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Abstract: 

The global prevalence of diabetes has reached epidemic proportions, leading to an increase in related 

complications, among which lower limb amputations stand out as a significant medical challenge. Diabetic 

patients often experience a wide range of vascular, neuropathic, and immune system abnormalities, resulting 

in impaired wound healing and heightened sensitivity to infections. The development of foot ulcers is a 

common cause of lower limb amputations in diabetic patients. Peripheral neuropathy and reduced blood 

circulation frequently lead to unnoticed injuries and delays in wound healing. These factors, combined with 

immune system dysfunction, create a conducive environment for infections, ultimately resulting in tissue 

necrosis and potentially amputation. Additionally, comorbid conditions such as peripheral arterial disease 

and renal dysfunction intensify the challenges of wound healing and postoperative recovery. Preventive and 

management strategies to address the crisis of limb amputation in diabetic patients are crucial. Educating 

patients about foot hygiene, appropriate footwear, and regular check-ups is vital for preventing diabetic foot 

ulcers. This article explores various aspects of amputation in patients with diabetic foot disease, including 

classification of amputation methods, identification of risk factors associated with lower limb amputation, 

implementation of effective medical management strategies for diabetic patients undergoing amputation, 

and more. The goal is to provide comprehensive and nuanced information aimed at enhancing treatment 

efficacy and improving the quality of life for these patients through care provided by healthcare 

professionals. 
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Background and Objective 
Amputation is a serious and growing 

public health problem, especially in diabetic 

patients. Research shows that more than 

50% of amputations occur in diabetic 

patients.1-4 The risk of amputation in these 

patients is approximately 10 times higher 

than in non-diabetic individuals of the same 

age. This significant increase is due to several 

factors associated with diabetes. 

A major factor is the reduced ability to 

perceive protective sensations. Diabetic 

patients commonly suffer from sensory 

neuropathy, which leads to loss of sensation 

in the extremities and increases the risk of 

unrecognized wounds and injuries. Estimates 

suggest that up to 80% of diabetic patients 

with trophic leg ulcers have a protective 

sensation deficit. Also, the immune response 

in these individuals is weak, making them 

more vulnerable to significant infections, 

which also increases the risk of developing 

distal arterial occlusive disease. 

Unfortunately, many diabetic patients 

delay seeking medical attention until the 

foot infection or gangrene has reached an 

advanced stage. Abou-Zamzam's research5 

has shown that 25% of amputations are 

associated with a delay in treatment. 

Fortunately, in recent years, the 

implementation of effective educational 

programs has led to a 50% reduction in the 

need for amputations in diabetic patients.3,6 

These programs include preventive 

interventions and management of diabetic 

foot ulcers. Treatment methods, such as the 

use of properly cushioned insoles and 

treatment of pinguth abrasion, are effective 

in reducing pressure on the foot and 

preventing ulcers.7,8 

However, amputation, whether major or 

minor, is associated with significant medical 

risks. Up to 15% of transtibial below-the-

knee amputations may result in above-the-

knee amputations.
9
Complications associated 

with post-amputation wounds, including 

infections, are another major challenge that 

can occur due to inadequate perfusion and a 

reduced ability to respond to infections.
11,12

 

The progression of infection often coincides 

with worsening glycemic control. In this 

setting, wound drainage and debridement 

are paramount.
13

 The use of wet-to-dry 

dressings is critical in wound healing, and the 

healing process can typically take two 

months or more.14 

Studies have shown that vacuum-

assisted wound closure devices are effective 

in accelerating the healing of infected 

wounds.
15-17

 However, the occurrence of 

secondary infection at the amputation site 

does not always mean an increased risk of 

re-amputation.18-20 Diabetic patients with 

severe neuropathy are commonly faced with 

recurrent or advanced foot ulcers.21,22 

Reducing the extent of amputation as 

much as possible has become a key issue in 

the management of diabetic patients and the 

prevention of critical complications.11,23,24 

This approach offers patients a more 

comprehensive view of motor independence 

and the achievement of an independent 

lifestyle. Research shows that approximately 

15% of patients who have undergone minor 

amputations require long-term care in 

nursing institutions, while this figure rises to 

37% for those who have undergone major 

amputations.
17

 This figure reflects the high 

prevalence of motor disorders among 

amputees. It is estimated that 30–50% of 

patients who have undergone major 

amputations are unable to walk 

independently, justifying the need for 

surgical procedures aimed at preserving the 

foot. 

Psychological analyses show that the 

amputation process leads to feelings of fear 

in patients, as this procedure, as a 

transformative change, changes their self-

perception and self-evaluation.25,26 For this 

reason, resolving these psychological barriers 

requires an open and in-depth dialogue with 

the patient. Meanwhile, the vascular 

surgeon may perceive the occurrence of 

amputation as a sign of his/her professional 

limitations.
27,28

 This perception can lead to a 

negative attitude towards the treatment 

process, while the patient may be more 

concerned with preserving the damaged limb 

rather than focusing on his/her overall well-

being. Therefore, it is necessary to develop a 
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more positive perspective on amputation. 

Instead of seeing this procedure as a 

disappointment, it should be seen as a 

reconstructive procedure aimed at restoring 

the patient's ability to move independently. 

From this perspective, amputation can help 

to increase the patient's overall well-being 

and prevent serious complications in the 

long term. 

The main goals of amputation, especially 

in diabetic patients, include four key areas: 

(1) complete removal of gangrene and 

necrotic tissue; (2) effective management of 

infection; (3) pain relief; and (4) restoration 

of mobility that allows patients to resume an 

independent lifestyle in the community. 

Therefore, it is essential to carefully examine 

factors that can help improve treatment 

outcomes and reduce the incidence of 

amputation and its associated wounds in 

people with diabetes. This article reviews the 

various dimensions of amputation in patients 

with diabetic foot disease, including the 

analysis of minor and major amputations, 

identification of risk factors associated with 

lower limb amputation, and successful 

implementation of medical management 

techniques for patients experiencing 

amputation. The aim of this study is to 

provide accurate information and a deeper 

understanding of treatment trends to 

improve treatment effectiveness and 

enhance patients' quality of life through the 

provision of specialized medical care by 

healthcare professionals. 

Definitions 
Diabetic foot issues are recognized as a 

significant challenge in the field of medicine, 

particularly among diabetic patients. Many 

scientific articles related to this topic 

typically begin with an introductory 

statement highlighting the serious nature of 

this problem and emphasizing statistics 

regarding the prevalence of diabetic foot 

ulcers (Figure 1), the annual amputation 

rates, and the associated financial burden.
29-

31 However, some authors may exaggerate 

the prevalence of these problems by 

providing overly high estimates and paying 

less attention to median or more 

conservative data. This inaccuracy may be 

especially evident in the context of 

amputation statistics, as many articles may 

categorize both minor and major surgeries 

under lower limb amputations, while the 

motivations and outcomes for these two 

groups of surgeries are markedly different.32-

34 

Minor surgeries are generally performed 

with the goal of limb preservation and 

enabling the patient to achieve mobility 

independence, whereas major amputations 

are carried out when there is no reasonable 

chance of salvaging the limb. Such surgery 

severely impacts the patient's ability to 

stand and move. With the improvement in 

healthcare quality and an increased focus on 

limb preservation, one might expect to see 

an increase in the number of minor 

amputations alongside a reduction in the 

number of major amputations. 

On the other hand, for more accurate 

analyses, a clearer definition of the terms 

"major" and "minor" is essential, as there is 

currently a lack of consensus in the medical 

community regarding these classifications. 

Generally, "major amputation" is recognized 

as a surgical procedure performed above the 

ankle and typically involves the removal of 

the lower leg (trans-tibial) or the whole foot 

(trans-femoral), although in rare cases, it 

may include disarticulation at the knee or hip 

joint as well.
35,36

 This type of surgery usually 

cannot restore the patient's ability to stand 

independently. However, some surgeons 

classify procedures performed on the 

hindfoot and midfoot as "major 

amputations," which, although demanding a 

high level of surgical skill, do not significantly 

affect the patient's function and disability. 

Consequently, the meaningfulness of 

comparisons made in various centers 

depends on the similarity and precision in 

the use of these terms. A more detailed 

examination of this issue will contribute to a 

deeper understanding of the current status 

of diabetic foot management and the need 

for the development of effective treatment 

protocols to prevent serious complications 

arising from diabetes and improve patients' 

quality of life. 

Types of Amputation 
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1. Minor Amputation 
Minor amputations can be categorized 

into various forms, such as complete digit 

amputations along with associated bones, 

toe amputations, and partial foot 

amputations.37,38 To ensure a high likelihood 

of healing, surgeons should operate with a 

multidisciplinary team strategy that includes 

specialists such as vascular surgeons, 

internists, and rehabilitation experts.
39,40 

1.1. Assessment of Limb Perfusion 
Prior to any minor amputation, a non-

invasive assessment of limb perfusion is 

essential.
41

 Neuropathic foot ulcers are 

typically characterized by palpable arteries in 

the foot with detectable pulsatile Doppler 

flow. To optimize wound healing, the 

segmental perfusion pressure should be 

maintained at 70 mmHg or higher. 

Additionally, ideally, transcutaneous oxygen 

measurement in the dorsum of the foot 

should be equal to or greater than 30 

mmHg.
42

 However, the immediate 

availability of an oximeter may be limited, 

and the obtained results may vary. 

Consequently, non-invasive methods such as 

photoplethysmography, transcutaneous 

oxygen tension measurement, and pulse 

wave recording may not fully assess wound 

healing capabilities. Thus, precise and 

informed clinical judgment in this context is 

vital, as over-reliance on non-invasive 

diagnostics could lead to unnecessary above-

knee amputations. 

1.2. Arterial Imaging and 

Preoperative Evaluation 
If clinical data indicate the presence of an 

ischemic component, angiographic imaging, 

particularly MR angiography, is 

recommended as the preferred diagnostic 

method.43,44 When necessary and feasible, 

re-establishing additional distal 

vascularization prior to performing minor 

amputations, toe amputations, or 

transmetatarsal amputations is essential.11, 

45-47 

1.3. Treatment Outcomes 

A study conducted by Nehler et al.
42

 

indicates that heel amputation in diabetic 

patients with acceptable perfusion in the 

forefoot, provided no collateral vessels are 

utilized, results in a treatment failure rate of 

50%. Additionally, Helstein et al.48 reported 

the best outcomes in patients with exclusive 

neuropathic ulcers who had palpable pulses 

at the ankle, achieving an 86% limb 

preservation rate and a 68% survival rate 

after a two-year follow-up. 

The outcomes for patients with non-

reconstructible distal vascular disease are 

clearly inferior compared to those who 

undergo revascularization procedures. 

Specifically, the two-year limb preservation 

rate for the first group is recorded at 17%, 

while for the second group, it is 85%. 

Furthermore, the two-year survival rates for 

patients without reconstructible distal 

vascular disease are reported at 16%, 

compared to 55% for patients who had 

revascularization procedures.45 

 

 

Figure 1. The present case illustrates the 

occurrence of necrosis at the wound margin 

following the amputation of the first toe in a 

patient with dysvascular diabetes. 

Ultimately, the foot was preserved using a 

popliteal-to-pedal bypass procedure, 

followed by the amputation of the first toe. 

 

Evidence suggests that unsuccessful 

revascularization, which accounts for 

approximately 11% of all bypass surgeries, is 

one of the most significant predictors of non-
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healing and major amputations.
49

 

Specifically, 30% of these patients required 

above-the-knee amputations. Concerns 

about the higher likelihood of amputation in 

patients undergoing failed revascularization 

procedures seem entirely reasonable.50 

Based on scientific recommendations, 

toe amputations should be performed using 

an atraumatic technique to ensure complete 

preservation of the first phalanx base.51,52The 

use of large and appropriate flaps of skin 

from the dorsum and sole of the foot is 

crucial to facilitate tension-free closure. In 

this regard, the flexor tendon should be 

carefully released prior to transection to 

enhance the recovery of its function. 

Furthermore, preserving the joint between 

the metatarsophalangeal bones can improve 

movement and increase foot durability, 

especially in amputations of the first and 

fifth toes.
53,54

 

To prevent inadvertent penetration into 

the adjacent metatarsophalangeal joint, 

performing a subperiosteal dissection with a 

precise scalpel is recommended as a 

standard procedure (Figure 2). In second toe 

amputations, a similar method to that of 

first-toe amputations or the Ray technique, 

which involves removing the metatarsal 

head, is typically employed.13,55 This 

approach is particularly advised to prevent 

the development of hallux valgus, 

characterized by lateral displacement of the 

big toe due to a lack of lateral support from 

the second toe. 

Conversely, detaching the fifth toe may 

increase its susceptibility to injury and 

subluxation. Accordingly, prophylactic 

surgery for the injured toe in relation to the 

neighboring fourth toe is recommended. In 

general post-amputation management, 

reducing load on the foot is crucial for 

enhancing spontaneous recovery, and 

emphasizing rest and elevation of the foot is 

very important.56,57 These precautions are 

implemented to prevent the potential 

negative effects of pedal edema on the 

wound-healing process. In the early stages, 

implementing mechanical off-loading of the 

foot is seen as essential, especially as a 

preventive measure against wound 

enlargement. Skin sutures in this method 

should remain in place for three weeks. 

Additionally, in the context of managing 

patients with foot cellulitis, it is advised to 

avoid performing minor amputations until 

the patient's infectious condition is 

stabilized.
57,58

 At this stage, rest, intensive 

rehabilitation, and the use of broad-

spectrum antibiotics (including intravenous 

antibiotics) should be considered. These 

measures are critical both for reducing the 

bacteriological load and for creating a 

favorable environment for potential future 

minor amputations.
39,59,60 

In cases where the patient continues to 

exhibit signs of cellulitis or localized deep 

infections, the selective approach may 

include maintaining the amputation 

incision.61,62 The application of povidone-

iodine mesh for recurrent wound packing can 

effectively assist in eliminating residual 

infections, and implementing a long-term 

regimen of specific antibiotics is necessary 

for preventing reinfection.63 

In rare cases of untreated sepsis that 

rapidly disseminate (especially wet 

gangrene) or cause systemic toxicity, there 

may be a need for an open amputation at 

the level of the toe or ray.
64,65

 This procedure 

is utilized to prevent the advancement and 

spreading of infection upwards. 

