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 ARTICLE INFO   ABSTRACT 
 

 

Aims/purpose: The aim of the study was to determine the healing effect of HBOT as an adjunctive 
treatment on Diabetic foot ulcer patients (DFU) in short duration compared to the standard wound 
therapy (ST). 
Methodology of study: The study was conducted among 6 consecutively attending patients with 
diabetic foot ulcers (DFU) and with grade III or IV Wagner classification of foot ulcers were recruited 
in the podiatry clinic. Patients randomized to the control group (n = 3) received standard care including 
offloading, wound debridement, and glucose control. HBOT group patients (n = 3) received standard 
care and daily HBOT sessions for 90 minutes at 2.5 atmospheres absolute (ATA) for 2 weeks. Ulcer 
tissues were harvested on days 0, 7 and 14 to determine the histological changes between HBOT and 
non HBOT groups. The anthropometric and biochemical values are recorded in the baseline level. 
Findings: There was no statistical difference noticed between baseline characteristics of two groups. 
The histological examinations of the ulcer at the baseline were found to have inflammation with edema 
in both the group. On 7th day fibres were associated with thickened vessel, no vasculitis in the HBOT 
treated patients and acute ulcer with inflammatory cells was noted in the standard treatment patients. At 
the end of the treatment granulation tissues with proliferating capillaries were seen more in the HBOT 
treated patients. In ST group, acute ulcer with fibrin exudates was noted 
Conclusion and Implications: In conclusion, it can be stated that HBOT therapy has a positive effect 
in initiating the healing process of ulcer than standard treatment. We believe that HBOT is a useful 
adjunct in the treatment of diabetic foot ulcers, and that the cost of HBOT itself will be reduced as it 
becomes more widely available in the clinical settings.. 
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INTRODUCTION 
 
Diabetic foot ulcer (DFU) affects approximately 10–15% of 
the diabetic population (Chiwanga et al, 2015). In India, the 
prevalence of DFU in the clinic population is 3.6% (Pendsey, 
1994) and it was found that patients without foot problems 
spent 9.3% of the total income, while patients with foot 
problem had to spend 32.3% of the total income towards 
treatment (Shobhana et al, 2000). Non healing ulcer is a highly 
morbid condition requiring hospitalization as long as 2-6 
weeks for full recovery despite a multidisciplinary approach 
associating glycemic control daily local care, foot offloading, 
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antibiotic therapy, and surgical revascularization which are 
considered to be a standard therapy (ST) for lower extremity 
wounds (Bentkover et al, 1993, Thomas, 1999). Another 
current option for the treatment of DFU is hyperbaric oxygen 
therapy (HBOT).  It involves inhalation of 100% oxygen 
inside a pressurized hyperbaric chamber and has been used 
successfully in humans at varying pressures to treat a range of 
conditions (Sheffield et al, 2002). HBOT treatment showed 
improved healing rate of DFU in short term but not in long 
term and it was well recognized that the change in wound size 
at 2 weeks and 4 weeks is a predictor of complete healing after 
12 weeks (Sheehan et al, 2006, Kranke et al, 2012). Study 
showed that prolonged treatment of HBOT should be avoided 
as it increases oxidative stresses which are considered as an 
important pathogenesis of chronic non healing wounds 
(Schafer et al, 2008, Le et al, 2013). Only limited number of 
studies is available regarding the short term administration of 
HBOT to DFU patients.  
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The objective of the study was to determine the healing effect 
of HBOT as an adjunctive treatment on DFU patients in short 
duration compared to the standard wound therapy. 
 

MATERIALS AND METHODS 
 
The T2DM patients attending the podiatric clinic at tertiary 
care centre diagnosed with DFU with Wagner wound grade 3 
or 4 was eligible to participate in the study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A total of 6 DFU patients were recruited and followed up on 
7th and 14th day of the treatment. Among 6 patients, 3 were 
given 90 minutes of HBOT for 14 days along with standard 
wound treatments and 3 were given standard wound treatment 
alone. Standard wound therapy is defined as an aggressive 
local debridement, vascular assessment, tight blood glucose 
control, optimization of nutritional status,  resolution of 
infection with antibiotic therapy, off-loading the joint and 
maintenance of a clean and moist wound bed. The samples 
were collected from the patients. Anthropometric 
measurements and biochemical parameters were recorded. 
Histopathological examination was performed using 
Haematoxylin-Eosin (HE) and van Gieson staining. The 
following parameters were used for histological description: 1)  
presence and severity of hyperkeratosis; 2) presence and 
severity of fibrosis; 3) number and integrity of cutaneous 
annexes and capillaries; 5) presence and distribution of 
inflammatory reaction, cellular, bacterial debris and 
granulating tissue. All of these items were evaluated and the 
results were expressed as absent (no presence of any of the 
considered parameter), scarcely present (parameter detected on 
< 33% of the lesions’ preparations), present (parameter found 
in 33– 66% of preparations), and intensively present 
(parameter found in >66% of preparations) (Alberto et al, 
2003). The data was entered and analyzed using SPSS 
statistical package (Version 12.0; SPSS, Chicago, IL). Chi 

