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Background: Curative surgery is performed for a foot with ulcers and loss of protective sensation to heal
the wound and prevent amputation. Evidence supports that patients with diabetes have decreased
Key words:
diabetic foot surgery
diabetic foot ulcer
epidermal growth factor
neuropathic ulceration
wound healing
x.doi.org/10.1016/j.curtheres.2017.03.003
3X/& 2017 Published by Elsevier GmbH. This

ress correspondence to: Aristides L. Garcia
ity of Medical Sciences, Calle 99, No. 34409
tanzas, Cuba 40100.
ail address: aristides.mtz@infomed.sld.cu (A.L
a b s t r a c t

concentrations of growth factors in their tissues, notably epidermal growth factor (EGF). Injecting EGF
deep into the bottom of the wound and its contours encourages a more effective response in terms of
granulation tissue growth and wound closure.
Objective: To assess the effectiveness and safety of curative metatarsal bone surgery combined with
intralesional administration of human recombitant EGF in neuropathic diabetic forefoot ulceration.
Methods: A prospective, open-label study of the effectiveness and safety of curative metatarsal bone
surgery combined with intralesional administration of human recombitant EGF in neuropathic ulceration
of the forefoot in patients with diabetes was conducted on a convenience sample of 212 patients with
diabetes who had a total of 231 neuropathic ulcerations of the forefoot. The eligibility criteria included
normal physical activity without a history of minor amputation and meeting the inclusion criteria
without meeting any of the exclusion criteria in the Vascular Surgery Service of the Clinic Surgical
Hospital “José R. López Tabrane” from January 2009 to May 2015. The follow-up process ended in
November 2015, which was based on nonprobability consecutive sampling of 128 patients with diabetes
who had a total of 131 foot ulcers in the treatment group and 84 patients with diabetes who had a total
of 100 foot ulcers in the control group.
Results: The groups had comparable demographic and baseline characteristics. In the recombitant
human EGF study group, there was a 2.1-fold shorter time of re-epithelization (healing), less recidivism,
and a 2.3-fold decrease in lesions, which favored the selected treatment. The safety profile was
appropriate according to the low frequency of complications and the light or moderate characteristics
of the complications. Only shivering and fever were more frequent in the recombitant human EGF-
treated group.
Conclusions: The combination of curative metatarsal bone surgery with intralesional administration of
recombinant human EGF resulted in a significant reduction in the re-epithelization time, recidivism, and
development of new diabetic lesions. The safety profile was appropriate. However, more randomized,
triple-blind, and placebo trials are needed to evaluate the efficacy and safety of this new therapy.
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Introduction

The incidence of diabetic foot disease is on the rise throughout
the world.1 The prevalence of foot ulceration among patients with
diabetes mellitus ranges from 1.3% to 4.8% in community-dwelling
populations2 to 12% among hospitalized patients.3 Diabetic foot
ulcers (DFUs) have a major influence on a patient as well as on the
health care system.4 These ulcers tend to heal slowly and require
e CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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intensive care, and healing can be complicated by infection and
gangrene, leading to long-term hospitalization and/or
amputation.5

Although the pathophysiology of DFU is multifactorial, periph-
eral vascular disease, neuropathy, and infection are the 3 primary
pathologic components that contribute to diabetic foot complica-
tions, and they frequently occur simultaneously as an etiologic trio.
Important factors that contribute to these conditions include
altered biomechanics and poor-quality shoes.6,7 Each of these
components is usually insufficient to cause ulceration, but the
combination of 2 or more factors typically results in a poorly
healing foot ulcer.8

Several lines of evidence suggest that, apart from repetitive
biomechanical stress and impaired tissue perfusion, DFUs are
intrinsically defective for wound healing.9 Recruitment of leuko-
cytes is an important early event in wound healing,10 and several
lines of evidence suggest that the formation of advanced glycation
end products may contribute to impaired wound healing.11

Advanced glycation end products result from a defective inflam-
matory response to tissue damage as well as glycation of skin
collagen and are possibly components of factors that impair matrix
degradation.12 In addition, the reduced levels of active growth
factors in the wound environment may partially explain why some
wounds fail to heal.13

