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ABSTRACT 
Background: Venous leg ulcers (VLUs) are the most common type of chronic leg ulcer, representing 70-85% of all chronic 
leg ulcers. Compression therapy is the cornerstone of treatment for VLUs, but there are limited comparative data on four-
layer compression bandaging versus conventional dressings in  resource-limited clinical settings. 
Objectives: To evaluate the clinical efficacy of four-layer compression bandages compared with conventional dressings on 
wound healing outcomes in patients with venous leg ulcers treated in clinical practice. 
Methods: A retrospective observational cohort study was conducted over a four-month period from September 2025 to 
December 2025 in the General Surgery department at the Chettinad Medical College in Chennai, India. The medical records 
of 20 adult patients with duplex confirmed chronic venous leg ulcers were reviewed. Patients will be divided into two 
groups based on how they were treated (four-layer bandaging, n=10; conventional dressing, n=10). Wound healing 
outcomes of interest will be time to heal, proportion of healed patients, percentage of wound size reduction, and frequency 
of dressing change/hospital visits between the treatment groups will be compared using Student's t-test (for continuous 
data) and chi-square test (for categorical data). 
Results: Patients in the four-layer compression bandage group had significantly higher complete healing rates (80% vs 
40%; p=0.04), less mean time to heal (6.8±1.9 weeks vs 11.4±2.7 weeks; p=0.001), and greater percentage of ulcer size 
reduction (74.3% vs 43.6%; p=0.002) compared to patients treated with conventional dressings. In addition, there were 
significantly fewer dressing changes/hospital visits in the four-layer bandaging group compared with the conventional 
dressing group (p<0.001). 
Conclusions: The results of this study show that four-layer compression bandages provide superior healing outcomes than 
conventional dressings for patients with venous leg ulcers and that the four-layer compression bandage can significantly 
decrease the amount of time, the number of visits to the hospital, and frequency of dressing changes for VLUs. These 
findings support increasing the incorporation of four-layer compression systems into the regular clinical practice of health 
care providers.. 
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INTRODUCTION 
Venous leg ulcers (VLUs) are a public health problem and 
the most common form of chronic ulceration of the lower 
limb. Venous leg ulcers account for 70 to 85 percent of all 
chronic leg ulcers. The burden of VLUs to patients, 
healthcare systems, and society is significant as they are 
associated with delayed healing times, recurrent episodes, 
impaired quality of life, and increased healthcare costs [1]. 
The cost to the economy is substantial, as estimates indicate 
that VLUs account for 1 to 2 percent of the healthcare 
budget in developed countries and significantly impact 
developing countries, although the burden is poorly defined 
[2-4]. 

