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Abstract: 

Diabetic patients frequently require hospital admission due to foot issues, which also frequently result in 

amputations. Approximately 6% of diabetics have foot disease, which can involve ulceration, infection, or 

degeneration of the foot's tissues. It may have an adverse effect on a patient's livelihood, social engagement, 

and quality of life. Amputations are necessary for 0.03% to 1.5% of diabetic foot patients. The majority of 

amputations begin with ulcers, which can be avoided with proper foot hygiene and screening to determine the 

likelihood of foot problems. Ultrasound (US) is a noninvasive, multifunctional tool that has gained popularity 

in almost all medical fields recently. It may be used for both diagnostic and interventional purposes. US can 

identify specific indications related to diabetic foot syndrome (DFS) by being used in screening, and follow-

up of the blood vessels affection which represent an important part of the pathogenesis. Regarding ultrasound 

use in the treatment process, high-frequency sound waves are employed for both heating and mechanically 

vibrating the tissues. Numerous therapeutic objectives, including tissue repair, pain management, and wound 

healing, have been achieved by its use. It's crucial to maintain enough blood flow to the affected areas when 

diabetes patients have foot issues like diabetic foot ulcers or peripheral vascular disease in order to support 

tissue viability and wound healing. Perhaps improving blood flow and promoting healing is the aim of this 

continuous ultrasonography therapy. 
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Introduction 

Diabetes and hyperglycemia are linked metabolic 

disorders. In the twenty-first century, this medical 

condition is spreading quickly around the world. 

According to predictions made by the 

International Diabetes Federation, the number of 

individuals with diabetes is expected to rise from 

387 million to 592 million over the course of the 

next 20 years. Diabetes patients may have blood 

vessel and nerve damage, which can result in 

problems with their feet. This issue might lead to 

an infection and leg ulcer that would eventually 

require amputation. It is thought to be one of the 

risky situations. [1] 

Lower extremity artery disease is one of the most 

frequent causes of diabetic foot (LEAD). LEAD is 

a consequence of systemic atherosclerosis and is 

linked to serious problems with the heart, legs, 

and brain system. A partial or total blockage of 

one or more lower leg arteries is the cause. 

Diabetes increases the risk of developing LEAD 

by four to five times in comparison to non-

diabetics. [2] 

Therapeutic ultrasound has been studied for a 

range of medical applications for more than 70 

years. Continuous ultrasound (CUS) is a deep-

penetrating agent that transfers energy through 

sound waves to have a therapeutic effect. A 

mechanical wave's CUS is any frequency range 

that is more than 20 kHz. As these cyclic waves 

pass through a substance, mechanical forces are 

produced. Numerous aspects of ultrasound, such 

as frequency, duty cycle, wavelength, energy, 

power, and intensity, influence the range of 

medical uses. The exchange of nutrients, heat, 

cavitation, microstreaming, and oxygenation are 

among the biological effects of the CUS. [3] 

It was discovered that CUS treatment helps 

improve blood flow in diabetic individuals. 

Ultrasound is thought to have the ability to 

promote tissue oxygenation, increase blood flow 

to the afflicted regions, and enhance vasodilation 

through its mechanical vibrations and heat effects. 

[4] 

 

I.Diabetic foot 

Foot ulcers are among the most frequent and 

dangerous side effects of diabetes mellitus. 

Between 12% and 25% of diabetics may need 

hospitalization at some time in their life because 

of foot problems. Despite the availability of 

effective pharmaceutical and surgical therapies, 

they continue to be the leading cause of 

hospitalization and lower limb amputations 

associated to diabetes. Numerous supplemental 

and adjuvant medicines have been developed in an 

effort to enhance outcomes. [5] 

Peripheral neuropathy and/or peripheral artery 

disease (PAD), foot deformities, and a history of 

ulceration or amputation of the toes or a portion of 

the foot are important risk factors for developing 

foot issues in diabetes. It is believed that 25–44% 

of individuals with foot problems have 

neuropathy, 10% have ischemia, and 45–60% 

have neuro-ischemic foot problems, which are a 

combination of the two. Infection is often the final 

consequence leading to presentation. [6] 

