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ABSTRACT

Introduction: Diabetes mellitus (DM) is one of the non-communicable diseases that can cause the most serious com-
plications such as CHD, cerebrovascular disorders, peripheral arterial disorders, and diabetic foot ulcers. DM can
occur due to metabolic disorders caused by the pancreas not being able to produce the amount of insulin needed by
the body. Several studies related to DM healing methods can use chitosan and silver dressings. Chitosan as a gelling
fiber has an impact on the clinical outcome of chronic wounds which is indicated by reducing wound size, prevent-
ing wound holes due to accumulation of exudate. Meanwhile, the use of silver dressings with activated carbon can
reduce the wound size and was effective in overcoming excessive exudate, foul odor, pain, and maceration. The
obejective was to analyze the effectiveness in the use of Zinc Chitosan Cream and Silver dressing on the healing
process of diabetic ulcers. Methods: An international electronic database was used as the source of the articles in
this systematic review. Results: The systematic review showed that the factors that greatly affect wound healing are
Chitosan-based materials and silver dressings that aim to kill bacteria in diabetic ulcers so that treatment time can
be shorter. Conclusion: Zinc Chitosan Cream and Silver dressing can be used for diabetic patients with foot ulcers
in the wound healing process using moist treatments. Further research is needed to compare the effectiveness of the

diabetic ulcer healing process in type Il Diabetes Mellitus patients.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder that
is caused when the pancreas cannot produce the
amount of insulin needed by the body or cannot use
insulin efficiently, resulting in an increase in glucose
levels in the blood (1). DM is one of the four priority
non-communicable diseases that must be followed up
by world leaders to find solutions to prevent further
complications. Medan city is the capital of North
Sumatra Province. It is ranked 7th (10928 people)
with the highest recorded DM cases after Binjai, Deli
Serdang, Gunung Sitoli, Toba Samosir, Sibolga, Langkat
with 1.71% (2). After being diagnosed with DM, it takes
10-15 years to cause macrovascular symptoms in the
form of: CHD, cerebrovascular disorders, and peripheral
arterial disorders (3). One of the most serious and most
common complications caused by diabetes mellitus is
diabetic foot ulcers (4).

Chitosan as a gelling fiber has an impact on clinical
outcomes of chronic wounds which is indicated by
reducing wound size, preventing wound holes due to
accumulation of exudate, preventing dehydration of
the wound bed, reducing odor and increasing healthy
granulation of fragile tissue (5,6,7,8). Chitosan and
Nano-zinc oxide (nZnO) are excellent healer because
they stimulate homeostasis and accelerate tissue
regeneration. Moreover they are widely used because
of their non-toxicity, stability, biodegradability, and
biocompatibility (9,10).

Based on a previous study on the use of silver dressings,
information in a review made by Ravichandran &
Chitti (11) stated that doctors have reverted to the
use of silver dressings for wound due to the increase
in antibiotic-resistant bacteria such as Methicillin-
resistant Staphylococcus aureussMRSA. According to
the research by Tsang, 2017 (12), the Nanocrystalline
silver (nAg) on patients with Type Il DM, uninfected
wounds, debridement in a control experiment showed
a greater wound reduction by 97.45% with a larger
but not significant reduction of microorganisms (13). It
was seen that the use of hydro cellular foam dressings
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with silver and polyacrylate dressings with activated
carbon resulted in reduction of wound size and was
effective in dealing with excessive exudate, foul odor,
pain and maceration caused by wound infection with a
frequency of 12 weeks dressings and with the addition
of a secondary dressing.

Another research (14) using observational study among
50 cases of diabetic foot patients with silver-based
dressings showed that silver-based dressings were
effective in wound healing as indicated by 47 cases
(94%). This treatment resulted in minimal serous exudate,
with healthy granulation of tissue, the absence of micro-
organisms and a good healing rate. Another study (15)
stated that antimicrobial properties have been used in the
preparation of wound dressings. This type of wound care
is widely used in practice and shows promising results
in the healing of contaminated wounds. A subsequent
study (16) showed that using chitosan with silver gave
significant results in the reduction of ulcer area among
group using chitosan and AgNPs (Silver nanoparticles).
In this treatment purulent fluid disappeared, and
bacterial cultures became negative. Silver nanoparticles
(AgNP) has a strong antimicrobial effect, as it binds to
the bacterial wall, enzymes, and DNA.

