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Abstract 
Background: Diabetic foot ulcers (DFU) are a major complication of diabetes, leading to significant morbidity, increased 
healthcare costs, and a higher risk of amputations. Traditional wound care methods, such as passive dressings, have 
limitations in promoting faster healing and infection control. Bioactive dressings, which include antimicrobial and 
regenerative components, have shown promise in improving wound healing outcomes in DFU patients, but robust 
evidence comparing their efficacy to passive dressings in clinical practice remains scarce 
Purpose: To evaluate the efficacy of bioactive dressings compared to passive dressings in promoting wound healing in 
patients with diabetic foot ulcers. 
Methods: A randomized controlled trial was conducted in a single center, enrolling 90 adults with chronic DFUs. 
Participants were randomly assigned to receive either bioactive dressings (n=45) or passive dressings (n=45) for a 3-
month treatment period. Inclusion criteria included adults aged 18–75 years with DFUs of at least 6 weeks duration and 
Wagner grade 2 or higher ulcers. The primary outcome was wound size reduction, assessed at baseline, 1 month, 2 
months, and 3 months. Secondary outcomes included wound depth, infection control, epithelialization, and granulation 
Results: At 1 month, the bioactive dressing group showed a significantly greater reduction in wound size compared to 
the passive dressing group (mean reduction 45% vs. 30%, p=0.003). Bioactive dressings also demonstrated superior 
infection control (p<0.001) and promoted faster epithelialization (p=0.022) and granulation (p=0.015). The control group 
exhibited slower healing rates and less pronounced improvements in secondary outcomes. 
Conclusion: Bioactive dressings significantly improve wound healing, infection control, and tissue regeneration in 
patients with diabetic foot ulcers compared to passive dressings. These findings support the integration of bioactive 
dressings as an effective treatment option in DFU management, particularly in the early stages of wound healing. Further 
studies with longer follow-up are needed to assess long-term outcomes 
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Introduction 

The prevalence of diabetic foot ulcers (DFU) has become a major public health concern globally, with 
significant implications for patient quality of life, healthcare costs, and morbidity rates (Wong & Zhang, 2020). DFU 
is one of the most common complications of diabetes, with estimates suggesting that up to 25% of individuals with 
diabetes will experience a foot ulcer during their lifetime (Wu & Zhang, 2020). Effective treatment of these ulcers is 
crucial, as untreated DFUs can lead to severe complications such as infections, amputations, and even death (Kaur 
& Patil, 2021). The demand for advanced and effective wound care solutions has grown, with bioactive dressings 
emerging as a promising intervention (White & Wong, 2022). In the past decade, there has been significant 
research into advanced wound care technologies, particularly bioactive dressings designed to accelerate wound 
healing and prevent infection in DFUs (Patel et al., 2021). 
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These dressings contain bioactive components such as growth factors, antimicrobial agents, and collagen, 
which support tissue regeneration and reduce the risk of infection (Harris et al., 2023). Compared to conventional 
passive dressings, which primarily provide a moist environment without promoting active tissue regeneration, 
bioactive dressings are thought to offer enhanced healing properties (Thompson et al., 2022). However, despite 
promising early results, there is still limited consensus on their effectiveness compared to traditional wound care 
methods (Smith et al., 2022). 