Venous leg ulcers generally develop in the gaiter region of 
the lower limb as a manifestation of chronic venous disease 
(CVD). Sustained intravascular pressure due to venous 
reflux and/or obstruction leads to increased pressure and 
microcirculatory disruption, capillary leak, perivascular 
fibrin deposition, inflammatory cell infiltration, and tissue 
hypoxia. The combined effects of these processes 
contribute to the decreased integrity of the skin and the 
delay in wound healing, leading to the characteristic 
appearance of venous leg ulcers (shallow, irregularly 
shaped ulcer margins with fibrinous bases and surrounding 
lipodermatosclerosis) [5-7]. 
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The application of compression therapy has long been 
accepted as the mainstay treatment of VLUs. Compression 
aids in enhancing venous return via application of 
graduated external pressure to the lower extremity, 
decreasing ambulatory venous pressure, reducing extremity 
swelling (tissue edema), and improving microvascular 
perfusion [8,9]. Among the  compression modalities 
available for treating VLUs, the four-layer bandaging (4LB) 
system has become widely recognized for its ability to 
provide high levels of sustained (or graduated) compression 
at the ankle [10]. The 4LB compression system consists of 
four sequential layers, beginning with an orthopedic wool 
pad (the padding layer), followed by a crepe bandage (done 
to secure the padding layer), then elastic compression 
bandaging (intended to provide graduated compression), 
and finally upholstered outer bandaging (which has some 
cohesive properties). When applied to the lower extremity 
at the ankle, this layered system provides approximately 40 
mmHg of ankle pressure. 
The four-layer bandaging system was originally developed 
at Charing Cross Hospital in the United Kingdom and has 
been evaluated in multiple randomized trials as being more 
effective than single-layer bandaging, short-stretch 
bandaging, and non-compressive dressings in terms of 
healing rates and time to healing [11,12]. Unfortunately, 
despite the extensive evidence supporting four-layer 
bandaging, traditional dressings dominate the clinical 
management of VLUs, particularly in resource-constrained 
situations (e.g., peripheral hospitals and community health 
clinics). This is primarily due to their lower estimated initial 
costs, reduced complexity in how to apply them, and to their 
general availability, despite the consequence of requiring 
frequent dressing changes, extended healing times, and 
accumulating healthcare resources [13]. 
The gap between evidence and practice highlights the need 
for real-world data to provide clinicians and decision-
makers with information to guide the development of 
evidence-based clinical practice on the management of 
VLUs in routine clinical practices. Although large, 
multicenter randomized trials have established greater 
effectiveness than four-layer bandaging under controlled 
environments and study conditions, retrospective 
observational studies from single-center institutions may 
provide complementary information related to actual 
clinical outcomes and resource impacts, particularly in 
developing economic health systems [14]. Therefore, this 
retrospective observational study was designed to evaluate 
the efficacy of 4LB compared with conventional dressings 
for the management of VLUs in a tertiary care teaching 
hospital located in Chennai, India. 
 
MATERIALS AND METHODS 
Design and Setting: This retrospective observational study 
took place in the Department of General Surgery at 
Chettinad Medical College and Hospital in Chennai, Tamil 
Nadu, India. Data were collected over four months between 
September 2025 and December 2025 and ethical   approval 
was obtained from the Institutional Human Ethics 
Committee with prior ethics approval (Proposal ID: IHEC-
I/075/02/2026; subsequent amendment approved prior to 

data collection)  in accordance with the Declaration of 
Helsinki. Consent: The study was based on retrospective 
analysis of existing medical records where there was no 
patient contact/intervention; therefore, Ethics Committee 
waived the requirement of individual informed consent. 
Patients' anonymity and confidentiality were protected 
throughout the study.  
Study Population: The medical records of adult patients 
(≥18 years) with a diagnosis of chronic venous leg ulcers 
(CVLUs) and who received treatment during the study 
period were systematically reviewed. Patients were 
included in the study if they had CVLU confirmed by 
clinical examination and duplex ultrasound and were 
managed with either four-layer bandaging or conventional 
dressing (as part of routine clinical practice) as therapeutic 
options. Patients were excluded from the study if they had: 
arterial insufficiency defined as ankle-brachial index <0.8 
(ABI); mixed arterial-venous ulcers; diabetic or 
neuropathic ulcers; malignant ulcers; ulcers due to 
vasculitis; infected ulcers requiring surgical intervention 
(i.e. debridement or skin grafting); or incomplete medical 
records which prevented extraction of sufficient data. Out 
of all eligible  records reviewed during the study period , 20 
patients met the inclusion criteria and were included in the 
final analysis.  
Treatment Protocols: Patients in the four-layer bandaging 
group received a compression system consisting of 1) 
orthopedic wool padding bandage from the base of the toes 
to the knee to protect bony prominences and absorb excess 
drainage, 2) a light crepe bandage to secure and smooth   the 
padding layer, 3) Class 3A elastic compression bandage 
with figure-eight or spiral technique to create adequate 
compression to the leg, 4) cohesive outer bandage used to 
maintain the compression system in place. The compression 
system was designed to provide approximately 40 mmHg 
of graduated ankle pressure decreasing to approximately 
17-20 mmHg at the level of the knee. The patients in the 
conventional dressing group received regular wound care 
consisting of non-compressive OR single-layer simple 
dressings (i.e., paraffin gauze, dry dressings, or 
antimicrobial gauze) per routine clinical standard. The 
change of dressing was determined by the treating clinician 
and occurred either daily or every other day depending on 
the amount of drainage produced from the wound.  
Data Collection: Data were obtained retrospectively from 
the inpatient and outpatient medical records and included: 
age, gender, body mass index (BMI), and comorbidity of 
previous deep vein thrombosis (DVT), hypertension, CVI, 
and obesity as demographic variables; ulcer characteristics 
(e.g. anatomical location of the ulcer, surface area of ulcer 
[cm²], duration of ulcer [weeks], presence of granulation 
tissue, and type of wound bed); treatment regimen received;  
frequency of dressing changes per week,duration of 
documented wound healing; and total number of outpatient 
visits over the study period. 
Outcome Measures: The primary outcome was complete 
wound healing, defined as full epithelialization of the ulcer 
surface as documented in clinical notes. Secondary 
outcomes included: reduction in ulcer surface area 
(expressed as percentage change); time to complete healing 
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(in weeks); frequency of dressing changes per week; total 
number of hospital visits; and improvement in wound bed 
quality as evidenced by granulation tissue formation. 
Statistical Analysis: All data were entered into Microsoft 
Excel and analyzed using SPSS version 26.0 (IBM Corp., 
Armonk, NY). Continuous variables were expressed as 
mean ± standard deviation and compared between groups 
using the independent samples Student's t-test. Categorical 