Chronic ulcers are known to have reduced levels of platelet-
derived growth factor, basic fibroblast growth factor, epidermal
growth factor, and transforming growth factor compared with
acute wounds. It has been suggested that growth factors in DFUs
may become trapped by extracellular matrix molecules or may be
excessively degraded by proteases, resulting in nonhealing.
Ulcerations may result from enhanced degradation of growth
factors. Abnormalities have also been observed in the proliferative
capacity of the fibroblasts of patients with diabetes when compar-
ing fibroblasts derived from normal skin with those from foot
ulcers.14,15 The mechanism of this decreased fibroblast prolifer-
ation is unclear, but could be caused by impaired cellular respon-
siveness to 1 or more growth factors.16

The morphologic and functional changes demonstrated in
diabetic populations are more frequent in a neuropathic foot and
increase the shear stress of the foot.17 Pressure is a factor in 90% of
diabetic plantar ulcers, and the pressure must be modified
or removed. Pressure-induced ischemia occurs in tissues over
weight-bearing bony areas during ambulation and standing.
Neuropathy prevents the perception of protective pain, increasing
the potential for tissue breakdown.18

Chronic wounds represent a major health burden and drain on
resources. Recent advances in our understanding of chronic wound
biology have led to the development of several new treatments
that offer renewed hope to patients with ulcers and other chronic
wounds.19

The principal objective of treatment is to close the wound.14–17

Curative surgery is performed on a foot with ulcers and loss of
protective sensation with the objective of achieving healing and
avoiding amputation.20 The adjuvant therapies act through differ-
ent mechanisms to re-establish normal wound conditions.13

Growth factor therapy is considered to be an adjuvant therapy
and key element in the maintenance of tissue integrity and
intercellular communication. Preclinical and clinical studies have
suggested that intralesional administration of rh-EGF is safe and
efficacious for normal wound healing in DFUs.20–23

Whereas curative metatarsal bone surgery focuses on acceler-
ating the wound healing process of DFU, there is insufficient
information to support the combination of this surgical procedure
with the intralesional administration of rh-EGF. Therefore, we
assessed the effectiveness and safety of this novel procedure for
healing DFUs and avoiding amputation.
Materials and Methods

Study Design

A curative surgery trial was conducted on a convenience
sample of 212 patients with diabetes who had a total of 231
neuropathic ulcerations of the forefoot. The eligibility criteria
included normal physical activity with no history of minor
amputation. Eligible patients were referred to the Vascular Surgery
Service of the Clinic Surgical Hospital “José R. Lopez Tabrane” from
January 2009 to May 2015 and were followed through November
2015. There were 128 patients with diabetes with a total of 131
foot ulcers included in the treatment group and 84 patients with
diabetes with a total of 100 foot ulcers in the control group.

To be eligible to participate, patients needed to provide
informed consent for the surgical procedure, be at least age 18
years, have a documented diagnosis of type 1 or type 2 diabetes
according to the criteria of the Latin-American Association of
Diabetes 2000 Guide, have a documented diagnosis of neuropathic
ulceration of the forefoot, and lack clinical manifestations of
peripheral arterial disease or soft tissue infection.

Patients were not eligible to participate if they had a history of
chronic uncompensated diseases, including cardiopathy with
myocardial infarction, unstable angina, or cardiac insufficiency
with edema during the past 3 months; diabetic coma; hepatic
insufficiency; moderate to grave renal function or renal failure
(creatinine 4200 mmol/L and oliguria); hemoglobin o100 g/L;
antecedents or suspicion of malignant diseases; psychiatric dis-
eases that compromise treatment or evaluations; pregnancy or
currently breastfeeding; or hypersensitivity to the product or any
of its components. In the assessment of efficacy, the main response
variable was the proportion of patients with complete healing
(defined as epithelization and complete closure of the lesion
without secretion or the need for dressing). Secondary variables
for the effectiveness included recidivism and the development of
new lesions.

The safety variables included the type, duration, intensity,
seriousness, and treatment. The assessments of safety included a
physical examination, interview, and clinical laboratory parame-
ters. The severity of adverse events was classified as mild if no
therapy was necessary; moderate if a specific treatment was
needed; and severe in case of death, life-threatening disease, or
hospitalization or its prolongation.