Furthermore, results from a study by Burchill 

et al. indicate that in patients with 

osteomyelitis associated with tenosynovitis, 

the use of open forefoot amputation 

resulted in a 70% limb salvage rate.
66 

In these cases, the surgical method for 

toe amputation involves the simultaneous 

removal of both toes and the adjacent 

metatarsal head.13,67 This process begins with 

making a longitudinal incision on the dorsal 

aspect, which encompasses the base of the 

associated toe and exposes the distal shaft of 

the metatarsal. The metatarsal shaft is 

typically cut using an oscillating saw angled 

towards the sole of the foot, minimizing 

damage to the underlying muscular 

structures. It is particularly important to 

avoid incisions in the plantar region, which is 

subject to weight-bearing loads. 
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Ray amputation is generally employed to 

address recurrent destructive lesions in the 

sole of the foot and to manage complications 

arising from osteomyelitis.
68,69

 The surgical 

techniques depicted in the related images 

represent a conservative approach to 

forefoot surgery, with the primary aim of 

preserving the balance and overall structure 

of the foot.70,71 It is noteworthy that the 

occurrence of amputation at the ray level, 

particularly in the absence of internal 

support, may gradually lead to complications 

such as planovalgus deformity of the foot.72 

The use of appropriate, customized 

footwear to provide necessary support to the 

medial arch of the foot in individuals with 

altered anatomy is of paramount 

importance. In cases where the toe is not 

directly affected, a unilateral resection of the 

metatarsal head can be performed, allowing 

for the removal of the problematic bone 

while suturing the existing wound in the 

plantar area. For example, a study by 

Wieman et al.73demonstrated that out of 101 

consecutive metatarsal head resections, an 

88% success rate was achieved in treating 

chronic plantar wounds that had been 

present for an average of 7 months. 

Management of hallux valgus deformity 

and associated osteomyelitis at the first 

metatarsophalangeal joint also necessitates 

a separate incision at this joint, facilitating 

the removal of the underlying sesamoid 

bones.74,75 This surgical technique aids in 

maintaining the natural position of the great 

toe and has a positive aesthetic impact on 

the surgical patient. In a study conducted by 

Murdoch, a re-infection rate of 8% was 

reported among 90 hallux 

amputations.76Over a three-year follow-up 

period, 52% of patients experienced new 

neuropathic wounds in the foot, primarily 

attributed to a lack of awareness or 

inadequate adherence to preventive 

measures. The implementation of protective 

footwear along with customized insoles has 

successfully reduced the recurrence rate of 

wounds to 26%. 

Partial amputations in diabetic patients 

can lead to biomechanical disorders and foot 

deformities, which are caused by changes in 

the distribution of pressure in the plantar 

area. Biomechanical changes are necessary 

to create abnormal and additional pressure 

on adjacent areas, which is a serious threat 

for the development of transfer lesions. In a 

landmark study by Nehler et al., the 

incidence of new, non-adjacent ulcers was 

reported in 25% of patients within one year 

after toe amputation.42 Also, another study 

led by Weiman showed that one year after 

metatarsal head amputation, approximately 

43% of patients developed new ulcers in 

other areas of the same foot.77 

 

 

Figure 2. The radiographic image shows the 

surgical removal of the first 

metatarsophalangeal joint for the treatment 

of osteomyelitis. Preservation of the first toe, 

sometimes referred to as the "flail" toe, is a 

potential outcome. 

 

Research has shown that a significant 

proportion of patients (32%) who undergo 

forefoot surgery for neuropathic ulcers 

require further surgery during a two-year 

follow-up period.78 In this regard, the most 

effective preventive measures to maintain 

the health of the pedal skin include the use 

of well-fitting, custom-made shoes. These 

shoes should be equipped with appropriate 

insoles that distribute pressure evenly across 
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the entire foot. The use of orthotic shoes is 

essential and patients should wear these 

types of shoes at all times, both at home and 

outdoors. Regular attendance at specialized 

diabetic foot clinics leads to better 

acceptance of preventive treatments to 

reduce the risk of skin ulcers in the 

amputation area as well as in the numb foot. 

Other factors can also contribute to the 

development of recurrent pressure ulcers on 

the corrected foot, including being 

overweight and not following medical 

advice.79 

Management of chronic neuropathic 

ulcers may include pressure-relief 

procedures.80 If bony prominences are 

present, these abnormalities can be removed 

by osteotomy using an oscillating saw.
81,82

 In 

this procedure, incisions are made that avoid 

the weight-bearing area of the foot. Bony 

prominences that can be removed include 

bunions associated with hallux valgus and 

Charcot foot deformities, including 

calcaneocuboid or talonavicular dislocations. 

Ensuring adequate drainage with full-contact 

casts for at least 8 weeks is essential. In the 

case of Charcot foot deformities, some 

experts recommend repair of the bony 

structure of the foot by arthrodesis with 

screws and autologous iliac crest bone grafts, 

which helps to repair the gaps and promote 

bone union.
83

 It is worth noting that the 

specific details of the surgical architecture of 

the foot in the context of Charcot foot 

deformities are beyond the scope of this 

review. 

In cases where three or more toes need 

to be removed, a transmural metatarsal 

amputation is considered the preferred 

option.84,85 This procedure significantly 

improves foot stability and can help maintain 

function and quality of life. 

When performing a metatarsal 

amputation, the primary goal is to maintain 

the integrity of the medial and lateral arches 

of the foot. To this end, it is necessary to 

preserve the full length of the metatarsal 

shafts and to design metatarsal incisions that 

are obliquely directed from the proximal 

metatarsal heads toward the plantar 

surface.86,87 Preservation of the plantar fascia 

and fat pad is also recommended to provide 

vascular supply to the plantar surface and to 

prevent circulatory complications in the foot. 

Studies show that diabetic patients account 

for approximately 70% of those who undergo 

transmetatarsal amputation.77 The initial 

healing rate after this type of surgery is 

predicted to be 75%.
88

 In approximately 50% 

of patients, secondary wound healing is 

possible with repeated debridement and 

moist wound dressings, and is ultimately 

completed with the use of a pressure-

relieving dressing device.89 

In addition, the use of negative pressure 

wound therapy (NPWT) in the management 

of complex foot ulcers in diabetic patients 

promotes the growth of granulation tissue in 

the wound bed, thereby accelerating the rate 

of wound healing.90,91 The time required to 

achieve 75–100% granulation coverage in 

patients receiving negative pressure therapy 

has been estimated to be 42 days on 

average, compared with 84 days in 

conventional wound care.16,91 

Studies have shown that negative 

pressure wound therapy specifically 

increases wound closure and reduces the risk 

of leg re-amputation compared with 

conventional wound care. In particular, a 

reduction in the re-amputation rate of 3% 

compared with 11% in conventional 

treatment has been reported, effectively 

underscoring the need to consider this 

approach in clinical protocols.16 

Patients undergoing renal dialysis have a 

significantly reduced capacity for wound 

healing. In particular, evidence suggests that 

approximately 60% of these patients 

experience unsuccessful healing after 

forefoot amputation. As a result, of the 

patients who do not recover, approximately 

half will end up with below-knee 

amputation.
66 

In a study conducted by Griffith et al.92, a 

significant correlation was identified 

between the duration of healing and serum 

creatinine levels, with an average healing 

time reported as 5 months. However, it is 

important to acknowledge the limitations of 

this study; the research included a small and 

heterogeneous sample of 40 diabetic foot 
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ulcers that were treated using techniques 

such as local debridement or heel 

amputation. Furthermore, the average 

creatinine clearance in these patients 

reached a maximum of 51 mL per minute, 

indicating better renal function compared to 

patients with end-stage renal disease.
92 

These findings underscore the 

importance of a thorough assessment of 

renal status and the associated risks of 

wound healing in diabetic patients 

undergoing dialysis. In other words, there is 

a need for greater attention to these medical 

challenges to prevent more serious 

complications, such as limb amputation. 

In cases where gangrene has severely 

progressed in the forefoot, there is typically 

insufficient soft tissue available to cover the 

severed metatarsal bones in the sole.93,94 In 

such situations, alternative approaches such 

as Lisfranc tarsometatarsal amputation are 

recommended.
95,96

 Preserving the bases of 

the first, second, and fifth metatarsals is 

crucial due to the involvement of significant 

tendons, as these tendons play a vital role in 

maintaining the stability of the midfoot. The 

division of the tendons of the peroneal and 

tibialis anterior muscles during surgery can 

lead to a risk of muscular imbalance.
97 

Correction of equinovarus deformity is 

relatively achievable through stretching of 

the Achilles tendon. In the context of 

Chopart amputation (Figure 3), it is advised 

to surgically connect the anterior tibial 

tendon to the talus bone to prevent equinus 

contraction caused by the triceps surae 

muscle. In cases where gangrene or severe 

infection in the forefoot renders midfoot 

amputation unfeasible, Symes ankle 

amputation is proposed as an effective 

approach, allowing for the preservation of 

the posterior foot structures, including the 

heel pad and ankle.57,98,99 In this technique, 

all bones of the foot, along with the 

calcaneus, are excised. 

The use of a subperiosteal technique in 

amputation, while preserving the periosteum 

of the calcaneus, ensures the secure 

stabilization of the heel pad.
100

 This 

stabilization is achieved by creating drill 

holes along the anterior border of the tibia 

and targeting the distal epiphysis of the tibia. 

This approach ensures that the heel pad 

remains securely affixed to its center, 

preventing any potential slippage. Attention 

to the prohibition of weight-bearing for 8 

weeks postoperatively is crucial.101 

Proponents of this approach emphasize that 

maintaining the integrity of the heel pad, 

provided that there is no neuropathy and 

sensation in the heel is intact, preserves 

deep sensory feedback and allows for more 

normal function.
102 

Patients who undergo Symes amputation 

are capable of ambulating short distances 

without the need for a prosthesis.
103

 The 

Pirogoff amputation technique is designed to 

preserve the calcaneus bone, which is 

positioned within the tibiofibular mortise 

after the talus is removed. To achieve bone 

stability, the use of osteosynthetic stabilizers 

is recommended. Patients are advised to use 

rigid and supportive ankle braces following 

surgeries such as Chopart, Lisfranc, Pirogoff, 

or Symes amputation to ensure adequate 

support and stability for the ankle.95,104,105 
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Figure 3. The subject of discussion is the Chopart midtarsal amputation. To prevent ankle 

instability, the use of a rigid ankle orthosis is essential. 

 

In the existing reviews of amputation 

management in diabetic patients, 

researchers point to the importance of 

incorporating different strategies, including 

proximal foot amputation.106,107 These 

include the metatarsal and Schupart 

techniques, in addition to ankle joint 

amputations, such as the Symes and Pirogoff 

techniques.106-108 However, there is evidence 

that casts doubt on the effectiveness and 

appropriateness of these techniques in this 

patient population.109 It has been established 

that the lack of sensory and proprioceptive 

protection in diabetic patients places them at 

particular risk of developing pressure 

ulcers.39 

Wound management, especially after 

open forefoot amputations, typically 

involves the use of free muscle flap transfers, 

which aim to provide additional cushioning 

to pressure points in the altered foot.
109

 

However, it should be remembered that the 

possibility of pressure ulcer recurrence on 

insensitive muscle flaps remains a major 

challenge.109 

Studies have shown that heel 

amputation has a limb healing rate of 70–

80% at five years, allowing most patients to 

return to independent walking.110, 111 These 

functional outcomes are much better than 

those seen with below-the-knee amputation. 

Studies also show that the perioperative 

mortality rate is less than 1% and the patient 

survival rate over a five-year period is 

approximately 43 percent.
42

 

Therefore, continuous monitoring of 

patients in diabetic foot clinics seems 

essential. Evidence also suggests that minor 

foot amputations were commonly 

considered a prerequisite for larger 

amputations.
42,112

 In other words, evidence 

suggests that within a three-year period, 

about one-third of people who undergo 

limited forefoot amputations progress to 

major amputations.
112

 In this regard, the use 

of multidisciplinary wound healing units can 

effectively reduce the need for amputations 

at higher levels. 

1.4. Diabetic osteomyelitis 
Osteomyelitis in diabetic patients can be 

recognized as a dangerous and complex 

complication, especially in the metatarsal 

and interphalangeal joints of the foot. This 

complication is usually accompanied by joint 

destruction and its prevalence has been 

reported to be up to 60% percent.60 The 

development of bone infections occurs 

following diabetic ulcers or interdigital 

infections and can involve the cortex and 

bone marrow.113 In a study by Shone et al.114, 

the prevalence of osteomyelitis in patients 

with leg ulcers and radiographic evidence of 

bone destruction was reported to be 23.5%. 

Osteomyelitis is usually diagnosed using 

various methods, such as the probe-to-bone 

test, which has a positive predictive value of 

53–89%.115 In addition, MRI is considered the 

best method for detecting periosteal 

changes, bone marrow edema, and local 

cellulitis.116 T2-weighted images with 
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gadolinium contrast enhancement can be 

used to detect histological changes.117 In the 

early stages, osteomyelitis may not be easily 

detected on plain radiographs, and 

differential diagnosis with Charcot 

neuropathic osteoarthropathy is often 

difficult.
118 

Patients with osteomyelitis, particularly 

in the diabetic foot population, present 

unique challenges.119 The conventional 

approach to managing these patients 

involves a variety of interventions, including 

drainage of the infection, administration of 

intravenous antibiotics, debridement to 

remove necrotic and infected tissue, and, if 

necessary, surgery to remove infected 

bone.112,115 In patients with compromised 

foot circulation, vascular reconstruction is 

recommended to improve vascular status.120 

Research suggests that increased blood 

flow to the foot arteries has a positive effect 

on antibiotic efficacy and facilitates tissue 

repair.121,122 Another study reported that 

bone infections in diabetic patients can be 

very difficult due to the penetration of Gram-

positive cocci, especially in the bone 

environment and their attachment to the 

glycocalyx layers, and the reinfection rate in 

these patients can reach 40%.
42

 Effective 

control of hyperglycemia is a critical aspect 

of patient management, which in many cases 

requires a change to temporary insulin 

regimens.123 

Dialysis patients who develop 

osteomyelitis in the forefoot usually have 

the worst prognosis, with approximately 32% 

of these patients resulting in amputation.123 

While bone biopsy, as the gold standard for 

diagnosing osteomyelitis, has limited utility, 

conservative treatment strategies have been 

proposed as an alternative option.123 In many 

cases, infection can be successfully treated 

with a long-term regimen of 6 to 12 weeks of 

antibiotics and wound debridement, and this 

approach can lead to the eradication of the 

infection in 70% of cases.
123

 This highlights 

the need for ongoing nursing care and close 

monitoring in the management of chronic leg 

ulcers. 

