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Abstract

Background: Diabetic foot ulcer is one of the most commonly encountered complication seen in patients with
uncontrolled diabetes. It is most commonly treated with combined approach of debridement with dressings or
offloading techniques and use of sking grafts or flaps. We review the various conservative approaches like dressings,
offloading, vaccum assisted dressings, use of growth factors, hyperbaric oxygen therapy and definitive modalities like
grafting, flaps or the use of integra, to facilitate early wound healing and prevent undergoing amputation.

Methods: 106 patients of age above 35 years with diabetes mellitus suffering from non-healing foot ulcers and
infections were selected as per Wegger-Maggit Classification up to Grade 3. Outcomes were compared with
patients improving with dressings/ offloading/ VAC dressing vs debridement with skin grafting, integra or
flaps.

Results: Surgical complications are more common in men due to their increased susceptibility to trauma,
smoking, and tobacco. More than half of the patients had infection in addition to ischemia or neuropathy. This
study indicates that all these three factors can be present in a patient with diabetic foot lesions.

Conclusion: Conservative procedures include wound debridement followed by dressing with offloading / VAC
dressing, use of PDGF resulted in healing of diabetic foot ulcers. Definitive procedures like Integra implant
followed by SSG, or directly SSG or Flap Transfer resulting in healing of diabetic foot ulcers in patient with
poor glycemic control or more complications. A multidisciplinary approach involving early intervention with
conservative and definitive measures helped in preventing amputation in majority of the patients.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Diabetes is one of this century's largest global
health emergencies, ranking among the 10 leading

of deep tissues associated with neurologic
abnormalities, various degrees of peripheral

causes of mortality together with cardiovascular
disease (CVD), respiratory disease, and cancer. [1]
Over the past three decades the worldwide burden
of diabetes has gradually increased, with India
bearing a substantial share of this burden. It is
predicted that by 2045, there will be 548 million
people with IGT and 700 million people with
diabetes, a 51% rise from 2019. [2] In many
developing nations, including India, diabetes has
reached epidemic levels. [3]

The most costly and disabling complication of
diabetes mellitus are diabetic foot ulcers (DFU)
which impact 15% of diabetics in their lives.
Diabetic foot as defined by the World Health
Organization is, “The foot of a diabetic patient that
has the potential risk of pathologic consequences,
including infection, ulceration, and/or destruction
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vascular disease, and/or metabolic complications of
diabetes in the lower limb.” [4-5]

More than any other diabetic complications, foot
ulcers carry a lifetime risk of up to 25%, are the
most prevalent reason for diabetic patients to be
hospitalized (approximately h30%), and account
for around 20% of total healthcare costs. [6, 7]
Over 50% of foot ulcers develop an infection that
necessitates hospitalization, and 20% of infections
lead to amputations. Despite having "foot at risk,"
the majority of study participants (65-80%) in
studies from India were found to not follow any
foot care regimens. [6, 8-9]

Early, effective therapy of DFU can lessen the
severity of consequences including avoidable
amputations and potential mortality and can also
enhance the general quality of life. This study
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aimed to study the effectiveness of conservative
and definitive interventions to enhance outcomes of
diabetic foot ulcers to prevent amputation.

Materials and Methods:

This was a hospital based, prospective
observational study, conducted by the departments
of General Surgery and General Medicine of C.R.
GARDI Hospital Ujjain with patients admitted for
diabetic foot ulcers for a period of one year after
approval by the Institutional review committee and
Institute’s medical ethics committee. Informed
consent regarding the study was taken from the
prospective participants.

Patient selection:

All patients above 35 years of age with diabetes
mellitus suffering from non-healing foot ulcers and
infections who presented to OPD and IPD of
CR.GH Ujjan as per Wegger-Maggit
Classification up to Grade 3 were included in the
study. Those with foot infections without diabetes
mellitus and patients whose treatment could not be
completed due to noncompliance were excluded
from the study.

Follow up of the patients was done at 15 days, 1
month, 3 months, and 6 months.