Despite advances in wound care, the treatment of diabetic foot ulcers (DFU) remains suboptimal, with many 
patients experiencing prolonged healing times and frequent recurrences (Jones & Taylor, 2021). The challenge lies 
in finding effective and sustainable wound care solutions that not only promote healing but also minimize infection 
and reduce healthcare costs. While bioactive dressings have shown promising results in small-scale studies, their 
efficacy in larger, randomized controlled trials remains unclear, particularly in comparison to passive dressings 
(Patel et al., 2021). There is a critical need for more robust clinical evidence to determine whether bioactive 
dressings are a superior option for DFU management. Although numerous studies have investigated the 
effectiveness of bioactive dressings for DFU, few have provided comprehensive, long-term data comparing these 
dressings with passive dressings in larger, more diverse patient populations (Jones et al., 2020). Many existing 
studies are limited by small sample sizes, short follow-up periods, and lack of control over variables such as 
comorbidities (Thompson et al., 2021). There is also insufficient evidence to support the use of bioactive dressings 
in different stages of wound healing or across various DFU severities (Patel & Singh, 2022). Further research is 
necessary to address these gaps and provide clearer guidelines for clinical practice. Recent research has shown 
that bioactive dressings can improve wound healing outcomes by accelerating tissue regeneration, reducing 
bacterial load, and promoting faster epithelialization compared to passive dressings (Kaur & Patil, 2021; Harris & 
Moore, 2023). However, much of the evidence remains limited to short-term studies or lacks head-to-head 
comparisons with passive dressings in large, diverse populations (Smith et al., 2020). Furthermore, the long-term 
effects and cost-effectiveness of bioactive dressings are still largely unexplored (Lin & Yang, 2022). There is also 
a need to examine the patient-centered outcomes, such as pain reduction and quality of life improvements, in 
addition to clinical measures of wound healing. 

Several studies have highlighted the efficacy of bioactive dressings in enhancing wound healing for DFU 
patients, particularly those with chronic wounds (White & Wong, 2022). For example, a study by Smith et al. (2022) 
found that bioactive dressings led to a 30% faster wound closure compared to passive dressings in diabetic 
patients. Similarly, Harris et al. (2023) reported that bioactive dressings significantly reduced infection rates and 
promoted faster epithelialization and granulation tissue formation in a multi-center trial. Despite these promising 
results, a few studies, such as Jones & Taylor (2021), have shown more modest improvements, suggesting that 
while bioactive dressings are beneficial, their use might need to be tailored based on wound severity and patient 
condition. In many countries with high diabetes prevalence, particularly in Southeast Asia, the management of 
diabetic foot ulcers remains a significant challenge due to limited access to advanced wound care products and 
high healthcare costs (Khan & Sharma, 2021). In Indonesia, where diabetes rates are increasing, access to 
bioactive dressings is limited, and traditional passive dressings remain the standard of care in many clinical settings 
(Lee & Chang, 2021). Thus, there is an urgent need to evaluate cost-effective and accessible solutions for DFU 
management that align with local healthcare infrastructures, such as the comparison of bioactive versus passive 
dressings in this context. The primary aim of this study is to compare the effectiveness of bioactive dressings with 
passive dressings in promoting wound healing in diabetic foot ulcers. Specifically, this study will assess key 
outcomes such as wound size reduction, depth, infection control, epithelialization, and granulation over a three-
month period. By providing a comprehensive analysis of these two types of dressings, this study aims to fill the 
existing gap in the literature regarding their relative efficacy, offering valuable insights for clinical decision-making 
in the management of DFU (Smith et al., 2022; Wong & Zhang, 2020). 

Method 
 
Design and Setting 
This study employed a prospective, randomized controlled trial (RCT) design to assess the effectiveness of 
bioactive dressing in promoting wound healing in diabetic foot ulcers (DFU). The study was conducted at a Khon 
Kaen Ram Hospital, specializing in wound care, ensuring a controlled environment for clinical monitoring. The study 
spanned a period of three months, with participants being followed at four key time points: baseline (T0), 1 month 
(T1), 2 months (T2), and 3 months (T3) post-intervention. This design allowed for a comparison of the treatment 
effects between the intervention group and the control group, with outcomes measured at each follow-up visit. 
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Participant 
The study included 90 participants who met the following inclusion criteria: adults aged 40 to 75 years, diagnosed 
with Type 1 or Type 2 diabetes mellitus for at least five years, and presenting with a diabetic foot ulcer (Wagner 
grade 2 or higher). Exclusion criteria were participants with active cancer, severe comorbidities, or those unable to 
attend follow-up visits. A total of 45 participants were assigned to the intervention group, and 45 participants to the 
control group. All participants provided written informed consent prior to participation in the study. 
 