 

II. Pathophysiology of diabetic foot 

The pathologic mechanisms of DFU are explained 

by three different theories. These three include 

neuropathy resulting from foot damage, vascular 

insufficiency, and subsequent infection. [7] 

 

 
Figure (1): Diabetic foot ulcer pathophysiology. [8] 
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Patients with diabetes are more vulnerable to cuts 

and ulcers because they lack a protective feeling 

in their feet. The overexpression of sorbitol 

dehydrogenase and aldose reductase, which is 

caused by hyperglycemia and increases fructose 

and sorbitol production, is what causes this 

sensory impairment. [9] 

The buildup of these glucose products causes 

osmotic stress, which in turn decreases 

myoinositol synthesis and neural transmission in 

nerve cells. Furthermore, advanced glycation end-

products (AGEs) need to be taken into account 

from a pathogenic perspective. When glucose and 

dicarbonyls combine, non-enzymatic proteins, 

amino acids, and DNA adducts known as AGEs 

are produced. Diabetes raises the creation of 

AGEs, which is connected to the disease's 

complications developing. [10] 

Diabetes-related neuronal autonomic dysfunction 

can cause sensory neuropathy as well as decreased 

sweating, increased dryness, skin cracking, and 

fissuring of the foot. Additionally, muscle atrophy 

and abnormalities in the architecture of the foot 

may result from motor neuron loss. This raises the 

risk of ulceration by causing focally raised 

pressures in different plantar foot zones. [11] 

One important way that DFU progresses has been 

identified as impaired wound healing. 

Significantly, molecular alterations at the DFU 

site occur before the tissue anomalies that are 

visible to the naked eye. Significant changes to the 

extracellular matrix (ECM) are also important in 

maintaining the non-healing DFU, in addition to 

inflammation. [12] 

Impaired angiogenesis is one of the primary 

reasons of the disruption in diabetic wound 

healing. VEGF-20 and FGF-2, two molecules that 

encourage angiogenesis, are reduced in DFU 

instances. Basically, FGF-2 promotes the 

migration of new blood vessels via the 

extracellular matrix (ECM), whereas VEGF starts 

angiogenesis and promotes endothelial cell 

proliferation. [13] 

Patients with a history of diabetes for an extended 

period of time are more prone to have foot 

musculoskeletal problems, which raise the risk of 

ulcers. Reduced collagen breakdown, diabetic 

microangiopathy, and elevated glycosylation of 

collagen in the periarticular tissue (joint capsule, 

ligaments, and epidermis) are important 

underlying variables. [14] 

 

III. Importance of blood flow in wound healing 

Blood flow is necessary for wounds to heal. When 

a wound appears, the afflicted region's blood 

vessels go through many processes that are 

essential to the healing process. Blood carries 

oxygen and essential nutrients like glucose and 

amino acids to the location of the lesion. While 

oxygen is necessary for energy production and cell 

metabolism, nutrients are required for tissue 

repair, collagen creation, and cell growth. [15] 

Blood flow facilitates the removal of waste 

products from the wound region, including carbon 

dioxide and other metabolic wastes. Effective 

waste product removal avoids buildup, which 

might impede the healing process and result in 

tissue damage or infection. [16] 

Blood flow carries immune cells like neutrophils, 

macrophages, and lymphocytes to the site of the 

wound. These cells are necessary for infection 

prevention, debris elimination, and tissue 

regeneration. Enough blood flow ensures that 

immune cells get at the site promptly, bolstering 

the body's defenses. [17] 

Collagen is a crucial component of the 

extracellular matrix that provides healing tissues 

with structural stability. Blood flow supplies the 

amino acids and growth hormones needed for 

collagen synthesis and remodeling. Optimal blood 

flow promotes the deposition and arrangement of 

collagen fibers, leading to the creation of more 

robust and functional tissue. [18] 

Blood flow initiates the process of angiogenesis, 

which is the formation of new blood vessels. This 

is necessary for the growth of granulation tissue, a 

rich, vascularized connective tissue that covers the 

wound bed. Granulation tissue functions as a 

scaffold for cell migration, promotes wound 

contraction, and speeds up the healing process. 