Outcome variable protocol used was as follows:
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(i) Patients improving with Conservative
approach(Debridement ~ with dressing/
Offloading/ VAC dressing) Yes/ No

(ii)  Patient requiring definitive procedures but
not willing Yes/ No

(iii) Patients improving  with  Definitive
procedures (Skin grafting / Flap transfer)
Yes/ No

Statistical analysis

Categorical data was expressed as frequencies and
percentages. Comparison of categorical variables
was performed by chi-square test. Continuous
variables were expressed as mean and standard
deviations. A p value of <0.05 was accepted as
statistically significant.

Observation and results:
Age and Gender distribution of the cases

One hundred and six patients, suffering from non-
healing foot ulcers and infections were enrolled.
The mean age of the cases was 54.45+9.46 years
and a great proportion of them were in 4" to 6™
decade. There were 61(57.5%) males and
45(42.5%) were females in the study. There was no
significant association between age groups and
gender of the cases with p>0.05 (Table 1).

Table:1 Age and Gender distribution of the cases

Age groups Gender Total
Female Male
<=40years 2 4
4.4% 3.3% 3.8%
41 -50years 21 30
20.0% 34.4% 28.3%
51 -60years 22 29 51
48.9% 47.5% 48.1%
61 -70years 11
13.3% 8.2% 10.4%
> 70years 10
13.3% 6.6% 9.4%
Total 45 61 106
100.0% 100.0% 100.0%
Chi-Square=3.92,p=0.421
Out of 106 cases majority of cases 68(64.2%) Ulcers:

had>10 years duration of DM, 38(35.9%) had <10
years duration, 66(62.3%) cases were treated by
OHA, 21(19.8%) were treated by insulin, and
19(17.9%) were treated by both OHA and insulin.
37(34.9%)cases were smokers and 44 (41.5%)
cases were tobacco chewer.

Mean FBS levels were 204.32+59.19, PPBS were
264.75+83.56 and HbA1C were 7.81+£1.20.

Meshram et al.

77(72.6%) cases had a pure tropic ulcer and
29(27.4%) had a neuroischemic ulcer. Majority
82(77.4%) of the wulcers were in forefoot,
13(12.3%) ulcer site is mid-foot and 11(10.4%)
ulcer is hind-foot. Stage of ulcer and frequency as
per W-M Classification with maximum frequency of
ulcers being stage 2 ulcer (Table 2).
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Table 2: Stage and frequency of ulcers

Stage of ulcer (WM Classification) Frequency Percent

1 12 11.3

2 61 57.5

3 33 31.1
Total 106 100.0

Procedure and complications:

Most common procedure in a DFU was debridement followed by VAC dressing (25.4%) followed by
debridement followed by dressing with offloading and Debridement followed by VAC dressing followed by

PDGF (both 19.8%) (Table 3)

Table 3: Distribution of procedures

Procedure N %
Debridement followed by VAC Dressing 27 254
Debridement followed by dressing with offloading 21 19.8
Debridement followed by dressing with offloading followed by flap transfer 07 6.6
Debridement followed by dressing with offloading followed by SSG 01 0.9
Debridement followed by VAC dressing followed by Graft INTEGRA) 16 15.1
Debridement followed by VAC dressing followed by PDGF 21 19.8
Debridement followed by VAC dressing followed by SSG 12 11.3
Debridement followed by VAC dressing followed by flap Transfer 01 0.9

Total 106 | 100

Distribution of complication according to cases
were as follows: 63(59.4%) had developed
infections, 67(63.2%) had ischemia and 46(43.4%)
developed peripheral neuropathy.

Follow up:

In the first follow up 29(27.4%) were treated with
dressing with offloading and 77(72.6%) by VAC
dressing.

In second follow up 4(3.8%) treated with dressing
with offloading, 29(27.4%) by VAC dressing,
8(7.5%) flap transfer, 16(15.1%) by INTEGRA
21(19.8%) by PDGF, 7(6.6%) by SSG and
21(19.8%) were healed.

In third follow up 3(2.8%) treated with dressing
with offloading, 5(4.7%) by VAC dressing,
23(21.7%) by SSG and 75(70.8%) were healed.
(Figure 1)
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Figure 1: Follow up

Outcome and its associations:
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p-value holds a significance in determining the
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association between outcomes and complications, if
p value is 0.05 or lower, the result is trumpeted as
significant, but if it is higher than 0.05, the result is
non-significant and tends to be passed over in
silence.