2. Major amputation 

The use of conservative approaches to 

amputation, in order to preserve foot 

function, is often not feasible in cases of 

complex and advanced infection and may 

not be generally effective.124 The decision to 

salvage the limb or opt for primary 

amputation should be based on a 

comprehensive assessment of the patient's 

general health status and a balanced 

consideration of the potential risks and 

benefits.
125

 For example, in patients with 

irreversible distal arterial occlusion who have 

developed gangrene of the foot, the use of 

short amputation methods may not only be 

unsuccessful but also require long-term 

wound care, which ultimately has a negative 

impact on the patient's quality of life.126 In 

such cases, foot-sparing surgery can be 

potentially dangerous. Therefore, prioritizing 

primary below-the-knee amputation over 

repeated and ambitious attempts to 

preserve the foot, which often result in 

frustration, seems to be a better option.127 In 

cases where distal bypass is unsuccessful, 

above-the-knee amputation may be 

required, which will result in reduced daily 

functioning.127 

Palliative above-the-knee amputation is 

recommended as a recommended option for 

hospitalized patients at risk of health 

problems, especially those presenting with 

chronic foot infections or gangrene.
125

 This 

intervention usually not only improves the 

patient's health but also reduces the length 

of stay in the hospital.
126

 Additional factors 

that may lead to primary above-the-knee 

amputation include the presence of 

significant discoidity, irreversible complete 

occlusion of the infrapopliteal artery, 

popliteal artery occlusion, and flexion 

contractures of the knee.127 This also includes 

the elderly with cognitive impairment who 

are unable to cooperate with treatment and 

those who are highly vulnerable due to age 

and acute conditions.128 

The negative factors associated with 

limb-salvage procedures are significantly 

increased compared with the possible long-

term benefits, especially in patients with 

advanced atherosclerosis.
127

 The occurrence 

of major amputation is usually a significant 
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concern for patients who are struggling with 

a significant burden of underlying 

diseases.129 According to research, 

approximately half of major amputations are 

associated with postoperative complications 

such as myocardial infarction, pneumonia, 

stroke, and urinary retention, which are 

attributed to the underlying diseases.
125,129

 

The mortality rate associated with major 

amputation procedures has been estimated 

to be 17% on average.
130

 Specifically, 

mortality has been reported to be 14% for 

above-knee amputations and 6.6% for 

below-knee amputations.
131

 In patients 

undergoing renal dialysis, the mortality rate 

is significantly increased, with a relative risk 

of 3.75.132 Approximately 66.7% of 

postoperative deaths are attributed to 

cardiovascular causes. Furthermore, the life 

expectancy of patients after amputation is 

severely limited, with a reported five-year 

survival rate of 30% percent.
133 

Studies have shown that delayed wound 

healing is significantly more common after 

transtibial (below-the-knee) amputations, 

with rates ranging from 20% to 45%, 

compared with 10% to 25% for transfemoral 

(above-the-knee) amputations.
129,134

 

Interestingly, diabetic patients generally 

have a higher recovery rate than non-

diabetic patients with end-stage peripheral 

arterial occlusive disease, with a recovery 

rate of 88% in diabetic patients and 70% in 

non-diabetic patients.135 This difference is 

likely due to the predominant effect of 

diabetic occlusive disease on the sub 

popliteal region. 

In addition, conversion to an above-knee 

amputation may be required in 15% of 

patients who initially undergo an 

amputation, increasing to 25% among 

patients on dialysis.
136

 Other common causes 

of re-amputation at higher levels include 

stump necrosis and wound infection.137 The 

Burgess procedure is recognized as a 

common technique for below-knee 

amputations, and it is recommended that 

surgeons use atheromatic techniques that 

involve gentle skin manipulation and 

removal of excess tissue from deep muscles 

and the sole of the foot to reduce wound 

complications.
138

 This technique facilitates 

the application of sutures to the posterior 

myofasciocutaneous flap without 

unnecessary pressure. To avoid sharp edges, 

it is recommended to use an oscillating saw 

to cut the tibia, which should begin with a 

diagonal cut from the anterior proximal to 

the posterior distal.
138 

In the proposed technique, the fibula 

(peroneal bone) should be cut 2 cm closer to 

the body than the tibia. Cutting the fibula at 

higher levels results in a conical shape in the 

amputation, which reduces its suitability for 

prosthetic use. To reduce nerve-ending 

irritation and prevent neurinoma, proximal 

nerve cuts should be made under tension, 

away from the stump end. Suction drainage 

is usually maintained for 48 hours 

postoperatively, and skin sutures are 

typically maintained for three weeks.139 

Amputation techniques, especially the 

Gritti-Stokes knee amputation, help preserve 

quadriceps function, and anatomically, the 

full length of the femur can provide optimal 

leverage for movement.
140

 In the elderly, the 

skin over the patellar joint and femoral 

condyles atrophies, making it difficult to use 

a prosthesis.
141

 Maintaining the integrity of 

the knee joint is of particular importance in 

rehabilitation processes and improving 

walking ability.142 This has significant 

benefits for older patients who are unable to 

use a prosthesis and plays an important role 

in facilitating activities such as turning, 

sitting, and transferring.
143,144 

Research has shown that the patient’s 

pre-amputation mobility status is a key 

factor influencing postoperative outcome 

and prosthetic use.
145,146

 Patients who are 

unable to walk before a major amputation 

are more likely to not achieve the ability to 

walk with a prosthesis, even with 

postoperative pain relief.
146

 A 2021 study by 

Nehler et al.129 showed that the likelihood of 

postoperative mobility is reduced by up to 

10-fold in patients with inadequate 

preoperative functional readiness compared 

with patients who can ambulate regularly 

preoperatively. 

In addition, variables such as dementia, 

advanced age, and advanced renal disease 
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have been identified as important predictors 

of poor functional outcomes.147 These 

variables are not only considered risk factors 

but also significantly influence the likelihood 

of not using a prosthesis. In fact, the relative 

risk (odds ratio) of these factors in this 

context is as high as 3. Also, the percentage 

of people who are able to regain 

independent walking with a prosthesis in 

their 80s is less than 10 percent.148 

Amputation is usually performed with 

the aim of reducing pain and preventing 

deterioration of the patient's overall health. 

However, the presence of diabetes as a 

predicted risk factor for poor functional 

outcomes following lower limb amputation 

has not been emphasized in recent research 

and does not seem to have a direct impact 

on predicting postoperative outcomes.148 In 

general, attention to the patient's 

preoperative ambulatory status and its 

associated variables can help improve motor 

outcomes and prosthesis use in amputees. 

Risk factors for lower limb 

amputation 

1. Peripheral vascular disease 
Peripheral vascular disease (PVD) is more 

common in people with diabetes than in 

those without diabetes, independent of 

gender.
149

 Studies have shown that in 

diabetic patients, the arteries below the 

knee are more commonly affected than 

other areas, which may be due to 

hemodynamic and metabolic changes caused 

by diabetes.150 

In the epidemiological context, PVD is 

usually assessed using a measure called 

intermittent claudication, which refers to 

patients presenting with discomfort due to 

reduced blood flow to the leg muscles during 

activity.
151

 This condition usually improves 

with rest. Another way to assess PVD is to 

check the arterial pulse and its presence or 

absence in the lower extremities, known as 

occlusive atherosclerosis.
151 

The Framingham studies152,153 have 

shown that the relative risk of intermittent 

claudication in people with diabetes, after 

adjusting for confounding factors such as 

cholesterol levels, blood pressure, and 

smoking, is 4 to 5 times higher than in 

nondiabetics.153 Furthermore, the occurrence 

of PVD in these individuals is clearly 

correlated with increasing age and duration 

of diabetes and is more common in men than 

in women. Studies conducted in Rochester, 

Minnesota, have shown that the prevalence 

of atherosclerotic plaque increases from 8% 

at the time of diagnosis of diabetes, to 15% 

after 10 years, and to 45% after 20 years.154 

Also, in the larger Framingham population,
155

 

smoking was associated with a two-fold 

increase in the risk of intermittent 

claudication in both sexes, and high blood 

pressure increased the risk by a factor of 2.5 

for men and 4 for women.156-159 

2. Infection 
Infection is commonly seen in a 

significant proportion of foot ulcers and is 

often a frequent precursor to the need for 

amputation.
160

 Among people hospitalized 

for infection and diabetes, the foot is the 

most common site of infection. Furthermore, 

foot infections contribute to a greater 

number of hospital days than other diabetes-

related complications.161,162 Foot infections 

can involve a variety of species, including 

anaerobic and aerobic microorganisms. The 

question of whether people with diabetes 

are more vulnerable to infection remains a 

matter of debate among the scientific 

community. 

3. Peripheral Neuropathy 
Peripheral neuropathy is one of the 

common complications of diabetes; 

however, its precise incidence remains 

unclear due to the lack of internationally 

validated classification systems.
163

 According 

to research conducted in Brussels,164 the 

overall prevalence of peripheral neuropathy 

at the time of initial diabetes diagnosis was 

reported to be 8%. However, this prevalence 

significantly increases to 50% after 25 years. 

The initial diagnosis of peripheral 

neuropathy is primarily based on the 

presence of decreased Achilles and patellar 

reflexes, as well as diminished vibratory 

sensation. The role of hyperglycemia in the 

pathogenesis of peripheral neuropathy is 

well documented.165 
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Prospective studies on newly diagnosed 

diabetic individuals in the Indian community 

have demonstrated that the absence of 

peripheral reflexes and reduced vibration 

sensation in the hallux is significantly 

associated with an increased need for limb 

amputation.
166

 This association remained 

significant even after accounting for factors 

such as age, sex, and duration of diabetes. 

Symmetrical distal polyneuropathy, 

which is common among individuals with 

diabetes, involves damage to motor, 

sensory, and autonomic nerve fibers.167 The 

prominent symptoms of this type of 

neuropathy include decreased sensitivity to 

heat and pain, numbness, and severe 

paresthesia. This condition can impair 

individuals' ability to identify minor injuries, 

such as pressure, trauma from ill-fitting 

shoes, or thermal injury, ultimately leading 

to the development of ulcers, infections, 

and, eventually, gangrene.
168,169 

Moreover, motor nerve dysfunction may 

lead to muscle tissue atrophy, resulting in 

foot deformities and uneven pressure 

distribution on the foot surface.168,170  

Dysregulation of the autonomic nervous 

system is also associated with the formation 

of foot lesions. For example, a lack of 

sweating can lead to dryness and cracking of 

the skin. Vasomotor instability may also 

result in arteriovenous shunting in the foot, 

potentially attributed to abnormal 

sympathetic nerve activity, consequently 

leading to reduced tissue oxygenation.
171 

Peripheral neuropathy is considered a 

key factor in the development of foot ulcers. 

However, identifying and distinguishing the 

impacts of various risk factors can be 

challenging.172 A study by Hall et al.173 

involving 239 individuals with diabetes and 

foot ulcers indicated that 62% of the 

observed wounds were classified as 

neuropathic ulcers, while the remaining 38% 

were identified as ischemic ulcers. 

Furthermore, 60% of those in the ischemic 

group also exhibited signs of neuropathy.173 

Hansen's disease, commonly known as 

leprosy, is characterized by persistent 

granulomatous infection, which can induce 

peripheral neuropathy and, in the presence 

of vascular diseases, lead to diabetic foot 

ulcers.172 

4. Hyperglycemia 
A study by Nelson et al.

166
 on the Indian 

population found a significant positive 

correlation between hyperglycemia and the 

increased incidence of lower limb 

amputation. Hyperglycemia is identified as 

one of the major risk factors for the 

development of diabetic neuropathy and 

may potentially disrupt the body’s immune 

response to infections.174 Available 

information regarding the impact of 

hyperglycemia on accelerating the 

progression of large vessel disease is 

somewhat limited. However, evidence 

indicates that hyperglycemia is associated 

with a higher prevalence of small vessel 

diseases in peripheral regions, frequently 

observed in individuals with diabetes.174 

5. Race 
Numerous studies demonstrate 

significant differences in the risk of 

amputation among individuals with diabetes 

based on racial background.175 Notably, a 

study in South Carolina indicated that the 

risk of amputation in Black individuals is 2.3 

times higher than in White individuals.
176

 

Similarly, in New Jersey, the risk of 

amputation in non-White individuals was 

reported to be 1.4 times higher than in 

White individuals.177 Additionally, research 

has shown that the amputation rate among 

Pima Indians with diabetes is 3.7 times 

greater than that of diabetic patients 

residing in six other states in the United 

States.166 Nevertheless, it remains unclear to 

what extent the increased risk is associated 

with racial factors or lower socio-economic 

status. Recent evidence suggests that higher 

prevalence rates of smoking and 

hypertension among African Americans may 

significantly contribute to the increased risk 

of amputation.
178 

6. Foot Care 
Given the increased sensitivity of 

individuals with diabetes to foot ulceration 

and accompanying lesions, the 

implementation of appropriate foot care 



14                                                                                              Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

practices plays a crucial role in the timely 

identification of diseases and the reduction 

of amputation risks.122 Occurrences of 

avoidable minor trauma, inappropriate 

footwear, and the inability to recognize and 

promptly address injuries can contribute to 

the progression of infection and gangrene, 

ultimately leading to the need for 

amputation.179 Despite common 

recommendations for physicians to conduct 

regular foot examinations for individuals 

with diabetes who are at risk of foot 

complications during each clinic visit, 

research has shown that such assessments 

are performed in only 12.3% of visits to a 

specialized diabetes clinic.178 Several studies 

(which will be discussed in more detail) have 

demonstrated that implementing 

appropriate foot care programs can lead to a 

significant reduction in the incidence of 

amputations.
180,181 

Foot ulcers or calluses often result from 

minor injuries caused by friction from 

inadequate footwear.182 This is particularly 

prevalent among those who have a reduced 

ability to perceive and respond to potential 

injuries. Footwear modifications or the 

construction of specialized shoes that 

accommodate the foot are highly 

recommended, especially in cases of foot 

deformities. However, custom shoes can be 

relatively expensive, ranging from $100 to 

$400 per pair. Research has shown that 

replacing regular shoes with athletic running 

shoes has the potential to reduce the size of 

plantar calluses.
183 

7. Gender 
Research indicates that the likelihood of 

lower limb amputation in men is 1.4 to 2.6 

times greater than in women with diabetes. 

Individuals diagnosed with diabetes exhibit 

high sensitivity to PVD. However, it is 

important to note that smoking has been 

identified as a confounding variable in this 

relationship. Findings from the Framingham 

study demonstrated that the age-adjusted 

prevalence of intermittent claudication in 

men is 50% higher than in women with 

diabetes. Existing evidence regarding the 

incidence of neuropathy shows ambiguous 

findings, suggesting that it occurs slightly 

more frequently in men than in women. 