[19] 

The flow of blood aids in controlling the wound 

site's temperature. Sufficient blood flow facilitates 

the dissipation of heat produced during the 

inflammatory response and upholds the ideal 

temperature for cellular functions. Controlling the 

temperature properly creates the ideal 

environment for tissue healing and cellular 

growth. [20] 

 

IV. Role of Physical therapy in Diabetic Foot 

Problems 

Wound healing is an energy-intensive procedure 

that frequently needs its support. Physical therapy 

plays an important role in diabetic foot 

management. This role can help to promote and 

accelerate the healing process by reducing time 

that the implant takes to absorb and hastening the 

healing process. Alternative physical therapy 

options promote wound healing through a number 

of biochemical pathways and focuses on changes 

in the chronic wound microenvironment. 
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Shockwave treatment, electrical stimulation (ES), 

extremely low-frequency magnetic field 

stimulation, and photobiomodulation therapy 

(PBMT) are the cornerstones of energy-based 

physical therapy for DFU. Both PBMT and ES are 

frequently used in therapeutic contexts. [21] 

• Continuous ultrasound therapy 

CUS treatment is a therapeutic approach that 

treats a variety of tissues and ailments by applying 

high-frequency sound waves. It entails using a 

portable ultrasound equipment that continuously 

generates sound waves at a certain frequency. [22] 

Treatment for CUS works in a few different ways. 

Sound waves piercing the tissues can cause 

mechanical vibrations that can activate cells and 

increase tissue temperature. This may lead to 

vasodilation, increased blood flow, increased 

metabolic activity, and enhanced tissue repair 

processes. [23] 

When sound waves travel through a homogeneous 

environment, they transform into thermal energy. 

Sound waves with a frequency higher than human 

hearing are used in ultrasound. One effective 

deep-heating method that can heat skin up to one 

centimeter or more is ultrasound. Ultrasound 

therapy typically employs sound waves with 

amplitude densities ranging from 0.1 to 3 w/cm2 

and frequencies between 1.0 and 3.0 MHz. [24] 

Vasodilatation, enhanced cell permeability, 

increased metabolism, fibroblast proliferation, 

release of vascular endothelial growth factor, 

increased collagen flexibility, and decreased 

edoema through increased interstitial fluid flow 

are a few of the hypothesised mechanisms of 

action of ultrasound. Together, these activities 

facilitate quicker wound healing. [25] 

Ultrasound therapy cannot be performed on a 

woman who is pregnant, has a malignant lesion, or 

has an implant made of plastic or metal. 

Furthermore, patients with hemorrhagic diathesis, 

cardiac pacemakers, severe infections, or 

decompensated heart failure should not employ 

this treatment method. [26] 

The various categories of ultrasound therapy 

include frequency, intensity, pulsed or continuous 

delivery, and tissue-contact or contact-free 

administration. Ultrasound causes cavitation 

effects in the tissue when used for debridement; at 

high dosages, this might lead to an unstable 

degree of cavitation. [27] 

Low-frequency contact, also known as contact-

free ultrasonic therapy, stimulates the fibroblast 

cell membrane and induces the fibroblasts to 

proliferate by synthesizing DNA, eliciting VEGF 

and interleukin-8 (IL-8) in the osteoblasts. 

Ultrasound therapy's heat impact is lessened and 

its debridement effect is more noticeable when 

applied to musculoskeletal disorders at low 

frequencies, such as 20–40 kHz; concurrent 

antibacterial and wound healing effects have also 

been noted. [28] 

Contact-free low-frequency ultrasound is a 

recently developed ultrasonic technique that may 

promote wound healing by stimulating fibroblast 

proliferation and releasing VEGF and IL-8, which 

in turn inhibits the growth of germs in chronic 

wounds. Three times a week, contact-free low-

frequency ultrasound treatment seems to be the 

most successful in shrinking the area of the 

wound. [29] 

The most effective method for reducing the size of 

the wound appears to be contact-free low-

frequency ultrasound therapy administered three 

times per week. [30] 

 

• Applications of Continuous Ultrasound 

Therapy on Diabetic Foot Complications 

1. Effects on Tissue Regeneration 

Minutes after the injury is sustained, the complex 

process of healing gets under way. Acute 

inflammation, angiogenesis, proliferation, 

development of new tissue, and remodelling are 

all involved. Many coordinated cellular and 

molecular responses control the healing process. 