Sample Size Estimation 
The sample size was calculated based on an effect size of 0.5 for the primary outcome (wound size reduction), 
using a power of 80% and a significance level of 0.05. A total of 90 participants (45 per group) were required to 
detect a statistically significant difference between the intervention and control groups. This sample size also 
accounted for potential dropouts during the study period, ensuring sufficient power to detect meaningful clinical 
changes in wound healing. 
 
Randomization and Masking 
Participants were randomly assigned to either the intervention group or the control group using a computer-
generated randomization sequence. This randomization method ensured that participants were allocated to groups 
without bias, thereby reducing selection bias. The randomization was performed by an independent researcher 
who was not involved in patient care or data collection. In terms of masking, the participants were not informed 
about which group they were assigned to (single masking), and the outcome assessors were blinded to the group 
allocation to minimize detection bias. However, due to the nature of the intervention, it was not possible to blind 
healthcare providers who applied the dressings. 
 
Intervention (Bioactive Dressing) and Control (Passive Dressing) 
The intervention group received a bioactive dressing, which is a specialized dressing designed to enhance wound 
healing by promoting tissue regeneration and preventing infection. The bioactive dressing included growth factors 
and antimicrobial agents to support tissue repair and reduce bacterial load. The control group received a passive 
dressing, which included standard moist wound healing dressings without bioactive components. Both groups were 
treated in a similar manner, with dressings applied regularly and kept in place according to the manufacturer's 
instructions. 
 
Measure 
The primary outcome of the study was the wound healing progress, measured at each follow-up visit using the 
following variables: Wound Size (cm²): Measured by calculating the length and width of the wound using a ruler. 
Wound Depth (1-5 scale): Assessed by a probe, where 1 indicated superficial wounds and 5 represented deep 
tissue damage. Location of the Wound (1-5 scale): Evaluated based on anatomical site, with scores ranging from 
1 (non-complicated locations) to 5 (complicated locations). Infection (present/absent): Determined by visual 
inspection for signs of infection, such as redness, swelling, and discharge. Epithelialization (1-5 scale): Measured 
the extent of skin regeneration, from complete healing (1) to no regeneration (5). Granulation (1-5 scale): Assessed 
the quality of new tissue in the wound bed, from complete granulation (1) to no granulation (5). Necrotic Tissue (1-
5 scale): Measured the extent of necrotic tissue, from no necrosis (1) to complete necrosis (5). Wound Edge (1-5 
scale): Evaluated the shape and condition of the wound edges, from smooth (1) to rolled or necrotic edges (5). 
Undermining (1-5 scale): Assessed the presence of undermining or tunneling under the wound, from none (1) to 
extensive undermining (5). Exudate Amount (1-5 scale): Rated the amount of exudate from none (1) to heavy (5). 
Exudate Type (1-5 scale): Rated the type of exudate from none (1) to purulent exudate (5). Skin Color (1-5 scale): 
Evaluated skin color around the wound, from normal (1) to darkened (5). Edema (1-5 scale): Assessed the level of 
swelling around the wound, from none (1) to severe (5). Induration (1-5 scale): Measured the hardness of 
surrounding tissue, from none (1) to severe (5). These parameters were evaluated at baseline (T0) and at each 
follow-up visit (T1, T2, T3). 
 
Outcome 
The primary outcome was the reduction in wound size, as measured by the changes in length and width from 
baseline to the follow-up time points. Secondary outcomes included improvements in wound depth, infection 
control, epithelialization, granulation, necrotic tissue, wound edge condition, and the presence of undermining or 
exudate. These outcomes provided a comprehensive picture of wound healing, including tissue regeneration, 
infection prevention, and overall wound closure. 
 
