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Management and rehabilitation of moderate-to-severe
diabetic foot infection: a narrative review

Chi Young An, Seung Lim Baek, Dong-Il Chun

Department of Orthopaedic Surgery, Soonchunhyang University Seoul Hospital, Seoul, Korea

Diabetic foot is one of the most devastating consequences of diabetes, resulting in amputation and possibly death. Therefore, early
detection and vigorous treatment of infections in patients with diabetic foot are critical. This review seeks to provide guidelines for the
therapy and rehabilitation of patients with moderate-to-severe diabetic foot. If a diabetic foot infection is suspected, bacterial cul-
tures should be initially obtained. Numerous imaging studies can be used to identify diabetic foot, and recent research has shown that
white blood cell single-photon emission computed tomography/computed tomography has comparable diagnostic specificity and sen-
sitivity to magnetic resonance imaging. Surgery is performed when a diabetic foot ulcer is deep and is accompanied by bone and soft
tissue infections. Patients should be taught preoperative rehabilitation before undergoing stressful surgery. During surgical procedures,
it is critical to remove all necrotic tissue and drain the inflammatory area. It is critical to treat wounds with suitable dressings after
surgery. Wet dressings promote the formation of granulation tissues and new blood vessels. Walking should begin as soon as the pa-
tient's general condition allows it, regardless of the wound status or prior walking capacity. Adequate treatment of comorbidities, in-
cluding hypertension and dyslipidemia, and smoking cessation are necessary. Additionally, broad-spectrum antibiotics are required to
treat diabetic foot infections.
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Introduction

In a narrow sense, diabetic foot refers only to wounds or ulcers on
the foot related to diabetes, but the term is generally used as a
broader diagnosis that includes various pathological conditions
that occur on the foot in patients with diabetes [ 1]. In Korea, it was
reported that the number of patients with diabetes reached 13.2%
of the total population in 2021 and exceeded 6 million people. Dia-
betic foot has a prevalence of 4% to 10% in diabetic patients, with
an annual incidence rate 0of 2.2% to 5.9%, and 25% of diabetic pa-

tients develop diabetic foot ulcers (DFUs) during their lifetime

[2]. These trends are expected to continue as the diabetic popula-
tion grows worldwide, resulting in significant medical, social, and
economic burdens.

Diabetic foot is a common cause of lower limb amputation, sec-
ond only to trauma [3]. The S-year survival rate of amputation for
DFU is believed to be less than 50% [4]. Previous research has also
found that amputation rates are related to patient clinical out-
comes, depending on the severity of the diabetic foot. Ahn [5] re-
ported that approximately 25% of patients with diabetes develop
diabetic foot during their lifetime, and 2% experience amputation.

Approximately 20% of patients with diabetic foot and moderate or
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severe infection have undergone partial foot amputation. Previous
studies have indicated that the treatment duration and mortality
rates increase with the severity of diabetic foot [6]. In addition, re-
currence after treatment is common, with approximately 40% of
patients reporting recurrence within 1 year and approximately 65%
within S years [7].

Therefore, early diagnosis and aggressive treatment of infections
in patients with diabetic foot are important and require continuous
management. In particular, moderate and severe diabetic foot in-
fections may require stringent management and rehabilitation. Al-
though previous studies have reported on the overall management
of diabetic foot, there is a lack of specialized reports on moderate
and severe infections. Moreover, this article aimed to describe
management and rehabilitation guidelines with a focus on moder-
ate and severe diabetic foot.

Preoperative care

1. Patient education
Patients with diabetes and their families who are at high risk for di-
abetic foot require broad education about risk factors and adequate
management. First, patients who have lost the protective sensation
in their feet must be educated on how to compensate for it and de-
tect lesions early [ 1].

Amputation results in difficulty walking, but recent advances in
rehabilitation exercises and prostheses have made it possible to
walk more smoothly than in the past. It is important to explain and

discuss amputation with the patient to avoid fear that it will pre-
vent them from walking properly.