[31] 

Treatment with CUS has been shown to stimulate 

cell division in a number of different tissues. The 

mechanical vibrations and thermal effects of 

ultrasonic waves can stimulate and multiply 

fibroblasts, endothelial cells, and other cell types 

involved in tissue regeneration. Accelerated cell 

proliferation can promote the formation of new 

tissue and speed up the healing process. [32] 

Collagen is a vital component of the extracellular 

matrix that provides structural support to tissues. 

Continuous ultrasonic therapy has been found to 

increase collagen formation by fibroblasts, leading 

to the deposition of new collagen fibers. This 

might help injured or weakened tissues heal and 

regenerate. [33] 

Usual consequence of tissue regeneration is 

inflammation. It has been found that the 

production of pro- and anti-inflammatory 

cytokines is regulated by continuous ultrasonic 

therapy, which in turn modifies the inflammatory 

response. This can help create an environment that 

is favorable for tissue regeneration by reducing 

excessive inflammation and encouraging a 

balanced immune response. [34] 

Following the inflammatory phase, neighbouring 

cells migrate and proliferate to the injured region, 

angiogenesis occurs, and matrix formation occurs. 
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Elevated nitric oxide (NO) levels enhance 

vasodilation, blood flow, oxygenation, and 

nutritional availability. The increased blood flow 

facilitates the migration of macrophages into the 

site of damage, so aiding in the regulation of acute 

inflammation. [35] 

Angiogenesis is necessary for both tissue 

regeneration and wound healing. Continuous 

ultrasound therapy has been shown to increase the 

synthesis of growth factors, such as VEGF 

(vascular endothelial growth factor), which in turn 

encourages the formation of new blood vessels. 

Increased angiogenesis can improve blood flow to 

the regenerated tissue, which facilitates the 

distribution of oxygen and nutrients. [36] 

The generation of collagen, the management of 

the inflammatory response, angiogenesis, and cell 

proliferation can all be enhanced by continuous 

ultrasound treatment. Together, these mechanisms 

have the potential to expedite the healing of 

wounds, leading to their closure and the formation 

of robust granulation tissue. [31] 

 

2. Pain control 

One of the main clinical issues is managing 

chronic pain. The intricate process of acute pain 

may be broken down into three fundamental 

phases: chemical stimulus and synaptic events that 

are converted into electrical events in the neurons; 

electrical events that are transduced into chemical 

events at the synapse; and stimulus conversion to 

chemical signal. Chronic pain may result from any 

area of this pathway that is repeatedly and 

uncontrollably activated. [37] 

Pain associated with musculoskeletal problems 

can be reduced with CUS treatment by increasing 

local temperature, vasodilation, and metabolism. 

The US is a useful treatment for soft tissue pain 

that may be used alone or in conjunction with 

other therapies. [38] 

There have been reports of quick analgesic results 

from CUS treatment. Pain signals can be 

modulated by the mechanical vibrations produced 

by ultrasonic waves, which can excite sensory 

nerve endings. As a result, you could have brief 

pain alleviation both during and after the 

ultrasound therapy. [39] 

Increased tissue temperature brought on by 

ultrasonic energy absorption has the potential to 

improve blood circulation and vasodilation. The 

heat produced has the ability to ease pain brought 

on by tense or stiff muscles, relax muscles, and 

lessen muscular spasms. [40] 

The pain management gate control hypothesis 

may be utilized by CUS treatment. This 

hypothesis states that painful feelings can be 

interfered with and overridden by the activation of 

non-painful sensory signals, such as the 

mechanical vibrations produced by ultrasound. 