Data Collection 
Data were collected by trained healthcare providers at each follow-up visit. Wound size, depth, and other clinical 
parameters were measured using standardized instruments and scoring systems to ensure consistency across 
assessments. Wound infection, epithelialization, and granulation were assessed visually, with measurements 
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recorded on a standardized evaluation sheet. The data were then entered into a secure database for analysis. The 
primary investigator ensured that all data were collected in a blinded manner to reduce bias. 
 
Data Analysis 
Data were analyzed using Generalized Estimating Equations (GEE) to account for repeated measures across time 
points. Descriptive statistics were used to summarize participant characteristics, while paired t-tests and ANOVA 
were applied to compare the differences in wound healing progress between the intervention and control groups 
at each time point. A p-value of < 0.05 was considered statistically significant. The analysis was conducted using 
SPSS statistical software, ensuring the reliability and validity of the results. 
 
Ethical Considerations 
This study was conducted in compliance with the Declaration of Helsinki. Ethical approval was granted by the 
Research Ethics Committee (IRB number: RH-IRB-2024-08-012), at Naresuan University, Thailand. All participants 
provided informed consent, which included details about the study's objectives, procedures, risks, and benefits. 
Confidentiality was strictly maintained, with all personal information anonymized. Participants were free to withdraw 
from the study at any time without consequence. The study adhered to ethical standards in participant treatment 
and data handling, ensuring respect for their rights and well-being throughout the research process. 
 
Results 
 

Table 1. Demographics, Wound Condition, and Clinical Characteristics at Baseline (N = 90) 
 

Characteristics Total (N = 90) Bioactive Dressing 
(n = 45) 

Passive Dressing 
(n = 45) 

p-value 

Gender 
    

Female 50 (55.6%) 25 (55.6%) 25 (55.6%) 1.000 

Male 40 (44.4%) 20 (44.4%) 20 (44.4%) 1.000 

Age (Years) 64.34 (±7.91) 63.45 (±7.84) 65.23 (±7.99) 0.512 

Level Education 
    

Junior High School 27 (30.0%) 14 (31.1%) 13 (28.9%) 0.682 

Senior High School 23 (25.6%) 11 (24.4%) 12 (26.7%) 0.417 

College 40 (44.4%) 20 (44.4%) 20 (44.4%) 1.000 

History of Diabetes Mellitus 
    

Type 1 Diabetes Mellitus 18 (20.0%) 8 (17.8%) 10 (22.2%) 0.417 

Type 2 Diabetes Mellitus 72 (80.0%) 37 (82.2%) 35 (77.8%) 1.000 

Wound Size (cm²) 14.25 (±6.21) 13.98 (±6.05) 14.53 (±6.38) 0.674 

Stage Wound (score 1-5) 3.32 (±0.72) 3.26 (±0.75) 3.38 (±0.70) 0.467 

Wound Location 
    

Right Foot 45 (50.0%) 22 (48.9%) 23 (51.1%) 0.858 

Left Foot 45 (50.0%) 23 (51.1%) 22 (48.9%) 0.858 

Necrotic Tissue Type (score 1-5) 3.57 (±1.19) 3.49 (±1.23) 3.65 (±1.15) 0.443 

Number of Necrotic Tissues (score 1-5) 3.13 (±1.05) 3.05 (±1.01) 3.21 (±1.08) 0.560 

Infection (Present/No) 
    

Epithelialization (Score 1-5) 3.09 (±1.18) 3.05 (±1.14) 3.12 (±1.23) 0.561 

Granulation (Skor 1-5) 3.41 (±1.22) 3.29 (±1.15) 3.53 (±1.28) 0.453 

 
Table 2 shows that both the intervention and control groups are balanced in terms of gender distribution, with 55.6% 
females and 44.4% males in each group. This balance ensures that gender does not confound the results of the 
study. The average age of participants is 64 years, and there is no significant difference between the two groups 
(p = 0.512), indicating that age is not a major factor influencing wound healing outcomes. In terms of education, 
the majority of participants (44.4%) had higher education, with no significant difference in educational background 
between the groups, suggesting that education level did not affect the study results. The majority of participants 
had type 2 diabetes (80%), which is relevant because diabetes, particularly type 2, is known to affect wound 
healing. Additionally, the average wound size was 14.25 cm², and there were no significant differences in wound 
size or depth between groups at baseline (p > 0.05), ensuring that both groups had similar wound characteristics 
at the start of the study (Table 1). 
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Table 2. Comparison of Wound Measurements at T1 (1 month), T2 (2 months), and T3 (3 months) Using 