square test was applied to analyze categorical variable and P 
value less than 0.05 was considered significant. 
 

RESULTS 
 
Table 1 shows the baseline characteristics of biochemical and 
anthropometric parameters among HBOT and ST patients. 
There was no statistical difference noticed between baseline 
characteristics of two groups.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 shows the histological examinations of the study 
patients. At the baseline the ulcer was found to have 
inflammation with edema in both the group. On 7th day fibres 
were associated with thickened vessel, no vasculitis in the 
HBOT treated patients and acute ulcer with inflammatory cells 
was noted in the standard treatment patients. At the end of the 
treatment granulation tissues with proliferating capillaries 
were seen more in the HBOT treated patients. In ST group, 
acute ulcer with fibrin exudates was noted. 
 

HBOT treatment 
 
 

A. Collagenized septa, adipose tissue, capillaries and 
inflammation (0 day). 

B. Thickened vessel wall with fibrous media. No 
vasculitis and subcutaneous fat (7th day). 

C. Granulation tissue with proliferating capillaries (14th 
day). 
 

Standard treatment 
 

D. Bright eosinophilic collagen fibres seen. Acute 
inflammation with edema noted (0 day).  

E. Acute ulcer with inflammatory cells noted. Acute ulcer 
and the fibrin exudates were seen (7th day). 

F. Bright eosinophilic collagen fibres with tiny yellow 
collagen seen. Acute ulcer with fibrin exudates was 
seen (7th day). 

 
 

Fig. 1. Haematoxylin and eosin stained and Van-Gieson stained wound tissue sections taken on (A) Baseline, (B) 7th day (C) 14th day 
of HBOT treatment, (D) Baseline, (E) 7th day and (F) 14th day of normal intervention 
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DISCUSSION 
 
 

This prospective study provides evidence that HBOT fasten 
the healing rate of DFU.  In addition, it suggests the possibility 
of shortening hospitalization time. After 14 days of the 
treatment, the patients on HBOT treatment achieved a 
favorable healing rate which was evident from 
histopathological features. It is generally understood that tissue 
hypoxia is a significant factor in the etiology of nonhealing 
foot ulcers in diabetic patients and HBOT through its correct 
action on peripheral ischemia helps in promoting healing (Fife 
et al, 2002). HBOT enhances healing by increasing oxygen 
gradient which promotes the formation of new vessels required 
for wound healing, and increases fibroblast proliferation and 
collagen production (Wattel et al, 2005, Kessler et al, 2003). 
HBOT also reduces inflammation promoting angiogenesis, 
fibroblast function, and granulation by reducing the expression 
of pro inflammatory cytokines (Thackham et al, 2008, 
Londahl et al, 2013, Tiaka et al, 2012).  

 
In particular, a difference was apparent for granulation tissue, 
fibrosis, reduction inflammation, cellular debris and formation 
of capillaries in HBOT treated patients compared to the 
patients receiving standard therapy. The other parameters like 
hyperkeratosis and adnexa were found to have no difference. 
The positive contribution to granulation and capillaries 
formation following HBOT therapy shows the acceleration 
effect of HBOT on histological healing. The limitation of this 
study is that due to the pilot nature of the study, sample size 
was limited. Another limitation is that the time taken for 
complete healing of the DFU was not studied. This study could 
have been enhanced by simultaneously measuring markers of 
oxidative stress and correlating with healing process. In 
conclusion, the HBOT has a positive effect in initiating the 
healing process of ulcer than standard treatment. It may also be 
cost-effective when measured against outcomes such as 
amputations, repeated debridement, hospital stay and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
psychological disability. HBOT is a useful adjunct in the 
treatment of DFU, and that the cost of HBOT itself will be 
reduced as it becomes more widely available in the clinical 
settings.  
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