The control variables included age, gender, ethnicity, type of
diabetes mellitus (type 1 or 2), time of evolution of the diabetes
mellitus, current treatment for the diabetes (oral hypoglycemic
drugs or insulin), stage according to the Wagner Grading System
for Diabetic Foot Infections; stage according to the perfusion,
extent/size, depth/tissue loss, infection, and sensation (PEDIS)
classification; presence of osteomyelitis; time of evolution of the
current ulcer (in weeks); and type of curative metatarsal bone
surgery.

Treatment Protocol

After patients were selected for enrollment in the study, they
were fully informed of the nature of the study and provided
written informed consent. During the primary assessment, a
detailed past medical history was taken that identified the
duration since the diagnosis of diabetes, previous ulcers, treat-
ments used, and allergies to drugs.

A comprehensive, thorough physical examination of the lower
extremities and ulcers was performed by trained physicians. Photo-
graphs of the wounds were taken, and the exact surface area of the
wound was measured. Baseline laboratory tests were performed to
determine the complete blood count; erythrocyte sedimentation
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rate; fasting blood sugar; lipid profile; serum phosphorus, calcium,
sodium, potassium, and amylase; and liver and renal function tests
as well as a vascular evaluation were performed.

After the evaluation, the methodology of treatment was similar
for the 231 neuropathic forefoot ulcerations included in the
investigation, which involved the following steps:
1.
Tab
Dem

V

A
G

E

T

T
T
W

P

DM

typ
Surgical or sharp debridement of all of the hyperkeratosis or
necrotic tissue.
2.
 Group A underwent curative metatarsal bone surgery (accord-
ing the specific indication) and intralesional application of hr-
EGF (Heberprot-P, Center for Genetic Engineering and Biotech-
nology (CIGB), Havana, Cuba) for the standard method. The
lyophilized formulation of 75 mg was given 3 times per week
until the wound healed (re-epithelization; defined as the
absence of need for a local dressing and bandages) or until 24
doses (8 weeks of treatment).
3.
 Group B, the control group, underwent curative metatarsal
bone surgery alone (according the specific indication).

The following indications were established for each surgery type:

Osteotomy
Performed in the presence of neuropathic ulceration in the

projection of the metatarsal head without evidence of osteomye-
litis according to the criteria of the Diabetic Foot Study Group from
the Europe Association for the Study of the Diabetes.

Decapitation
Performed in the case of neuropathic ulceration in the projec-

tion of the metatarsal head with evidence of osteomyelitis accord-
ing to the criteria of the Diabetic Foot Study Group from the
Europe Association for the Study of the Diabetes.

Statistical Analyses

Statistical analyses of the results were performed using
SPSS version 19.0 for windows (IBM-SPSS, Inc, Armonk, NY).
Exploratory analyses for each variable (main, secondary,
and control) were performed to evaluate their global behaviors
and evaluate the hypothesis of applying proper statistical tests
in the assessment stage. With the quantitative variables, the
measurements of the central tendency and dispersion were
estimated.
le I
ographic characteristics and baseline clinical findings, 2009–2015.*

ariable

ge, y
ender Female

Male
thnicity Asian

White
Mestizo
African descent

ype of DM Type 1
Type 2

ime of evolution of diabetes mellitus, y
ime of evolution of the DFU, wk
agner grade 2

3
EDIS 1

2

¼ diabetes mellitus; DFU ¼ diabetic foot ulcer; PEDIS ¼ perfusion, extension, dee
n Values for age, time of evolution of diabetes mellitus, and time to diabetic foot ulce
e are significant at P o 0.05, based on χ2 test.
For all variables (quantitative and qualitative), the logistic
regression model was adjusted to study the influence of
each variable and their interactions on the response to the
treatment and occurrence of serious adverse events (at 2 weeks).
In case any statistically significant dependence(s) is/are detected,
confirmatory analysis with the main variable should envisage
it/them as covariable(s) or stratum (strata). The hypothesis that
there was a difference between independent qualitative and
dependent quantitative variables was established by calculating
the odds ratio (OR) with a probability of P o 0.05 indicating
statistical significance.
Ethics

