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INTRODUCTION: 
 Diabetes is a major public health problem all over the world. At present, India  has 
around 63 million people with diabetes. Our country will have the largest number of 
persons with diabetes in the next 15 years (1).Diabetic patients have substantially 
higher risk of developing microvascular and macrovascular complications. Diabetic 
Foot is one of the common complication which is neglected by patients and clinicians 
alike. 
 AIM &OBJECTIVE:                          
 1) To create an awareness regarding diabetic foot complications amongst general 
population. 
 2) To create an awareness regarding hyperbaric oxygen therapy amongst general 
population. 
 3) To create an awareness regarding preventive measures. 
Material & Method: 
An extensive literature search was undertaken with different world wide 
references related to diabetic foot. 
Literature collected from 1980-2011: 
Inclusion criteria were peer reviewed research studies that stated clearly defined 
complications, with cross sectional studies, with valid results, systemic reviews 
were included. 
Results &Discussions: 
 
Diabetic foot ulcers are estimated to affect 15% of people with diabetes during their 
lifetime (1). These lesions are responsible for more hospital days than any other 
complication of diabetes (2). Epidemiologic data also suggest that foot ulcers precede 
85% of amputations (1). Within one year after an amputation, 9 to 20% of patients 
with diabetes undergo a second (ipsilateral or contra lateral) amputation. Mean peri-
operative mortality among amputees with diabetes was 5.8% in the 1990’s. Five year 
mortality following amputation varies between 39% and 68%. 
Conclusion: 

1) Foot ulcers are a significant cause of morbidity, mortality and impaired quality 
of life for patients with diabetes. 

2) Ulcer development is often due to a combination of diabetic neuropathy and 
peripheral vascular disease, which decreases the supply of oxygen to the 
affected extremity. 

3) Most studies included small patient populations with heterogeneous classes of 
ulcers. However, results of these studies suggest that HBOT may accelerate 
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wound healing and reduce amputation in a subset of patients with diabetic 
ulcers. 

Prevention and Intervention Strategies: 
Prevention is the best approach to diabetic foot ulcers. 1)Tight glycemic control and 
patient education are the most important components of a prevention program.2) The 
approaches most likely to forestall foot ulcers include regular podiatric care with early 
and aggressive treatment of new lesions, vascular examinations,3) use of protective 
shoes and pressure reduction with insoles and ortheses.   
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INTRODUCTION: 
 Diabetes is a  major public health problem. India will have largest number of persons 
with diabetes in the next 15 years (1). There are many complications due to diabetes. 
Diabetic foot is one of the major complication which is neglected by patients and 
clinicians. People with diabetes have a 15- fold greater risk of lower extremity 
amputation (1). People who are more than forty years of age and whose diabetes was 
diagnosed at least ten years earlier are at high risk(3). There is tremendous need for 
treatments that will reduce the human suffering and loss associated with diabetic foot 
ulcer and resultant economic burden. As tissue hypoxia is one of the patho-
physiological characteristics of diabetic ulcer, Hyper Baric Oxygen Therapy (HBOT) 
has found to help in reducing tissue hypoxia and enhance wound healing. 
 
Aim & Objectives: 
 1) To create an awareness regarding diabetic foot complication among general 
population. 
  
2) To create an awareness regarding hyperbaric oxygen therapy among general 
population. 
 
 3) To create an awareness regarding preventive measures. 
 
Material & Method: 
An extensive literature search was undertaken with different world wide 
references related to diabetic foot. 
Literature collected from 1980-2011: 
Inclusion criteria were peer reviewed research studies that stated clearly defined 
complications, with cross sectional studies, with valid results, systemic reviews 
were included. 
 
Results &Discussions: 
Diabetic foot ulcers are estimated to affect 15% of people with diabetes during their 
lifetime (1). The average cost of treating and managing diabetes related foot 
complications was highest among all the complications of diabetes. In developing 
countries Diabetic Foot Care accounts for 40 % of total health care resources 
available for diabetes. These lesions are also responsible for more hospital days than 
any other complication of diabetes (2). Epidemiologic data also suggest that foot 
ulcers precede 85% of amputations. Similarly, more than half of lower-limb 
amputations in United States are performed on people with diabetes (1).Because of 
excessive post –amputation pressure on remaining limb, after an amputation, 9 to 20% 
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of patients with diabetes undergo a second (ipsilateral or contra lateral) amputation 
within one year. Mean peri-operative mortality among amputees with diabetes was 
5.8% in the 1990’s. Five year mortality following amputation varies between 39 and 
68%.(3)Awareness creation on primary & secondary prevention of diabetic foot is 
need of the hour.  
 
