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Abstract

Diabetic foot ulcers (DFUs) pose a significant clinical challenge, often leading

to amputations and hospitalisation. This study aimed to investigate the charac-

teristics and outcomes of DFUs treated with surgical debridement and standar-

dised wound care. This descriptive cross-sectional study focused on diabetic

patients with appropriate vascular conditions, as determined by an Ankle Bra-

chial Index >0.9. Based on their infection status, participants were admitted to

Poursina Hospital in Rasht, Iran, and subjected to initial supportive measures,

antibiotic therapy and surgical debridement. The study incorporated primary

treatment with wet bandages, silver spray and fibrinolysin ointment. Statistical

analysis employed SPSS 22 software. Most patients were male (54.7%) and

under 60 years old (50.7%). Overweight status was prevalent in 69.3% of dia-

betic ulcer patients, amongst whom 48% underwent wrist debridement. The

64% and 36% of the cases had grade III and grade II Texas index. Moreover,

96% of patients exhibited signs of infection and were classified as Stage Texas

B. Reoperation was necessary for 34.7% of patients. The mean hospital stay

was 8.5 ± 7.55 days, and the average recovery time was 15.2 ± 15.19 days. Out

of 75 patients, 10 were unable to return to limb function due to disability. In

this study, around one-third of patients required secondary repair with grafts

and flaps. A small number of them were unable to recover because of underly-

ing disability, and the mean recovery time in other cases was 24 days. Future

studies should follow up with patients for longer periods to assess long-term

therapeutic outcomes and quality of life.
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Key Messages
• Overweight status was prevalent in 69.3% of diabetic ulcer patients, amongst

whom 48% underwent wrist debridement. The 64% and 36% of the cases had
grade III and grade II Texas index.

• A 96% of patients exhibited signs of infection and were classified as Stage
Texas B.

• Reoperation was necessary for 34.7% of patients. The mean hospital stay
was 8.5 ± 7.55 days, and the average recovery time was 15.2 ± 15.19 days.

1 | INTRODUCTION

Diabetes is a chronic metabolic disorder with a growing
global burden.1 Diabetes prevalence for all age groups
worldwide is estimated to rise from 2.8% in 2000 to 4.4%
in 2030.2 Diabetic foot ulcers (DFUs) are one of the
most critical chronic complications of diabetes and the
leading risk factor for non-traumatic lower-extremity
amputations.3 The global prevalence of DFUs is esti-
mated to be 6.3%.4 DFUs contribute significantly to
patient mortality. Studies have shown that the risk of
mortality within 5 years following the development of
DFU is substantial, ranging from 43% to 55%.5 This
stark reality emphasises the critical importance of
understanding, managing and preventing the complica-
tions associated with DFUs. Risk factors for DFUs
include prolonged diabetes duration, male gender, poor
glycemic control and existing cardiovascular, renal or
ocular comorbidities.6,7 These risk factors highlight the
need for tailored and comprehensive approaches to
address the unique circumstances of each patient. The
pathophysiology of DFUs is complex, often involving a
combination of ischemia, neuropathy and infection.
These factors contribute to the high morbidity associ-
ated with DFUs, including functional decline, hospi-
talisation and death.6 Managing DFUs involve a
multifactorial approach targeting various aspects of the
disease process. Firstly, local wound management plays
a pivotal role. This includes meticulous control of exu-
date and moisture, coupled with advanced wound treat-
ment modalities. The second aspect underscores the
importance of addressing infected wounds through
debridement, surgical drainage and antibiotic therapy.
The third element, mechanical off-loading, is indispens-
able for mitigating pressure on the affected area. The
fourth facet pertains to the restoration of regional per-
fusion, achieved through revascularization procedures
when deemed necessary. Finally, the fifth element
emphasises systemic metabolic control and the treat-
ment of comorbidities, reflecting a holistic approach to
DFU management.8 Additionally, surgical debridement

is a cornerstone of DFU management, promoting heal-
ing by removing necrotic tissue and reducing infection
risk.9 This procedure can be performed using various
techniques, each with its advantages and applications.
These techniques include sharp/surgical debridement,
enzymatic debridement and autolytic debridement. The
wound care materials should be chosen based on the
wound's characteristics and the patient's needs. Given
the multifactorial nature of DFUs, this study aims to
contribute to the existing knowledge base by investigat-
ing the characteristics and outcomes associated with
surgical debridement and standardised wound care.
Elucidating these aspects is critical for refining treat-
ment strategies, minimising complications and ulti-
mately improving the quality of life for individuals
afflicted with DFUs.