This may cause a brief decrease in the sense of 

pain. [37] 

It has been discovered that CUS treatment 

increases the body's natural painkilling chemical 

production of endogenous opioids. When 

endogenous opioids, like endorphins, attach to 

opioid receptors in the central nervous system, 

pain is reduced and an individual feels better. [41] 

US stimulation is able to actively regulate the 

peripheral and central nervous systems in addition 

to having a major impact on the activity, 

suppression, and proliferation of neurons. The 

neurological system's stimulation by the US can 

have both immediate and long-term impacts. 

Hippocampus neurons are directly activated by 

brief US stimulation, which also regulates the 

conversion of the neuronal signal into synaptic 

sodium and calcium channels. [38] 

 

3. Effectiveness in Thrombosis 

The US is beneficial for both articular and deep 

vein thrombolysis, according to a number of 

studies. It has been demonstrated that both high- 

and low-intensity ultrasound is helpful for 

fibrinolysis and clot thrombolysis. While low 

intensity US stimulates urokinase and 

streptokinase to gradually dissolve blood clots, 

high intensity US uses the heat and cavitation 

capabilities of US to ablate the clots. [42] 

The possibility that CUS might improve 

thrombolytic agent penetration into the clot has 

been studied. The fibrin meshwork of the clot may 

be partially disrupted by the mechanical vibrations 

produced by ultrasonic waves, which will improve 

the diffusion and distribution of thrombolytic 

medications inside the clot structure. [43] 

Another strategy that has been investigated is 

thrombolysis aided by microbubbles. It is possible 

to introduce tiny, gas-filled bubbles called 

microbubbles into the circulation. These 

microbubbles have the ability to oscillate and 

facilitate the breaking of blood clots when 

subjected to ultrasonic frequencies. The 

thrombolytic impact can be improved and the 

necessary ultrasonic waves for microbubble 

activation can be produced with continuous 

ultrasonography treatment. [42] 

 

4. Continuous Ultrasound effect on Blood Flow 

High intensities of heat are generated when the 

ultrasonic pulse is absorbed by the tissue. When 

enough of the wave's mechanical qualities are 

applied, a sizable volume of fluid is moved and 
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microbubbles are created. The US is beneficial for 

both articular and deep vein thrombolysis, 

according to a number of studies. It has been 

demonstrated that both high- and low-intensity 

ultrasound is helpful for fibrinolysis and clot 

thrombolysis. While low intensity US stimulates 

urokinase and streptokinase to gradually dissolve 

blood clots, high intensity US uses the heat and 

cavitation capabilities of US to ablate the clots.  

This could promote the healing of injured tissue, 

making it a target for healing methods. [44] 

It was demonstrated that in T2DM patients, 1 

MHz US continuous and pulsed waveforms 

enhanced endothelium-dependent vasodilation. 

Because type 2 diabetes patients have higher than 

normal amounts of oxygen reactive species 

(ROS), particularly O2, endothelial damage 

occurs. Nitric oxide (NO) has a strong affinity for 

O2, which reduces its bioavailability and produces 

peroxynitrite. [45] 

Because peroxynitrite reacts so readily with 

biological molecules, it can be hazardous because 

it can set off a vicious cycle that produces more 

ROS than NO. In addition to producing too much 

oxygen, hyperglycemia inhibits glycolytic 

enzymes, which leads to the accumulation of 

glycolytic metabolites. Because of the increased 

NADPH consumption, oxidative stress and 

endothelial dysfunction rise. The primary 

intracellular antioxidant that must regenerate is 

reduced glutathione. [46] 

Microcirculatory dysfunction, end-organ 

hypoperfusion, hypertension, and the activation of 

platelets and coagulation factors are all caused by 

endothelial dysfunction. Over time, these 

activations increase the risk of coronary artery 

disease and atherosclerosis in patients with type 2 

diabetes.[47]  

 

 
Figure (2): Diabetic foot ulcer management by 

US [48] 

 

An earlier investigation showed that endothelium-

dependent vasodilation improved, but that wave 

forms did not alter. Experiments with varying 

intensities of continuous waveform (490 kHz, 

0.21, 0.35, 0.48 W/cm2 SPTA, 10 min) showed a 

progressive increase in NO production, suggesting 

that the effect is intensity-dependent. The pulsed 

wave type (2.9 kHz, 30% duty cycle, 1.4 W/cm2 

SATA) improved the vasodilation that is reliant on 

the endothelium in humans. [49] 

The pressure, intensity, and heat of mechanical 

waves are among the processes that have been 

suggested to explain how CUS affects endothelial 

function. The thermal effect results from 

ultrasonic waves being absorbed by the tissue, 

especially when the waveforms are continuous. 