PATHOGENESIS OF DIABETIC FOOT LESIONS: 
The pathological changes leading to amputation in people with diabetes result from a 
combination of events, including peripheral neuropathy, peripheral vascular disease, 
autonomic neuropathy, foot deformities, trauma, ulceration and infection (4,5). Risk 
factors for foot ulcers or amputation include :male sex, diabetes more than10 years 
duration, peripheral neuropathy, abnormal structure of foot,  peripheral artery disease, 
smoking, history of previous ulcer or amputation and poor glycemic  control .A 
critical triad of neuropathy, minor foot trauma and foot deformity was found in >63% 
of people with foot ulcers (6). 
 
Neuropathy 
The most common long-term complication of diabetes is neuropathy. It  affects 60 to 
70% of people with diabetes. The most common type of diabetic neuropathy is 
peripheral neuropathy, affecting the lower limbs and the hands. It is a distal 
symmetric sensory motor polyneuropathy with symptoms of pain, burning, tingling  
and partial or total loss of sensation. The loss of pain sensation leads to various 
lesions induced by mechanical stress (e.g. foreign body in the shoe, ill-fitting shoe and 
repetitive stress of walking) or by thermal or chemical injury. The motor nerve 
damage of the peripheral neuropathy results in interosseous muscle atrophy that 
induces muscular imbalance with characteristic angled toes and thinning of fat pads 
over metatarsal heads. The combination of sensory and motor neuropathy is the most 
significant factor in the pathway leading to lower extremity ulceration and is found in 
80 to 85% of all cases (4,6). 
 
Peripheral vascular disease: 
Peripheral vascular disease is four times more likely to develop in people with 
diabetes than in the general population (4). The incidence increases with age and 
duration of diabetes. Changes in microcirculation of the diabetic foot contribute to 
impaired wound healing and constitute a major risk factor for ulceration and 
amputation. Peripheral vascular disease is involved in50% of the lower extremity 
amputations (7). Thickening of the basement membrane is  one of the structural 
changes that is observed (8). These modifications do not lead to narrowing of the 
lumen, but they decrease the elastic properties and therefore impede the dilation 
capacity of vessels. As a result, the neuropathic diabetic foot should be considered 
functionally ischemic regardless of the presence or absence of vascular disease (9). As 
the basement membrane is thicker, it also decreases the ability of the diabetic foot to 
fight infection (10). Calcification of the media of arteries ( Monckeberg arterio-
sclerosis)  increases the vulnerability of insensitive feet. 
 
Autonomic neuropathy: 
Diabetes also harms the autonomic or sympathetic nerves that innervate the small 
blood vessels of the lower extremities. This causes a loss of constrictive tone, 
resulting in vasodilatation and arterio- venous shunting, increased peripheral 
perfusion, and accelerated bone resorption and osteopenia(11,12). Autonomic 
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neuropathy also leads to decreased activity of the sweat glands of the feet, which 
results in skin that is prone to dryness and fissuring-factors that predispose to 
infection (13). 
 
BIOMECHANICS OF FOOT PROBLEMS: 
The normal mechanics of the foot and ankle result from the combined effect of 
muscles, tendons, ligaments and bone function. Muscle wasting and loss of muscle 
function due to neuropathy lead to foot deformities in 50% of individuals with 
diabetes (14). Abnormalities in foot biomechanics result in a dysfunctional gait and 
lead to more damaging changes in the foot (15). Altered foot biomechanics, limited 
joint mobility and bone deformities are associated with an increased risk of ulceration 
and amputation. Diabetic ulcers can occur on any part of the foot, but they are most 
often observed on the plantar surfaces because of the increased pressure during 
walking (16). ) The forefoot bears the maximum stress during walking so majority of 
foot ulcers are in the forefoot. Furthermore, persons with diabetes have a higher rate 
of onychomycosis and toe-web Tinea infections that can lead to skin disruption.  The 
combination of distal symmetric polyneuropathy and peripheral autonomic 
neuropathy can lead to neuropathic osteo arthropathy or Charcot deformity. The 
diminished sensation for trauma caused by neuropathic sensory loss, brings about 
repeated microscopic fracture sand intensified osseous response to healing. 
 
FOOT ULCER CLASSIFICATION: 
Foot ulcers are defined as a break in the cutaneous barrier usually extending through 
the full thickness of the dermis (17).Various proposals have been set forth to classify 
diabetic foot ulcers, but generally the wounds are categorized as either ischemic or 
neurologic. The most frequently used foot ulcer classification system is the Wagner 
grading scale (18, 19).Authors seem to agree that the key issues in wound 
classification are the depth of the tissue affected and the adequacy of arterial supply to 
the foot. 
TABLE 1. 
 