variables were expressed as frequencies and percentages 
and compared using the chi-square test or Fisher's exact test 
where appropriate. A p-value of <0.05 was considered 
statistically significant. Patient confidentiality was strictly 
maintained, and no personally identifiable information was 
used in the analysis. 
 

 
 
RESULTS 
A total of 20 patients with venous leg ulcers were included 
in the study. Ten patients (50%) received four-layer 
bandaging (Group A) and ten (50%) received conventional 
dressings (Group B). The baseline demographic and clinical 
characteristics of the two groups are summarized in Table 
1. The mean age in Group A was 52.4 ± 8.7 years compared 
to 54.1 ± 9.3 years in Group B (p=0.62). The sex 
distribution was broadly comparable, with a slight male 
preponderance in Group A (60% male) and an equal sex 

distribution in Group B. The mean ulcer duration was 14.2 
± 5.1 weeks in Group A and 15.8 ± 6.4 weeks in Group B 

(p=0.51), and the mean initial ulcer surface area was 8.3 ± 
3.2 cm² and 9.1 ± 3.8 cm² respectively (p=0.57). The two 
groups were well-matched with respect to comorbidities 
including hypertension, varicose veins, and obesity, with no 
statistically significant differences observed. These results 
confirmed that the groups were comparable at baseline and 
that any differences in outcomes could be attributed to the 
treatment modality. 
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Table 1: Baseline Demographic and Clinical Characteristics of Study Groups 

Variable Four-Layer Bandaging (n=10) Conventional Dressing (n=10) 

Mean Age (years) 52.4 ± 8.7 54.1 ± 9.3 

Male : Female 6 : 4 5 : 5 

Mean Ulcer Duration (weeks) 14.2 ± 5.1 15.8 ± 6.4 

Mean Ulcer Size (cm²) 8.3 ± 3.2 9.1 ± 3.8 

Hypertension 4 (40%) 5 (50%) 

Varicose Veins 7 (70%) 6 (60%) 

Obesity (BMI >30) 3 (30%) 4 (40%) 
 
 
Complete wound healing was achieved in 8 of 10 patients 
(80%) in the four-layer bandaging group compared to 4 of 
10 patients (40%) in the conventional dressing group, a 
difference that was statistically significant (p=0.04). The 
mean time to complete healing was significantly shorter in 
the four-layer bandaging group (6.8 ± 1.9 weeks) compared 

to the conventional dressing group (11.4 ± 2.7 weeks) 
(p=0.001). Among patients who did not achieve complete 
healing during the study period, all two non-healing cases 
in the four-layer group demonstrated partial healing with 
>50% ulcer size reduction, whereas five of six non-healing 
cases in the conventional group showed minimal 
improvement. 