Out of 106 cases graft rejection were seen in
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91(85.8%) were healed and amputation were done
in 16(15.1%) cases.

There was no significant association observed
between complications (peripheral neuropathy,
ischemia, infection) and outcomes (graft rejection,
healed, re-infection) of diabetic foot ulcer.

8(7.5%) cases, re-infection in 7(6.6%) and
Table 4 shows Association between Qutcome and Complications
OUTCOME
GRAFT HEALED RE-
REJECTION INFECTION p
N % N | % N %
Yes | 7 87.5% 32 1352% | 7 100.0%
Peripheral Neuropathy | No | 1 12.5% 59 | 64.8% | 0 0.0% 0.000
Yes | 8 100.0% 52 | 571% | 7 100.0%
Ischemia Yes | 0 0.0% 39 [429% | 0 0.0% 0.006
Yes | 7 87.5% 49 | 53.8% |7 100.0%
Infection Yes | 1 12.5% 42 1462% | 0 0.0% 0.014

There was no significant association observedbetween addiction (smoking and tobacco) and the outcome of the

cases with p>0.05 (Table 5)

Table:5 Association between Outcome and Addiction

OUTCOME
GRAFT HEALED RE
REJECTION INFECTION p
N | % N % N | %
Yes 3 37.5% 32 35.2% 2 28.6%
Smoking No 5 62.5% 59 64.8% 5 71.4% 0.928
Yes 3 37.5% 37 40.7% 4 57.1%
Tobacco No 5 62.5% 54 59.3% 3 42.9% 0.675

According to management methods, graft rejection was observed in 8(20.5%) cases in the definitive
method and 31(79.5%) were healed. Re- infection in 7(10.4%) cases in the conservative method and
60(89.6%) were healed in the conservative method. (Table 6)

Table 6: Distribution of Qutcome according to management method

Management method
OUTCOME Definitive Conservative Total
8 0 8
Graft Rejection 20.5% 0.0% 7.5%
Healed 31 60 91
79.5% 89.6% 85.8%
0 7 7
Re-Infection 0.0% 10.4% 6.6%
Total 39 67 106
100.0% 100.0% 100.0%

According to management methods, graft rejection
was observed in 8(20.5%) cases in the definitive
method and 31(79.5%) were healed. Re- infection
in 7(10.4%) cases in the conservative method and
60(89.6%) were healed in the conservative method.
This indicates both definitive and conservative
methods are almost effectively same for healing of
diabetic foot ulcer; however Re-infection in a

Meshram et al.

diabetic foot ulcer are more commonly seen with
conservative approaches.

Hence this study demonstrated that a
multidisciplinary =~ approach ~ comprising  of
Conservative methods (Dressings) followed by
Definitive procedures (SSG/ Integra/ Flap) have a
higher chances of healing in diabetic foot ulcer.
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Discussion

The most costly and disabling complication of
diabetes mellitus, diabetic foot ulcers (DFU)
impact 15% of diabetic patient’s lives.

Early, effective therapy of DFU can lessen the
severity of consequences including avoidable
amputations and potential mortality and can also
enhance the general quality of life. Due to the need
for a comprehensive approach to wound
management, the management of DFU should be
optimized by employing a multidisciplinary team.
Studies suggest that DFU therapy should always
include procedures for unloading, wound
debridement, and better dressings. [10,11]

In our study, we found most of the patients having
diabetic foot ulcers had a bimodal peak, the first
peak was in those having been diagnosed with
diabetes in the last 5 years. As diabetes is a silent
disecase, it gets diagnosed after years of
hyperglycemia getting undiagnostic till some early
complication presents or is screened serendipity.
The second peak is after 10-15 years of diagnosis.
Similar observations have also been seen by Sayuta
et al [12] where the first peak was observed with
the median duration of diabetes being 6 years while
a second peak was observed after themean 12 years
of diagnosis. Additionally, they discovered a strong
connection between Wagner's classification of
DFU degrees and the duration of diabetes (p
=0.018). A similar observation has also been
quoted by Al-Rubean et al [13] in their study.

