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The diabetic foot is defined as the ulceration and destruction of the deep tissues of 
the foot due to the suffering of diabetes mellitus, which is a disease of great prevalence 
and importance today, due to its high rates in the world, therefore, it is necessary that 
measures be implemented as a treatment of it, that meet various conditions such as 
reduced wound volume, rapid healing and granulation of new tissue. In recent years, 
the use of negative pressure systems has been implemented, which, compared to other 
treatments, has yielded gratifying results, which is why in the following review article, 
the current literature on this technique is analyzed, to evaluate its effectiveness in this 
type of injury. 
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Introduction   
Diabetes mellitus is a group of physiological dysfunctions 

characterized by hyperglycemia resulting directly from insulin 
resistance, inadequate insulin secretion, or excessive glucagon 
secretion [1]. The International Diabetes Federation (IDF) 
estimated that 1 in 11 adults aged 20 to 79 (415 million adults) had 
diabetes mellitus worldwide in 2015. It is estimated that the year  

 
2040 will see an increase to 642 million people, with the largest 
increases coming from regions experiencing economic transitions 
from low- to middle-income levels [2]. The different reasons for 
the growing epidemic of diabetes mellitus are multiple, including 
population aging, economic development, urbanization, unhealthy 
eating habits and sedentary lifestyles. More than 90% of cases 
of diabetes mellitus correspond to type 2 diabetes mellitus [3]. 
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Between 2010 and 2030, a 20% increase in the number of adults 
with diabetes mellitus is estimated in developed countries and a 
69% increase in developing countries [4]. Asia has become the main 
area with a growing epidemic of type 2 diabetes mellitus. China and 
India are the two main epicenters of the type 2 diabetes mellitus 
epidemic (Figure 1). In these countries, the epidemic of type 2 
diabetes mellitus is characterized by a lower onset with bMI and 
a younger age than in Western populations [5]. According to data 
from India, China, Thailand, and Malaysia, the cost of hospitalized 
patients with diabetes mellitus but no complications accounted for 
11 to 75% of per capita income in 2007, and hospitalized patients 

who had complications spent up to three times more than those 
without complications [6]. In 2015. U.S. It was included as the 
country or territory with the third highest number of patients with 
diabetes mellitus (Figure 1), and half of adults aged 65 years and 
older had prediabetes mellitus in 2008 [7]. In addition, the Middle 
East is another hotspot of the diabetes mellitus epidemic, with a 
prevalence of diabetes mellitus among adults ranging from 9.5% in 
Oman to 25.4% in Saudi Arabia [8]. According to the Global Burden 
of Disease report, diabetes mellitus was positioned as one of the 
main causes of years of life lost and has a great impact on Latin 
American countries [9].

Figure 1: Estimated total number of adults (20–79 years) living with diabetes mellitus, highlighting the top three countries or 
territories for number of adults with diabetes mellitus (20–79 years) in 2015. It was estimated that in 2015, 415 million adults 
aged 20–79 years had diabetes mellitus worldwide, and about 46.5% of them lived in three countries: China, India and the USA. 
The colour of the country or territory in the map relates to the total number of adults aged 20–79 years living with diabetes 
mellitus in the area. Tomada de: Zheng Y, Ley, SH y Hu, FB (2017) Etiología y epidemiología global de la diabetes mellitus tipo 
2 y sus complicaciones. Nature Reviews Endocrinology 14(2): 88-98.

Pathogenesis and Pathophysiology of Diabetes 
Mellitus
Type 1 Diabetes Mellitus

Type 1 diabetes mellitus is characterized by the autoimmune 
destruction of insulin-producing cells in the pancreas by CD4+ 
and CD8+ T cells and macrophages infiltrating islets [10]. Several 
aspects characterize diabetes mellitus as an autoimmune disease: 
presence of immunocompetent and accessory cells in pancreatic 
islet infiltrates, association of susceptibility to diseases with class 
II (immunity response) genes of the main histocompatibility 
complex, presence of islet cell-specific autoantibodies, alterations 
of T-cell-mediated immunoregulation, in particular in the CD4+ T 

cell compartment, the involvement of monokines and TH1 cells 
that produce interleukins in the disease process, response to 
immunotherapy and frequent occurrence of autoimmune diseases 
specific toother organs or diseases in affected persons or their 
relatives [11]. 