Several studies have reported a high prevalence of psychiatric
disorders, including depressive disorders, in patients with diabetic
foot. DFU disturbs the daily lives of patients, altering sleep pat-
terns, impairing mobility, interfering with certain aspects of life
such as sexuality, and creating feelings of loneliness, powerlessness,
anxiety, and depression [8]. Strong relationships exist between
mental health conditions and the increased recurrence of foot ul-
cers. Therefore, it is important to identify and treat mental health
conditions before and after surgery through appropriate psychiat-
ric counseling and education for patients and caregivers [9,10].

2. Diagnosis and treatment

The management of diabetic foot requires a multidisciplinary ap-
proach that includes not only management of the foot itself but
also internal management, such as glycemic and blood pressure
control and nutrition, adaptation to daily life through appropriate
exercise and rehabilitation, and psychological management, which
will be discussed individually below.

Diagnosis begins with history-taking and physical examination.
During clinical examination, it is important to check the peripheral
pulses of the feet and signs of vascular insufficiency (of which hair
loss and muscle atrophy may be indicative) the presence of callus-
es, and the location of the ulcer. Ulcers are most common in
weight-bearing areas, such as the plantar metatarsal head, heel, tips

of hammer toes, and other prominent areas (Fig, 1).

Fig. 1. Clinical photos of diabetic foot ulcer. (A) Lateral aspect. (B) Dorsal aspect. (C) Volar aspect.
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Blood tests, such as white blood cell (WBC) count, erythrocyte
sedimentation rate, and C-reactive protein level, are commonly re-
quested to aid in diagnosis. However, they are neither sensitive nor
specific and are unlikely to be elevated in local or superficial infec-
tions [11].

Furthermore, patients with DFUs have higher blood levels of cy-
tokines and chemokines [ 12]. Interleukin levels are elevated in pa-
tients with DFU; along with the development of insulin resistance,
abnormal healing, and decreased ulcer healing [ 13 ]. Weigelt et al.
[12] reported that patients with DFU displayed elevated systemic
levels of macrophage inflammatory protein-1 alpha, migration in-
hibitory factor, and inducible protein-10, decreased RANTES
(regulated on activation, normal T cell expressed and secreted) lev-
els.

Bacterial cultures should be obtained if there is a suspicion of in-
fection in a diabetic foot or if there is an exudate (pus). The tissue
around the abscess, rather than the abscess itself, should be used as
a specimen, which should be obtained as deeply as possible.
‘Wound culture results from a diabetic foot are often polymicrobial,
where virulent pathogens (e.g., Staphylococcus aureus or beta-he-
molytic streptococci) that are isolated should be treated, and some
less virulent isolates (e.g., corynebacteria or coagulase-negative
staphylococci) are often contaminants or colonizers that may not
need targeted antibiotic treatment. The most common pathogens
in diabetic foot are aerobic gram-positive cocci, especially S. aureus,
and to a lesser extent, streptococci and coagulase-negative staphy-
lococci [ 14]. Blood cultures should also be performed if systemic
infection is suspected [15].

In addition, imaging studies are necessary to identify areas of in-
fection. In particular, for bone infections, which have a poor prog-
nosis, the gold standard for diagnosing osteomyelitis in diabetic
foot is bone biopsy; however, since this procedure is invasive, other
imaging tests, such as plain X-rays, magnetic resonance imaging
(MRI), bone scans, and WBC single-photon emission computed
tomography/computed tomography (SPECT/CT), have been
used to identify the infection site in diabetic foot. MRI is the best
radiological modality for examining soft tissue abnormalities and
may distinguish between soft tissue infections and osteomyelitis.
The most reliable diagnostic method is to track the ulcer or sinus
tract to the underlying bone and look for a low signal intensity on
T1-weighted images, which indicates the presence of marrow ede-
ma [16] (Fig. 2). Regarding specificity and diagnostic accuracy,
WBC SPECT/CT performs very well for osteomyelitis and soft
tissue infections [17]. WBC SPECT/CT effectively reflects dia-
betic foot osteomyelitis using intensity over a specified threshold.
This enables a more precise assessment of areas of elevated WBC
intensity, which has been demonstrated to indicate a poor progno-

sis even when restricted to soft tissue and not in contact with bone
[18] (Fig. 3). MRI has previously been utilized as a diagnostic test
for diabetic foot osteomyelitis; however, recent investigations have
found that WBC SPECT/CT offers similar diagnostic specificity
and sensitivity to MRI. Based on bone biopsies for the diagnosis of
diabetic osteomyelitis, Sherwood et al. reported that MRI had a
sensitivity of 70.6% and a specificity of 40.0%, whereas these val-
ues were 82.4% and 73.3%, respectively, for WBC SPECT/CT
[19].

