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ABSTRACT 
Background: The wound dressings perform a crucial role in cutaneous wounds management due to their ability 

to protect wounds and promote dermal and epidermal tissue regeneration.  
Aim: the aim was  to evaluate the effectiveness of using hydrogel/nano silver-based dressing vs. traditional 

dressing on diabetic foot wound healing.  
Methods: Sixty patients with type-2 diabetes hospitalized for diabetic foot wound treatment were recruited from 

selected Surgical departments. A prospective randomized control study was carried, and the results showed that 
the percentage of a reduction rate of the ulcer by the third week of the treatment as in the hydrogel/nano silver-
based dressing group was higher (15.11%) than traditional wound dressing group (33.44%). Moreover, the mean 
ulcers size "sq mm" in the hydrogel/nano silver-based dressing group recognized a faster healing rate (15.11 ± 
7.89), and considerably lesser in comparison to the traditional by the third week (21.65 ± 8.4). 
Conclusion: The hydrogel/nanosilver-based dressing showed better results than traditional dressing in managing 

diabetic ulcer foot.  
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INTRODUCTION 
Diabetes is a group of metabolic diseases characterized by 
a state of an increased level of glucose in the blood related 
to defects in insulin section and/ or action which lead to 
acute and long-term complications (ADA, (1,2). One of the 
most severe diabetic complications resulting in substantial 
mortality and morbidity is Diabetic Foot Ulcers (DFUs). The 
associated mortality rate with the DFU development is 
estimated to be 5% in the initial 12 months and 42% in the 
5-years (3).  
 Unfortunately, there is an elevation in the incidence of 
diabetes worldwide, particularly in the Arab world. 
Noteworthy, in developing countries, the Diabetic Foot 
Ulcer (DFU) has been estimated at 15% and recognized as 
the most common complication of diabetes which leading 
cause for disability, morbidity, and morbidity (4).   
 In Egypt, the prevalence of diabetic foot ulcers is high. 
The frequently stated reasons for this prevalence include 
lack of knowledge regarding diabetic foot problems, foot 
care measures, and inappropriate footwear. Those reasons 
are pertinent to Egyptian patients since more than 90% of 
the people with diabetes have a lack of knowledge about 
the disease process and the complications as diabetic foot 
problems and its care measures(5).  Subsequently, there is 
vast of early morbidity and mortality associated with 
diabetes is documented, hence the prompt diagnosis of 
foot problems and early intervention can avert many 
amputations (6). 
 Indeed, the disease's burden is rising and the DFU in 
people with diabetes has a significant financial impact 
through primary care, community care, outpatient costs, 
increased bed occupancy, and prolonged stays in hospital 
(7). Interferences for reducing the diabetic foot amputation 
and ulceration burden have been extremely cost-effective 