Age also plays an important risk factor in diabetic
patients in the development of foot ulcers. The
mean age in our study was 53.538 years. A study
by Yazdanpanah et al [10] also found the mean age
in their study to be 53.52 years, Sayulita et al (12)
found a mean age of 56.38 in their study on
diabetic foot ulcers. A study by Jeyaraman et al.
[14] concluded that there was a correlation between
age (with a median age of 64 years) and the
occurrence of DFUs. Age has been demonstrated to
increase the risk of angiopathy. Age >40 years
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seems to increase the risk of having angiopathy.
Regardless of the type of diabetes, Katsilambros N
et al have found that the risk of ulceration and
amputation in diabetic individuals increases by two
to four times with age and duration of diabetes.[15]

According to studies various studies [15-16], men
were shown to have a much higher overall and
gender-specific prevalence of diabetic foot ulcers,
gangrene, and amputations than women. In our
study also 57.5 % of the subjects were males. This
finding can be explained by the fact that men are
known to have lower joint mobility and higher foot
pressure. Males are more likely to have peripheral
insensate neuropathy and higher mean heights,
which may explain the discrepancy. Men exhibit
fear and negative views, but women are more
engaged in taking care of their bodies and are more
self-aware. In addition to this, men frequently wear
improper footwear, and they are more vulnerable to
trauma. [17]

Studies have shown a clear and significant
relationship between the three diabetic foot
conditions and the degree of glycaemic control
[13,18-19] which 1is consistence with the
observation that, poor glycaemic control was
associated with a two-fold increase in the risk of
foot lesions among diabetic patients. This
observation is seconded by our study also, patients
developing diabetic foot ulcers had mean FBS and
mean PPBS which is on the higher side.

The Ankle Brachial Index (ABI) is the ratio of the
ankle's systolic pressure to the arm's systolic
pressure. It has been demonstrated to be a reliable
and sensitive indicator of peripheral artery disease
(PAD). The typical ABI lies between 1.0 and 1.4.
A result less than 0.9 is regarded as PAD
diagnostic.[20-21] In our study, 50 % of patients
had ABI between0.6—1,which implied the presence
of peripheral vascular disease, and hence had
developed ulcers. Studies also concluded that low
ABI is associated with a worse Wagner type of
ulcer and predicts adverse outcomes. [22-24]

Negative pressure wound therapy(VAC Dressing)

In our study, the forefoot (77.4% cases) was the
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most common location of DFU, study by Ellis et al
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(60% cases) [25] and Oyibo et al (77.8 % cases)
had the forefoot as the most common location of
DFU. This is because the fore foot is having
metatarsal pressure head areas and more precarious
vessels with peripheral vascular disease. Trophic
ulcers are pressure sores that develop on a part of
the body that is already weak from disease,
vascular insufficiency, or the loss of afferent nerve
fibers. They can be classified based on causes such
as neurogenic or vascular. [26] In our study trophic
ulcers were maximum of 72.6 % of cases. A study
by Meloni et al [27] also reported trophic ulcers
were the maximum in their study.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Skin Grafting is one of the simplest of all coverage
techniques with the only prerequisite being wound
with a bed of healthy granulation tissue. To ensure
that there is little to no bacterial contamination
within the interstices of the granulation buds, the
top layer of granulation tissue is removed.
Preferable donor sites include the ipsilateral thigh,
leg, or instep. The size of the defect is measured to
determine the amount of skin graft needed. The
area needed is then drawn on the donor site. Then
after obtaining the graft from the donor site, it is
meshed and placed appropriately.

An improved bilayer matrix for skin regeneration is
called Omnigraft/ INTEGRA/ Dermal
Regeneration Matrix. The dermal replacement layer
is made up of a porous, three-dimensional matrix
with controlled porosity and a set degradation rate
made of bovine collagen and chondroitin6-sulfate.
A thin polysiloxane (silicone) layer serves as the
temporary epidermal layer, which is used to cover
wounds temporarily and prevent moisture loss from
them.

1. WOUND BED PREPARATION

A. Prepare the wound bed using aseptic sharp debridement
techniques to ensure the wound is free of debris and a
necrotic tissue. ¥ <t

B. Cleanse wound wvlh sterile saline or sterile water and B. Add
measure the wou for a mini

- To minimize rsk o nfection, change your gloves folowing
Omnigraft. C. using
from tray and peel

allow exudate to pass through).