 

 
 
The mean percentage reduction in ulcer surface area was significantly greater in the four-layer bandaging group (74.3 ± 
12.1%) compared to the conventional dressing group (43.6 ± 15.8%) (p=0.002). Improvement in wound bed quality, as 
indicated by  granulation tissue formation, was observed in 9 of 10 patients (90%) in the four-layer group versus 5 of 10 
patients (50%) in the conventional group (p=0.03). 
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The frequency of dressing changes was markedly lower in the four-layer bandaging group (mean 1.2 ± 0.4 changes per 
week) compared to the conventional dressing group (mean 3.8 ± 0.9 changes per week), a highly significant difference 
(p<0.001). Correspondingly, the total number of hospital visits during the study period was significantly lower in the four-
layer group (mean 5.9 ± 1.7 visits) compared to the conventional group (mean 14.2 ± 3.1 visits) (p<0.001). A comprehensive 
summary of all outcome measures is presented in Table 2. 
 

Table 2: Comparison of Outcome Measures Between Study Groups 

Outcome Measure 
Four-Layer 
Bandaging 
(n=10) 

Conventional 
Dressing (n=10) p-value 

Complete Healing Rate 8 (80%) 4 (40%) 0.04 

Mean Time to Healing (weeks) 6.8 ± 1.9 11.4 ± 2.7 0.001 

Mean Ulcer Size Reduction (%) 74.3 ± 12.1 43.6 ± 15.8 0.002 

Dressing Changes per Week 1.2 ± 0.4 3.8 ± 0.9 <0.001 

Hospital Visits (total) 5.9 ± 1.7 14.2 ± 3.1 <0.001 

Granulation Tissue Improvement 9 (90%) 5 (50%) 0.03 
 
 
No major adverse events were documented in either group 
during the study period. One patient in the four-layer 
bandaging group complained of mild discomfort and 
tightness at the bandage site during the first week of 
application, which resolved following minor readjustment 
of the bandage. No cases of pressure necrosis, contact 
dermatitis, or worsening ulceration were recorded in the 
four-layer group. In the conventional dressing group, two 
patients developed superficial wound infection requiring 
topical antimicrobial therapy, though neither required 
surgical intervention. 
 