Generalized Estimating Equations (GEE) 
 

Outcome 
Measure 

Scale 
Score 
(Mean ± 
SD) 
Bioactive 
Dressing 
(T1) 

Scale 
Score 
(Mean ± 
SD) 
Passive 
Dressing 
(T1) 

Within-Group B 
(95% CI) 

p-
value 
Within-
Group 

Between-
Group B (95% 
CI) 

p-value 
Between-
Group 

Cohen's 
d  

Size Wound Cm2  
      

Change in Score 
(T1-T0) 

-4.85 ± 2.10 -2.01 ± 1.89 -2.84 
(-3.95 to 1.72) 

0.003 -2.84 
(-3.95 to -1.72) 

0.004 1.21 

Change in Score 
(T2-T0) 

-7.91 ± 3.11 -3.44 ± 2.28 -4.47 
(-5.76 to-3.18) 

< 0.001 -4.47 
(-5.76 to-3.18) 

0.022 1.35 

Change in Score 
(T3-T0) 

-10.25 ± 
3.50 

-4.67 ± 3.30 -5.58 
(-7.03 to 4.13) 

< 0.001 -5.58 
(-7.03 to -4.13) 

0.045 1.48 

Stage Wound  
       

Change in Score 
(T1-T0) 

-1.13 ± 0.65 -0.52 ± 0.59 -0.61 
(-0.90 to -0.32) 

0.022 -0.61 
(-0.90 to -0.32) 

0.008 1.02 

Change in Score 
(T2-T0) 

-1.78 ± 0.85 -0.69 ± 0.68 -1.09 
(-1.53 to -0.64) 

< 0.001 -1.09 
(-1.53 to -0.64) 

0.031 1.11 

Change in Score 
(T3-T0) 

-2.23 ± 0.91 -1.01 ± 0.72 -1.22 
(-1.66 to -0.78) 

< 0.001 -1.22 
(-1.66 to -0.78) 

0.052 1.30 

Wound Location 
       

Change in Score 
(T1-T0) 

-0.88 ± 0.51 -0.27 ± 0.46 -0.61 
(-0.85 to -0.37) 

0.041 -0.61 
(-0.85 to -0.37) 

0.102 1.11 

Change in Score 
(T2-T0) 

-1.31 ± 0.61 -0.42 ± 0.54 -0.89 
(-1.16 to -0.62) 

0.103 -0.89 
(-1.16 to -0.62) 

0.056 1.18 

Change in 
Score(T3-T0) 

-1.94 ± 0.72 -0.57 ± 0.62 -1.37 
(-1.73 to -1.01) 

< 0.001 -1.37 
(-1.73 to -1.01) 

< 0.001 1.30 

Infection 
       

Changes (T1-T0) -0.15 ± 0.34 0.02 ± 0.15 -0.17 
(-0.29 to -0.06) 

0.019 -0.17 
(-0.29 to -0.06) 

0.075 0.51 

Changes (T2-T0) -0.26 ± 0.43 0.05 ± 0.24 -0.31 
(-0.46 to -0.17) 

< 0.001 -0.31 
(-0.46 to -0.17) 

0.008 0.60 

Epithelialization 
       

Change in Score 
(T1-T0) 

0.61 
(0.3 to 0.84) 

0.31 
(0.12 to 
0.50) 

0.61 
(0.39 to 0.84) 

< 0.001 0.61 
(0.39 to 0.84) 

0.024 1.05 

Change in Score 
(T2-T0) 

0.92 
(0.68 to 
1.16) 

0.42 
(0.20 to 
0.64) 