2 | MATERIALS AND METHODS

2.1 | Data source and design

A descriptive cross-sectional study was conducted on
diabetic patients with adequate vascular status, as
determined by an Ankle Brachial Index (ABI) greater
than 0.9. These patients were admitted to Poursina Hos-
pital in Rasht, Iran, and received initial supportive mea-
sures and antibiotic therapy. Preoperative interventions
included surgical debridement, wet bandaging, silver
spray and fibrinolysin ointment application. The defini-
tion of surgical debridement is the removal of all
necrotic and infected tissue to the point of reaching liv-
ing tissue. This debridement procedure can include
incision, debridement or amputation. The surgical pro-
cedure involved surgical debridement of the ulcer and
maintaining an open wound bed. The wound was then
dressed with a wet bandage, coated with a silver spray
for antimicrobial protection and treated with a fibrino-
lysis ointment to promote granulation tissue formation
in preparation for grafting. By utilising the records of
these patients, demographic information (age, gender
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and body mass index [BMI]), ulcer classification, vari-
ables influencing hospital stay duration, reoperation,
time needed for tissue preparation in restorative proce-
dures and the restoration of limb function were com-
piled. The functional recovery time of limb in patients
was calculated through interviews and questions (yes or
no) about their ability to perform those daily tasks. In
this study, BMI in different weight classes, including
normal weight <25, overweight (25–29.9), Class 1 obe-
sity (30–34.9), Class 2 obesity (35–39.9) and Class
3 (above 40) were evaluated.

2.2 | Texas classification

Grade:

• Grade 0: Before and after ulcers that are fully epithelia-
lized (from levels A to D)

• Grade 1: Full-thickness skin involvement without ten-
don, capsule and bone involvement (levels A through D)

• Grade 2: Tendon involvement, capsule without bone
involvement (from levels A to D)

• Grade 3: Bone involvement (Levels A to D)

50.7%
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FIGURE 1 Evaluation of demographic characteristics of patients with diabetic ulcers. (A) Frequency distribution of gender.

(B) Frequency distribution of age group. (C) Frequency distribution of BMI categories.
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Stage:

• A: Non-infectious
• B: Infectious
• C: ischemic
• D: Infectious and ischemic

Seventy-five samples were calculated based on the
Lenselink et al.10 study and the following formula:
the sample size was evaluated, considering the need for
reoperation p = 0.56 and the value of d (0.2 value of p)
with 95% confidence.

n¼Z1-α
2

2

d2
pq:

2.3 | Statistical analysis

The collected data were encoded and entered into
SPSS 22 software. Mean and standard deviation
were used to describe quantitative variables, and
numbers and percentages were used for qualitative
variables.

TABLE 1 Evaluation of some indexes of diabetic ulcers in

patients with diabetic ulcers (N = 75).

Variables Status Number Percentage

Debridement Mild 29 38.7

Moderate 36 48

Severe 10 13.3

Grade Texas I 0 0

II 27 36

III 48 64

Stage Texas Ischemic (A) 3 4

Infection (B) 72 96

Requires
reoperation

Yes 26 34.7

No 49 65.3

TABLE 2 Evaluation of Texas Grade by Stage Texas in patients with diabetic ulcers (N = 75).

Stage Texas
Grade Texas

A B Total

Percentage Number Percentage Number Percentage Number

II 33.3 1 36.1 26 36 27

III 66.7 2 63.9 46 64 48

Total 100 3 100 72 100 75

TABLE 3 Evaluation of hospital length of stay (days) in

patients with diabetic ulcers (N = 75).

Variables Status Number Mean ± SD

Gender Male 41 8.34 ± 5.6

Female 34 9.14 ± 5.54

Age (year) <60 38 8.97 ± 5.71

≥60 37 8.43 ± 5.44

BMI Normal 9 6.33 ± 1.87

Overweight 52 8.75 ± 6.23

Class 1 obesity 14 10.07 ± 3.89

Debridement Mild 29 8.13 ± 5.38

Moderate 36 8.86 ± 5.81

Severe 10 9.8 ± 5.43

Grade Texas II 27 6.74 ± 4.19

III 48 9.81 ± 5.9

Stage Texas Ischemic (A) 3 7 ± 4.35

Infection (B) 72 8.77 ± 5.61

TABLE 4 Evaluation of time required for tissue preparation for

healing (day) in patients with diabetic ulcers (N = 27).