in developing and developed countries. The challenge, 
principally in the less well-resourced health care systems, 
is implementing effective foot care realizing the potential 
health gains and cost-reductions (8).  
 The management of diabetic foot has high cost 
globally, basically, the DFU management standard 
practices include wound off-loading, surgical debridement, 
infection, glycemic control, and dressings to facilitate a 
moist wound environment and exudation of control. These 
practices' best coordination is achieved via a 
multidisciplinary foot wound clinic (3).  
 The wound dressings perform a crucial role in the 
cutaneous wounds' management due to their ability to 
protect wounds and promote dermal and epidermal tissue 
regeneration.  Therefore, wound care has been a dramatic 
increase in the demand for better and suitable dressing 
because of the increase in the number of people are 
suffering from venous or arterial insufficiency, burns, 
trauma, chronic pressure, surgery, and diabetic ulcers. In 
general, an ideal dressing must-have property of 
mechanical robustness, non-toxicity, biocompatibility, and 
the appropriate permeability for exchanging water and gas 
(9-11). 
 Lim et al, (2017) recognized that the latest stage of 
foot ulcer complication had been associated with significant 
morbidity and an overall reduction in life quality. It has been 
estimated that greater than two-thirds (84%) of the lower 
limb's amputations (non-traumatic) are preceded by an 
ulcer, a pivotal event opening the early intervention 
windows (12). Nevertheless, the core peripheral vascular 
disease's complicated factor makes most diabetic foot 
ulcers asymptomatic throughout the early stages. Whereas, 
in the more advanced stages, the tissue loss evidence 
becomes more apparent, most commonly occurring in the 
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chronic non-healing foot ulcers form (13).  
 initially, the wound-healing process for the diabetic 
foot encompasses the multifaceted biological mechanism 
activated by the injury, involves four crucial steps: (1) 
hemostasis, (2) inflammation, (3) proliferation, and (4) 
tissue remodeling. Accordingly, in all these processes, the 
occurrence of numerous biophysical and cellular event 
happens, like the differentiation of monocytes to 
macrophage, infiltration and lymphocytes and neutrophil, in 
the inflammation stage; or increased angiogenesis and re-
epithelialization by the migration of fibroblast, in the phase 
of proliferation (14).  
 Practically, an application of wound dressing can 
achieve the promotion of wound healing and prevention of 
bacterial infection. Many studies have reported the 
effectiveness of applying the silver-based dressings against 
pathogenic bacteria (15-19). Remarkably, the illustration of 
the silver colloid-based dressing has been proved an 
improvement in the dietetic ulcer wound healing process 
and minimizing the size of the ulcer, in considering the 
cost-effectiveness and reduce the burden in the health care 
system (19).  The dressing preparation by the incorporation 
of an elevated Silver Nanoparticles (AgNPs) concentration 
contains sliver atoms that are discharged slowly positive-
sliver cations (Ag+), which provide a strong antibacterial 
activity against Staphylococcus aureus and Escherichia coli 
which causing destroy of the bacterial cell, whereas the 
integration of the Nanotechnology increasing the surface 
area with the production of smaller silver particles safely by 
limiting the toxicity of silver ions and promote the anti-
inflammatory activity, ultimately achieve the highest level of 
wound healing with lower toxicity (20-24). 
 The present study aimed to evaluate the effectiveness 
of using hydrogel/nano silver-based dressing vs. traditional 
dressing on diabetic foot wound healing. 
 

METHODS 
Study Design: The randomized controlled study was 

designed to compare the effectiveness of using 
hydrogel/nano silver-based dressing vs. traditional dressing 
on diabetic foot wound healing. 
Participants and sampling: Sixty patients with type-2 

diabetes hospitalized for diabetic foot wound treatment 
were recruited as a study sample. The study was done in 
selected Surgical departments at Kasr Al-Aini university 
hospital from January to April 2019.  
 Patients were assigned randomly into two groups by 
lot system. Group-I patients were subjected to 
hydrogel\nano silver wound dressing, while group-II 
patients were subjected to a traditional wound dressing 
routine. 
 According to Kasr Al-Aini's medical protocol about 
anti-diabetic therapy, other needed medicine, and nutrition 
control, both groups of the current study were managed. 
The wound's physiological parameters, discharge color, 
odor, pain, wound size, and depth was assessed before 
dressing change. 
Data Collection: The patients of group-I wounds were 

cleaned using normal saline; then, the wounds were closed 
firmly with hyderogel\nanosilver dressing. The dressing 
was changed every two days according to dressing 
manufacture instruction. When the dressing was opened 

after three days, the wound was assessed for granulation 
tissue, wound, and discharge size. 
 The patients of group II wounds were dresses using a 
traditional method, cleaned by normal saline, use of 
betadine antiseptic; then they were secured with clean 
linen gauze. The dressing was changed once daily. The 
wound healing process of the two groups was then 
assessed for three consecutive weeks. 
Ethical Considerations: Formal letters were issued from 