Another recent study (17) stated that dressings made
from alginate, hyaluronan, and Chitlac in membrane
form were effective in vitro against both planktonic
bacteria and biofilms bacteria. This membrane
prevents the formation of bacterial colonization and
treats infected wounds. Components of Chitlac-AgNPs
(silver nanoparticles) have been proven to inhibit the
proteolytic activity of MMPs (Matrix metalloproteinases)
in vitro which can cause wounds to heal.

The study’s purpose is to identify and analyze a
systematic review of previous research using narrative
descriptive analysis of some of the main findings of the
research article that discusses the application of zinc
chitosan cream and silver dressing in healing of diabetic
ulcers.

MATERIALS AND METHODS

Methods

The writing method used systematic review based on
the specific PRISMA diagram guidelines. The author
uses PRISMA as a standard in reviewing and selecting
research articles. The PRISMA guideline is a form of
instrument that aims to assist writers in improving the
quality of the selection of research articles in a systematic
review which consists of four stages (18).

In addition, the standard in conducting a study or
analysis of research articles in this systematic review
also uses the PICO model which consists of Population
(P), Intervention (1), Comparison (C), and Outcome (O).
The PICO model was used by researchers in determining

the inclusion and exclusion criteria in this systematic
review. The criteria determined by the researcher
assisted in selecting research articles.

Search Information Sources

An international electronic database consisting of
ProQuest, EBSCO (CINAHL, MEDLINE), and PubMed
as the source of the articles was used in this systematic
review with the publication period of research articles
starting from 2015 - 2020 (the last 5 years).

Search Strategy

The search strategy carried out by the author for this
systematic review uses several keywords in the search in
the database according to the topic and title of the study
using the Boolean operator’s standard. The keywords
used include “Diabetic Ulcer” AND “Zinc Chitosan”
AND “Silver” AND “Diabetes Mellitus” AND “Healing”.

Article Selection

The process of selecting research articles by the author
for this systematic review uses the PRISMA method
with four stages. The first stage is the identification of
the stage, the authors combine research articles from
all search sources in the database. The second stage
is screening, at this stage the author selects titles and
research articles that are adjusted to the inclusion criteria
and those that are not suitable will be excluded. The
third stage is eligibility, at this stage the author makes
a selection based on the full text of the research article
and still adjusts to the inclusion criteria. The fourth stage
is the including stage, articles that have been reviewed
in full text and meet the inclusion criteria will enter at
this stage, because research articles have been obtained
that are truly appropriate and relevant to the topic and
title of the research for a systematic review (19).

Quality Assessment

The quality of writing this systematic review uses the
JBI Critical Appraisal guidelines to assess the quality of
a research article. JBI Critical Appraisal is an instrument
used to assess a methodological quality of a study to
determine the extent to which a study has addressed
possible biases in its design, intervention and analysis.
The JBI Critical Appraisal instrument is also adapted
to the type of research used, including the JBI Critical
Appraisal for quasy-experiment, JBI Critical Appraisal
for Randomized controlled trial, and others (20).

Data Extraction

The measurement instrument was done using Bates-
Jensen Wound Assessment Tools (21). Data was
extracted in writing this systematic review to provide
information from notes that are tailored to the research
objectives. The data extracted from each of the articles
that passed the selection based on the PRISMA method
consisted of the author, year of publication, the research
objectives, the research design, the main findings, the
limitations of the study. The results of data extraction
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can be seen in the Table I.

Table I: Inclusion Criteria and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

The population or sample in the research
article focuses on patients Diabetes Type
Il with diabetic ulcers, chronic wound
and stable conditions

The population or sample as pa-
tients Diabetes Type |

The intervention used in wound care in  The intervention not used zinc
the research article used primary dress- chitosan cream and silver dress-
ings made of zinc chitosan cream and ing

silver

Outcome measures focused on
reducing wound size, epitheliz-
ing, and Kkilling bacteria not to
patients Diabetes Type Il

Outcome measures focused on reduc-
ing wound size, epithelizing, and killing
bacteria