Furthermore, ankle-brachial index, transcutaneous oximetry,
and CT angiography can be used to assess peripheral blood vessel
perfusion in diabetic foot, while monofilament and pin-prick tests
can be used to assess peripheral nerve damage (Fig. 4). These tests
can assist in evaluating whether a patient requires percutaneous
transluminal angjoplasty prior to surgery and whether the patient’s
clinical outcome can be enhanced with medication [7].

There are several classifications for more systematic diagnosis
and treatment. Diabetic foot is categorized into different grades ac-
cording to international community guidelines. Each classification
system for diabetic foot is slightly different but is based on the
guidelines published by the International Working Group on the
Diabetic Foot in 2019. Most classification systems categorize grade

3 (moderate) as an infection that extends more than 2 cm around

Fig. 2. Magnetic resonance imaging (MRI) of diabetic foot
ulcers shows bone marrow edema, diffuse soft tissue edema,
and cortical irreqularity. (A) Axial T1-weighted MRI shows
ill-defined heterogeneous low signal intensity change with
cortical destruction in the right 4th toe. (B) Axial T2-weighted
fat-suppressed MRI shows high signal intensity in the prox-
imal, middle, and distal phalanx of the right 4th toe which
may indicate osteomyelitis.

https://doi.org/10.12701/jyms.2023.00717 345



An et al. Management of diabetic foot infection

Fig. 3. White blood cell single-photon emission computed tomography/computed tomography of diabetic ulcer demonstrates
focal abnormal leukocyte accumulations in the right 5th toe which indicates active infection or inflammation with suspicion of

bone involvement in the proximal phalanx.

Fig. 4. Computed tomography angiography shows diffuse atherosclerosis with multifocal ulcers on aortoiliac and lower extremity
arteries and near occlusion on the anterior tibial artery and posterior tibial artery.

the lesion, forms an abscess or gangrene in the deep tissue, or in-
volves muscles, tendons, joints, or bones, while grade 4 (severe) is
a systemic infection that includes changes in vital signs such as fe-
ver and hypotension [20,21] (Table 1).

Other classification systems exist, such as the Wagner classifica-
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tion system; the Wound, Ischemia, and Foot Infection classifica-
tion system; and the University of Texas classification system.
However, in general, moderate or severe infection refers to infec-
tion of deep tissues such as tendons, joints, or bones, or systemic

symptoms such as sepsis [22].
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Table 1. Guidelines of International Working Group on the Diabetic Foot/Infectious Diseases Society of America system

Clinical manifestations Infection severity PEDIS grade
Wound lacking purulence or any manifestations of inflammation Uninfected 1
Presence of >2 manifestations of inflammation (purulence, erythema, tenderness, warmth, or induration), but Mild 2
any cellulitis/erythema extends
2 cm around the ulcer, and infection is limited to the skin or superficial subcutaneous tissues; no other local
complications or systemic illness
Infection (as above) in a patient who is systemically well and metabolically stable but has > 1 of the following Moderate 3
characteristics: cellulitis extending >2 cm, lymphangitic streaking, spread beneath the superficial fascia,
deep-tissue abscess, gangrene, and involvement of muscle, tendon, joint, or bone
Infection in a patient with systemic toxicity or metabolic instability (e.g., fever, chills, tachycardia, hypotension, Severe 4

confusion, vomiting, leukocytosis, acidosis, severe hyperglycemia, or azotemia)

PEDIS, perfusion, extent, depth, infection, and sensation.

Adapted from 2023 International Working Group on the Diabetic Foot guidelines [21].