the investigators to the Medical Director of Surgical 
departments at Kasr Al-Aini university hospital of the study 
settings and approval was obtained on the request so it 
signed and stamped from the hospital and from the Ethical 
Committee of the university (ClinicalTrials.gov Identifier: 
NCT04834245). The researcher met the patients and 
explained the aim and the process of the study.  Patients' 
written consent was obtained. Complete confidentiality of 
any obtained information was ensured.  The researcher 
has also assured the administration that the conduction of 
the study will not affect the work in the study settings.  The 
results of the study will be provided to the hospitals' 
authorities to maximize their benefits.  
Data analysis was carried out using the Statistical 

Package for Social Sciences (SPSS), version 20. All data 
entries were checked for accuracy against the original raw 
data of each patient by the investigator. The following 
statistical tests were used: (a) Frequency and percentage 
distribution for all variables, (b) Mean and standard 
deviation to describe the central tendency (c) t-test.  
 

RESULTS 
Total 60 patients divided into two groups, 30 patients who 
received traditional dressing were labeled as (traditional 
dressing) whereas the second group labeled as  
(Hydrogel\nanosilver dressing).  
 The demographic characteristics of patients in the 
study sample are described in table (1), Patients' age 
ranged between 35 and 55 years with a mean±SD 46 ± 
2.05 years. Sex distribution was almost equal, with slightly 
more male (55.0%). Half of them were working in a light 
active job and more than half of them had diabetes for 3-5 
years (55%). 
 
Table (1): Distribution of the Patient’s demographic Data: 

 
 Figure (1) illustrates the diabetic foot wound's mean 

Item Frequency (N) % (n=60) 

Sex   

Male 33 55 

Female 27 45 

Age range (years)   

35 < 45  15 25 

45 < 55 27 45 

55 < 65 18 30 

SD ± Х 46 ± 2.05 

Type of job   

Not active 11 18.3 

Light active job 30 50 

Moderate active job 10 16.7 

     Active job 9 15 

Duration of diabetes   

       < 3 years 27 45 

       3 -5 years 33 55 
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size from zero week to third week as in the traditional 
wound dressing group (5746.2, 3432, 1762.7, 827.9 
respectively) was higher than the hydrogel/nanosilver-
based dressing group (2582.8, 1661.9, 1157, 573.4 
Respectively). 
 
Figure 1: Mean area of the ulcer in each group (sq mm): 

 
 
 The rate of reduction of ulcer as a percentage of its 
initial area describes in Figure (2) and the percentages 
show a faster healing rate of ulcers in the 
hydrogel/nanosilver-based dressing group (100, 61.855, 
35.84, 15.11 Respectively) from zero week to third week. 

Figure 2: Rate of Reduction of ulcer as a percentage of its initial 
area:  

 
The use of hydrogel\nanosilver wound dressing compared 
to the traditional dressing showed a more significant 
reduction in the area when the initial wound area is 
compared to the subsequent area measurements 
expressed as the initial percentage. However, the values 
were not statistically significant. However, healing and 
wound area reduction did occur faster in the hydrogel\nano 
silver wound dressing group (Table 2). 

 
Table (2): Hydrogel\nanosilver wound dressing vs. Traditional dressing (sq mm) 

Type of dressing Number of 
Patients 

1st week 2nd week 3rd week 

Hydrogel\nanosilver wound dressing 30 61.85 ± 11.86 35.84 ± 8.35 15.11 ± 7.89 

Traditional dressing  30 62.16 ± 9.25 37.70 ± 12.50 21.65 ± 8.4 

P-value 0.458 0.822 0.712 

 