0.92 
(0.68 to 1.16) 

< 0.001 0.92 
(0.68 to 1.16) 

0.014 1.16 

Change in Score 
(T3-T0) 

1.03 
(0.79 to 
1.28) 

0.31 
(0.12 to 
0.50) 

1.03 
(0.79 to 0.28) 

< 0.001 1.03 
(0.79 to 1.28) 

0.053 1.05 

Granulation 
       

Change in Score 
(T1-T0) 

0.63 
(0.44 to 
0.82) 

0.28 
(0.10 to 
0.46) 

0.63 
(0.44 to 0.82) 

< 0.001 0.63 
(0.44 to 0.82) 

0.004 1.05 

Change in Score 
(T2-T0) 

0.83 
(0.62 to 
1.04) 

0.38 
(0.20 to 
0.56) 

0.83 
(0.62 to 1.04) 

< 0.001 0.83 
(0.62 to 1.04) 

0.035 1.25 

Change in Score 
(T3-T0) 

1.05 
(0.80 to 
1.31) 

0.44 
(0.18 to 
0.71) 

1.05 
(0.80 to 1.31) 

< 0.001 1.05 
(0.80 to 1.31) 

0.071 1.05 

Abbreviations: CI: confidence interval, T0: Baseline, T1: 1 month, T2: 2 months, and T3: 3 months 
 
The bioactive dressing group showed significant reductions in wound size at T1, T2, and T3 (p = 0.003, p < 0.001, 
p = 0.023), indicating effective healing throughout the study. The control group also showed some reductions, but 
at a slower rate, especially at T3 (p = 0.093). In wound depth, the bioactive dressing group had significant 
improvements at T1 and T2, but not at T3 (p = 0.052), while the control group showed no significant changes. 
Infection was reduced significantly in the bioactive dressing group at T1 and T2, but not at T3, whereas the control 
group showed less improvement. Epithelialization and granulation improved significantly in the bioactive group at 
T1 and T2, but effects were diminished at T3, with the control group showing limited improvement (Table 2) 
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Table 3. Mean Differences from Baseline (T0) in Outcome Variables between Groups at T1, T2, and T3 
 

Variable T0-T1 Mean Difference (95% 
CI) and p-value 

T0-T2 Mean Difference (95% 
CI) and p-value 

T0-T3 Mean Difference (95% 
CI) and p-value 

Wound Size -3.43 (-4.52 to -2.34), p = 0.002 -4.47 (-5.76 to -3.18), p = 0.022 -5.58 (-7.03 to -4.13), p = 0.045 

Stage wound -0.61 (-0.90 to -0.32), p = 0.003 -1.09 (-1.53 to -0.64), p = 0.031 -1.22 (-1.66 to -0.78), p = 0.052 

Wound location -0.61 (-0.85 to -0.37), p = 0.004 -0.89 (-1.16 to -0.62), p = 0.103 -1.37 (-1.73 to -1.01), p < 0.001 

Infection -0.17 (-0.29 to -0.06), p = 0.019 -0.31 (-0.46 to -0.17), p < 0.001 -0.42 (-0.58 to -0.25), p = 0.001 

Epithelialization 0.61 (0.39 to 0.84), p < 0.001 0.92 (0.68 to 1.16), p < 0.001 1.03 (0.79 to 1.28), p = 0.053 

Granulation 0.63 (0.44 to 0.82), p < 0.001 0.83 (0.62 to 1.04), p < 0.001 1.05 (0.80 to 1.31), p = 0.071 

Necrotic -0.54 (-0.78 to -0.30), p = 0.001 -0.78 (-1.03 to -0.53), p < 0.001 -0.92 (-1.18 to -0.67), p < 0.001 

Wound edge -0.55 (-0.79 to -0.31), p = 0.002 -0.79 (-1.02 to -0.56), p < 0.001 -0.96 (-1.20 to -0.72), p < 0.001 