The protocol was approved by the institutional review board
of the Clinic Surgical Hospital “José R. Lopez Tabrane,”
Matanzas City, Cuba. The protocol was also approved by the
institutional review board of the University of Medical
Sciences, Matanzas City, Cuba. Patients were fully informed about
the aim of the study and they were told that their participation
was optional. Written informed consent was obtained from each
participant.
Results

Basic Characteristics

Two hundred twelve subjects with diabetes with a total of 231
forefoot neuropathic ulcerations who met the eligibility criteria
(inclusion and exclusion) were included in this study (Table I). The
mean age of participants was 56.5 years in the treated group and
56.7 in the control group. In both groups, there was a predom-
inance of women, the ethnicity was mixed, and most had type
2 diabetes with a time of evolution of 13.8 years in Group A versus
14.2 years in Group B. The characteristics of the wound were a
time of evolution of 7.3 weeks in the treatment group and
7.4 weeks in the control group. According to the Wagner Grading
System, grade 2 was the most prevalent and he infection was
PEDIS grade 1. According to this finding, it is possible to establish
that the groups were comparable according to their demographic
and baseline characteristics.
Group A: Treatment (n ¼ 131) Group B: Control (n ¼ 100)

56.4 (5.3) 56.7 (5.8)
73 (55.7) 56 (56)
58 (44.3) 44 (44)
8 (6.1) 3 (3)
32 (24.4) 23 (23)
58 (44.3) 45 (45)
33 (25.2) 29 (29)
4 (3) 3 (3)
127 (97) 97 (97)
13.8 (5.5) 14.2 (5.1)
7.3 (2.1) 7.4 (1.9)
86 (65.6) 62 (62.6)
45 (34.4) 38 (37.4)
86 (58.1) 62 (56.5%)
45 (41.9) 38 (43.5)

p, infection and sensibility classification.

r are presented as mean (SD). Other values are presented as n (%). Values in boldface
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Figure 1. Time of re-epithelialization (days) in the metatarsal bone surgery in
combination or not with the administration of intralesional human recombinant
epidermal growth factor (EGFhr), Matanzas, Cuba, 2009–2015.

Table II
Adverse events in both groups, Matanzas, Cuba, 2009–2015.

Complication Group A: Treatment Group B: Control

No % No %

Hematomas 9 5.6 10 10.2
Local infections 4 1.9 6 3.6
Local pain 3 1.6 4 2.4
Shivering 2 1.2 – –

Border necrosis 1 0.6 2 1.2
Fever 1 0.6 – –
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Efficacy Assessment

Evaluation of the time of re-epithelization (healing) shows a
significant reduction in favor of the treatment group from 56.3 to
21.7 days (Fig. 1) for the patients who underwent metatarsal head
resection and from 47.3 to 26.7 days for patients who underwent
metatarsal osteotomy. The logistic regression model (Table III)
exhibits a bad prognosis factor as the presence of osteomyelitis
(OR, 2.3)

The recidivism (Fig. 2) for metatarsal head resection showed a
reduction from 43% in the control group to 3.9% in the treated
group, and there were similar results in the metatarsal osteotomy
group, which diminished from 31% to 3.1%. The logistic regression
model (Table III) shows a bad prognosis for the presence of
osteomyelitis (OR, 6.22), Wagner grade 3 (OR, 1.32), and a
protective minor time of evolution of diabetes mellitus (OR, 0.12)
and older people (OR, 0.15).

The rate of new lesions (Fig. 3) in the metatarsal head resection
group reduced from 56% to 26%, whereas it reduced from 65% to
27% in the metatarsal osteotomy group. Multivariate analysis
(Table III) established the risk factors as the presence of osteo-
myelitis (OR, 2.7) and the minor time of evolution of diabetes as
protective (OR, –0.07).
Table III
Logistic models results in the predictive variables. Matanzas, Cuba, 2009–2015.*