Wagner’s Grading scale 
Grade 0                         High risk foot, intact skin 

Grade 1                        Superficial ulcer 

Grade 2                        Deep ulcer penetrating to ligaments &muscles 

Grade 3                        Deep abscess, osteomyelitis 

Grade 4                        Localized gangrene 

Grade 5                         Gangrene involving whole foot 

 
IMPAIRED WOUND HEALING: 
 
Role of oxygen in wound healing: 
                 Injuries that damage the microvasculature attract inflammatory cells that 
consume large amounts of oxygen and concentrate potentially damaging products at 
the wound site. This creates a low-oxygen environment with low pH, high lactate, 
increased oxidant production and poor local perfusion. The macrophages respond to 
this environment by releasing growth factors that induce angiogenesis, multiplication 
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of fibroblasts and collagen synthesis. Therefore, acute wound hypoxia is, to a certain 
extent, necessary for leukocyte adherence, neovascularization, collagen formation and 
bone formation (24). 
 
                 However, oxygen availability becomes essential in two steps of collagen 
biosynthesis- proline and lysine are incorporated into growing peptides and 
hydroxylated when they enter the endoplasmic reticulum. When thePO2 is 20 mm Hg, 
this process evolves at half the normal rate and when the PO2 is 200 mm Hg, this 
process evolves at 90% of the optimal rate. Moreover, cell multiplication also requires 
oxygen. An oxygen environment of 40 mm Hg is needed to ensure fibroblast activity 
(25).Therefore, chronic wound hypoxia weakens the collagen synthesis process (24, 
26). 
 
Role of oxygen in infection susceptibility: 
                 It has been demonstrated that leucocytes kill bacteria most effectively in an 
environment abundant in oxygen (27). In fact, phagocytosis induces the conversion of 
oxygen to peroxides, which are lethal to many bacteria. This oxidative reaction 
demands very high levels of oxygen and is most effective with a high PO2 (24, 26). 
Therefore, hypoxia impairs the phagocytic function of leucocytes. 
 
Role of oxygen in wound angiogenesis: 
                Some regulatory mechanisms involved in the stimulation and regulation of 
angiogenesis are comparable to those implicated in collagen synthesis and deposition. 
Oxygen stimulates macrophages to produce angiogenic substances like vascular 
endothelial growth factor [VEGF]) that attract and stimulate endothelial cells (26). 
Therefore, hypoxia weakens the neovascularization process. 
 
HBOT: 
HBOT has been used since 1943, the year it was adopted by the United States Navy 
for the treatment of decompression sickness and air embolism. 
 
Over the past 50 years, HBOT has been used for a wide variety of medical conditions, 
often without acceptable scientific evidence of efficacy or safety. Consequently, a 
high degree of skepticism has developed regarding its use. However, in the last 20 
years, several trials have demonstrated the benefits of HBOT for various conditions. 
 
               The Undersea and Hyperbaric Medical Society (UHMS), which approves 
the use of HBOT for a few conditions (20, 24) (Table 2), defines HBOT as the 
“intermittent administration of 100% oxygen inhaled at pressure greater than sea 
level” (25). 
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Table No. 2: 
  
Undersea and Hyperbaric Medical Society-approved indications for hyperbaric 
oxygenation (24) 
• Air or gas embolism 
• Carbon monoxide/cyanide poisoning 
• Gas gangrene 
• Crush injury, compartment syndrome and other acute traumatic ischemia 
• Decompression sickness 
• Enhancement of healing in selected problem wounds 
• Exceptional blood loss (anemia) 
• Intracranial abscess 
• Necrotizing soft-tissue infections 
• Refractory osteomyelitis 
• Soft tissue/bone radiation necrosis 
• Compromised skin grafts and flaps 
• Thermal burns 

 
Mechanism of action: 
             The treatment is conducted in a pressure-containment vessel called a 
hyperbaric, recompression or decompression chamber. It can be administered in either 
a “monoplace” or “multiplace” setting. HBOT given in monoplace or multiplace 
chambers is frequently referred to as systemic hyperbaric oxygen therapy. The 
increased pressure decreases the volume of gases. This characteristic is used to treat 
gas embolism or decompression accidents. Increased PaO2 is the second attribute. 
Each hemoglobin molecule in a human red blood cell has 4 oxygen-binding sites. At 
sea level, most people have complete saturation of these red cell-binding sites. 
Therefore, the levels of oxygen dissolved in the plasma are very low. At sea level, the 
partial pressure of arterial oxygen  [PaO2] is around 100 mm Hg. 
 
              When a patient is placed in a hyperbaric chamber, the chamber is pressurized 
to 2 to 3 atmospheres and the patient is administered 100% oxygen. Once the 
hemoglobin binding sites are saturated, dissolved oxygen increases in the plasma. The 
PaO2 and the diffusion gradient of the dissolved oxygen increase and reach the 
compromised tissues. The PaO2 approaches 1500 mm Hg .This pressure is equivalent 
to diving to approximately 15 m (50 feet) in seawater. 
 