3. Wounds

1) Ulcers

Ulcers typically occur in patients with diabetes who have one or
more risk factors, such as diabetes-related peripheral neuropathy
and/or peripheral artery disease (PAD). Foot deformity, loss of
protective sensibility, and reduced joint motion can result in an ab-
errant biomechanical load on the foot. This causes considerable
mechanical stress in specific regions, frequently resulting in skin
thickening (calluses). Calluses are often accompanied by subcuta-
neous hemorrhages and skin ulcers, which further increase the
load on the feet. PAD is commonly caused by atherosclerosis,
which is present in up to 50% of these patients and is an important
risk factor for damaged wound healing, gangrene, and lower ex-
tremity amputation [23].

2) Dressings

Diabetic foot wounds should be evaluated for size, depth, and
placement before appropriate wound dressings are applied. The
goal of dressing is to remove debris and necrotic tissue from the
wound, absorb exudate, and maintain a reasonable amount of
moisture on the wound surface to protect against injury and infec-
tion and aid in regeneration. Various dressing formulae are avail-
able, and it is critical to select the correct formula for wound care.
In superficial ulcers, if there are no significant problems with lower
extremity blood flow, methods include closed wound care with
gauze, film, hydrocolloid, hydrogel, or foam; dressings with various
growth factors, collagen, and other materials; topical drug therapy
such as Dermagraft (Organogenesis, Canton, MA, USA); hyper-
baric oxygen therapy; and total contact casting [ 15]. However, as
simple wound dressings cannot remove infected necrotic tissue
from deeper tissues, surgical intervention is frequently needed to
treat full-thickness ulcers or gangrene involving bone [24].

4. Preoperative exercises

Patients in good systemic condition with the capacity to walk be-
fore amputation are very likely to achieve high physical function
during rehabilitation after amputation [25]. Patients who have had
trouble walking for a long time before amputation, in contrast, will
have a longer recovery period and will frequently be unable to re-
store their walking capacity even after much time and effort.
Therefore, walking and activity should be permitted, encouraged,
and promoted to the extent that systemic conditions allow [9]. Pa-
tients and their caregivers should also be educated and supported
in performing rehabilitation exercises [26].

Preoperative physical therapy, sometimes known as ‘pre-rehabil-
itation, is the process of preparing the body to tolerate the stressful,
postoperative episodes of inactivity [27]. These pre-rehabilitation
programs, which often begin 4 to 6 weeks before surgery, comprise
repetitive physical exercises, preferably in conjunction with occu-
pational therapy, psychological assessment, and education. Chest
physiotherapy, breathing exercises for lung expansion that may re-
duce postoperative pneumonia, muscle and joint mobility training,
and functional preservation are all part of the preoperative pro-
gram [28,29].

Surgery

‘Widely known surgical treatments are described briefly below. Sur-
gical treatment of DFU is performed when the ulcer is deep and
accompanied by bone and soft tissue infections. Surgical treat-
ments are divided into three main types: (1) debridement, (2) re-
construction, and (3) amputation [29]. In diabetic foot infections,
itis critical to remove all necrotic tissue and drain the inflammato-
ry material. Amputation may also be considered to remove infect-

ed necrotic tissue, which is unlikely to recover [1].
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1. Debridement

Debridement is used to prevent ulceration of infected or nonviable
tissues. If vasculopathy is mild, hyperkeratotic tissue, fibrin, eschar,
biofilm, and necrotic tissue should be removed, and drainage
should be conducted until healthy, well-bleeding tissue is present.
The most popular technique, sharp debridement, involves the re-
moval of necrotic tissue using a knife or scissors. Sharp excisional
debridement decreases the bacterial load and stimulates contrac-
tion and wound epithelialization [30]. The wound should then be
dressed appropriately according to its condition to encourage the
development of healthy granulation tissue [31].

2. Reconstruction

The goals of reconstruction are to restore bipedal ambulation, cor-
rect skeletal deformities, and prevent ulcerative recurrence. The re-
constructive options include skin grafts, local flaps, and free flaps.
The flap must have an adequate blood supply, restore sensation
while maintaining protective sensation under weight-bearing, and
be sturdy enough to withstand the shear pressures experienced
while walking [30]. Identifying the patient’s preoperative status is
critical prior to surgical intervention. The patient’s status includes
comorbid conditions, vascular insufficiency, infection control, and
foot deformities. Flap-based reconstruction is generally impossible

in patients with severe vascular problems [32].