8. Age and Duration of Diabetes 
The risk of amputation in diabetic 

patients increases with age. Compared to 

individuals under 45 years of age with 

diabetes, those aged 45 to 64 years are at 2 

to 3 times greater risk of amputation, while 

individuals aged 65 years and older face a 

risk that is seven times greater. 

Approximately 64% of all lower limb 

amputations occur in individuals aged 65 

years or older, whereas 96% of all lower limb 

amputations are seen in those over 45 years 

old.176 The likelihood of amputation appears 

to be correlated with the prevalence of 

neuropathy, which increases with the 

duration of diabetes. Furthermore, the 

occurrence of PVD is similarly associated 

with both the length of diabetes and 

age.
184,185

A study conducted on the Pima 

Indian population indicated that the duration 

of diabetes is a significant risk factor for 

amputation, even after adjusting for 

variables such as gender and age.
166

 

Therefore, it is essential to acknowledge that 

the length of time an individual has been 

diagnosed with diabetes should be 

considered an influential factor in the 

probability of amputation. 

9. Type of Diabetes 
Assessing the impact of diabetes type on 

the risk of amputation remains uncertain and 

challenging due to significant confounding 

effects related to age and duration of the 

disease [186]. Individuals with insulin-

dependent diabetes mellitus (IDDM) show a 

slight increase in the incidence of PVD 

compared to those with non-insulin-

dependent diabetes mellitus (NIDDM) after 

age adjustment.
187,188

 The occurrence of foot 

ulcers is more prevalent among individuals 

diagnosed with diabetes before the age of 30 

compared to those diagnosed at age 30 or 

later.
189

 These changes may potentially 

correlate with the duration of the diabetes 

diagnosis. The incidence of amputation has a 

positive correlation with age, and the 

population diagnosed with NIDDM is both 

older and over ten times more prevalent 
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than the population diagnosed with IDDM. 

Consequently, the vast majority of 

amputations in diabetic patients are 

observed in those with NIDDM. 

10. History of Previous Amputation 

and Foot Lesions 
Individuals with diabetes who have 

undergone amputations, whether below or 

above the knee, face a significantly higher 

risk of contralateral amputation compared to 

the general diabetic population, with 

reported increases in risk ranging from 10 to 

20 times over a three-year period.
176

 

According to one study, the incidence of 

contralateral amputation among individuals 

with diabetes was determined to be 53% 

within a four-year period following the initial 

amputation.190 The likelihood of amputation 

is greater for patients with diabetes who 

have previously undergone minor 

amputations, such as toe amputation, 

compared to those who have not had prior 

surgical interventions. 

Patients with diabetes experiencing foot 

lesions, which may include deformities, 

ulcers, or infections, are at significant risk for 

lesion progression and subsequent 

amputation. However, it is noteworthy that 

there is limited empirical evidence to 

substantiate this claim. Nonetheless, in 

optimal conditions within a specialized foot 

care clinic, an 86% success rate in the healing 

of neuropathic ulcers has been observed, 

whereas ischemic wounds demonstrate a 

healing rate of 72%.
191

 Individuals with 

impaired healing abilities underwent a wide 

range of medical interventions, the majority 

of which necessitated amputation.
192

 Those 

who have previously experienced ulcers tend 

to have ongoing foot issues and should be 

considered at high risk.
192 

Amputation and Infection Drainage 

in Diabetic Feet 
There exists a strong association 

between foot problems and diabetes.193 It is 

estimated that approximately 25% of 

individuals with diabetes may ultimately 

seek medical care from surgeons, physicians, 

or podiatrists due to manifestations of 

diabetic foot complications or related limb 

issues.194 Medical management of diabetic 

foot infections requires significantly more 

hospital days compared to other diabetes-

related complications. The likelihood of 

developing gangrene in individuals with 

diabetes is markedly higher, estimated to be 

nearly 17 times greater, emphasizing the 

need for sensitivity when discussing this 

condition with patients relative to those 

without diabetes.
160,195

 Unfortunately, it is a 

regrettable reality that diabetic patients 

account for nearly two-thirds of major 

amputations performed in the United 

States.
196

 Reducing this number depends on 

enhanced education and understanding 

among both patients and healthcare 

providers, as well as addressing 

misconceptions regarding the management 

of diabetic foot complications, particularly 

infections. 

Diabetic patients exhibit a diminished 

resistance to infections. The presence of 

infection impacts diabetes management, 

while uncontrolled diabetes has a reciprocal 

effect on the occurrence and severity of 

infections.162 Various disorders in host 

defense mechanisms result in a spectrum of 

deficiencies in neutrophil function, including 

impaired phagocytosis, chemotaxis, and 

bactericidal activity.197 Furthermore, it is 

important to note that systemic signs and 

symptoms of a septic process often appear 

later, with uncontrolled and unexplained 

hyperglycemia serving as the only reliable 

indicator of a potentially severe infection 

that poses a risk to the limb. 

Foot ulcer management 
The treatment plan for an infected 

diabetic foot depends on the severity of the 

disease. Occasionally, patients may be 

hospitalized due to a life-threatening foot 

infection, which can be attributed to 

complications from hyperglycemia, edema, 

or cardiac failure.
198

 The full extent of tissue 

damage and sepsis may not be readily 

apparent by visual examination of the callus 

or infected wound, especially in individuals 

who are constantly applying pressure to an 

area that is free of discomfort or who lack 

the visual acuity to detect the problem. It is 
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important to completely remove any covered 

area and perform a thorough wound 

examination to assess the extent of deep 

tissue damage and potential bone and joint 

involvement. 

In cases of first superficial infections 

characterized by limited cellulitis, treatment 

in a home setting may be appropriate, 

provided there is no evidence of systemic 

toxicity and the patient demonstrates 

compliance, reliability, and a caring support 

network.199 The effectiveness of outpatient 

treatment is dependent on the 

implementation of complete and absolute 

rest for the affected area. Neuropathy 

involves loss of sensory and proprioceptive 

perception, leading to a situation in which 

the patient may perceive partial weight-

bearing as full weight-bearing, thus 

mistakenly believing that he is adhering to 

the prescribed treatment.
102,165

 At the first 

debridement, cultures are taken from the 

wound surface and broad-spectrum oral 

antibiotics are initiated. The choice of 

antibiotic may be modified based on 

susceptibility tests and how the wound 

responds to treatment.200 The dressings used 

in this setting are characterized by their 

simplicity. Specifically, they consist of sterile 

gauze sponges moistened with weak isotonic 

antiseptic solutions. These dressings are then 

applied to the exposed wound, often with a 

frequency of one to two times a day. It is 

recommended that hospitalization be 

considered if there is no significant 

improvement within 24 to 48 hours. Shoe 

modifications are necessary to protect 

sensitive and high-risk areas and to facilitate 

weight-bearing after the successful 

completion of the healing process. Acute 

clubfoot may occur when there is an 

excessive increase in weight-bearing 

progress.
201 

Immediate hospitalization is 

recommended for any patient presenting 

with an organ-threatening infection, with a 

prescription for complete bed rest. This 

group includes diabetic patients who are 

immunocompromised, including those 

suffering from renal failure or those 

undergoing immunosuppressive therapy 

after transplantation. It is recommended 

that patients presenting with gangrene or 

significant ischemia, as well as those who 

have no support system or are unable to 

adhere to prescribed treatment for 

superficial wounds, be admitted. Adopting a 

preventive strategy in hospitals for patients 

suffering from limb-threatening diseases is 

justified by statistical evidence that a 

significant proportion, i.e. one-quarter of 

these affected limbs, ultimately require 

amputation of the major limb, either below 

or above the knee.202 

While ensuring the patient's medical 

stability is crucial, it is also important to 

avoid unnecessary delays in providing the 

necessary surgery.203 Prompt management of 

blood glucose levels is essential, typically 

requiring insulin rather than oral medication. 

Implementation of appropriate antibiotic 

therapy and careful wound management are 

essential for limb preservation.
204,205

 The 

issue of antibiotic therapy has been 

discussed elsewhere. However, it is 

important to recognize that people with 

diabetes already have compromised immune 

systems. Furthermore, it is worth noting that 

these infections are commonly caused by a 

variety of microorganisms, which are present 

in approximately two-thirds of anaerobic 

patients. Consequently, the appropriate use 

of broad-spectrum antibiotics administered 

via IV is essential.206 

Surgical management of an organ-

threatening infection is as essential as 

intravenous antibiotics.
207

 In many cases, 

resolution of systemic toxicity or shock may 

not occur until the septic process has been 

effectively stopped. Immediate surgical 

intervention is necessary to remove all 

necrotic tissue and drain the affected areas 

of pus. Debridement of a deeply necrotic 

diabetic lesion cannot be effectively 

accomplished using small-bore incisions and 

drains.208 Diabetics have a limited tolerance 

to unresolved infections, necessitating the 

use of debridement techniques regardless of 

circulatory status. Revascularization is not 

recommended in a diabetic patient who is 

currently experiencing an organ-threatening 

infection. 
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A routine radiographic examination, with 

the exception of a bone scan or gallium scan, 

can provide valuable insight. However, it 

may not always provide definitive evidence 

of the extent of tissue damage or bone and 

joint involvement.61,209 While gas detection 

indicates the presence of anaerobic 

organisms, it should be noted that it does 

not always indicate the presence of 

clostridial organisms or the occurrence of 

guillotine dissection. Bacterial species, 

peptostreptococcus, and obligate anaerobes 

are often isolated microorganisms that 

require careful attention to recommended 

surgical care protocols.
210,211

 Because of the 

presence of neuropathy, a significant 

number of debridement and drainage 

procedures can be performed with minimal 

or no anesthesia.212,213 

Dressings are often initiated during the 

initial surgical procedure. Again, it is 

recommended to use uncomplicated 

dressings; that is, using basic gauze pads 

moistened with dilute isotonic antiseptic 

solutions and placed on the exposed wound 

two to three times over a 24-hour 

period.75,214 The use of enzymatic 

debridement agents, full-strength solutions, 

or other astringents in diabetic patients is 

associated with more problems than desired 

results. The above statement is true for the 

use of warm compresses or soaking. Based 

on empirical observations, the process of 

soaking previously damaged tissue often 

leads to burns in the damaged areas and 

probably contributes to the spread of deep 

tissue microbes.215 

In patients with ischemic limbs, the first 

method of debridement and drainage is 

rarely seen as a definitive treatment.216 Once 

infection control is achieved, the next 

determination is whether further surgical 

intervention or amputation is necessary to 

restore function to the patient's leg. Based 

on empirical observations, it is clear that 

clinical judgment plays an important role in 

assessing the extent of vascular dysfunction 

in the lower extremities of individuals with 

diabetes. Noninvasive laboratory findings are 

only a complement to clinical judgment 

because of the unique characteristics of the 

diabetic peripheral vascular system. It is 

essential that diabetic patients are not 

mistakenly denied a less invasive distal 

amputation procedure simply because of 

negative noninvasive diagnostic results.217 

The ultimate outcome of amputation will 

be influenced by factors such as the 

adequacy of circulation, the precise location 

of the wound, and the extent of infection 

and its management. In general, it is 

recommended that the physician attempt to 

preserve a significant portion of the weight-

bearing surface. However, the greater the 

degree of ischemia at a given site, the more 

imperative it becomes to prioritize early 

closure of the amputated area.218 In cases 

where the neuropathic foot demonstrates 

adequate circulation, infection may be 

managed and healing facilitated by 

performing an open amputation procedure 

targeting a single toe, with drainage.
219

 In 

cases of ischemic foot infection, an optimal 

treatment approach may include an initial 

debridement procedure to effectively 

manage the infection.
213

 Subsequently, 

subject to improvement in distal circulation, 

elective revascularization can be performed, 

followed by a closed transmetatarsal 

amputation. Successful completion of 

primary closure of a single toe or 

transmetatarsal amputation is often possible 

under certain conditions.
220

 These conditions 

include effective management of any 

persistent infection, a venous filling time of 

less than twenty-five seconds, little or no 

associated scarring, and the absence of 

chronic rest discomfort in the area adjacent 

to the amputation site. Successful 

amputation outcome may also be predicted 

by factors such as preparation, approach, 

and care used during the procedure.221 

After successful management of 

infection, patients with vascular insufficiency 

are evaluated and appropriate reparative 

interventions are performed. The findings of 

this study demonstrate a significant 

reduction in the risk of amputation, which 

reinforces the effectiveness of a 

revascularization strategy following the 

successful management of sepsis.
222

 After 

the first surgical procedure, an additional 
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revision of the original incision can be 

performed or a distal amputation with a 

smaller amplitude can be chosen. This 

procedure can lead to successful wound 

healing and preservation of the affected 

limb. 

It is essential to practice avoiding any 

weight and pressure on the affected area in 

cases of neuropathy until healing is 

confirmed.223 It is very disappointing to see a 

patient experience the unfortunate 

consequence of losing a limb due to early 

weight bearing after an initial successful 

surgical intervention.
224

 In order to maintain 

healing and reduce pressure on sensitive and 

high-risk areas, adaptations to footwear and 

equipment are recommended, if necessary. 

When their treatment approaches fail, 

physicians should immediately seek the help 

of more experienced specialists.59,225 It is not 

advisable for physicians who are not 

interested and encounter only rare cases of 

diabetic foot infection to treat severe, limb-

threatening infections. Among the many 

complications experienced by people with 

diabetes, the possibility of a major 

amputation is particularly high. 

Conclusion 
It is recommended that physicians 

adhere to a program that prioritizes limb 

preservation whenever possible. The current 

approach includes a series of sequential 

steps for the treatment of wet gangrene 

infections in the forefoot. The prognosis for 

amputations related to diabetes—either 

major or minor—is influenced by several key 

aspects, including susceptibility to infection, 

impaired wound healing, diminished 

protective sensation, and limited tissue 

perfusion. Implementing specific safeguards 

can effectively reduce the likelihood of 

failure in managing these amputations. In 

cases where the potential for wound healing 

is diminished, such as in unreconstructable 

superficial femoral artery disease or when 

infection or gangrene extends beyond the 

midfoot, limb preservation surgery becomes 

impractical, and primary amputation is 

recommended. These guidelines are 

applicable to patients classified as non-

ambulatory upon presentation, as foot 

preservation efforts in such cases are 

unlikely to lead to significant improvements 

in their quality of life. Understanding major 

amputations in the management of diabetic 

foot should be considered a failure rather 

than recognized as an acceptable treatment 

option, as it provides patients with 

opportunities to regain functional 

independence and mobility. It is essential for 

diabetic patients with major or minor 

amputations to actively engage in their 

diabetes treatment plan. This treatment 

program should include continuous 

participation in a diabetic foot clinic. 