4. APPLY SECONDARY DRESSING
AND OFFLOAD

5. FOLLOW-UP CARE

A. Apply secondary dressing determined by wound
location, size, depth, and user preference.

B. Use appropriate bolstering techniques to ensure
Omnigraft maintains intimate contact with the

C. Offload the wound using a device such as the
TCC-£2* Total Contact Cast System to minimize
pressure and shearing forces.

Omnigraft/ INTEGRA/ Dermal Regeneration
Matrix

Local flaps wusually consist of skin and the
underlying fat or skin, fat, and the underlying
fascia. They, however, can also include the muscle.
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2. OMNIGRAFT PREPARATION

pen
rd the green plastic retainer covering

e saline to the inner tray and rinse product
of 2 minutes (Keep the product in

istruments, remove Omnigraft
h protective plastic sheets
(Pie-crust Omnigraft using a 15 blade scalpel to

A. Change secondary dressings weekly — frequency of dressing changes will ey
volume of exudate, the dressing type, and the clinician’s need to inspect the wound bed

B. The silicone layer may be removed when the collagen layer has been replaced by neodermis,
typically 14 to 21 days post-application. Staples and sutures should be removed before

wound bed. removing silicone layer, and then remove silicone layer with forceps.

C. Re-apply secondary dressing and offload.

When used in conjunction with routine diabetic
ulcer management, Omnigraft is suggested for the
treatment of partial and full-thickness neuropathic
diabetic foot ulcers lasting longer than six weeks
and without any exposed bone, tendon, or capsule.
Omnigraft should be removed in situations of
infection, chronic inflammation, allergic reaction,
or significant redness, discomfort, or swelling.

3. OMNIGRAFT APPLICATION

A. Apply Omnigraft to the wound ensuring the collagen layer is in direct contact with the
prepared wound bed.

B. Ensure intimate contact with the wound bed and remaove any air bubbles.

C. Secure Omnigraft using surgical staples or sutures so the product maintains intimate contact
with the wound bed.

D. Trim Omnigraft edges so that it overlaps the edges of the wound by 2 mm.

REAPPLY OMNIGRAFT (IF NEEDED)

X

A. Consider reapplication sgraft following
steges 14 of this application guklc If Omnigrods has
been displaced from the wound due to shearing.
Additionally, once the silicone layer has been
removed, i the wound has not decreased in size
for two weeks or the wound shows other signs

of stalling that require debridement, consider
reapplication.

It is important to carefully preplan the flap by first
accurately determining the size of the defect after
debridement. The flap should be designed in the
area in which the tissue is the most mobile. The
ratio of length to width is critical for the survival of
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the tip of the flap. Because the blood flow to the
skin in the foot and ankle is not as developed as in
the face, the length-to-width ratio should not
exceed a 1:1 or 1:1.5 ratio. Local flaps are very
useful in the coverage of foot and ankle wounds
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because they only need to be of sufficient size to
cover the exposed tendon, bone, or joint. The rest
of the wound can then be covered with a simple
skin graft.

Flaps in wound coverage

High-concentration oxygen delivery could hasten
wound healing in diabetics [28]. The intermittent
delivery of 100% oxygen at a pressure higher than
that at sea level is a component of hyperbaric
oxygen therapy. The procedure is carried out in a
chamber with the patient intermittently breathing
100% oxygen while the ambient pressure is raised
to 2-3 atmospheres for 1-2 hours. A whole course
consists of 30-40 sessions. Hyperbaric oxygen can
be applied as an adjunctive therapy for patients
with severe soft-tissue foot infections and
osteomyelitis who have not responded to
conventional treatment.

In our study amputation rate was 15.1%, study by
The wjitch aroenetal [29] in Thailand with a follow-
up of 5 years reported that major amputations were
4.6 % while minor amputations were 22.3 %.A
meta- analysis by Lin et al [30] identified the male
sex, a smoking history, a history of foot ulcers,
osteomyelitis, gangrene, a lower body mass index,
and a higher white blood cell count as risk factors
of amputation in DFU. Overall, persons with
diabetes had a 15 times higher rate of lower limb
amputation than those without the disease.DFU is
thought to be the cause of between 50% and 70%
of all lower limb amputations. Additionally, it is
stated that one limb is amputated owing to DFU
globally every 30 seconds. [31-32]

Meshram et al.