3. Amputation

Amputation is currently the optimal choice when there is evidence
of necrosis due to infection or ischemic injury that does not re-
spond to conservative treatment. However, given that patients with
diabetes who undergo amputation surgery are significantly less
able to perform activities of daily living after amputation and are
more likely to die within S years, there have been recent attempts
to perform limited amputations that spare as much of the heel as

possible while performing additional procedures to improve sur-

Table 2. Characteristics and applications of the dressing agents

vival [30]. Depending on the location of the amputation, there are
several options, including toe, transmetatarsal, Lisfranc, Chopart,
Syme, below-knee, and above-knee amputations [9]. A multidisci-
plinary approach, as well as strict identification of the amputation
type and plane, is recommended for effective treatment [26]. Prox-
imal amputation is less likely to result in postoperative wound
problems, and patients do not want to undergo repeated anesthesia
and surgery. However, amputation is irreversible, and it is import-
ant to minimize the area of amputation and consider its function
after amputation [ 15,33].

Postoperative care and rehabilitation

1. Wound care

After surgical treatment, managing the wound using proper dress-
ings is important [27]. Wet dressings promote the formation of
granulation tissue and new blood vessels, promoting wound heal-
ing. Therefore, various dressing formulations should be used to
keep the wound moist; in cases of infection, antibacterial dressing
formulations may be used [15,33]. It is important to understand
the effectiveness of various dressing products and select one that
suits the condition of the wound [5,34] (Table 2).

In negative-pressure wound therapy (NPWT), a wound dress-
ing is applied with constant or intermittent negative pressure to
drain the tissue fluid from the area and collect it in a canister [31].
NPWT can be used for chronic wounds with high exudates that
have not healed in a long time and have soft tissue defects. This
provides negative pressure on the wound area to encourage the
production of granulation tissue [ 15]. However, wound macera-
tion, dressing retention, and wound infection are possible side ef-
fects [31].

2. Rehabilitation after surgery (including amputation)
Patients undergoing amputation frequently have poor gait prior

Dressing type

Characterisitic

Animal origin (i.e., collagen sponge) Porous, hydrophilic properties, high absorption ability, unable to retain, and expensive

Plant origin (i.e., cotton)
sorption ability of 15-25 g/g

Mostly made of cellulose, viscose, or a combination of both, highly adherent to the skin, mostly double layered, and

Synthetic origin (i.e., polyurethane) Inexpensive, pores distribution of about 200-300 pores/cm?’, high strength properties, and mostly double layered

Transparent, maintains a moist wound environment, facilitate autolytic debridement, and appropriate for wound

Occlusive, inhibition of bacteria growth, appropriate for wounds with low to moderate drainage, encourage autolytic

Alginate Fibrous, highly absorbent, need a secondary dressing, and hemostat
Hydrogel
with low to moderate exudate
Hydrocolloid
debridement, and great adhesion property
Medicated

Shorter use period, prevent wound infections, facilitate removal of necrotic tissues, and promotes tissue regeneration

Adapted from Rezvani Ghomi et al. [34] according to the Creative Commons License.
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to surgery, and their ambulatory ability deteriorates following
surgery. Delirium can occur after surgery, resulting in prolonged re-
covery time, difficulties with postoperative care, and longer hospi-
tal admissions. This impedes the recovery of ambulation [35]. In
addition, pulmonary emboli from deep vein thrombosis and pneu-
monia may occur because of immobilization [36]. Immobilization
after amputation can further disrupt ambulatory recovery and cre-
ate a vicious cycle. Therefore, active gait training following ampu-
tation is critical for improving the patient’s overall condition [9].

Strength training should be resumed immediately after surgery
to prevent muscle loss and atrophy. Weakness in the lower extremi-
ties can affect other joints in the ipsilateral or contralateral lower
extremities, causing other problems [9].

