel (c), wound toilet cleaning (d), Chitosan hydrogel gel on wound bed (e), wound was
covered with Opsite flexigrid and traces using marker pen (f–g) the grid layer of Opsite flexigrid was removed (h), a bandage was applied as
a secondary dressing (i).
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wound took longer to heal, no significant mean differences
were found between the groups (p¼0.087).

A significant time effect was observed on the percentage
of granulation when the initial wound area and comorbidity
were adjusted (F stat (10, 198)¼4.61; p<0.001). However,
no statistical significance was observed regarding the effect
of treatment (F stat (1, 207)¼0.043; p¼0.836). A significant
interaction effect was observed between treatments and
time when other variables were adjusted (F stat (10,
198)¼2.17; p¼0.021). Both the treatment and control
groups showed an increasing mean percentage of wound
granulation at the respective time points (►Fig. 2C). The
granulation tissue formation was evident in the wound
healing progress (►Fig. 3).

►Fig. 2D shows a significant time effect on the percentage
of necrotic tissue when the initial wound area and comor-
bidity were adjusted (F stat (10, 235)¼5.65; p<0.001).
However, no significant effects of the treatments (F stat (1,
244)¼0.487; p¼0.486) or interaction effects, F stat (10,
235)¼1.44, p¼0.162 were noted. Both groups showed a
decreasing mean percentage of necrotic tissue at the respec-
tive time points.

Both the treatment and control groups had significantly
decreased means in wound drainage and erythema over
time. However, no significant differences were found be-
tween the groups and time–treatment interaction in all
clinical signs and symptoms of the wound (►Table 3).

Table 1 The distribution of background and baseline parameters of treatment and control groups

Frequency (%)/mean (SD) p-Value

Treatment
(n¼136)

Control
(n¼ 140)

Age (y) 49.61 (16.71) 47.71 (15.11) 0.320a

Sex

Male 79 (52.3) 72 (47.7) 0.266b

Female 57 (45.6) 68 (54.4)

Race

Malays 123 (50.6) 120 (49.4) NA

Chinese 6 (40.0) 9 (60.0)

Indian 4 (36.4) 7 (63.6)

Others 3 (42.9) 4 (57.1)

Comorbidity

None 22 (44.0) 28 (56.0) NA

Recent surgical procedure 26 (40.6) 38 (59.4)

Recent trauma 15 (42.9) 20 (40.4)

Diabetes mellitus 62 (59.6) 42 (40.4)

Peripheral vascular disease 1 (100) 0

Days to complete the study 12.97 (10.24) 10.41 (9.56) 0.032a

Initial wound size (cm2) 59.54 (100.72) 37.17 (57.44) 0.025a

Abbreviations: NA, not applicable; SD, standard deviation.
aIndependent t-test.
bChi-squared test.

Table 2 Comparison of means of healing time (day) between
variables

Healing time (d)
Mean (SD)

p-Value

Age group (y)

< 40 7.43 (7.72) <0.001a

40–60 12.84 (10.35)

> 60 14.12 (10.07)

Diabetes

Yes 15.55 (10.26) <0.001b

No 8.13 (8.25)

Recent surgical procedure

Yes 15.55 (10.26) 0.721b

No 8.13 (8.25)

Wound etiology

Infection 12.73 (10.57) 0.004

Motor vehicle accidents 7.23 (7.64)

Surgical complications 14.00 (7.82)

Trauma 7.00 (5.41)

Others 13.67 (8.31)

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
aOne-way ANOVA.
bIndependent t-test.
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Regarding the ease of removal and odor of the dressings,
both groups had significant mean differences over time. The
ease of dressing removal improved significantly over time,
but the odor in both groups was significantly increased on
day 21. At all-time points, the treatment group had signifi-
cantly less pain following removal than the control group. No
significant interaction time–treatment was found in any
dressing assessment (►Table 3).

Both groups showed a significant decrease in the mean
scores regarding color, thickness, and consistency of the
granulation tissue over time. No significant treatment or
interaction effects were observed in any granulation tissue
assessment (►Table 3).

The mean scores for local and systemic complications
decreased significantly for both groups over time. However,

no significant treatment or interaction effects were found for
complication assessments (►Table 3).

Discussion

This study showed the effectiveness of CDHP compared with
conventional CHG dressings for wound bed preparation. The
use of a CDHP dressing on full-thickness wounds with cavities
was supported by previous studies.2,10,28–31 This dressing can
keep the wound moist and enhance granulation tissue. This
clinical trial demonstrated the effectiveness of CDHPdressings
inwound bedpreparation concerning granulation and remov-
al of necrotic tissue from cavitation wounds.