The primary cause of diabetic foot sore is pressure
combined with cycles of recurrent stress, which
causes skin and soft tissue to collapse. The proper
debridement of nonviable tissue and sufficient
pressure relief form the basis of any therapeutic
strategy for neuropathic diabetic foot ulcers (oftf-
loading). Observations in our study (36.8% cases)
are also in line with these observations by
Armstrong G et al. [33]

Lifestyles habits like smoking and tobacco chewing
have shown mixed results in association with
outcomes, studies by Jiang Y et al [34], Robinson
et al [35], and Tseng C-H [36] have shown a
positive association with the adverse outcome
while studies have found no association [36-39].
Our study aligns with the latter group finding no
significant association (p>0.05).

Infection, gangrene, and amputation are the most
dreaded complications of diabetic foot ulcers [40].
In our study, infection was noted in59.4 %of cases
while gangrene/ischemia in 63.2 % while
amputation was done in 15.1% of cases. Our rate of
complication is very high as compared to other
studies such as the retrospective cohort done by Al-
Rubeaanetal [13] who had an overall 3.3 % rate of
complication, this can be due to selection and
attrition bias in our study. [41]

Management Algorithm
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DFU Prevention:
Patient education
Annual foot exam
Glycemic control (A1c<7%)

Therapeutic footwear

Semmes-Weinstein test

ABI at age 50
Vascular risk factor management

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Patient developed ulcer

Assess for ischemia,
infection and neuropathy
ABI+ TcPO2
PTB + plain XR

Comprehensive wound
care
-Debridement and follow
upq 1-4wk
-moist wound bed,
control exudate, and
avoid maceration

plantar DFU
total contact cast or
irremovable fixed ankle
walking boot

Offloading

Suspected soft tissue
abscess or osteomyelitis

Clinically significant PAD

MR (if not possible,
leukocyte or
antigranulocyte scan +
bone scan)

Revascularization (either
surgical bypass or
endovascular therapy)

J

Osteomyelitis

Bone debridement, biopsy
and culture

non-plantar

relieves pressure at the
site of the ulcer Antibiotics

HBO

=

No response in 4 wks
adjunctive wound
therapy (HBO, NPWT,
cellular and extracellular
agents)

removable cast

Conclusion

DFU is a significant cause of morbidity and a
primary reason for hospitalization in diabetic
patients. Education, blood sugar management,
wound debridement; advanced dressing, offloading,
surgery, and clinically applied advanced therapies
are the key management pillars that can ensure
successful and quick healing of DFU.

Multidisciplinary teams must have a thorough
understanding of risk variables and how they affect
amputation outcomes to design care and treatment
regimens for patients with DFU, even though some
risk factors are difficult to change. Early
identification of at-risk patients, early intervention
in the form of preventive measures and aggressive
management can only help to prevent grave
consequences/amputation.

References

1. Whiting DR, Guariguata L, Weil C, Shaw J.
IDF diabetes atlas: global estimates of the
prevalence of diabetes for 2011 and 2030.
Diabetes research and clinical practice. 2011;
94(3):311-21.

Danaei G, Finucane MM, Lu Y, Singh GM,
Cowan MJ, Paciorek CJ, et al. National,
regional, and global trends in fasting plasma
glucose and diabetes prevalence since 1980:
systematic analysis of health examination
surveys and epidemiological studies with 370
country-years and 2.7 million participants.
Lancet. 2011;378 (9785):31-40.

India State-Level Disease Burden Initiative
Diabetes C. The increasing burden of diabetes

Meshram et al.

Alternative for frequent

dressing changes

and variations among the states of India: the
Global Burden of Disease Study 1990-2016.
Lancet Glob Health. 2018;6(12): €1352-¢62.
Frykberg RG, Zgonis T, Armstrong DG,
Driver VR, Giurini JM, Kravitz SR, et al.
Diabetic foot disorders. A clinical practice
guideline (2006 revision). J Foot Ankle Surg.
2006;45(5Suppl): S1-66.

Jones NJ, Harding K. 2015 International
Working Group on the Diabetic Foot Guidance
on the prevention and management of foot
problems in diabetes. Int Wound J. 2015;12(4):
373-4.