Qualitative research, cross sec-
tional study, systematic review

Quasy-experiment, RCT, case study, in
vivo in vitro

Articles published in the range of 2015 -
2020 and full text

Articles published before of 2015

Articles in english Articles not in English

RESULTS

The search results of the research articles based on the
PRISMA diagram can be seen in the Figure 1, where
the identification stage obtained as many as 7.662
articles from several databases used. EBSCO (CINAHL,
MEDLINE) as many as 7.243 articles, 51 articles,
ProQuest 142 articles and PubMed 226 articles. In the
second stage, namely the screening stage, there was a
reduction in the number of the same or duplicate articles
by 4.567 articles, so that 3.095 articles were reviewed
based on the title and abstract of the article. After the
selection, 3.070 articles were excluded because the type
of research was qualitative, cross sectional, so that it did
not fit the inclusion criteria. In the third stage, namely
the eligibility stage, a full text review was carried out on
25 articles that met the inclusion criteria, at these stage
18 articles were excluded because outcome measures

did not focus on reducing wound size, epithelizing,
and killing bacteria, articles not in English and articles
published before 2015. In the fourth stage, namely the
included stage, 7 articles were obtained based on the
selection results and according to the inclusion criteria.
For more details, the summary of research article for
characteristic zinc chitosan and silver chitosan is shown
in Table II.

DISCUSSION

Approximately 81.6% of ulcers in the gaiter area
(between the ankle and calf), had pus and positive
bacteria cultures. There was a significant reduction in the
ulcer area in the group treated with chitosan and AgNPs
(Silver nanoparticles), the purulent fluid disappeared,
and the bacterial culture was negative. AgNP has a
strong antimicrobial effect, because it binds to the walls
of bacteria, enzymes and DNA. Chitosan exhibits strong
antifungal properties and bactericidal effects against
Gram-positive and Gram-negative. For about 11 of
38 patients (28.95%) who were in the chitosan group
showed complete healing and ulcer closure, with no
complications (22)

Nano-zinc oxide nZnO / BCM (carboxyl BC membrane)
did not show cytotoxicity against mouse cell fibroblasts,
nZnO efficiently inhibited the growth of Staphylococcus
aureus and Escherichia coli bacteria in vitro using flask
shaking method and had effective antibacterial activity
against gram positive and gram negative bacteria (23).

Chitosan as a gelling fiber has an impact on the clinical
outcome of chronic wounds as indicated by a reduction
in wound size, management of moderate to high exudate
and reduced odor and an increase in healthy granulation
of previously bleeding brittle tissue (5).
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Figure 1: Flow diagram of the systematic review process following PRISMA
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The use of a foam hydrocellular dressing with silver and
a polyacrylate dressing with activated carbon resulted
in a reduction in wound size, but was also effective in
dealing with excessive exudate, foul odor, pain and
maceration caused by wound infection with a frequency
of dressing changes for 12 weeks and with additional
secondary dressing (24).

The use of AQAg+ (AQUACEL ® Ag +) in four cases
showed significant increase in healing in cases of DFU
(Diabetic Foot Ulcer), namely two cases experienced
complete healing and the remaining two showed
significant increase in healing. AQAg+ is not only
effective in the treatment of wound exudates, but
also because it forms a gel, maintains moisture in the
wound area, helps autolytic debridement and combines
antimicrobial silver ion and anti-biofilm (25).

The combination of ISDN (Isosorbide dinitrate) and
chitosan resulted in total wound closure in increased
number of patients, but the sample size was small to
make a definitive statement. An increase in angiogenesis
as a growth factor and cytokines indicates wound
healing (26).

Bandages made from alginate, hyaluronan and Chitlac
(lactose-modified chitosan, CAS number 85941-
43- 1) -nAg in the form of membranes are effective in
vitro against both planktonic bacteria and bacterial
biofilms. This membrane prevents the formation of
bacterial colonization and treats infected wounds.
Chitlac-AgNPs (silver nanoparticles) have been shown
in vitro to inhibit the proteolytic activity of MMP
(Matrix metalloproteinases) which can cause wounds
to experience delayed healing (27). DM patients are
must be alert of their disease and must have desirable
knowledge to overcome poor practice of foot care.
Strategies to expand network of diabetes awareness
with implementation of primary prevention programs
regarding foot care required (28,29).

CONCLUSION

Based on the above research on analysis using a
systematic review method, it can be concluded that the
factors that greatly affect wound healing are Chitosan-
based materials and silver dressings that aim to kill
bacteria in diabetic ulcers so that treatment time can be
shorter. Bacteria as bioburden can be destroyed by zinc
chitosan cream and silver dressing. Both wound dressings
function as antimicrobials agents, so researchers feel it
is necessary to conduct further research to compare the
effectiveness of the two materials in a semi-experimental
way to detect the effect on healing process of diabetic
ulcers in patients with type Il Diabetes Mellitus. The
present study can serve as a reference for improving
nursing services towards the benefits of modern dressings
on diabetic ulcer healing.
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