Implementing preventive measures and foot 

care to prevent the occurrence of new 

pressure ulcers and skin deterioration in 

both the amputated and healthy foot is 

crucial. The importance of a well-organized 

multidisciplinary clinic for diabetic foot care, 

particularly in the post-amputation phase, 

should not be underestimated. 

Furthermore, the presence of peripheral 

ischemia, neuropathy, and impaired host 

defense mechanisms places individuals with 

diabetes at a heightened risk for infected 

foot ulcers. Effective treatment should focus 

on addressing these three fundamental 

pathological conditions. Given the significant 

risk of severe limb amputation posed by 

threatening infections, timely and accurate 

identification of any foot-related issues is 

vital. Managing neuropathy necessitates 

complete cessation of activity in the affected 

area. Implementing a modified host defense 

requires a comprehensive understanding of 

the specific bacteria involved, as well as the 

appropriate use of antibiotics. 

Careful attention to surgical principles is 

essential to ensure complete removal of all 

necrotic tissue and to establish adequate 

dependent drainage for the wound while 

preserving viable tissue and skin as much as 

possible for future revision or conservative 

amputation. Following sepsis treatment, 

revascularization of ischemic limbs may be 

performed. Due to the distinctive 

characteristics of vascular disease in 

individuals with diabetes, successful vascular 

interventions demand the utmost expertise 

and skill from vascular surgeons. After the 
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revascularization process, opportunities for 

revisions or more conservative distal 

amputations may arise. 

There is an urgent need for 

comprehensive education and understanding 

among both patients and physicians as vital 

factors in the prevention and effective 

management of all complications associated 

with diabetic foot ulcers. Overall, 

amputation is considered when non-healing 

wounds or severe infections cannot be 

effectively managed. The key to reducing 

amputation risk in individuals with diabetes 

lies in proactive management of their 

condition and diligent foot care. Regular 

examinations and open communication with 

healthcare professionals can facilitate early 

detection and resolution of complications, 

potentially preventing the need for 

amputation. The decision for amputation is 

not straightforward and is often a last resort 

to save a person's life by preventing the 

spread of infection. Partial or complete 

amputation of toes, feet, or even parts of the 

lower leg may be necessary to remove 

infected or necrotic tissue. 



20                                                                                             Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

 

    References:

1. M. Walicka, M. Raczyńska, K. Marcinkowska, I. 
Lisicka, A. Czaicki, W. Wierzba, E. Franek, 
Amputations of Lower Limb in Subjects with 
Diabetes Mellitus: Reasons and 30-Day 
Mortality, J Diabetes Res 2021 (2021), 8866126. 

2. A. Johannesson, G.U. Larsson, N. Ramstrand, A. 
Turkiewicz, A.B. Wiréhn, I. Atroshi, and 
Incidence of lower-limb amputation in the 
diabetic and nondiabetic general population: a 
10-year  
population-based cohort study of initial unilateral 
and contralateral amputations and reamputations, 
Diabetes Care 32(2), (2009), 275-80. 

3. A. Bellia, M. Meloni, A. Andreadi, L. Uccioli, D. 
Lauro, Geographic and Ethnic Inequalities in 
Diabetes-Related Amputations, Frontiers in 
Clinical Diabetes and Healthcare 3, (2022). 

4. M. Humphries, A. Brunson, N. Hedayati, P. 
Romano, J. Melnikow, Amputation Risk in 
Patients With Diabetes Mellitus and Peripheral 
Artery Disease Using Statewide Data, Annals of 
vascular surgery 30, (2015). 

5. A.M. Abou-Zamzam, Jr., T.H. Teruya, J.D. 
Killeen, J.L. Ballard, Major lower extremity 
amputation in an academic vascular center, Ann 
Vasc Surg 17(1), (2003), 86-90. 

6. T.S. Ikonen, R. Sund, M. Venermo, K. Winell, 
Fewer major amputations among individuals 
with diabetes in Finland in 1997-2007: a 
population-based study, Diabetes Care 33(12), 
(2010), 2598-603. 

7. S. Spencer, Pressure relieving interventions for 
preventing and treating diabetic foot ulcers, 
Cochrane Database Syst Rev (3), (2000), 
Cd002302. 

8. J.Z. Lim, N.S. Ng, C. Thomas, Prevention and 
treatment of diabetic foot ulcers, J R Soc Med 
110(3) (2017), 104-109. 

9. L. Uccioli, M. Meloni, V. Izzo, L. Giurato, S. 
Merolla, R. Gandini, Critical limb ischemia: 
current challenges and future prospects, Vasc 
Health Risk Manag 14 (2018), 63-74. 

10. T.I. Kim, C. Mena, B.E. Sumpio, The Role of 
Lower Extremity Amputation in Chronic  
Limb-Threatening Ischemia, Int J Angiol 29(3), 
(2020), 149-155. 

11. H.V. Damme, M. Rorive, B.M.D. Noorthout, 
J. Quaniers, A. Scheen, R. Limet, Amputations in 
Diabetic Patients: a Plea for Footsparing Surgery, 
Acta Chirurgica Belgica 101(3), (2001), 123-
129. 

12. C.T. Adams, A. Lakra, Below knee 
amputation, (2018). 

13. R. Lawrence, R.X. Kirby, A.E. Ikeokwu, Ray 
Amputation in a Traumatic Diabetic Foot, 
Cureus 14(4), (2022), e24444. 

14. Y.J. Chu, X.W. Li, P.H. Wang, J. Xu, H.J. 
Sun, M. Ding, J. Jiao, X.Y. Ji, S.H. Feng, 

Clinical outcomes of toe amputation in patients 
with type 2 diabetes in Tianjin, China, Int 
Wound J 13(2), (2016), 175-81. 

15. D. Armstrong, Diabetic Foot Study 
Consortium. Negative pressure wound therapy 
after partial diabetic foot amputation: a 
multicentre, randomised controlled trial, Lancet 
366 (2005) 1704-1710. 

16. D.G. Armstrong, L.A. Lavery, Negative 
pressure wound therapy after partial diabetic foot 
amputation: a multicentre, randomised controlled 
trial, The Lancet 366(9498) (2005) 1704-1710. 

17. S.A. Berceli, J.E. Brown, P.B. Irwin, C.K. 
Ozaki, Clinical outcomes after closed, staged, 
and open forefoot amputations, Journal of 
Vascular Surgery 44(2) (2006) 347-352.e2. 

18. Y. Jaccard, S. Walther, S. Anderson, M. 
Tauber, O. Kummer, R. Baumgartner, N. Diehm, 
J.  
Dörffler-Melly, I. Baumgartner, Influence of 
secondary infection on amputation in chronic 
critical limb ischemia, Eur J Vasc Endovasc Surg 
33(5) (2007) 605-9. 

19. J.M. de Godoy, J.V. Ribeiro, L.A. Caracanhas, 
F. Godoy Mde, Hospital infection after major 
amputations, Ann Clin Microbiol Antimicrob 9 
(2010) 15. 

20. S. Imaoka, K. Sato, M. Furukawa, M. Okita, T. 
Higashi, Re-amputation in patients with  
diabetes-related minor amputations who 
underwent physical therapy during their 
hospitalization, Journal of Foot and Ankle 
Research 14(1) (2021) 14. 

21. M. Volmer-Thole, R. Lobmann, Neuropathy 
and Diabetic Foot Syndrome, Int J Mol Sci 17(6) 
(2016). 

22. X. Wang, C.X. Yuan, B. Xu, Z. Yu, Diabetic 
foot ulcers: Classification, risk factors and 
management, World J Diabetes 13(12) (2022) 
1049-1065. 

23. E. Hsu, S.P. Cohen, Postamputation pain: 
epidemiology, mechanisms, and treatment, J Pain 
Res 6 (2013) 121-36. 

24. D. Radakovic, K. Penov, M. Lazarus, N. 
Madrahimov, K. Hamouda, C. Schimmer, R.G. 
Leyh, C. Bening, The completeness of the left 
atrial appendage amputation during routine 
cardiac surgery, BMC Cardiovasc Disord 23(1) 
(2023) 308. 

25. W. Freysteinson, L. Thomas, A. Sebastian-
Deutsch, D. Douglas, D. Melton, T. Celia, K. 
Reeves, P. Bowyer, A Study of the Amputee 
Experience of Viewing Self in the Mirror, 
Rehabil Nurs 42(1) (2017) 22-32. 

26. A.C. Roșca, C.C. Baciu, V. Burtăverde, A. 
Mateizer, Psychological Consequences in 
Patients with Amputation of a Limb. An  



Dr. Ahmad Hoseinzadeh - Lower Limb Amputation and Diabetes …                                                                        21 

 

Interpretative-Phenomenological Analysis, Front 
Psychol 12 (2021) 537493. 

27. L.W. Friedmann, The vascular surgeon and 
amputation, Arch Surg 105(3) (1972) 401-2. 

28. E. Kolossváry, T. Ferenci, T. Kováts, 
Potentials, challenges, and limitations of the 
analysis of administrative data on vascular limb 
amputations in health care, Vasa 49(2) (2019) 
87-97. 

29. K. McDermott, M. Fang, A.J.M. Boulton, E. 
Selvin, C.W. Hicks, Etiology, Epidemiology, and 
Disparities in the Burden of Diabetic Foot 
Ulcers, Diabetes Care 46(1), (2023), 209-221. 

30. A. Raghav, Z.A. Khan, R.K. Labala, J.  
Ahmad, S. Noor, B.K. Mishra, Financial burden 
of diabetic foot ulcers to world: a progressive 
topic to discuss always, Ther Adv Endocrinol 
Metab 9(1), (2018), 29-31. 

31. R.B. Hopkins, N. Burke, J. Harlock, J. 
Jegathisawaran, R. Goeree, Economic  
burden of illness associated with diabetic foot 
ulcers in Canada, BMC Health Services Research 
15(1), (2015), 13. 

32. B. Aulivola, C.N. Hile, A.D. Hamdan, M.G. 
Sheahan, J.R. Veraldi, J.J. Skillman, D.R. 
Campbell, S.D. Scovell, F.W. LoGerfo, F.B. 
Pomposelli, Jr., Major lower extremity 
amputation: outcome of a modern series, Arch 
Surg 139(4), (2004), 395-9; discussion 399. 

33. J.O. Leite, L.O. Costa, W.M. Fonseca, D.U. 
Souza, B.C. Goncalves, G.B. Gomes, L.A. Cruz, 
N. Nister, Jr., T.P. Navarro, J. Bath, A. Dardik, 
General outcomes and risk factors for minor and  
major amputations in Brazil, Vascular 26(3), 
(2018), 291-300. 

34. A. Eidmann, Y. Kamawal, M. Luedemann, P. 
Raab, M. Rudert, I. Stratos, Demographics and 
Etiology for Lower Extremity  
Amputations-Experiences of an University 
Orthopaedic Center in Germany, Medicina 
(Kaunas) 59(2), (2023). 

35. L. Shelmerdine, G. Stansby, Lower limb 
amputation and rehabilitation, Surgery (Oxford) 
40(7) (2022), 445-449. 

36. J.M. Felder, 3rd, R. Skladman, Translating 
Technique into Outcomes in Amputation 
Surgeries, Mo Med 118(2), (2021), 141-146. 

37. A. Rathnayake, A. Saboo, U.H. Malabu, H. 
Falhammar, Lower extremity amputations and  
long-term outcomes in diabetic foot ulcers: A 
systematic review, World J Diabetes 11(9), 
(2020), 391-399. 

38. O. Michelsson, E. Tukiainen, Minor Forefoot 
Amputations in Patients with Diabetic Foot 
Ulcers, Foot Ankle Clin 27(3), (2022), 671-685. 

39. R.G. Frykberg, C. Attinger, L. Smeets, A. 
Koller, A. Bal, V. Kavarthapu, Surgical 
strategies for prevention of amputation of the 
diabetic foot, J Clin Orthop Trauma 17 (2021), 
99-105. 

40. J. Musuuza, B.L. Sutherland, S. Kurter, P. 
Balasubramanian, C.M. Bartels, M.B.  
Brennan, A systematic review of 
multidisciplinary teams to reduce major 
amputations for patients  
with diabetic foot ulcers, J Vasc Surg 71(4), 
(2020), 1433-1446.e3. 

41. S. Misra, M.H. Shishehbor, E.A. Takahashi, 
H.D. Aronow, L.P. Brewster, M.C. Bunte, E.S.H. 
Kim, J.R. Lindner, K. Rich, Perfusion 
Assessment in Critical Limb Ischemia: Principles 
for Understanding and the Development of 
Evidence and Evaluation of Devices: A 
Scientific Statement From the American Heart 
Association, Circulation 140(12) (2019),  
e657-e672. 

42. M.R. Nehler, T.A. Whitehill, S.P. Bowers, 
D.N. Jones, W.R. Hiatt, R.B. Rutherford, W.C. 
Krupski, Intermediate-term outcome of primary 
digit amputations in patients with diabetes 
mellitus who have forefoot sepsis requiring 
hospitalization and presumed adequate 
circulatory status, Journal of Vascular Surgery 
30(3) (1999) 509-518. 

43. A. De Leucio, O. De Jesus, MR angiogram, 
StatPearls [Internet] (2023). 

44. C. Leiva-Salinas, M. Wintermark, Imaging of 
acute ischemic stroke, Neuroimaging Clin N Am 
20(4) (2010) 455-68. 

45. N. Miller, H. Dardik, F. Wolodiger, J. 
Pecoraro, M. Kahn, I.M. Ibrahim, B. Sussman, 
Transmetatarsal amputation: the role of 
adjunctive revascularization, J Vasc Surg 13(5) 
(1991) 705-11. 

46. H. Glass, V.L. Rowe, D.B. Hood, A.E.  
Yellin, F.A. Weaver, Influence of transmetatarsal 
amputation in patients requiring lower  
extremity distal revascularization, Am Surg 
70(10), (2004) 845-9. 

47. H.V. Damme, Crural or pedal artery 
revascularisation for limb salvage: is it justified?, 
Acta Chirurgica Belgica 104(2) (2004) 148-157. 

48. P.E. Holstein, S. Sørensen, Limb salvage 
experience in a multidisciplinary diabetic foot 
unit, Diabetes Care 22 Suppl 2 (1999) B97-103. 

49. J.A. Columbo, L. Davies, R. Kang, J.A. 
Barnes, K.A. Leinweber, B.D. Suckow, P.P. 
Goodney, D.H. Stone, Patient experience of 
recovery after major leg amputation for arterial 
disease, Vascular and endovascular surgery 52(4) 
(2018) 262-268. 