Variables Status Number Mean ± SD

Gender Male 15 15 ± 15.08

Female 12 15.58 ± 16

Age (year) <60 15 15.73 ± 14.68

≥60 12 14.66 ± 16.44

BMI Normal 2 7.5 ± 4.94

Overweight 20 16.7 ± 17.3

Class 1 obesity 5 12.6 ± 4.27

Debridement Mild 12 16.16 ± 17.6

Moderate 14 14.64 ± 14.03

Severe 1 13 ± 0

Grade Texas II 9 10.55 ± 4.61

III 18 17.6 ± 18.04

Stage Texas Ischemic (A) 1 36 ± 0

Infection (B) 26 14.46 ± 14.9
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3 | RESULTS

In this study, 75 diabetic patients who underwent
debridement were evaluated. The mean and median age
of patients was 59.98 ± 9.63 and 59 years, in the 40–88
age range, and more than half were male. The body mass

index of patients was 27.9 ± 2.3 kg/m2, and more than
half of patients with diabetic ulcers were overweight
(69.3%). Besides, 18.7% of patients were class 1 obesity,
and none of the patients were class 2 or 3 obesity
(Figure 1). In terms of diabetic ulcer indexes, patients
with diabetic ulcers with debridement of the wrist (mod-
erate), toes (mild), legs and thighs (severe) were 48%,
38.7% and 13.3%, respectively. According to the Texas
index, 64% of patients had grade III, 36% had grade II
and grade I was not observed. Most patients (96%)
had Stage Texas B infection, and only 4% had Stage Texas
A infection (Table 1). According to Table 2, out of
72 patients in stage B, most (63.9%) were in grade III
(Table 2). The mean and median duration of hospitalisa-
tion were 8.7 ± 5.55 and 7 days, respectively. Table 3
reports the hospital length of stay and duration (days) in
diabetic ulcer patients according to some demographic
characteristics and ulcer indicators. Of the 75 patients
undergoing debridement, 27 (36%) required secondary
repair with grafts and flaps. The mean and median repair
duration were 15.2 ± 15.19 and 10 days. Also, the mini-
mum and maximum repair times were 4 and 65 days,
respectively. Evaluation of time required for tissue prepa-
ration for healing (day) in patients with diabetic ulcers
according to some demographic characteristics and ulcer
indicators (Table 4). Out of 75 patients, 10 patients could
not restore limb function due to disability, and from
65 samples, the mean recovery time of limb function was

TABLE 5 Evaluation of limb function recovery time (day) in

patients with diabetic ulcers (N = 65).

Variables Status Number Mean ± SD

Gender Male 38 27.47 ± 20.7

Female 27 19.48 ± 16.19

Age (year) <60 38 26.71 ± 23.29

≥60 27 20.55 ± 10.8

BMI Normal 4 21.75 ± 12.8

Overweight 48 24.18 ± 19.4

Class 1 obesity 13 24.76 ± 21.4

Debridement Mild 27 13.88 ± 7.05

Moderate 33 28.93 ± 20.44

Severe 5 48 ± 25.6

Grade Texas II 24 16.41 ± 8.77

III 41 28.68 ± 22.18

Stage Texas Ischemic (A) 3 15.66 ± 8.14

Infection (B) 72 24.56 ± 19.57

TABLE 6 Evaluation of patients with diabetic ulcers that needed reoperation (N = 75).

Variables Status

Requires reoperation

Number

Yes No

Number Percentage Number Percentage

Gender Male 17 41.5 24 58.5 41

Female 9 26.5 25 73.5 34

Age (year) <60 17 44.7 21 55.3 38

≥60 9 24.3 28 75.7 37

BMI Normal 1 11.1 8 88.9 9

Overweight 18 34.6 34 65.4 52

Class 1 obesity 7 50 7 50 14

Debridement Mild 8 27.6 21 72.4 29

Moderate 15 41.7 21 58.3 36

Severe 3 30 7 70 10

Grade Texas I 0 0 0 0 0

II 3 11.1 24 88.9 27

III 23 47.9 25 52.1 48

Stage Texas Ischemic (A) 0 0 3 100 3

Infection (B) 26 36.1 46 63.9 72
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24.15 ± 19.25 days, with a minimum recovery time of
7 days and a maximum of 120 days. Table 5 shows the
duration of recovery of limb function (day) in patients
with diabetic ulcers according to some demographic
characteristics and ulcer indicators. In this study, out of
75 patients undergoing debridement, 26 patients (34.7%)
required reoperation. Table 6 reported the need for reo-
peration regarding some indicators of diabetic ulcers in
patients with diabetic ulcers.