RATIONALE FOR USE OF HBOT: 
              Tissue hypoxia is an important mechanism contributing to the development 
of diabetic foot infections and impaired wound healing. Human studies have shown 
that HBOT is effective in radiotherapy induced hypoxia (24). Therefore, it seems 
logical that HBOT could be helpful for diabetic foot 
ulcers. As explained earlier, oxygen is essential in wound healing and wound 
angiogenesis. Hyperbaric oxygen exposure increases tissue oxygen levels and thereby 
results in increased cellular proliferation, improved collagen synthesis and increased 
angiogenesis. 
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              Furthermore, anaerobic organisms are found in low oxygen-tension tissues, 
which are presenting one-third of cases of diabetic foot infections (23).HBOT 
increases the killing ability of leukocytes and is lethal to certain anaerobic bacteria 
(22, 24, 26, ). Edema in the peri-wound area is decreased through the vasoconstrictive 
action of oxygen and the leukocyte-bacterial-killing ability. HBOT enhances 
phagocytosis of bacteria and inhibits toxin formation (24, 25, 26) (Table 3). 
 
Table No. 3: 
 
Beneficial effects of hyperbaric oxygenation in wound healing (24) 
• Decreased local tissue edema 

• Improved cellular energy metabolism 

• Improved local tissue oxygenation 

• Improved leukocyte-bacterial-killing ability 

• Increased effectiveness of antibiotics 

• Enhanced uptake of platelet-derived growth factor 

• Promotion of collagen deposition 

• Promotion of neoangiogenesis 

 
CONTRAINDICATIONS TO HBOT: 
Absolute contraindications to HBOT include untreated Pneumothorax and use of 
various medications: Doxorubicin (toxicity increases under pressure), Bleomycin, 
Disulfiram (blocks superoxide dismutase) and Cisplatin. Untreated pneumothorax can 
lead to a tension pneumothorax during the decompression phase of the hyperbaric 
treatment. 
 Other relative contraindications include known malignancies, pregnancy, implanted 
pacemakers, upper respiratory tract infections, chronic sinusitis, seizure disorders, 
emphysema, hyperthermia, history of thoracic surgery, optic neuritis, otosclerosis, 
viral infections and congenital spherocytosis (24)                           
 
PREVENTION AND INTERVENTION STRATEGIES: 
Prevention is the best approach to diabetic foot ulcers. Risk identification is 
fundamental for effective preventive management of the foot in people with diabetes.  
The risk of ulcers or amputations is increased in people who have had diabetes for  
≥10 years, are males, have poor glucose control and have cardiovascular, retinal, or 
renal complications. 
Adherence to the following points will help in reducing this complication in diabetic 
patients. 
1.Tight glycemic control and patient education are the most important components of 
a prevention program. Insulin therapy is the cornerstone of halting the progression of 
neuropathy. 
2. Education to patients and physicians on preventive aspects of diabetic foot ulcers 
(15,16) . 
3. Regular care of feet, use of protective shoes, pressure reduction with insoles and 
ortheses(21). 
4. The approaches most likely to forestall foot ulcers include regular vascular 
examinations  and podiatric care with early and aggressive treatment of new lesions . 
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5. Prophylactic surgery to correct biomechanical foot deformities.    
6. Attention to other risk factors for vascular disease (smoking, dyslipidemia, 
hypertension)  
Standard care of diabetic foot ulcers includes good glycemic control, adequate 
nutrition, off-loading (via bedrest or casts), local care (moist dressings and topical 
management), lessening of edema, surgical debridement of devitalized wound tissue, 
antibiotic therapy, granulocyte colony stimulating factor (G-CSF) and, if needed, 
vascular surgery(5,14,20-23).  
However, wounds that fail to respond to optimal conventional medical and surgical 
treatment in a reasonable time frame are common. In these situations, HBOT could be 
considered. 

 
CONCLUSION: 
1) Foot ulcers are a significant source of morbidity, mortality and impaired 
quality of life for patients with diabetes. 
 
2) Ulcer development is often due to a combination of diabetic neuropathy and 
peripheral vascular disease, which decreases the supply of oxygen to the affected 
extremity. 
 
3)  Most studies included small patient populations with heterogeneous classes of 
ulcers. However, results of these studies suggest that HBOT may accelerate wound 
healing and reduce amputation in a subset of patients with diabetic ulcers. 
 
4) Most patients with Wagner grade 1 and 2 ulcers will heal with carefully 
administered conventional care (local wound care and efficacious off loading). 
 
5) Appropriate candidates for HBOT are patients with long-standing non-healing 
Wagner grade 3 or higher ulcer with an adequately perfused capillary bed in the 
wound area (best assessed by the TcPO2 response to 100% oxygen challenge). 
 
6)  HBOT is a reasonable, cost-effective adjunct to standard therapy. Prospective 
studies are needed to assess the long-term success of HBOT. 
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