Repetitive joint exercises should be performed immediately after
surgery because contractures can occur in the remaining joints after
amputation. Joint exercises should be performed to avoid equinovar-
us deformity of the ankle joint and flexion contracture of the knee
joint. To prevent equinovarus deformity of the ankle joint, it is neces-
sary to constantly stretch the Achilles tendon and, in severe cases,
wear a prosthetic leg to prevent the deformity from persisting [9].

After surgery, if the patient’s general condition allows ambula-
tion should begin as early as possible using a wheelchair, crutches,
or other walking aids, regardless of the wound condition and pre-
operative walking ability. This is essential for maintaining pre-am-
putation gait and balance; maintaining athletic performance, in-
cluding cardiorespiratory endurance; and improving joint range of

motion and muscle strength [9].
3. Systemic management

1) Metabolic and lifestyle adjustments
The metabolic control of blood glucose is related to wound heal-

ing. In addition, hyperglycemia impairs leukocyte migration and
phagocytosis and decreases bactericidal activity. Furthermore, the
patient’s systemic nutritional status should be evaluated, and addi-
tional nourishment should be administered orally and intrave-
nously if the patient is malnourished [ 15]. Adequate treatment of
comorbidities such as hypertension and dyslipidemia is important,

as is smoking cessation [37].

2) Antibiotic treatment

Broad-spectrum antibiotics are essential for the treatment of dia-
betic foot infections. Multidisciplinary care is recommended be-
cause antibiotic selection should be based on various factors, in-
cluding patient comorbidities, renal function, dialysis status, and
community microbial prevalence [22].

Antibiotic selection should be based on the relatively common
causal organisms of the infection, regardless of whether the organ-
ism has been identified. Common organisms include S. aureus,
Streptococcus, Enterobacter cloacae, and Pseudomonas aeruginosa,
with Staphylococcus being responsible for high-risk infections that
lead to amputation. In contrast, diabetic foot infections are usually
mixed infections, and first-line empiric antibiotics include ampicil-
lin-sulbactam, amoxicillin-clavulanic acid, clindamycin, fluoro-
quinolones, and first-grade cephalosporins [36].

Several principles should be considered during antibiotic thera-
py. Antibiotics should be used that are efficient against aerobic
gram-positive organisms such as S. aureus. As a rule, a narrow-spec-
trum, first-generation cephalosporin or nafcillin that is effective
against gram-positive bacteria is appropriate for mild acute infec-
tions. However, in chronic diabetic foot infections that have previ-
ously been treated with antibiotics, the possibility of polymicrobial
infections, including gram-negative membranous bacteria, should
be considered [22]. The duration of treatment in cases with osteo-

Table 3. Postoperative management including metabolic and lifestyle adjustments and antibiotic treatment

Metabolic and lifestyle adjustment

Antibiotic treatment

Blood glucose control

Assessment of oral and intravenous nutrition

Adequate control of comorbidities (e.g., hypertension, dyslipidemia)
Smoking cessation

Antibody choice for common causative organisms
Frequently mixed infections

1st line antibiotics
Ampicillin-sulbactam
Amoxicillin-clavulanic acid
Clindamycin
Fluoroquinolones
First-grade cephalosporins

Mild acute infections

First-grade cephalosporin
Nafcillin

Chronic infections

Consider polymicrobial infections (e.g., gram-negative bacteria)

2-4 weeks use of antibiotics
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myelitis should be determined by the surgical method and extent
of infected residual tissue [22] (Table 3).

The management of diabetic foot requires a multidisciplinary
approach that includes not only management of the foot itself but
also internal management (such as glycemic and blood pressure
control and nutrition), adaptation to daily life through appropriate

exercise and rehabilitation, and psychological management.

Conclusion

Diabetic foot is not caused by a single factor, but rather by a combi-
nation of factors that contribute to its development and treatment.
In diabetic foot with moderate or severe infections, a broad medi-
cal understanding and multidisciplinary approach are required, in-
cluding perioperative management, surgical method selection, pa-
tient education, exercise and rehabilitation, metabolism and nutri-
tion, and overall lifestyle modifications. To prevent and treat com-
plications in patients with diabetic feet, a multidisciplinary treat-
ment plan should be developed, and aggressive rehabilitation
should be the treatment of choice, along with early medical and

surgical management.
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