50. G. Ali, M.F. Berlas, N.U. Din, K.U. Rehman, 
W. Muhammad Saleh, S.A.A. Naqvi, Outcomes 
of Revascularization and Factors Associated 
With Major Amputation in Patients With Lower 
Limb Arterial Injury: A Single-Center 
Retrospective Analysis, Cureus 13(8) (2021) 
e17290. 

51. S.O. Baek, H.W. Suh, J.Y. Lee, Modified toe 
pulp fillet flap coverage: Better wound healing 



22                                                                                              Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

and satisfactory length preservation, Arch Plast 
Surg 45(1) (2018) 62-68. 

52. Y. Ademoğlu, S. Ada, I. Kaplan, Should the 
amputations of the great toe be replanted?, Foot 
Ankle Int 21(8) (2000) 673-9. 

53. A. Chattopadhyay, R. McGoldrick, E. 
Umansky, J. Chang, Principles of tendon 
reconstruction following complex trauma of the 
upper limb, Semin Plast Surg 29(1) (2015) 30-9. 

54. C. Zhou, C. Xue, B. Yang, W. Wang, Y. Xu, 
F. Huang, Y. Wang, Amputation of the first 
metatarsophalangeal joint due to a giant gouty  
tophi: A case report, Medicine (Baltimore) 
96(43) (2017), e8441. 

55. A. Gupta, A. Menon, C. Rodrigues, A. 
Sunavala, V.M. Agashe, Second Ray Amputation 
in Diabetic Foot - Functionally Better than 
Proximal Foot Amputations, but Beware of 
Charcot Arthropathy: A Case Report and Review 
of Literature, J Orthop Case Rep 12(3), (2022), 
13-17. 

56. J. Feinglass, V.P. Shively, G.J. Martin,  
M.E. Huang, R.H. Soriano, H.E. Rodriguez,  
W.H. Pearce, E.J. Gordon, How  
'preventable' are lower extremity amputations? A 
qualitative study of patient perceptions of 
precipitating factors, Disabil Rehabil 34(25), 
(2012), 2158-65. 

57. E.P. Weledji, P. Fokam, Treatment of the  
diabetic foot - to amputate or not?, BMC Surg 14 
(2014), 83. 

58. S.G. Nezhad, A. Moharrami, N.H. Zare,  
M.M.M. Jamshidi, A.R. Mafi, S.J. Mortazavi,  
Factors That Affect the Level of Lower Limbs 
Amputation in Diabetic Foot: Educational  
Corner, Journal of Orthopedic and Spine Trauma  
(2022), 23-6. 

59. A. Wang, G. Lv, X. Cheng, X. Ma, W.  
Wang, J. Gui, J. Hu, M. Lu, G. Chu, J.  
Chen, H. Zhang, Y. Jiang, Y. Chen, W. Yang, L. 
Jiang, H. Geng, R. Zheng, Y. Li, W.  
Feng, B. Johnson, W. Wang, D. Zhu, Y. Hu, 
Guidelines on multidisciplinary approaches  
for the prevention and management of diabetic 
foot disease (2020 edition), Burns Trauma 8 
(2020), tkaa017. 

60. R.G. Frykberg, An evidence-based approach to 
diabetic foot infections, The American journal of 
surgery 186(5), (2003), 44-54. 

61. A.J. Boulton, D.G. Armstrong, R.S. Kirsner, 
C.E. Attinger, L.A. Lavery, B.A. Lipsky, J.L. 
Mills Sr, J.S. Steinberg, Diagnosis and 
management of diabetic foot complications,  
(2018). 

62. K.V. Kavitha, S. Tiwari, V.B.  
Purandare, S. Khedkar, S.S. Bhosale, A.G. 
Unnikrishnan, Choice of wound care in diabetic 
foot ulcer: A practical approach, World J 
Diabetes 5(4), (2014), 546-56. 

63. B.S. Ong, R. Dotel, V.J.J. Ngian, Recurrent 
Cellulitis: Who is at Risk and How Effective is 
Antibiotic Prophylaxis?, Int J Gen Med 15 
(2022), 6561-6572. 

64. Z. Talbot, A. Amble, G. Delva, A. Eddib, S. 
Muddassir, Severe Sepsis and Wet Gangrene 
Requiring Foot Amputation Caused by an 
Emerging Human Pathogen - Shewanella algae, 
Cureus 11(9), (2019) e5668. 

65. J.L. Jiang, L.W. Tseng, H.R. Chang,  
Symmetrical peripheral gangrene in sepsis after 
treatment with inotropes, Ci Ji Yi Xue Za Zhi 
29(2), (2017), 121-124. 

66. S.A. Berceli, J.E. Brown, P.B. Irwin, C.K. 
Ozaki, Clinical outcomes after closed, staged, 
and open forefoot amputations, Journal of 
vascular surgery 44(2) (2006) 347-352. e2. 

67. M. Altindas, C. Cinar, Promoting primary 
healing after ray amputations in the diabetic foot: 
the plantar dermo-fat pad flap, Plast Reconstr 
Surg 116(4), (2005), 1029-34. 

68. E. Harlow, P. Khambete, J. Ina, S.  
Miskovsky, Use of a second ray amputation  
for foot salvage in a collegiate athlete  
with Proteus syndrome, Int J Foot Ankle 5 
(2021),  
1-5. 

69. L. Giurato, M. Meloni, V. Izzo, L.  
Uccioli, Osteomyelitis in diabetic foot: A 
comprehensive overview, World J Diabetes 8(4) 
(2017) 135-142. 

70. M.F. Güven, A. Karabiber, G. Kaynak,  
T. Oğüt, Conservative and surgical treatment of 
the chronic Charcot foot and ankle, Diabet Foot  
Ankle 4 (2013). 

71. W.J. Nash, S. Al-Nammari, W.S.  
Khan, I.P. Pengas, Surgical management  
of the forefoot in patients with rheumatoid  
arthritis - a review article, Open Orthop J 9 
(2015), 78-83. 

72. S.L. Borkosky, T.S. Roukis, Incidence of  
re-amputation following partial first ray 
amputation associated with diabetes mellitus and 
peripheral sensory neuropathy: a systematic 
review, Diabet Foot Ankle 3 (2012). 

73. T.J. Wieman, Y.K. Mercke, P.B. Cerrito, S.W. 
Taber, Resection of the metatarsal head for 
diabetic foot ulcers, The American journal of 
surgery 176(5) (1998) 436-441. 

74. N. Wülker, F. Mittag, The treatment of hallux 
valgus, Dtsch Arztebl Int 109(49) (2012) 857-67; 
quiz 868. 

75. L. Fraissler, C. Konrads, M. Hoberg, M. 
Rudert, M. Walcher, Treatment of hallux valgus 
deformity, EFORT Open Rev 1(8) (2016) 295-
302. 

76. D.P. Murdoch, D.G. Armstrong, J.B.  
Dacus, T.J. Laughlin, C.B. Morgan, L.A. Lavery,  
The natural history of great toe amputations,  



Dr. Ahmad Hoseinzadeh - Lower Limb Amputation and Diabetes …                                                                        23 

 

The Journal of foot and ankle surgery 36(3) 
(1997), 204-208. 

77. R. A. Yeager, G.L. Moneta, J.M. Edwards,  
W.K. Williamson, D.B. McConnell, L.M.  
Taylor Jr, J.M. Porter, Predictors of outcome of 
forefoot surgery for ulceration and gangrene,  
The American journal of surgery 175(5) (1998),  
388-390. 

78. D.G. Armstrong, L.B. Harkless, Outcomes of 
preventative care in a diabetic foot specialty 
clinic, J Foot Ankle Surg 37(6) (1998) 460-6. 

79. M.O. Joret, K. Osman, A. Dean, C. Cao, B. 
van der Werf, V. Bhamidipaty, Multidisciplinary 
clinics reduce treatment costs and improve 
patient outcomes in diabetic foot disease, J Vasc 
Surg 70(3) (2019), 806-814. 

80. S. Borys, J. Hohendorff, T. Koblik,  
P. Witek, A.H. Ludwig-Slomczynska, C.  
Frankfurter, B. Kiec-Wilk, M.T. Malecki,  
Negative-pressure wound therapy for 
management of chronic neuropathic noninfected 
diabetic foot ulcerations - short-term efficacy and 
long-term outcomes, Endocrine 62(3) (2018),  
611-616. 

81. A.F. Kamath, Bernese periacetabular 
osteotomy for hip dysplasia: Surgical technique 
and indications, World J Orthop 7(5) (2016) 280-
6. 

82. Y.M. Chu, L. Bergeron, Y.R. Chen,  
Bimaxillary protrusion: an overview of the  
surgical-orthodontic treatment, Semin Plast Surg 
23(1) (2009) 32-9. 

83. N.C. Stone, T.R. Daniels, Midfoot and 
hindfoot arthrodeses in diabetic Charcot 
arthropathy, Canadian Journal of Surgery 43(6) 
(2000) 449. 

84. R. McCallum, M. Tagoe, Transmetatarsal 
amputation: a case series and review of the 
literature, J Aging Res 2012 (2012), 797218. 

85. I. Dudkiewicz, O. Schwarz, M. Heim, A. 
Herman, I. Siev-Ner, Trans-metatarsal 
amputation in patients with a diabetic foot: 
reviewing 10 years experience, The Foot 19(4), 
(2009), 201-204. 

86. C.L. Creech, P. Zinyemba, E.T. Choi, A.J.  
Meyr, Anatomic Limitations of the  
Transmetatarsal Amputation With Consideration 
of the Deep Plantar Perforating Branch of the  
Dorsalis Pedis Artery, J Foot Ankle Surg 57(5), 
(2018), 880-883. 

87. M. Ammendola, R. Sacco, L. Butrico, G. 
Sammarco, S. de Franciscis, R. Serra, The care 
of transmetatarsal amputation in diabetic foot 
gangrene, Int Wound J 14(1), (2017), 9-15. 

88. G. Geroulakos, A. May, Transmetatarsal 
amputation in patients with peripheral vascular 
disease, European Journal of Vascular Surgery 
5(6) (1991), 655-658. 

89. Q. Aljarrah, M.Z. Allouh, A. Husein,  
H. Al-Jarrah, A. Hallak, S. Bakkar, H.  

Domaidat, R. Malkawi, Transmetatarsal 
amputations in patients with diabetes mellitus: A 
contemporary analysis from an academic tertiary 
referral centre in a developing community, PLoS 
One 17(11), (2022), e0277117. 

90. S. Ji, X. Liu, J. Huang, J. Bao, Z. Chen,  
C. Han, D. Hao, J. Hong, D. Hu, Y. Jiang,  
S. Ju, H. Li, Z. Li, G. Liang, Y. Liu, G. Luo, G. 
Lv, X. Ran, Z. Shi, J. Tang, A. Wang, G. Wang, 
J. Wang, X. Wang, B. Wen, J. Wu, H. Xu, M. 
Xu, X. Ye, L. Yuan, Y. Zhang, S. Xiao, Z. Xia, 
Consensus on the application of negative 
pressure wound therapy of diabetic foot wounds, 
Burns Trauma 9 (2021), tkab018. 

91. P. Nain, S. Uppal, R. Garg, K. Bajaj, S. Garg, 
Role of Negative Pressure Wound Therapy in 
Healing of Diabetic Foot Ulcers, Journal of 
surgical technique and case report 3 (2011), 17-
22. 

92. G.D. Griffiths, T.J. Wieman, The influence of 
renal function on diabetic foot ulceration, 
Archives of Surgery 125(12), (1990), 1567-1569. 

93. A. Buttolph, A. Sapra, Gangrene, (2020). 
94. F.W. Wagner, The Dysvascular Foot: A 

System  
for Diagnosis and Treatment, Foot & Ankle 2(2), 
(1981), 64-122. 

95. G.E. van der Wal, P.U. Dijkstra, J.H.B. 
Geertzen, Lisfranc and Chopart amputation: A 
systematic review, Medicine (Baltimore) 
102(10), (2023), e33188. 

96. J.J. Roach, A. Deutsch, D.S. McFarlane, 
Resurrection of the Amputations of Lisfranc and 
Chopart for Diabetic Gangrene, Archives of 
Surgery 122(8), (1987), 931-934. 

97. O. Delattre, T. Sellenet, J.-L. Barnay, T. 
Chevillotte, M. De Tienda, Transfer of distal 
peroneus longus tendon to tibialis anterior by 
retrograde fixation to treat spastic 
equinovarus foot in adults: Surgical Technique 
and Preliminary Results, Orthopaedics & 
Traumatology: Surgery & Research 107(6) 
(2021) 102935. 

98. M.S. Pinzur, D. Smith, H. Osterman,  
Syme ankle disarticulation in peripheral vascular 
disease and diabetic foot infection: the one-stage 
versus two-stage procedure, Foot Ankle Int 
16(3), (1995) 124-7. 

99. F.A. Weaver, J.G. Modrall, S. Baek, F. 
Harvey, A. Siegal, J. Rosental, A. E. Yellin, 
Syme amputation: results in patients with severe 
forefoot ischemia, Cardiovasc Surg 4(1) (1996) 
81-6. 

100. M.F. Mostafa, G. El-Adl, E.Y. Hassanin,  
M.S. Abdellatif, Surgical treatment of displaced  
intra-articular calcaneal fracture using a single 
small lateral approach, Strategies Trauma Limb 
Reconstr 5(2) (2010) 87-95. 

101. T. Baghdadi, H. Mazoochy, M. Guity, N. 
Heidari Khabbaz, Evaluation of Clinical and 



24                                                                                              Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

Radiological Results of Calcaneal Lengthening 
Osteotomy in Pediatric Idiopathic Flexible 
Flatfoot, Arch Bone Jt Surg 6(5) (2018) 402-411. 

102. R.W. van Deursen, G.G. Simoneau, Foot and 
ankle sensory neuropathy, proprioception, and 
postural stability, J Orthop Sports Phys Ther 
29(12) (1999) 718-26. 

103. P. Calder, S. Shaw, A. Roberts, S. Tennant, I. 
Sedki, R. Hanspal, D. Eastwood, A comparison 
of functional outcome between amputation and 
extension prosthesis in the treatment of 
congenital absence of the fibula with severe limb 
deformity, J Child Orthop 11(4) (2017) 318-325. 

104. F. Amitrano, A. Coccia, G. Pagano, A.  
Biancardi, G. Tombolini, G. D'Addio, Effects of 
Ankle-Foot Orthosis on Balance of Foot Drop 
Patients, Stud Health Technol Inform 302 
(2023), 1029-1030. 

105. S. Nezhad, A. Moharrami, N. Zare, M. 
Jamshidi, A. Mafi, S. Mortazavi, Factors That 
Affect the Level of Lower Limbs Amputation in 
Diabetic Foot: Educational Corner, Journal of 
Orthopedic and Spine Trauma 8 (2022). 