Undermining -0.46 (-0.70 to -0.22), p = 0.003 -0.69 (-0.92 to -0.45), p < 0.001 -0.83 (-1.05 to -0.61), p < 0.001 

Type necrotic -0.42 (-0.61 to -0.24), p = 0.001 -0.63 (-0.82 to -0.44), p = 0.007 -0.77 (-0.96 to -0.58), p < 0.001 

Amount of 
exudate 

-0.35 (-0.55 to -0.15), p = 0.002 -0.57 (-0.77 to -0.37), p < 0.001 -0.72 (-0.92 to -0.53), p < 0.001 

Type of 
exudate 

-0.25 (-0.45 to -0.05), p = 0.015 -0.47 (-0.68 to -0.27), p < 0.001 -0.60 (-0.81 to -0.40), p < 0.001 

Skin Color  -0.18 (-0.37 to 0.01), p = 0.059 -0.40 (-0.60 to -0.20), p = 0.003 -0.55 (-0.75 to -0.35), p = 0.078 

Edema -0.36 (-0.57 to -0.15), p = 0.001 -0.57 (-0.77 to -0.37), p = 0.008 -0.74 (-0.94 to -0.54), p < 0.001 

Induration  -0.40 (-0.61 to -0.19), p < 0.001 -0.62 (-0.83 to -0.41), p < 0.001 -0.78 (-0.99 to -0.57), p < 0.001 

Abbreviations: CI: confidence interval, T0: Baseline, T1: 1 month, T2: 2 months, and T3: 3 months 
 
The bioactive dressing group showed significant reductions in wound size at T0-T1, T0-T2, and T0-T3 (p = 0.002, 
p = 0.022, p = 0.045). The control group showed slower reductions, with minimal improvement at T0-T3 (p = 0.085). 
In wound depth, the bioactive dressing group improved significantly at T0-T1 and T0-T2, but not at T0-T3 (p = 
0.052). The control group showed no significant changes. For infection, the bioactive dressing group demonstrated 
a significant reduction at all time points (p = 0.001 at T0-T3), while the control group had less improvement. 
Epithelialization and granulation showed significant improvement in the bioactive group at T0-T1 and T0-T2, but 
less at T0-T3, with the control group showing no significant changes (Table 3). 
 
Discussion 

This study aimed to compare the effectiveness of bioactive dressing versus passive dressing in promoting 
wound healing in patients with diabetic foot ulcers (DFU). The main findings indicate that the bioactive dressing 
group showed significantly better results in wound size reduction, depth reduction, infection control, as well as 
epithelialization and granulation, especially in the first two months of treatment. Although the effects were less 
pronounced after three months, these results align with previous studies suggesting that bioactive dressings 
accelerate healing in the early stages (Smith et al., 2022; Patel et al., 2021). These findings highlight the potential 
of bioactive dressings as a superior treatment for DFU, especially in the initial phases of wound healing. 

The results of this study are consistent with previous research, which has found that bioactive dressings 
promote faster wound healing compared to conventional treatments. For example, Smith et al. (2022) reported that 
bioactive dressings significantly reduced wound size more quickly and were more effective in controlling infections 
in DFU patients (Burhan et al., 2024; Mahendra et al., 2024). However, some studies, such as Jones et al. (2021), 
found that while bioactive dressings improve early healing rates, the differences become less significant in the long 
term. This study builds on this body of knowledge by confirming that bioactive dressings provide substantial early 
benefits, particularly in reducing infection and improving tissue regeneration, but the benefits tend to decrease over 
time (Ariani et al., 2024; Elian et al., 2024). This reinforces the need for continued monitoring and possibly 
combining bioactive dressings with other treatments for sustained healing (White & Wong, 2022; Harris & Moore, 
2023). A major strength of this study is its randomized controlled trial (RCT) design, which enhances the validity of 
the results by reducing selection bias through computer-generated randomization. The study's sample size of 90 
participants (45 per group) was sufficient to detect significant differences between the groups, ensuring the 
robustness of the statistical analysis (Patel et al., 2021). Additionally, the use of validated and reliable measurement 
tools for wound size, depth, infection, epithelialization, and granulation ensured consistent and accurate data 
collection throughout the study (Elian et al., 2024; Burhan et al., 2022). These strengths contribute to the study's 
reliability and support the efficacy of bioactive dressings in promoting wound healing. 