Type 2 Diabetes Mellitus

In type 2 diabetes mellitus, the mechanisms are broken, as a 
consequence of the two main pathological defects of type 2 diabetes 
mellitus being altered insulin secretion through pancreatic B-cell 
dysfunction and altered insulin action due to insulin resistance 
[12]. Diabetes mellitus can have several complications ranging 
from acute complications, chronic complications, and other 
complications with associated conditions [10] (Table 1).
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Table 1: Complication of diabetes mellitus.

Acute complications

Hypoglycemia

Hyperglycemic crises, diabetes ketoacidosis (DKA), hyperglycemic 
hyperosmolar state (HHS)

Chronic complication

Microvascular complications: diabetic retinopathy, diabetic nephropathy, 
diabetic neuropathy

Macrovascular disease

Other complications and associated conditions

Impaired growth and development

Associated autoimmune conditions: hypothyroidism, hyperthyroidism, 
celiac disease, vitiligo, primary adrenal insufficiency (Addison’s disease), 
lipodystrophy (lipoatrophy and lipohypertrophy), necrobiosis lipoidica 

diabeticorum, non-alcoholic fatty liver disease, infections seen in 
patients with diabetes, limited joint mobility, edema.

Therefore, we can highlight that diabetes mellitus is described 
as a chronic metabolic disease that is characterized by insulin 
deficiency, hyperglycemia and other alterations in carbohydrate 
and lipid metabolism, which can cause multiple complications at 
the micro and macrovascular level. Diabetic foot is the infection, 
ulceration, and destruction of deep tissues, associated with 
neurological abnormalities (loss of sensitivity to pain) and 
peripheral vasculopathy in the lower extremities. In these cases, the 
foot is more vulnerable to circulatory and neurological conditions, 
so the slightest trauma can cause ulcers or infections. Macrovascular 
disease of the lower extremities is common, progresses rapidly, and 
presents a characteristic peritibial distribution to which fragility 
of the arteries of the foot is added [13]. Foot problems occur in 
both type 1 and type 2 diabetes and the lifetime risk of a patient 
developing a foot ulcer has been estimated to be 25% [14]. Ulcers 
are more common in men and in patients over 60 years of age. A 
population-based study of more than 10,000 patients conducted in 
the North East of England reported that 5% had foot ulceration in 
the past or present and that nearly 6% had one or more risk factors 
and the annual incidence of ulceration in these diabetic patients 
was 2.2% [15]. 

Pathogenesis of Diabetic Foot Ulcer 
Diabetic foot ulcer is the consequence of a complicated 

interaction of several risk factors including peripheral neuropathy, 

peripheral vascular disease, foot deformities, arterial insufficiency, 
trauma, and impaired resistance to infections [16]. 

Neuropathy 

Neuropathy is a disease that affects the nerves and causes 
deterioration of sensations, movement and other aspects of health, 
depending on the nerve affected. Peripheral neuropathy in diabetes 
is one of the leading causes of foot ulcers [17].

Peripheral Vascular Disease

Peripheral vascular disease (PVD) is an atherosclerotic 
occlusive disease of the lower extremities. Diabetes is a major risk 
factor for PVD [18]. 

Classification
Currently, the classification of the ulcer is estimated to a wide 

variety that includes characteristics such as depth, size, appearance 
and location, etc. Evaluation should determine the etiology of the 
ulcer and verify whether the lesion is neuropathic, ischemic, or 
neuroischemic [16]. Therefore, it is important to have an appropriate 
classification system including these characteristics in order to 
project strategies for the treatment of diabetic foot injuries. One 
of these classifications includes the Wagner-Meggit classification 
(Table 2). This system includes six grades that take into account the 
depth of the ulcer, the presence of gangrene and the level of tissue 
necrosis [19]. Another outstanding classification corresponds to 
the classification system of the University of Texas Antonio (UTSA) 
evaluates diabetic foot injury according to depth, wound infection 
and the presence of ischemia in the lower extremities (Table 3). In 
this system, classification is made based on the depth of the lesion 
and states are classified based on the presence of ischemia, wound 
bio load, or a combination of both, excluding neuropathy [20].

Table 2: Wagner-Meggitt classification system.

Grade Foot Lesion

0 No open lesions or cellulitis

1 Superficial ulcer

2 Deep ulcer up to tendons and joint tissue

3 Deep ulcer with abscess, osteomyelitis, and joint sepsis

4 Local gangrene forefoot or heel

5 Gangrene of entire foot

Table 3: University of Texas classification system.