However, proving that one material was superior to the
other in terms of wound healing was challenging. The reason

Fig. 2 Distribution of wound sites. (A) Comparison of the healing time between different types of wound edges. (B) Effect of treatments on the
percentage of wound granulation tissue over time. (C) Effect of treatments on the percentage of necrotic tissue over time points (D).
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is that full-thickness wounds with cavities (large in size) will
take a longer time for primary wound closure. Hence, this
study demonstrated the use of CDHP for wound bed prepa-
ration before the secondary intention of wound closure.
Almost all wounds demonstrated new granulation tissue
and less necrotic tissue in the wound bed over the time
points.

Although randomization of the treatment group was
performed, the initial wound area was significantly larger
in the CDHP group than in the control group, likely causing
delayed healing. However, the difference in the baseline
wound size was adjusted by conducting repeated measure
analysis of covariance. Most of the wound beds were pre-
pared and ready for the secondary intention of wound
closure between days 10 and 12 in both groups.

Granulation is crucial in cavity/full-thickness wound
healing. During the proliferative phase,macrophages actuate
fibroblasts to release growth factors from the ECM,32migrate
to the wound via a fibrin–fibronectin matrix network33,34,
synthesize, and secrete the ECM.35,36 The primary composi-
tion of the initial wound matrix is fibrin, glycosaminoglycan
(GAG), and hyaluronic acid.37,38 TheGAG scaffold holds type I
and III collagen. At this stage, thewound bed contains a dense
capillary network clinically known as neoangiogenesis, giv-
ing the granulation tissue a pink, soft, and granular appear-
ance.32,39–41 Hence, the wound must be covered with an
effective dressing to prevent contamination and secure the
process of granulation.

In our study, granulation gradually increased at the
respective time points in both groups and decreased in
necrotic tissue development across the time points. Thus,
both dressings enhanced wound repair while providing

moisture and protection to the wound via properties such
as antibacterial42 and angiogenic properties.11,12,43–45 An-
other study showed that chitosan gel augmented the synthe-
sis levels of collagen, an endogenous antioxidant, and
prevented free radical-mediated tissue injury.46,47 This en-
dogenous antioxidant may indicate that chitosan prevents
the development of necrotic tissue.

Chitosan gel with a higher molecular weight and a
higher degree of deacetylation accelerates wound healing.
This result also suggests that chitosan accelerates the refor-
mation of connective tissue.48

This study also aims to determine the patient’s comfort
and facilitate the application and removal of the dressings.
Because the wounds were treated with paste and gel form
dressings, leakage was observed as the paste/gel was diluted
by wound exudates at the early time points of the study. The
CDHP used in this trial was slightly more solid than the CHG.
However, the paste was eventually liquified by exudates.
Erythema was also observed during the early time points of
the study because most of the wounds were from diabetic
patients and might have been caused by inflammation from
the prior surgical procedure. Other assessments of signs and
symptoms of wound infection, such as localized warmth,
pain, tenderness, edema, induration, suggested that the
wounds were healthy and stable during the treatment
course.

Regarding patient convenience during application and
removal of the dressings, this study found that removing
the CDHP was slightly more difficult than removing the CHG
because it was stickier. Additionally, patients treated with
CDHP experienced less pain likely because CDHP has an
analgesic effect.17,49 Because infection was ruled out, the

Fig. 3 Wound healing progress. Wound assessment was done every 3 days until the wound bed was prepared for secondary wound closure with
a split skin graft. By day 24, the wound was ready for secondary wound closure using a split skin graft.

Indian Journal of Plastic Surgery Vol. 56 No. 1/2023 © 2022. Association of Plastic Surgeons of India. All rights reserved.

Efficacy of CDHP in Comparison to CHG as a Wound Bed Preparation Nasir et al. 49



increase in odor over time is likely attributed to the interac-
tion of new granulation tissue, exudate, the dressing time
with CDHP and CHG itself.

Regardless of the dressing employed, the color, thickness,
and consistency of granulation tissue exhibited a decrease in
the mean score. The reasonmay be subjective assessment by
different operators with different perceptions of the color
and texture of the granulation tissues. No local or systemic
problems were noted during the trial period.

Although no complications were reported, this CDHP
should not be used on a patient allergic to chitosan or its
derivatives, and it is not recommended for high exudate
wounds or infected wounds.

Conclusion

This prospective randomized controlled study showed that a
CDHP dressing manufactured from a deacetylated chitosan
bioderivative is comparable to CHG in terms of granulation
tissue formation and necrotic tissue removal. CDHP caused
less pain in the patients during dressing removal. These
attributes represent the positive potential of this new dress-
ing made of natural materials.
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