DISCUSSION 
Management of the foot ulcer is considering a great 
challenge, the healing of wounds depends on multifactor 
that affect the healing process, alongside the huge burden 
on patients, the health care system, and society (25).   
 The present randomized control study was carried out 
on 60 patients, randomly selected, their personal 
characteristics are similar to those of patients with diabetes 
in Egypt as reported by Al-Ghazaly et al, 2015 and Al-
Nakeeb et al, 2021(26,27).  
 Initially, the wound starts unintentionally, therefore 
wounds are colonized with microorganisms causing a 
serious diabetic foot infection once the wound becomes 
infected with purulent exudate and inflammation may lead 
to DFU and ends by leg amputation (7). Practically, 
selecting a suitable type of advanced antimicrobial dressing 
to play a key part of DFU treatment as Honey-impregnated 
dressings, Iodine-Impregnated dressing, and silver-
impregnated dressing (28).  Recently, the integration of 
silver with nanoparticles displays a significant novel and 
distinguish of physical, chemical, and biological 
characteristics, meanwhile, the magic nanoscale size 
provides a unique tool in tissue repair and overall wound 
management (29,30). 
 Stoica et al, 2020, reported that the traditional 
conventional wound dressing may provide wound 
dehydration, attached directly to the wound cause pain and 

restlessness (30).  
 In congruence with the present study findings (Suhas 
& Manvi, 2018) have investigated the effectiveness of 
applying the Nano-silver on wound healing and found the 
wound healing improves, provides antimicrobial activity, 
and promotes size ulcer reduction (29).  
 After the implementation of the hydrogel/nano silver-
based dressing on patient's with DFU of the present study, 
the findings illustrated that use of hydrogel\nano silver 
wound dressing compared to the traditional dressing 
showed a more significant reduction in the area when the 
initial wound area is compared to the subsequent area 
measurements expressed as the initial percentage. The 
wound healing is in agreement with Essa et al 2021,  who 
have recently compared silver Nanoparticles dressing and 
conventional dressing in diabetic foot healing, and their 
findings proved that the healing rate was statistically 
significant and the healing rate per week and the complete 
recovery was achieved with SliverSTAT group, around one-
fifth of the study sample by six weeks where the rest of the 
patients were healed from week eight to week twelve, 
whereas the conventional group the wound healing started 
from week eight to week twelve (31).  
 In the same line Sharma et al, 2017 have conducted a 
randomized clinical trial to identify the effect of the silver 
colloid dressing over conventional dressings and reported 
significant wound healing in size in silver colloid-based 
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dressing compared to conventional dressing in DFU (p 
<0.05) (19).  In disagreement with the present study finding, 
a study have done by Rayman et al, 2005 and reported that 
only four DFU were healed completely treated by silver 
dressing (56%) whereas six DFU were not healed (32).   
 

CONCLUSION 
The overall cost of dressing was lesser in the hydrogel\ 
nanosilver dressing group with decreasing hospital stay. 
There were no side effects in the hydrogel\ nanosilver 
dressing group can be considered a superior option in 
managing chronic wounds. Hydrogel\ nanosilver dressing 
increases wound healing by increasing the rate of re-
epithelialization and wound contraction as observed by the 
faster reduction in the wound area. More extensive and in-
depth studies are required to investigate this effect of the 
therapy. Hydrogel\ nanosilver dressing is a safe and 
effective adjuvant modality of treatment for diabetic foot 
ulcers. 
Limitations of the study: The sample size is considerably 

small.  A randomized control study with a much larger 
population may further substantiate the findings or reveal 
variations.  
 The patients' cost burden can be influenced by many 
factors other than dressing materials alone. The hyderogel\ 
nanosilver dressing in this study is considered a high cost 
for some patients. However, the dressings' overall cost was 
lesser as it was done only once in 3 days, whereas in other 
groups, the dressing was done daily. 
 The assessment of results such as graft uptake, 
recurrence of the ulcer, residual raw area, and the pain was 
not included in the study, which might have given a much 
better analysis of the efficacy of hyderogel\ nanosilver 
dressing as compared to the traditional method of dressing. 
Funding: No funding sources 
Conflict of interest: None declared 
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