Stages
Grades

0 1 2 3

A Healed pre or post ulcerative 
lesion completely epithelialized

Superficial wound not involving 
bone tendon or capsule

Wound penetrating tendon and 
capsule

Wound penetrating to bone or 
joint

B With infection With infection With infection With infection

C With ischemia With ischemia With ischemia With ischemia

D With infection and with ischemia With infection and with ischemia With infection and with ischemia With infection and with ischemia
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Treatment

Preventive strategies in the form of patient education and 
periodic foot assessments for peripheral vascular disease and 
neuropathy, along with risk stratification, form the basis of diabetic 
foot treatment [21]. For the treatment of diabetic foot ulcer, 
several methods are taken into account such as glycemic control, 
pharmacological therapy, improvement of vascularization or an 
increasingly used method such as negative pressure therapy. When 
we talk about subatomospheric pressure, which is also known as 
negative pressure, it is a name used to describe a pressure lower 
than normal atmospheric pressure [22]. Negative pressure therapy 
aims to improve tissue perfusion and promote the formation of 
granulation tissue and often shorter treatment compared to ulcers 
treated with a traditional gauze dressing [23]. The basis of this 
technique is to progress the chronic wound from the inflammatory 
phase to the proliferative phase There are different mechanisms 
that could be responsible for the beneficial effects of treatment such 
as increased total blood flow, reduction of edema, stimulation of the 
formation of granulation tissue, stimulation of cell proliferation, 
elimination of soluble inhibitors of wound healing, reduction of 
bacterial load, approach of the edges of the wound to each other 
[24]. Therefore, negative pressure therapy offers optimal results 
when a multidisciplinary team is used in the treatment of diabetic 
foot wounds. 

Methodology 

In this review article, a detailed bibliographic search of 
information published since 2011 was carried out in the PubMed, 
Elsevier, Scielo databases, national and international libraries. We 
use the following descriptors: Diabetic foot, treatment, negative 
pressure, diabetes mellitus. The data obtained range from 2 to 15 
records after the use of the keywords. The search for articles was 
conducted in Spanish and English, limited by year of publication, 
and used studies published since 2011. 

Results
Melodie Blakely reports a case report of a 47-year-old woman 

with a history of more than five years of full-thickness diabetic foot 
ulcer on her left middle plantar foot. Her Diabetic Foot Ulcer (UPD) 
had been managed by her podiatrist throughout its course and 
the patient reported that the wound had been continuously open 
during this time. The intervention used different methods including 
negative pressure therapy for wounds (NPWT) in the fourth 
week using the Modified Vacuum-Assisted Closure (VAC) device 
by attaching the tube clamping pad to the distal leg with foam to 
prevent pressure from the tube on the plantar surface. The NPWT 
configuration was 125 mmHg, continuous. This was changed three 
times a week. Weekly debridements and discharges continued. By 
week five, the depth of the wound had decreased by 50%. By week 

seven, the wound bed was clean, shallow but with persistent coiled 
edges, despite debridement at each visit. At week 12, the wound 
measured 0.5 x 0.5 mm with 0.1 cm depth; at week 15, the wound 
was 100% epithelialized and the patient was able to transition to 
custom molded diabetic footwear [25]. Another case report given at 
the University Hospital of Rebro (Zagreb, Croatia) reports the case 
of a 43-year-old woman with an infected wound on her left foot. 
The patient had a history of reactive arthritis and was prescribed 
corticosteroid treatment when the disease was in its active phase. 

He was also diagnosed with type 2 diabetes mellitus 6 
months before hospitalization, so he was taking oral antidiabetic 
medication. Seven days before admission, the patient cut her left 
foot after stepping on a sharp stone. Over the course of a week after 
the injury, the swelling and redness progressively worsened, and 
a purulent discharge from the wound gradually developed. He did 
not consult his primary care doctor before presenting himself to 
the hospital. Based on clinical, radiological and laboratory findings, 
surgical intervention was determined to be the best method of 
treatment. Negative pressure wound therapy (NPWT) was applied 
at intermittent pressures from -60 mm Hg to -100 mm Hg. The 
surface of the wound remained clean throughout the time; there 
were no signs of purulent secretions or local redness, and the 
patient was afebrile. Skin grafts were used for the wound and 10 
months after the initial operation, the patient is well. The wound 
site successfully healed with 100% graft taking [26]. Another case 
report of a 34-year-old male with a history of type 1 diabetes and 
Charcot neuroarthropathy who consults for a chronic UPD of the 
right plantar medial surface. There was no sign of infection. The 
ulcer had persisted for 6 months; Previous treatment consisted 
of efforts to discharge the pressure with a surgical shoe and a 
removable plaster boot. The wound was also treated with topical 
therapies, including clostridial collagenase, human platelet-derived 
growth factors (PDGF), and 6 applications of a human amniotic 
membrane allograft. 