4 | DISCUSSION

Due to the high prevalence of diabetes and its diabetic
ulcers, we decided to study the results of primary surgical
debridement, wet bandage, silver spray and fibrinolysin
ointment in treating diabetic patients with appropriate
vascular status. According to the results of the present
study, more than half of the patients were men. More-
over, in similar studies on diabetic foot, the prevalence
has been reported to be higher in men.11,12 Men appear
to be more likely than women to develop diabetes due to
their association with risk factors for atherosclerosis.13,14

Consistent with previous studies, our findings showed
that more than half of the cases involved patients under
60 years old.15,16 The highest percentage of patients with
diabetic ulcers had debridement of the wrist (moderate),
toes (mild), legs and thighs (severe). The toes are the
most common ulcer site in Larijani's study.12 Given
the high prevalence of ischemia in the extremities and
frequent microtrauma to the toes, especially from
improper shoe pressure and nail grip, this statistic is justi-
fied for debridement ulcer sites.17 Also, we showed that
the time required for ulcer healing after surgery in the
proximal and distal areas had the lowest and highest
values, respectively. In diabetic patients, the blood supply
to distal parts is at its lowest, whilst it is highest in the
proximal areas. This suggests that an increased blood
supply to the proximal areas may enhance the speed of
ulcer healing.18 In contrast, further investigations showed
that about one-third of patients required reoperation and
secondary repair with grafts and flaps. In the Lenselink
et al.10 study, 56% of patients required additional surgery
and 30% needed amputation.10 In another study, a few
patients had an ulcer at the surgical site after a surgical
intervention, such as amputation or debridement, or after
CABG to remove the graft, and needed secondary
repair.19 Consequently, surgical manipulations in the
lower extremities of diabetic patients should be avoided
as much as possible due to the high risk of ulcers. Statisti-
cal results showed that the average length of stay in the
hospital was 8 days, and the mean recovery time was
24 days. In multiple types of research, the mean length of

hospital stay varied between 14.3, 21.4, 26.6, 41.05 and
44.5.11,20 Reducing hospitalizations in patients despite
admitting patients with higher degrees of foot ulcers can
be a therapeutic success. About three-quarters of patients
with diabetic ulcers were also overweight. This confirms
the importance of obesity in developing DFUs compared
to other studies. Accordingly, being overweight is consid-
ered an independent risk factor for DFUs.21–23 In the pre-
sent study, 96% of patients had an infection, and Stage
Texas B and only 4% had Stage Texas A. Approximately
two-thirds and one-third of patients had grade III and
grade II Texas index, respectively. Lenselink et al.10 deter-
mined that infection was identified as one of the main
risk factors for relapse and amputation.10 A study by
Fagila et al. showed that delayed debridement in patients
with ulcers associated with abscess formation led to
increased amputation levels.24

4.1 | Limitations

We acknowledge that our study has certain limitations
that should be considered. Firstly, the cross-sectional
nature of the study design restricts our ability to establish
causal relationships between the interventions and out-
comes. Additionally, the reliance on retrospective data
from medical records may introduce biases and limit the
completeness of information. The sample size, although
calculated based on previous studies, may still be consid-
ered relatively small, affecting the generalizability of our
findings.

4.2 | Implications for future study

This study provided valuable data on DFUs treated with
surgical debridement and standardised wound care.
However, future research should focus on long-term out-
comes like recurrence and amputation rates to get a more
complete picture. Cost-effectiveness analysis and using
larger, more diverse populations would also strengthen
the generalizability of the findings. Finally, employing
standardised tools to assess functional recovery would
provide more objective data.

5 | CONCLUSION

As a result of this study, about one-third of patients
required secondary repair with grafts and flaps. A small
number of patients were unable to recover limb function
due to disability. Furthermore, the average time to return
limb function was 24 days.
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