Predictive variables Healing time (re-epitheliz

Age o45 y 0.32
Age 45–55 y 0.50
Age 56–65 y 0.37
Age 465 y 0.61
Male 0.93
Female 0.13
Ethnicity white 1.00
Ethnicity black 0.32
Ethnicity mixed 0.92
Type 1 diabetes mellitus 0.19
Type 2 diabetes mellitus 0.62
o5 y evolution of diabetes mellitus 0.72
5–10 y evolution of diabetes mellitus 0.39
11–15 y evolution of diabetes mellitus 0.41
More than 15 y evolution of the diabetes mellitus 0.32
Current treatment for the diabetes (oral drugs) 0.27
Current treatment for the diabetes (insulin) 0.22
3 Wagner’s grade 0.51
4 Wagner’s grade 0.37
PEDIS 1 0.32
PEDIS 2 0.61
Osteomyelitis 2.3
o6 wk evolution of the current ulcer 0.29
More than 6 wk evolution of the current ulcer 0.19
Metatarsal osteotomy 0.37
Metatarsal decapitation 0.25

PEDIS = perfusion, extension, deep, infection and sensibility classification
n Values are presented as odds ratio (95% CI). Values presented in boldface type are
Assessment of the Safety Results

Safety wasmonitored daily during treatment and over 6 months
after the beginning of the study. The patients were also evaluated
for adverse drug reactions (Table II). The most frequent complica-
tions in the treatment group was a hematoma, which was
observed in 5.6% (n ¼ 9), followed by local infections 1.9% (n ¼
4), local pain 1.6% (n ¼ 3), shivering 1.2% (n ¼ 2), border necrosis
0.6% (n ¼ 1), and fever 0.6% (n ¼ 1). The control group had a
hematoma in 10.2% (n ¼ 10), local infection in 3.6% (n ¼ 6), local
pain in 2.4% (n ¼ 4), and border necrosis in 2.2% (n ¼ 2).

Multivariate analysis showed risk factors of osteomyelitis (OR,
1.8) and PEDIS grade 2 (OR, 1.7). The protective factors were female
sex (OR, –0.885) and insulin therapy (OR, –0.479). There were no
minor or major amputations reported as an outcome of treatment.
ation) Recidivism New lesson Adverse drug reactions

0.53 0.51 0.29
0.45 0.39 0.56
0.62 0.18 0.72

–0.15 0.36 0.56
0.43 0.42 0.29
0.52 0.19 –0.885
0.32 0.61 0.18
0.29 0.57 0.62
0.72 0.62 0.57
0.11 0.21 0.79
0.92 0.34 0.28

–0.12 –0.07 0.53
0.62 0.45 0.02
0.72 0.62 0.29
0.82 0.61 0.51
0.62 0.59 0.82
0.32 0.91 –0.479
1.32 0.36 0.52
0.34 0.61 0.67
0.23 0.47 0.61
0.82 0.62 0.52
6.2 2.7 1.8
0.25 0.63 0.43
0.52 0.47 0.52
0.29 0.28 0.39
0.58 0.25 0.18

significant at P o 0.05.
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Figure 2. Recidivism in the metatarsal bone surgery in combination or not with the
administration of intralesional human recombinant epidermal growth factor
(EGFhr), Matanzas, Cuba, 2009–2015.
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Discussion

This clinical trial evaluates patients with chronic ulcers, involv-
ing exposure of the subcutaneous tissue and/or tendons and/or a
joint capsule. They were Wagner grade 2 or 3, with osteomyelitis
and light to moderate baseline infection of the wound as well as
hyperkeratosis that had to be sharpened, removed, or surgically
manipulated. The demographic and baseline characteristics of the
patients in both groups are homogenous and similar to those in
the DFU clinical trials in Cuba with a median age of 65 years, a
greater proportion of women, and a mixed ethnic distribution. The
groups generally had type 2 diabetes.2,20–23

Surgical intervention is now accepted as a form of treatment
and prevention of chronic ulcerations.24 Prophylactic surgery is
performed to prevent a more serious event. This implies the
presence of a deformity and a history of chronically recurrent
ulceration that puts the limb at risk.25 The goals of surgery in this
scenario are to eliminate the deformity and reduce the risk of
reulceration and amputation.26