DISCUSSION 
In this retrospective observational study, we found that 
when patients with chronic venous leg ulcers are treated in 
a tertiary care center in India, four-layer bandaging 
techniques are far superior to using conventional dressings. 
Compared to the traditional dressing group, we observed 
not only a higher complete healing rate (80% vs. 40%), but 
also a much shorter average time to heal (6.8 weeks vs. 11.4 
weeks), more significant reduction in ulcer size and 
significantly less frequent dressing changes and hospital 
visits in the four-layer bandaging group, as has been shown 
previously with larger randomized and systematic reviews. 
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The pathophysiological reasons for the superiority of 
compression therapy in the management of venous leg 
ulcers have already been well described. Incompetent 
perforators combined with superficial reflux lead to 
sustained venous hypertension, resulting in deposition of 
perivascular fibrin, activation of inflammatory cascades, 
and chronic tissue hypoxia; all of these factors impair 
wound healing [5,15]. By reducing venous pressure while 
walking, improving calf muscle pump function, decreasing 
edema, and facilitating lymphatic drainage, compression 
therapy counteracts these mechanisms, thereby creating an 
optimal microenvironment for tissue repair and 
epithelialization [16]. 
The four-layer bandaging system was initially developed 
and validated by Blair et al. at Charing Cross Hospital in 
London and further refined by Moffatt et al., and is 
consistently found to produce superior rates of healing and 
faster times to heal than single-layer, short-stretch, and non-
compression systems [10,11,17]. The Cochrane review by 
O'Meara et al. (2012) found that multi-layered high 
compression systems provide a superior level of healing for 
VLUs than single-layer systems. The Cochrane review also 
found that four-layer bandaging systems were cost-effective 
for high-income settings [1]. Our findings extend those 
studies to a real clinical setting in a lower-middle income 
country, where there are few data on this topic. 
The four-layer bandaging group experienced a significantly 
lower frequency of dressing changes (1.2/ week vs. 
3.8/week), which has important practical implications. 
Frequent dressing  changes are perceived as a burden by 
patients because of increased time commitment, financial 
cost, and discomfort. Frequent dressing changes also 
present an increased risk of contamination and mechanical 
trauma to the newly formed granulation tissue [18]. 
Allowing dressing materials to remain in place for up to one 
week creates less disruption to the healing wound bed and 
allows for sustained compression to exert its physiologic 
effects on tissue healing. These findings are consistent with 
those of Franks et al., who found that reduced frequency of 
dressing changes improved patient adherence and quality of 
life outcomes [19]. 
The four-layer bandaging group also had a significantly 
lower number of total hospital visits (5.9 visits vs. 14.2 
visits). This has implications for resource utilization for 
hospitals in economically disadvantaged health care 
systems such as those throughout India. Reducing 
outpatient visits and nursing time are key objectives of 
economically disadvantaged health systems. Although the 
four-layer bandaging systems may have higher initial 
material costs, the lower frequency of outpatient visits, 
dressing changes, and materials over the course of treatment 
may equate to cost neutrality or cost-effectiveness 
compared to conventional dressings, as found in health 
economic studies performed in the UK and Netherlands 
[3,20]. Further robust prospective cost-effectiveness 
studies, specifically within the Indian health care system, 
are warranted to assess these systems' prospective efficacy. 
Several limitations of the present study merit 
acknowledgment. First, the retrospective design and 
reliance on existing medical records introduce the 

possibility of incomplete or inconsistent documentation, 
which may have introduced information bias. Second, the 
sample size of 20 patients is modest and limits the statistical 
power of the analysis and the generalizability of findings. 
The study was not designed to be a definitive efficacy trial 
but rather a preliminary observational assessment of real-
world outcomes in routine clinical practice. Third, the 
absence of randomization means that selection bias cannot 
be excluded, although the two groups were well-matched at 
baseline. Fourth, patient-reported outcomes such as pain 
scores, quality of life, and satisfaction with treatment were 
not systematically collected in the medical records and 
could therefore not be analyzed. Finally, the single-center 
nature of the study limits the external validity of the 
findings. 
This study offers an important first look at whether routine 
use of a four-layer bandage for treating venous leg ulcers 
may help improve quality of care in India. However, it must 
be noted that additional tenets are needed to further 
strengthen the evidence to inform clinical guidelines for 
treating patients with venous leg ulcers. Additional 
prospective studies, systematic reviews and meta-analyses 
that utilize standardized outcome measures and validated 
ulcer assessment tools to conduct cost-effectiveness 
analyses are needed to determine appropriate clinical 
guidelines for treating patients with venous leg ulcers. 
 
CONCLUSION 
This retrospective study demonstrated that patients with  
venous leg ulcer treated with  four-layer compression 
bandaging achieved significantly better outcomes 
compared with conventional dressings. Patients treated with 
the four-layer dressing had a higher percentage of healed 
ulcers than the conventional dressing group at 4 months 
(80% vs. 40%), shorter time to reach complete healing (6.8 
weeks vs 11.4 weeks), a greater percentage of reduction in 
ulcer size from baseline to 4 months (74% vs 43.6%), and a 
dramatic decrease in utilization of health care resources as 
they related to the treatment of their ulcers.  
These results are consistent with existing evidence from 
other parts of the world and suggest that four-layer 
compression dressing should become the standard of care 
when treating venous leg ulcers. It would be beneficial to 
conduct larger, prospective, multi-site trials in the Indian 
healthcare context to validate these results. 
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