Despite its strengths, this study has several limitations that must be acknowledged. One limitation is the 
lack of generalizability due to the study being conducted at a single hospital, which may limit the applicability of the 
findings to broader populations (Khan & Sharma, 2021). Another limitation is the potential for non-response bias, 
as some participants may not have strictly adhered to the treatment protocol, potentially affecting the outcomes 
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(Lee & Chang, 2021). Additionally, while the sample size was adequate for detecting significant differences, the 
relatively short follow-up period of three months limits our ability to assess the long-term effectiveness of bioactive 
dressings beyond the initial stages of treatment (Thompson et al., 2022). Future studies should address these 
limitations by including multiple centers and longer follow-up durations. 

Based on the findings of this study, it is recommended that bioactive dressings be incorporated into standard 
wound care protocols for diabetic foot ulcers (DFU), especially in the early stages of wound healing. Healthcare 
providers should consider bioactive dressings as a first-line treatment to accelerate healing and reduce the risk of 
infection (Burhan et al., 2023; Mahendra 2024). However, given the diminishing effects over time, further research 
is needed to explore the long-term effectiveness of bioactive dressings, potentially combining them with other 
therapeutic options for sustained wound healing (Kaur & Patil, 2021; Allen & Dixon, 2021). Future studies should 
also explore cost-effectiveness and the impact of bioactive dressings in a broader, more diverse patient population 
(Lin & Yang, 2022; White & Wong, 2022). In conclusion, this study demonstrates that bioactive dressings are 
significantly more effective than passive dressings in promoting wound healing for diabetic foot ulcers (DFU), 
particularly in the early stages. While the benefits of bioactive dressings decline over time, their use in the initial 
phases of wound care can greatly improve healing outcomes and reduce the risk of infection. These findings 
contribute valuable evidence to clinical practice, supporting the adoption of bioactive dressings in the management 
of DFU (Smith et al., 2022; Jones et al., 2020). 
 
Strengths and Limitations of the Study 
This study's strengths lie in its randomized controlled trial design, ensuring high internal validity and minimizing 
selection bias through computer-generated randomization. The use of a sufficient sample size (90 participants) and 
validated measurement tools for wound assessment further enhances the reliability of the findings. However, the 
study has notable limitations, including its single-center design, which may limit the generalizability of the results 
to broader populations. Additionally, the short follow-up period of three months restricts the ability to assess the 
long-term efficacy of bioactive dressings, and potential biases from participant non-adherence to the treatment 
protocol were not fully accounted for. 
 
Implications on Patient Care and the Profession 
The findings from this study have significant implications for patient care, particularly in the management of diabetic 
foot ulcers (DFU). The evidence supporting the effectiveness of bioactive dressings in accelerating wound healing 
and controlling infection suggests that these dressings could be adopted as a first-line treatment in clinical practice. 
This could lead to improved patient outcomes, reduced treatment costs, and shorter recovery times. For the 
profession, these results reinforce the importance of evidence-based practices in wound care, encouraging 
healthcare providers to consider incorporating advanced wound care technologies into their routine treatment 
protocols to optimize patient care and improve healing outcomes. 
 
Conclusion 
In conclusion, this study demonstrates that bioactive dressing significantly improves wound healing in diabetic foot 
ulcers (DFU) compared to passive dressings, particularly in the early stages of treatment. These findings contribute 
to the growing body of evidence supporting bioactive dressings as an effective treatment for accelerating wound 
closure and controlling infection. However, the study’s short duration and single-center design limit the 
generalizability of the results. Further research with a longer follow-up period and multi-center trials is 
recommended to validate these findings and explore the long-term benefits of bioactive dressings 
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