Reiber GE, Lipsky BA, Gibbons GW. The
burden of diabetic foot ulcers. Am J Surg.
1998;176(2A Suppl):5S-10S.

Wu SC, Driver VR, Wrobel JS, Armstrong
DG. Foot ulcers in the diabetic patient,
prevention and treatment. Vasc Health Risk
Manag. 2007;3(1):65-76.

Larsson J, Apelqvist J. Towards less
amputations in diabetic patients. Incidence,
causes, cost, treatment, and prevention--a
review. Acta Orthop Scand. 1995;66(2):181-
92.

Janka HU, Standl E, Mehnert H. Peripheral
vascular disease in diabetes mellitus and its
relation to cardiovascular risk factors:
screening with the doppler ultrasonic
technique. Diabetes Care. 1980;3(2):207-13.
Yazdanpanah L, Nasiri M, Adarvishi S.
Literature review on the management of
diabetic foot ulcer. World J Diabetes. 2015; 6
(1):37-53.

Aalaa M, MalazyOT, Sanjari M, Peimani M,
Mohajeri-Tehrani M. Nurses' role in diabetic

10.

11.

International Journal of Pharmaceutical and Clinical Research

533



International Journal of Pharmaceutical and Clinical Research

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Meshram et al.

foot prevention and care; a review. J Diabetes
Metab Disord. 2012;11(1):24.

Syauta D, Mulawardi, Prihantono, Hendarto J,
Mariana N, Sulmiati, et al. Risk factors
affecting the degree of diabetic foot ulcers
according to Wagner classification in diabetic
foot patients. Medicina Clinica Practica. 2021;
4:100231.

Chakdoufi S., Moumen, A., & Guerboub, A.
(2023). Dyslipidemia and Diabetic Retinop
athy in Moroccans Type 2 Diabetics Patients:
A Cross-Sectional Study. Journal of Medical
Research and Health Sciences, 6(3), 2471-—
2479.

Al-Rubeaan K, Al Derwish M, Ouizi S,
Youssef AM, Subhani SN, Ibrahim HM, et al.
Diabetic foot complications and their risk
factors from a large retrospective cohort study.
PLoS One. 2015;10(5): e0124446.

Jeyaraman K, Berhane T, Hamilton M,
Chandra AP, Falhammar H. Mortality in
patients with  diabetic foot wulcer: a
retrospective study of 513 cases from a single
Centre in the Northern Territory of Australia.
BMC Endocr Disord. 2019;19(1):1.
KatsilambrosN, Dounis E, MakrilakisK,
TentolourisN, Tsapogas P. Atlas of the diabetic
foot. Oxford: Wiley-Blackwell; 2010.
Al-Mahroos F, Al-Roomi K. Diabetic
neuropathy, foot ulceration, peripheral vascular
disease and potential risk factors among
patients with diabetes in Bahrain: a nationwide
primary care diabetes clinic-based study. Ann
Saudi Med. 2007;27(1):25-31.

Bruun C, SiersmaV, Guassora AD, Holstein P,
de Fine Olivarius N. Amputations and foot
ulcers in patients newly diagnosed with type 2
diabetes mellitus andobserved for 19 years.
The role of age, gender and co-morbidity.
Diabet Med. 20 13;30(8):964-72.

Amin N, Doupis J. Diabetic foot disease: From
the evaluation of the "foot at risk" to the novel
diabetic ulcer treatment modalities. World J
Diabetes. 2016;7(7):153-64.

Dekker RG, Qin C, Ho BS, Kadakia AR. The
effect of cumulative glycemic burden on the
incidence of diabetic foot disease. Journal of
Orthopaedic Surgery and Research. 2016; 11
(1):143.

Winsor T. Influence of arterial disease on the
systolic blood pressure gradients of the
extremity. Am J Med Sci. 1950;220 (2):117-
26.

Aboyans V, Criqui MH, Abraham P, Allison
MA, Creager MA, Diehm C, et al
Measurement and interpretation of the ankle-
brachial index: a scientific statement from the
American Heart Association. Circulation.
2012; 126(24):2890-909.

Kristianto H, Waluyo A, Gayatri D.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Relationship between diabetic foot wulcers
profile and ankle brachial index score: A
preliminary study. Enfermeria Clinica. 2021;
31:S424-57.