106. M.P. Dillon, M. Quigley, S. Fatone, Outcomes 
of dysvascular partial foot amputation and how 
these compare to transtibial amputation: a  
systematic review for the development of shared 
decision-making resources, Syst Rev 6(1), 
 (2017) 54. 

107. A. Nather, K.L. Wong, A.S. Lim, D. Zhaowen 
Ng, H.W. Hey, The modified Pirogoff's 
amputation in treating diabetic foot infections: 
surgical  
technique and case series, Diabet Foot Ankle 5, 
(2014). 

108. A. Nather, K.L. Wong, Distal amputations for 
the diabetic foot, Diabet Foot Ankle 4 (2013). 

109. D. Fu, L. Zhou, S. Yang, B. Xiao, Surgical 
technique: repair of forefoot skin and soft  
tissue defects using a lateral tarsal flap with a  
reverse dorsalis pedis artery pedicle: a 
retrospective study of 11 patients, Clin Orthop 
Relat Res 471(1), (2013) 317-23. 

110. L.M. Taylor Jr, J.M. Porter, The clinical 
course of diabetics who require emergent foot 
surgery because of infection or ischemia, Journal 
of vascular surgery 6(5), (1987), 454-459. 

111. M.G. Sheahan, A.D. Hamdan, J.R. Veraldi,  
C.S. McArthur, J.J. Skillman, D.R. Campbell,  
S.D. Scovell, F.W. LoGerfo, F.B. Pomposelli,  
Lower extremity minor amputations: The roles of 
diabetes mellitus and timing of revascularization, 
Journal of Vascular Surgery 42(3), (2005),  
476-480. 

112. J.G. van Baal, Surgical treatment of the 
infected diabetic foot, Clinical infectious 
diseases 39 (Supplement_2) (2004), S123-S128. 

113. S.P. Pendsey, Understanding diabetic foot, Int 
J Diabetes Dev Ctries 30(2), (2010), 75-9. 

114. A. Shone, J. Burnside, S. Chipchase, F.  
Game, W. Jeffcoate, Probing the validity of the 
probe-to-bone test in the diagnosis of 
osteomyelitis of the foot in diabetes, Diabetes 
care 29(4), (2006),  
945-945. 

115. W.J. Jeffcoate, B.A. Lipsky, Controversies in 
diagnosing and managing osteomyelitis of the  
foot in diabetes, Clinical Infectious Diseases  
39 (Supplement_2), (2004), S115-S122. 

116. Y.J. Lee, S. Sadigh, K. Mankad, N.  
Kapse, G. Rajeswaran, The imaging of  
osteomyelitis, Quant Imaging Med Surg 6(2), 
(2016), 184-98. 

117. E.F. Alaia, A. Chhabra, C.S. Simpfendorfer, 
M. Cohen, D.N. Mintz, J.A. Vossen, A.C. Zoga, 
J.  
Fritz, C.E. Spritzer, D.G. Armstrong, W.B.  
Morrison, MRI nomenclature for 
musculoskeletal infection, Skeletal Radiol 
50(12), (2021),  
2319-2347. 

118. T. Kucera, H.H. Shaikh, P. Sponer, Charcot 
Neuropathic Arthropathy of the Foot: A 
Literature Review and Single-Center Experience, 
J Diabetes Res 2016, (2016), 3207043. 

119. R. Malhotra, C.S. Chan, A. Nather,  
Osteomyelitis in the diabetic foot, Diabet Foot 
Ankle 5 (2014). 

120. J.I. Weitz, J. Byrne, G.P. Clagett, M.E.  
Farkouh, J.M. Porter, D.L. Sackett, D.E. 
Strandness, L.M. Taylor, Diagnosis and 
Treatment of Chronic Arterial Insufficiency of 
the Lower Extremities:  
A Critical Review, Circulation 94(11), (1996),  
3026-3049. 

121. A. Perez-Favila, M.L. Martinez-Fierro, J.G. 
Rodriguez-Lazalde, M.A. Cid-Baez, M.J.  
Zamudio-Osuna, M.D.R. Martinez-Blanco, F.E. 
Mollinedo-Montaño, I.P. Rodriguez-Sanchez, R. 
Castañeda-Miranda, I. Garza-Veloz, Current 
Therapeutic Strategies in Diabetic Foot Ulcers, 
Medicina (Kaunas), 55(11), (2019). 

122. B. Olivieri, T.E. Yates, S. Vianna, O. 
Adenikinju, R.E. Beasley, J. Houseworth, On the 
Cutting  
Edge: Wound Care for the  
Endovascular Specialist, Semin Intervent Radiol 
35(5), (2018), 406-426. 

123. D. Pittet, B. Wyssa, C. Herter-Clavel, K. 
Kursteiner, J. Vaucher, P.D. Lew, Outcome of 
diabetic foot infections treated conservatively: a 
retrospective cohort study with long-term  
follow-up, Archives of internal medicine 159(8), 
(1999), 851-856. 

124. M.P. Dillon, T.M. Barker, Preservation of 
residual foot length in partial foot amputation: a 
biomechanical analysis, Foot Ankle Int 27(2) 
(2006), 110-6. 



Dr. Ahmad Hoseinzadeh - Lower Limb Amputation and Diabetes …                                                                        25 

 

125. M.R. Nehler, W.R. Hiatt, L.M. Taylor Jr,  
Is revascularization and limb salvage always  
the best treatment for critical limb ischemia?  
Journal of vascular surgery 37(3) (2003)  
704-708. 

126. R.A. Primadhi, R. Septrina, P. Hapsari, M. 
Kusumawati, Amputation in diabetic foot ulcer: 
A treatment dilemma, World J Orthop 14(5) 
(2023) 312-318. 

127. B. O'Keeffe, S. Rout, Prosthetic Rehabilitation 
in the Lower Limb, Indian J Plast Surg 52(1) 
(2019) 134-143. 

128. T. Khan, A. Plotkin, G.A. Magee, L.  
Shin, S.L. Woelfel, K.R. Ziegler, C.D.  
Shih, F.A. Weaver, D.G. Armstrong, V.L.  
Rowe, Functional ambulatory status as a 
potential adjunctive decision-making tool 
following wound, level of ischemia, and severity 
of foot  
infection assessment, J Vasc Surg 72(2) (2020),  
738-746. 

129. M.R. Nehler, J.R. Coll, W.R. Hiatt,  
J.G. Regensteiner, G.T. Schnickel, W.A. Klenke,  
P.K. Strecker, M.W. Anderson, D.N. Jones,  
T.A. Whitehill, Functional outcome in a 
contemporary series of major lower extremity 
amputations, Journal of vascular surgery 38(1) 
(2003), 7-14. 

130. J.S. Lindholt, S. Bovling, H. Fasting,  
E.W. Henneberg, Vascular surgery reduces the 
frequency of lower limb major amputations, 
European Journal of Vascular Surgery 8(1) 
(1994), 31-35. 

131. H.V. Damme, M. Rorive, B.M.D. Noorthout, 
J. Quaniers, A. Scheen, R. Limet, Amputations in 
diabetic patients: a plea for footsparing surgery,  
Acta Chirurgica Belgica 101(3) (2001),  
123-129. 

132. J. Feinglass, W.H. Pearce, G.J. Martin, J.  
Gibbs, D. Cowper, M. Sorensen, W.G. 
Henderson, J. Daley, S. Khuri, Postoperative and 
late survival outcomes after major amputation: 
findings from the Department of Veterans 
Affairs National Surgical Quality Improvement 
Program, Surgery 130(1), (2001) 21-29. 

133. S. Klaphake, K. de Leur, P.G. Mulder, G.H. 
Ho, H.G. de Groot, E.J. Veen, H.J. Verhagen, L. 
van der Laan, Mortality after major amputation 
in elderly patients with critical limb ischemia, 
Clin Interv Aging 12 (2017) 1985-1992. 

134. B.A. Keagy, J.A. Schwartz, M. Kotb, S.J. 
Burnham, G. Johnson Jr, Lower extremity 
amputation: the control series, Journal of 
vascular surgery 4(4) (1986) 321-326. 

135. C.P. Cruz, J.F. Eidt, C. Capps, L. Kirtley, 
M.M. Moursi, Major lower extremity 
amputations at a Veterans Affairs hospital, The 
American journal of surgery 186(5) (2003) 449-
454. 

136. Q. Aljarrah, M.Z. Allouh, S. Bakkar, A.  
Aleshawi, H. Obeidat, E. Hijazi, N. Al-Zoubi, H. 
Alalem, T. Mazahreh, Major lower extremity 
amputation: a contemporary analysis from an 
academic tertiary referral centre in a  
developing community, BMC surgery 19(1),  
(2019), 1-10. 

137. A. Ploeg, J.-W. Lardenoye, M.-P.V. Peeters, P. 
Breslau, Contemporary series of morbidity and 
mortality after lower limb amputation, European 
journal of vascular and endovascular surgery 
29(6), (2005), 633-637. 

138. G.M. Hobusch, K. Döring, R. Brånemark, R. 
Windhager, Advanced techniques in  
amputation surgery and prosthetic technology in 
the lower extremity, EFORT Open Rev 5(10) 
(2020), 724-741. 

139. B.C. Taylor, A. Poka, Osteomyoplastic 
transtibial amputation: technique and tips, J 
Orthop Surg Res 6 (2011) 13. 

140. B. Panhelleux, J. Shalhoub, A.K. Silverman, 
A.H. McGregor, A review of through-knee 
amputation, Vascular 30(6) (2022) 1149-1159. 

141. D.C. Faber, L.P. Fielding, Gritti-Stokes  
(through-knee) amputation: should it be 
reintroduced?, South Med J 94(10) (2001),  
997-1001. 

142. S.S. Patil, A. Shekhar, S.R. Tapasvi, Meniscal 
Preservation is Important for the Knee Joint, 
Indian J Orthop 51(5) (2017) 576-587. 

143. S.A. Gard, The Influence of Prosthetic Knee 
Joints on Gait, Handbook of Human Motion, 
Springer International Publishing, Cham, 2018, 
pp.  
1359-1382. 

144. S. Jain, A.C. Pathak, K. Kanniyan, S. 
Kulkarni, S. Tawar, P. Mane, High-flexion 
posterior-stabilized total knee prosthesis: is it 
worth the hype?, Knee Surg Relat Res 25(3) 
(2013) 100-5. 

145. M. Chislett, M. Ploughman, J. McCarthy, 
Factors Associated With Prolonged Length of 
Stay and Failed Lower Limb Prosthetic Fitting 
During Inpatient Rehabilitation, Arch Rehabil 
Res Clin Transl 2(4), (2020) 100084. 

146. L. Remes, R. Isoaho, T. Vahlberg, M. 
Viitanen, P. Rautava, Predictors for 
institutionalization and prosthetic ambulation 
after major lower extremity amputation during an 
eight-year follow-up, Aging Clin Exp Res 21(2) 
(2009) 129-35. 

147. R.L. Waters, J. Perry, D. Antonelli, H.  
Hislop, Energy cost of walking of amputees: the 
influence of level of amputation, JBJS 58(1),  
(1976) 42-46. 

148. S.M. Taylor, C.A. Kalbaugh, D.W. Blackhurst,  
S.E. Hamontree, D.L. Cull, H.S. Messich, R.T. 
Robertson, E.M. Langan III, J.W. York, C.G.  
Carsten III, Preoperative clinical factors predict 
postoperative functional outcomes after major  



26                                                                                              Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

lower limb amputation: an analysis of 553 
consecutive patients, Journal of vascular surgery 
42(2), (2005), 227-234. 

149. A.Z. Chase-Vilchez, I.H.Y. Chan, S.A.E.  
Peters, M. Woodward, Diabetes as a risk  
factor for incident peripheral arterial disease in 
women compared to men: a systematic review 
and meta-analysis, Cardiovasc Diabetol 19(1), 
(2020), 151. 

150. M. Edmonds, Vascular disease in the lower 
limb in type 1 diabetes, Cardiovasc Endocrinol 
Metab 8(1), (2019), 39-46. 

151. R. Bedenis, M. Stewart, M. Cleanthis, P. 
Robless, D.P. Mikhailidis, G. Stansby, Cilostazol 
for intermittent claudication, Cochrane Database 
Syst Rev 2014(10) (2014) Cd003748. 

152. W.B. Kannel, D.L. McGee, Diabetes and 
Glucose Tolerance as Risk Factors for 
Cardiovascular Disease: The Framingham Study, 
Diabetes Care 2(2) (1979) 120-126. 

153. R. Liu, L. Li, C. Shao, H. Cai, Z. Wang, The 
Impact of Diabetes on Vascular Disease: 
Progress from the Perspective of Epidemics and 
Treatments, J Diabetes Res 2022 (2022) 
1531289. 

154. L. J. Melton III, P. Palumbo, L.R. Elveback, 
Incidence and prevalence of clinical peripheral 
vascular disease in a population-based cohort of 
diabetic patients, Diabetes care 3(6), (1980),  
650-654. 

155. W. Kannel, D. McGee, Update on some 
epidemiologic features of intermittent 
claudication: the Framingham Study, Journal of 
the American Geriatrics Society 33(1), (1985), 
13-18. 

156. A. Majid Khan, P. Lohana, P. Anvekar, S. 
Hassan Mustafa, R. Kumar, A. Lnu, P. Bhimani, 
S.R. Ali, A. Lnu, S. Hamad Ali Shah, Risk 
Factors of Peripheral Vascular Disease in 
Diabetes Mellitus in Abbottabad, Pakistan: A 
Cross-Sectional Study, Cureus 13(8), (2021), 
e17556. 

157. F. Gul, S.F. Janzer, Peripheral vascular 
disease, StatPearls [Internet], StatPearls 
publishing, 2023. 

158. H.W. Steer, H.S. Cuckle, P.M. Franklin, P.J. 
Morris, The influence of diabetes mellitus upon 
peripheral vascular disease, Surg Gynecol Obstet 
157(1) (1983) 64-72. 

159. J.J. van Netten, P.E. Price, L.A. Lavery, M. 
Monteiro-Soares, A. Rasmussen, Y. Jubiz, S.A. 
Bus, Prevention of foot ulcers in the at-risk 
patient with diabetes: a systematic review, 
Diabetes Metab Res Rev 32 Suppl 1 (2016) 84-
98. 

160. S.C. Wu, V.R. Driver, J.S. Wrobel, D.G. 
Armstrong, Foot ulcers in the diabetic patient, 
prevention and treatment, Vasc Health Risk 
Manag 3(1) (2007) 65-76. 