The evidence supports treatment of long nonhealing ulcers
with deep tissue damage (Wagner grade 3 or 4) with hr-EGF
Heberprot-P in addition to standard diabetic foot syndrome
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Figure 3. New lesions in the metatarsal bone surgery in combination or not with
the administration of intralesional human recombinant epidermal growth factor
(EGFhr), Matanzas, Cuba, 2009–2015.
treatment.25 The pharmacologically active ingredient is a peptide
that is produced using recombinant DNA, and it has a biological
mechanism that is similar to endogenous epidermal growth factor
in terms of stimulating the migration and proliferation of fibro-
blasts, keratinocytes, and endothelial and other cells; actively
participating in the healing of injuries; assisting with epitheliali-
zation; healing; and recovery of tissue elasticity.27

There is evidence of an advantage for add-on therapy with
epidermal growth factors in DFUs concerning complete wound
closure and the time to complete wound healing. Evidence based
on medical practice in more than 2000 patients treated with rh-
EGF in Cuba showed a 75% probability of a full granulation
response in treated patients, 61% probability of wound healing,
and 71% reduction in the relative risk of amputation, as well as
positive risk-benefit coefficient (5.40).21 Prospective and active
pharmaco-vigilance for 1788 patients with a total of 1835 DFUs
revealed complete granulation in 76% of the DFU cases in 5 weeks
(35 days).22 These results made it possible to presume the
following: intervention with Heberprot-P reduces the risk of
amputation by 71% and the outcome of patients treated with this
therapy occurs within 45 days with Heberprot-P: healing (71%) or
amputation (29%).21

With the intralesional application of hr-EGF, the re-
epithelization (healing) time is 2.1-fold shorter, recidivism is less
frequent, and new lesions occur 2.3-fold less often. These results
have statistical significance (P o 0.05), justifying the clinical
relevance of this observation. There were few recurrences in the
rh-EGF-treated patients who had complete ulcer healing. It seems
as if the tissue has a sort of memory of the treatment, which is not
transferable to untreated zones. By contrast, no effect was seen on
new DFUs in other locations (especially on the contralateral
limb).21

The efficacy of this product, as demonstrated in the reduced
time for complete filling of the ulcer defect with granulating tissue
as well as its complete epithelialization, has been demonstrated in
randomized clinical studies.20–23

There is a good tolerance to intralesional rh-EGF. Approxi-
mately half of patients (63.1% in clinical trials and 46.2% in
postmarketing pharmacovigilance) reported adverse events.21

The most frequent adverse reactions during Heberprot-P admin-
istration are pain and burning at the injection site, shivering,
trembling, local infection, and fever.22 The rate with which the
main adverse reactions manifest, as observed in the course of
various clinical trials, is as follows: number of patients ¼ 297: pain
at the injection site ¼ 75 (25.2%), burning at the injection site ¼
51 (17.2%), trembling ¼ 57 (19.2%), shivering ¼ 50 (16.8%), local
infection ¼ 39 (13.1%), and body temperature increase (fever) ¼
27 (9%).20 The proportion of patients with adverse events are 69.7%
versus 54.4% in the clinical trials and 51.9% versus 40.0% during
pharmacovigilance in Cuba for 75 μg and 25 μg, respectively, which
means that the safety profiles in the clinical trials and postmarket-
ing pharmacovigilance were similar.2

Risks arise from the short- and long-term adverse event
profiles. More than 90% of the adverse events were mild or
moderate, and they were easily manageable. Therefore, the bene-
fit–risk balance seems favorable.21,22
Conclusions

A combination of curative metatarsal bone surgery associated
with intralesional administration of hr-EGF is associated with a
reduction in the re-epithelization time, recidivism, and presence of
new lesions. The safety profile is considered to be acceptable given
the low frequency of complications as well the moderate charac-
teristics of adverse events. The most frequent complications were
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surgical hematoma, local infection, and local pain and shivering
with injection. The logistic regression model shows that osteo-
myelitis an important risk factor for the development of repeat
ulcers, new lesions, and complications; the presence of a Wagner
grade 2 DFU is associated with recidivism, and DFU infection PEDIS
classification 2 is associated with complications. The protective
factors are a short time of having diabetes mellitus, lower duration
of ulceration, female gender, and older age. This therapeutic
approach is effective and safe for treating neuropathic ulceration
of the forefoot.
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