Schaper NC, Andros G, Apelqvist J, Bakker K,
Lammer J, Lepantalo M, et al. Specific
guidelines for the diagnosis and treatment of
peripheral arterial disease in a patient with
diabetes and ulceration of the foot 2011.
Diabetes/ Metabolism Research and Reviews.
2012;28(S1):236-7.

Yang MC, Huang YY, Hsieh SH, Sun JH,
Wang CC, Lin CH. Ankle-Brachial Index Is
Independently Associated with Cardiovascular
Outcomes and Foot Ulcers in Asian Patients
with Type 2 Diabetes Mellitus. Front
Endocrinol (Lausanne). 2021;12: 752995.

Ellis S, Patel M, Koshchak E, Lantis Ii J.
Location of lower- extremity diabetic foot
ulcers with concomitant arterial or venous
disease. Diabetic Foot. 2021;24(1):37.

Puri V, Venkateshwaran N, Khare N. Trophic
ulcers-Practical management guidelines. Indian
J Plast Surg. 2012;45(2):340-51.

Meloni M, Izzo V, Giurato L, Lazaro-Martinez
JL, Uccioli L. Prevalence, Clinical Aspects and
Outcomes in a Large Cohort of Persons with
Diabetic Foot Disease: Comparison between
Neuropathic and Ischemic Ulcers. Journal of
Clinical Medicine [Internet]. 2020; 9(6).
Broussard CL. Hyperbaric oxygenation and
wound healing. J Vasc Nurs. 2004;22
Thewjitcharoen Y, Sripatpong J, Krittiyawong
S, Porramatikul S,  Srikummoon T,
Mahaudomporn S, et al. Changing the patterns
of hospitalized diabetic foot ulcer (DFU) over
a S-year period in a multi-disciplinary setting
in Thailand. BMC Endocrine Disorders. 2020;
20(1):89.

Lin C,Liu J,Sun H. Risk factors forlower
extremity amputationin patients with diabetic
foot ulcers: A meta-analysis. PLoS One. 2020;
15(9):¢0239236.

Leone S, Pascale R, Vitale M, Esposito S.
[Epidemiology of diabetic foot]. Infez Med.
2012;20 Suppl 1:8-13.

Richard JL, Schuldiner S. [Epidemiology of
diabetic foot problems]. Rev MedInterne. 20
08; 29 Suppl2: S222-30.

Armstrong DG, Lavery LA, Nixon BP,
Boulton AlJ. It's not what youputon, but what
you take off: techniques for debridingand oft-
loading the diabetic foot wound. Clin Infect
Dis. 2004;39 Suppl 2:592-9.

Jiang Y, Wang X, Xia L, Fu X, Xu Z, Ran X,
et al. A cohort study of diabetic patients and
diabetic foot ulceration patients in China.
Wound Repair Regen. 2015;23(2):222-30.
Robinson TE, Kenealy T, Garrett M, Bramley
D, Drury PL, Elley CR. Ethnicity and risk of

International Journal of Pharmaceutical and Clinical Research

534



International Journal of Pharmaceutical and Clinical Research

37.

38.

Meshram et al.

lower limbam put ationin people with Type 2
diabetes: a prospective cohort study. Diabet
Med. 2016;33(1):55-61.

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

Callaghan BC, Feldman E, Liu J, Kerber K,
Pop-Busui R, Moffet H, et al. Triglycerides
and amputation risk in patients withdiabetes:
ten-year follow-up in the DISTANCE study.
Diabetes Care. 2011;34(3):635-40.

39.

40.

41.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Humphrey AR, Dowse GK, Thoma K, Zimmet
PZ. Diabetes and nontraumatic lower extremity
amputations. Incidence, risk factors, and
prevention- a 12-year follow-up study in
Nauru. Diabetes Care. 1996;19(7):710-4.

Selby JV, Zhang D. Risk factors for lower
extremity amputation in persons with diabetes.
Diabetes Care. 1995;18(4):509-16.

Gardner SE, Frantz RA. Wound bioburden and
infection-related complications in diabetic foot
ulcers. Biol Res Nurs. 2008;10 (1):44-53.

International Journal of Pharmaceutical and Clinical Research

535