[44] 

CUS wave pressure may cause transient 

membrane holes, altered intercellular 

permeability, and cytoskeleton fiber remodeling. 

These modifications lead to the production of NO 

by uncoupling eNOS and increasing permeability 

to Ca2+ ions. The combination of these 

mechanisms results in better endothelium-

dependent vasodilation in patients with type 2 

diabetes. [45] 

 

Technique 

The duration of each continuous ultrasound 

therapy session can vary but is typically in the 

range of 5 to 15 minutes. The exact time may 

depend on factors such as the treatment area size, 

the specific ultrasound device being used, and the 

patient's tolerance. [38] 

The frequency of continuous ultrasound therapy 

sessions can vary depending on the patient's needs 

and the healthcare professional's judgment. 

Typically, treatments may be administered several 

times per week initially and then gradually 

reduced as the condition improves. For diabetic 

foot patients, a common treatment frequency is 2 

to 3 sessions per week, but this can vary based on 

individual factors. [23] 

The number of continuous ultrasound therapy 

treatments required for diabetic foot patients can 

vary depending on the specific condition being 

treated and the individual response to therapy. In 

some cases, a course of treatment may consist of 

several weeks or months. The exact number of 

treatments needed will be determined by the 

healthcare professional based on the patient's 

progress and treatment goals. [26] 

Selecting the right ultrasonic probe is crucial. 

Depending on how deep the boats being 

investigated are. Generally speaking, no vessel 

can be completely inspected by the US if the 

incorrect or insufficient depth is selected. 

Examining deeply entrenched veins in the belly, 

distal thigh, and proximal region of the calf 

requires the use of a low-frequency probe 

operating between 3.5 and 6 MHz, even a convex 

array. [27] 



An Overview On The Role Of Continuous Ultrasound Therapy In Improving Blood Flow In  

Patients With Diabetic Foot  Section A-Research Paper 

 

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 3558-3566           3564 

A 7.5 MHz probe or higher linear array can be 

used to study the superficial arteries that enter the 

proximal section of the thigh (femoral bifurcation, 

proximal SFA, and deep femoral artery) and the 

distal portion of the calf (distal crural artery).. [26] 

Ultrasonic probes operating at 7.5 MHz can be 

used also to evaluate the plantar arch, the posterior 

tibial artery (PTA) bifurcation, the medial and 

lateral plantar arteries, and their link to the 

dorsalis pedis at the foot level. The forefoot and 

digital arteries can be examined with a very high 

frequency probe (over 20 MHz) designed for 

dermatological purposes. [28] 

A gel pad or other specialized tool can help 

improve the contact between the probe and the 

bone surface in cases where there are serious 

wound lesions at any level or where superficial 

arteries flow across the surface of the foot. [32] 

The purpose of using ultrasound contrast agents 

(CEUS) to assess peripheral artery disease (PAD) 

was either to increase the diagnostic precision of 

vascular arterial mapping or to examine 

physiopathology and muscle reserve in individuals 

who were either normal or had a clinical suspicion 

of PAD. [23] 

 

Conclusion 

Diabetes mellitus-related injuries require a 

comprehensive approach. Techniques from 

physical therapy and rehabilitation could be 

included. Continuous ultrasonography treatment 

may help diabetic patients who have foot 

problems by improving blood flow and vascular 

health. 

It has been shown that nitric oxide, a strong 

vasodilator, is released when an ultrasound 

therapy is administered. Continuous 

ultrasonography therapy may help collateral 

circulation, or the formation of new blood flow 

channels, when the primary blood arteries are 

compromised. Because ultrasound therapy 

promotes angiogenesis and increases blood flow, 

it may improve foot circulation. 
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