At the initial visit, the ulcer measured 3.8 cm x 3.7 cm x 3 
mm. The hyperkeratotic margins of the UPD were debrided 
and NPWT was initiated using durable non-disposable medical 
equipment at -125 mm Hg continuously. All debridements were 
sharp debridements using a scalpel blade. A contact layer was 
then applied to the wound bed with the advanced collagen matrix 
wound that contained alginate and was designed with uniform 
perforations to facilitate the removal of the exudate. The NPWT 
sponge and secondary dressings were changed 3 times a week. The 
patient was instructed to use crutches and to maintain the weight 
of the affected foot as much as possible. The patient returned to the 
clinic on day 7 and then every 2 weeks for the rest of his care. After 
the first week, debridement was performed every 2 weeks and the 
collagen dressing of the wound contact layer was changed weekly 
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with the application of NPWT. Wound healing progressed with the 
treatment regimen described above of biweekly debridement and 
weekly application of the collagen layer in contact with the wound 
with NPWT. By day 35, the total wound area had decreased by 91%, 
measuring 3.2 mm x 1.2 mm x 1 mm [27]. 

Discussion
In recent years, the great increase in ulcers and other 

complications of diabetes mellitus, mainly diabetic foot, have 
increased cases of morbidity and mortality in the world, causing this 
type of patients to suffer a progressive dependence and therefore a 
considerable decrease in their quality of life, which represents an 
increase in the need for the implementation of effective treatment 
techniques against this type of injury. Topical negative pressure 
therapy (NPT) is widely disseminated for the treatment of this type 
of wounds, with the basis that it favors its closure, which is why its 
use has increased in recent years. NPT, or subatopheric pressure 
therapy, is a system that uses negative pressure located topically 
in order to stimulate the healing of acute and chronic wounds. This 
therapy provides an alternative treatment in complex or difficult to 
resolve wounds, improving locoregional conditions and preparing 
the wound for definitive healing, through less complex surgical 
procedures. That is, NPT can be an adjuvant therapy before or 
after surgery, or it can even be an alternative to it in some cases. 
The inputs for healing with TPN are: a sponge, a tube, an adherent 
dressing, a vacuum pump and a reservoir. The wound surface should 
be covered directly with a sterile polyurethane sponge with a pore 
of 400 to 600 microns, which can be cut and adapted according to 
the shape and size of the wound. In the thickness of the sponge, a 
non-collapsible multifenestrated tube is placed so that it comes out 
of the healing parallel to the skin surface. 

The sponge is covered by an adhesive dressing that must 
be extended at least 5 cm on the adjacent healthy skin and that 
wraps around the exit of the tube, in order to create an airtight 
system. In this way, an open wound is transformed into a closed 
and controlled wound. The other end of the evacuation tube is 
connected to a reservoir, where the exudate aspirated from the 
wound is deposited. In turn, the reservoir is connected to a vacuum 
generating pump or to the central suction system, which allows 
the pressure of the reservoir to be regulated. [28] which provides 
complete healing by stimulating granulation tissue formation, 
reducing wound size, microbiological control, decreasing the risk of 
amputation, decreasing adverse effects associated with treatment, 
low cost, and most importantly, great patient satisfaction. In their 
experimental and comparative study, Nain and others, included 2 
groups of which one was applied negative pressure therapy and the 
other was not, in order to evaluate the degree of effectiveness of 
this, and it was evidenced that the group to which the therapy was 

applied generated granulation tissue, which led to the total healing 
of the injury. They concluded that NPT plays an important role in 
healing PD ulcers [29]. During the procedure, as part of the most 
important components is the dressing, which is in direct contact 
with the wound. 