161. K.B. Hobizal, D.K. Wukich, Diabetic foot 
infections: current concept review, Diabet Foot 
Ankle 3 (2012). 

162. L. Nagendra, H. Boro, V. Mannar, Bacterial 
infections in diabetes, Endotext [Internet], 
(2022). 

163. E.L. Feldman, B.C. Callaghan, R. Pop-Busui, 
D.W. Zochodne, D.E. Wright, D.L. Bennett, V. 
Bril, J.W. Russell, V. Viswanathan, Diabetic 
neuropathy, Nat Rev Dis Primers 5(1) (2019) 42. 

164. J. Pirart, [Diabetes mellitus and its  
degenerative complications: a prospective study 
of 4,400 patients observed between 1947 and 
1973  
(3rd and last part) (author's transl)], Diabete 
Metab 3(4), (1977), 245-56. 

165. J.L. Edwards, A.M. Vincent, H.T. Cheng, E.L. 
Feldman, Diabetic neuropathy: mechanisms to 
management, Pharmacol Ther 120(1),  
(2008) 1-34. 

166. R.G. Nelson, D.M. Gohdes, J.E. Everhart, J.A. 
Hartner, F.L. Zwemer, D.J. Pettitt, W.C. 
Knowler, Lower-Extremity Amputations in 
NIDDM: 12-Yr Follow-Up Study in Pima 
Indians, Diabetes Care 11(1) (1988) 8-16. 

167. S. Smith, P. Normahani, T. Lane, D.  
Hohenschurz-Schmidt, N. Oliver, A.H. Davies, 
Pathogenesis of Distal Symmetrical 
Polyneuropathy in Diabetes, Life (Basel) 12(7) 
(2022). 

168. B.C. Callaghan, R.S. Price, E.L. Feldman, 
Distal Symmetric Polyneuropathy: A Review, 
Jama 314(20), (2015) 2172-81. 

169. J. Swain, A.K. Sahoo, P.A. Jadhao, S.L. 
Sravya, B.R. Teli, Addressing the Inertia: A 
Holistic Approach to Diabetic Foot Evaluation, 
Cureus 15(4), (2023) e37186. 

170. S.N. Bursac, S. Jandric, G. Talic, Influence of 
Diabetic Distal Symmetric Polyneuropathy on 
the Performance of the Musculoskeletal System 
of  
Lower Leg and Foot, Med Arch 73(4) (2019),  
262-267. 

171. E.J. Boyko, M. Monteiro-Soares, S.G. 
Wheeler, Peripheral arterial disease, foot ulcers, 
lower extremity amputations, and diabetes, 
Diabetes in America. 3rd edition (2018). 

172. C.W. Hicks, E. Selvin, Epidemiology of 
Peripheral Neuropathy and Lower Extremity 
Disease in Diabetes, Curr Diab Rep 19(10) 
(2019) 86. 

173. O. Hall, P. Brand, The etiology of the 
neuropathic plantar ulcer: a review of the 
literature and a presentation of current concepts, 
Journal of the American Podiatric Medical 
Association 69(3), (1979) 173-177. 

174. A.S. Matheus, L.R. Tannus, R.A. Cobas, C.C. 
Palma, C.A. Negrato, M.B. Gomes, Impact of 
diabetes on cardiovascular disease: an update, Int 
J Hypertens 2013 (2013) 653789. 



Dr. Ahmad Hoseinzadeh - Lower Limb Amputation and Diabetes …                                                                        27 

 

175. T.A. Miller, J.H. Campbell, N. Bloom,  
S.R. Wurdeman, Racial Disparities in Health  
Care With Timing to Amputation Following 
Diabetic Foot Ulcer, Diabetes Care 45(10) 
(2022),  
2336-2341. 

176. R.S. Most, P. Sinnock, The epidemiology of 
lower extremity amputations in diabetic 
individuals, Diabetes care 6(1) (1983) 87-91. 

177. A. Miller, A. Van Buskirk, W. Verhoek-
Oftedahl, E. Miller, Diabetes-related lower 
extremity amputations in New Jersey, 1979 to 
1981, The Journal of the Medical Society of New 
Jersey 82(9), (1985) 723-726. 

178. O. Ogbuawa, J. Williams, W. Henry Jr, 
Diabetic gangrene in black patients, Southern 
Medical Journal 75(3) (1982) 285-288. 

179. R.E. Pecoraro, G.E. Reiber, E.M.  
Burgess, Pathways to diabetic limb amputation.  
Basis for prevention, Diabetes Care 13(5) (1990), 
513-21. 

180. B.S.B. Rasmussen, K.B. Yderstraede, B. 
Carstensen, O. Skov, H. Beck-Nielsen,  
Substantial reduction in the number of  
amputations among patients with diabetes: a 
cohort study over 16 years, Diabetologia 59(1) 
(2016),  
121-129. 

181. A.M. Al-Wahbi, Impact of a diabetic foot care 
education program on lower limb amputation 
rate, Vasc Health Risk Manag 6 (2010) 923-34. 

182. S.L. Burns, G.P. Leese, M.E. McMurdo, Older 
people and ill fitting shoes, Postgrad Med J 
78(920), (2002) 344-6. 

183. S. Soulier, The use of running shoes in the 
prevention of plantar diabetic ulcers, Journal of 
the American Podiatric Medical Association 
76(7), (1986), 395-400. 

184. T. Thiruvoipati, C.E. Kielhorn, E.J. 
Armstrong, Peripheral artery disease in patients 
with diabetes: Epidemiology, mechanisms, and 
outcomes, World J Diabetes 6(7) (2015) 961-9. 

185. M. Nativel, L. Potier, L. Alexandre, L.  
Baillet-Blanco, E. Ducasse, G. Velho, M. Marre, 
R. Roussel, V. Rigalleau, K. Mohammedi, Lower 
extremity arterial disease in patients with 
diabetes: a contemporary narrative review, 
Cardiovascular Diabetology 17(1) (2018), 138. 

186. C.H. Tseng, Prevalence of lower-extremity 
amputation among patients with diabetes 
mellitus: is height a factor?, Cmaj 174(3) (2006) 
319-23. 

187. C.N. Hales, Non-insulin-dependent diabetes 
mellitus, Br Med Bull 53(1) (1997) 109-22. 

188. J.S. Carter, J.A. Pugh, A. Monterrosa,  
Non-insulin-dependent diabetes mellitus in 
minorities in the United States, Ann Intern Med 
125(3) (1996), 221-32. 

189. P. Palumbo, L. Melton, Peripheral vascular 
disease and diabetes (1985) In: Diabetes in 
America, Data compiled (1984) 1. 

190. B. Ebskov, P. Josephsen, Incidence of  
reamputation and death after gangrene of the 
lower extremity, Prosthetics and orthotics 
international 4(2), (1980) 77-80. 

191. M. Edmonds, M. Blundell, M. Morris, E.M. 
Thomas, L. Cotton, P. Watkins, Improved 
survival of the diabetic foot: the role of a 
specialised foot clinic, QJM: An International 
Journal of Medicine 60(2), (1986) 763-771. 

192. C.S. Molina, J. Faulk, Lower extremity 
amputation, StatPearls [Internet], StatPearls 
Publishing2021. 

193. M. Tresierra-Ayala, A.G. Rojas, Association 
between peripheral arterial disease and diabetic 
foot ulcers in patients with diabetes mellitus type 
2, Medicina Universitaria 19(76) (2017) 123-
126. 

194. T.I. Oliver, M. Mutluoglu, Diabetic foot ulcer, 
(2019). 

195. K. Al-Rubeaan, M. Al Derwish, S. Ouizi, 
A.M. Youssef, S.N. Subhani, H.M. Ibrahim, 
B.N. Alamri, Diabetic foot complications and 
their risk factors from a large retrospective 
cohort study, PLoS One 10(5) (2015) e0124446. 

196. M. Edmonds, C. Manu, P. Vas, The current 
burden of diabetic foot disease, J Clin Orthop 
Trauma 17 (2021) 88-93. 

197. T. Andrews, K.E. Sullivan, Infections in 
patients with inherited defects in phagocytic 
function, Clin Microbiol Rev 16(4) (2003) 597-
621. 

198. D.K. Wukich, K.B. Hobizal, M.M. Brooks, 
Severity of diabetic foot infection and rate of 
limb salvage, Foot Ankle Int 34(3) (2013), 351-
8. 

199. J.P. Burnham, M.H. Kollef, Treatment of 
severe skin and soft tissue infections: a review, 
Curr Opin Infect Dis 31(2) (2018), 113-119. 

200. V. Tzaneva, I. Mladenova, G. Todorova,  
D. Petkov, Antibiotic treatment and resistance in 
chronic wounds of vascular origin, Clujul Med 
89(3), (2016), 365-70. 

201. R. Frykberg, G. Kozak, Neuropathic 
arthropathy in the diabetic foot, American 
Family Physician 17(5), (1978) 105-113. 

202. G.W. Gibbons, Diabetic foot infections, 
Diabetes Educ 8(2) (1982) 16-7. 

203. M. Taberna, F. Gil Moncayo, E. Jané-Salas, 
M. Antonio, L. Arribas, E. Vilajosana, E. 
Peralvez Torres, R. Mesía, The Multidisciplinary 
Team (MDT), Approach and Quality of Care, 
Front Oncol 10 (2020), 85. 

204. P.G. Bowler, B.I. Duerden, D.G. Armstrong, 
Wound microbiology and associated approaches 
to wound management, Clin Microbiol Rev 
14(2), (2001) 244-69. 



28                                                                                              Iranian Journal of Surgery, Volume 33, Number 1, 1404 

 

205. P. Wuthisuthimethawee, S.J. Lindquist, N. 
Sandler, O. Clavisi, S. Korin, D. Watters, R.L. 
Gruen, Wound management in disaster settings, 
World J Surg 39(4), (2015) 842-53. 

206. J.L. Richard, A. Sotto, J.P. Lavigne, New 
insights in diabetic foot infection, World J 
Diabetes 2(2) (2011) 24-32. 

207. R. Berchiolli, G. Bertagna, D. Adami, F. 
Canovaro, L. Torri, N. Troisi, Chronic Limb-
Threatening Ischemia and the Need for 
Revascularization, Journal of Clinical Medicine, 
2023. 

208. A.E. Gunes, M. Cimsit, Can amputation be 
prevented in diabetic foot? Interdisciplinary 
approach to diabetic foot: a case report, Undersea 
Hyperb Med 44(2) (2017) 157-160. 

209. C. Lauri, A. Leone, M. Cavallini, A. Signore, 
L. Giurato, L. Uccioli, Diabetic Foot Infections: 
The Diagnostic Challenges, J Clin Med 9(6) 
(2020). 

210. L.J. Wheat, S.D. Allen, M. Henry, C.B.  
Kernek, J.A. Siders, T. Kuebler, N. Fineberg, J. 
Norton, Diabetic foot infections.  
Bacteriologic analysis, Arch Intern Med 146(10), 
(1986) 1935-40. 

211. O. Anyim, C. Okafor, E. Young, I.  
Obumneme-Anyim, C. Nwatu, Pattern and 
microbiological characteristics of diabetic foot 
ulcers in a Nigerian tertiary hospital, Afr Health 
Sci 19(1) (2019) 1617-1627. 

212. D. Dayya, O.J. O'Neill, T.B. Huedo-Medina, 
N. Habib, J. Moore, K. Iyer, Debridement of 
Diabetic Foot Ulcers, Adv Wound Care (New 
Rochelle) 11(12) (2022) 666-686. 

213. D.G. Armstrong, B.A. Lipsky, Diabetic foot 
infections: stepwise medical and surgical 
management, Int Wound J 1(2) (2004) 123-32. 

214. J. Apelqvist, J. Larsson, What is the most 
effective way to reduce incidence of amputation 
in the diabetic foot?, Diabetes Metab Res Rev 16 
Suppl 1 (2000) S75-83. 

215. P. Zahel, U. Beekmann, T. Eberlein, M. 
Schmitz, O. Werz, D. Kralisch, Bacterial 
Cellulose-Adaptation of a Nature-Identical 
Material to the Needs of Advanced Chronic 
Wound Care, Pharmaceuticals (Basel) 15(6), 
(2022). 

216. L. Yazdanpanah, M. Nasiri, S. Adarvishi, 
Literature review on the management of diabetic 
foot ulcer, World J Diabetes 6(1) (2015) 37-53. 

217. G.W. Gibbons, F.C. Wheelock, C. Siembieda, 
C.S. Hoar, J.L. Rowbotham, A.B. Persson, 
Noninvasive prediction of amputation level in 
diabetic patients, Archives of Surgery 114(11) 
(1979) 1253-1257. 

218. A. Hachmöller, [Outcome of minor 
amputations at the diabetic foot in relation to 
bone histopathology: a clinical audit], Zentralbl 
Chir 132(6) (2007) 491-6. 

219. G.W. Gibbons, The diabetic foot: amputations 
and drainage of infection, J Vasc Surg 5(5) 
(1987) 791-3. 

220. S. Zhang, S. Wang, L. Xu, Y. He, J. Xiang, Z. 
Tang, Clinical Outcomes of Transmetatarsal 
Amputation in Patients with Diabetic Foot Ulcers 
Treated without Revascularization, Diabetes 
Ther 10(4) (2019) 1465-1472. 

221. J.T. Kahle, M.J. Highsmith, H. Schaepper, A. 
Johannesson, M.S. Orendurff, K.  
Kaufman, Predicting Walking Ability Following 
Lower Limb Amputation: AN Updated 
Systematic Literature Review, Technol Innov 
18(2-3), (2016), 125-137. 

222. F.F. Bartlett, G.W. Gibbons, F.C. Wheelock, 
Aortic reconstruction for occlusive disease: 
comparable results in diabetics, Archives of 
Surgery 121(10), (1986) 1150-1153. 

223. E. Ugwu, O. Adeleye, I. Gezawa, I. Okpe, M. 
Enamino, I. Ezeani, Predictors of lower 
extremity amputation in patients with diabetic 
foot ulcer: findings from MEDFUN, a multi-
center observational study, Journal of Foot and 
Ankle Research 12(1) (2019) 34. 

224. X. Liao, S.H. Li, M.M. El Akkawi, X.B. Fu, 
H.W. Liu, Y.S. Huang, Surgical amputation for 
patients with diabetic foot ulcers: A Chinese 
expert panel consensus treatment guide, Front 
Surg 9 (2022), 1003339. 

225. M.S. Ranuve, M. Mohammadnezhad, 
Healthcare workers' perceptions on diabetic foot 
ulcers (DFU) and foot care in Fiji: a qualitative 
study, BMJ Open 12(8), (2022), e060896.

 