However, the literature confirms that a drawback of polyurethane 
foam dressings is that inside their pores can grow granulation tissue 
and cause discomfort to the patient at the time of their change. To 
avoid this situation it is recommended that the contact layer with 
the wound bed is the polyvinyl alcohol protection dressing and on 
top place the polyurethane foam. There is no study that shows that 
with gauze dressings granular tissue is formed in their pores, so in 
this case it is not necessary to use a protective layer [30]. As for the 
contraindications of the same, these dressings should not be placed 
directly on anastomotic areas, blood vessels, exposed nerves and 
organs, in addition if a significant hemorrhage appears, the therapy 
system must be interrupted as soon as possible, and an adequate 
control of the hemorrhage must be carried out. It can be reused 
only in the event that adequate hemostasis has been achieved and 
the patient has no risk of continuous bleeding [31] as this situation 
will only worsen the patient’s condition. On the other hand, a series 
of complications may appear such as leakage, obstruction, erosion 
or maceration of the periulceral skin and healthy tissue, pressure 
ulcer due to support on the drainage tube, pain [32], etc., however, 
their recurrence rates are quite low, as evidenced in the prospective 
study conducted by Ugurlar, in which 2 groups of chronic diabetic 
patients with Wagner grade 3-4 (foot wound of a single limb) were 
included. 

The groups investigated were 10 patients with TPN application 
by means of a Y connector and 11 patients treated under bridge TPN 
[27]. The therapy was applied for a time of 40.2 (range 16-43) days 
in TPN with connector and in the TPN bridge 41.1 (range 23-63) 
wound diameters were identified in TPN connector of 6.1 (range 
4.0-10.2) and TPN bridge 5.8 (range 3.7-8.7). It was found that the 
rates of recovery of the limb with 40% was of the connector group 
Y and of the 38.4% bridge group, without significant differences 
in the rescue of the limb, however the hospital stay and the 
diameter of the wounds of the groups was statistically significant 
(p<0.05), all patients reached a total healing without presenting 
any adverse event such as maceration of the adjacent tissues of 
the wound or necrosis [33] for which Garcia and others conclude 
in their retrospective observational study that the most frequent 
complication associated with the use of therapy is perilesional 
maceration and most adverse effects are considered mild and 
associated with external factors; these are easy to resolve and do 
not hinder the evolution of the lesion if properly managed [34]. 
In countries such as the USA, the United Kingdom and Germany, 
it is the treatment of first choice for lesions of vascular origin or 
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diabetic foot, without having to become long-term lesions, both in 
the hospital environment and in Primary Care [35] that is, it is a 
method that can be used to prevent the progress of the injury, so it 
can be used in both acute and chronic wounds. 

Providing in turn economic benefits such as lower 
hospitalization costs, lower treatment costs, rapid passage 
to a lower cost environment, greater productivity of medical 
and nursing equipment, reduced need for analgesics, reduced 
expenditure on dressings, lower use of ATB, prevention of 
operating room expenses, lower rehabilitation costs, lower burden 
on social resistance and reduction of time and costs in health care 
[36] among others, therefore, authors such as Calixto et al. conclude 
that topical negative pressure systems are an important alternative 
for the management of traumatic and post-surgical wounds in our 
environment [37], as do Perez and others, who conclude in their 
review of cases at the university clinic of Navarra that vacuum 
therapy helps to offer more complete assistance to patients, 
reducing their hospital stay times, optimizing hospital resources 
and avoiding in many cases more aggressive surgical maneuvers 
[38]. 

Conclusion
Diabetic foot is one of the most aggressive and invasive 

complications of diabetes mellitus, which taking into account 
epidemiological statistics is one of the diseases that occurs with 
greater recurrence worldwide, for all this, it is important to 
implement measures and techniques that allow the rapid resolution 
of this type of wounds, both acute and chronic in order to improve 
the quality of life of the patient, which is directly affected. The 
use of sub atmospheric pressure or negative pressure systems is 
one of the most innovative techniques used today, and taking into 
account the great benefits it brings, such as the complete closure 
of the wound, the decrease in the microbial population present in 
it and also the low costs it needs, this is cataloged as one of the 
most effective techniques for the treatment of this complication, 
which is reflected in the series of cases reviewed and in the current 
literature, however, its effectiveness as the first method of choice 
continues to be studied.
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