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ABSTRACT

Diabetes mellitus is one of the most critical health issues in the health care
system. Patients with Diabetes are subject to various complications. Diabetic
foot infection is one of most incapacitating kinds of human infection. Due
to growing antimicrobial and antibiotic resistance, existing medications have
undesirable side effects and inadequate healing mechanisms. Probiotics are
either a single organism or combination of organisms capable of boosting the
body’s immune system, promoting anti-inflammatory action, and enhancing
the wound healing process at the site of an infection. Therefore, it is a revo-
lutionary strategy to use probiotics to eradicate harmful microorganisms and
enhance wound healing. Hence the present study was performed to compare
the conventional method and local application of probiotics to treat Diabetic
foot ulcer. In present study average age of patients in both group were found
almost similar 58.58 years in control group and 57.3 years in probiotic group.
The diabetic foot wound size of all patients in both groups were evaluated and
it was found that mean wound size in both group were almost same. Dur-
ing the study it was found that there was no significant difference in mean
wound bed score between two groups on day 1(Control:8.12; Probiotic: 8.24),
whereas a significant difference observed on day 7(Control: 10.36; Probiotic;
11.14) and day 14 (Control:12.78; Probiotic:13.56). An increase was seen in
mean wound bed score in both groups from day 1 to day 14 but it was observed
more in Probiotic group. Present study concludes that probiotics can be safely
utilized in therapy of infected diabetic wounds. The probiotic when used along
with conventional therapy could results in the hastening the wound healing
process as evidenced by significant difference in the day 7 and 14 wound bed
scores. Although more studies are needed in this field to give better evidence
for support of probiotic use.
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INTRODUCTION

Diabetes mellitus is one of the most critical health
issues in the health care system, and its threat to
global public health has expanded dramatically over
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the last two decades. According to studies, the num-
ber of diabetic patients increased from 30 million
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2010. It is anticipated that if the current trend con-
tinues, more than 360 million people will have dia-
betes mellitus by 2030.

Patients with Diabetes are subject to various com-
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plications, including diabetic foot ulcers (DFU). DFU
is a significant health concern as diabetes inci-
dence rises. DFUs occur in around 15% of diabetic
patients.

The management of persistent wounds, such as dia-
betic foot ulcers, presents clinicians and patients
with a considerable problem. Significant treatment
challenges linked with DFU include delayed wound
healing and diabetic foot infection (DFI).

DFlis one of the most incapacitating kinds of human
infection. Due to the growing antimicrobial and
antibiotic resistance globally, existing medications
have undesirable side effects and inadequate heal-
ing mechanisms, permitting searching for alterna-
tive therapies to accelerate the wound healing pro-
cess.

The bacteriotherapy treatment is relevant and
intriguing. Using non-pathogenic microorganisms
in bacteriotherapy is reassuring and a different
method of combating illness.

Probiotics mean "for life.” It refers to the naturally
occurring bacteria or yeast that has positive health
benefits when provided in enough numbers. The
names prebiotics and synbiotics are also related
to probiotics. Prebiotics are substances that are
indigestible and fermented by endogenous bacteria.
This assists in altering the gut microbiome. Synbi-
otic are probiotic and prebiotic substances together.

Henry Tissler discovered bifidobacteria in 1899 in
Paris, France. He discovered that newborns whose
GI tracts were colonized with bifidobacteria had
fewer digestive issues.

Metchnikoff was a Russian scientist enrolled at the
Pasteur Institute in Paris. Certain natural microor-
ganisms in the digestive system, such as clostridia,
caused a kind of intestinal auto-intoxication. Metch-
nikoff authored a book titled "The Prolongation of
Life: Optimistic Studies.”

Saccharomyces, Enterococcus, Lactobacillus, Bacil-
lus, Bifidobacterium, and streptococcus are the
familiar strains investigated for probiotic function.

Probiotics enhance the function and integrity of the
intestinal epithelial barrier. They promote the syn-
thesis of mucin, antimicrobial peptides, and heat
shock proteins, which all contribute to their positive
impact.

Human beta-defensin-2 is an antibacterial protein
that is stimulated by probiotics. It and other antimi-
crobial proteins inhibit harmful microorganism col-
onization. Probiotics emit tiny molecules that inter-
act with TLRs and NLRs to modulate the immune
system. It is helpful for infection control [1].
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Probiotic therapy for chronic wounds

Researchers are investigating the impact of probi-
otics in chronic wounds as a result of studies high-
lighting the significance of skin microorganisms and
biofilms [2]. There have been few animal-based tri-
als undertaken.

According to studies, Lactobacillus acidophilus
inhibits the majority of burn wounds [3].

A 2009 research by Peral et al. examined the effi-
cacy of probiotics and silver lotions in treating burn
wounds. They exhibited almost identical advan-
tages.

Probiotics’ anti-infective action is based on their
ability to compete with infectious pathogens or
influence the host’s immunological response.
Antimicrobial compounds such as organic acids,
carbon peroxide, and hydrogen peroxide, as well as
low molecular weight antimicrobial chemicals such
as diacetyl, bacteriocins, and adhesion inhibitors,
may be produced by lactic acid-generating bacte-
ria [4, 5]. Lactobacillus acidophilus, for example,
can destroy fungi such as Candida albicans.

Hence the present study was performed to compare
the conventional method and local application of
probiotics to treat DFU.

Aim and Objectives

To Study the comparison between the effect of local
application of probiotics and conventional methods
on the healing of Diabetic foot ulcers.

Objectives

1. To compare the change in wound bed scores in
the test and control population

2. To compare the wound swab culture results in
the test and control population.

3. Test population is one in which we are applying
probiotics along with conventional methods for
healing

4. Control Population is one in which we are using
only conventional methods

MATERIALS AND METHODS

Study Design

A prospective Study

Place of study

SRM University, Kattankulathur, Chennai.
Period of study

18 Months
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Study population and sample size
50 in each group

Inclusion Criteria

. Age > 18 years
. Age <70 years
. People with Diabetes with an average RBS <250

. Ulcers involving the foot

oA W N R

. Wound size more than 10 cm?and less than 60
2
cm

Exclusion Criteria
Unstable vitals
Peripheral Arterial Disease

Peripheral neuropathy

Diabetic Ketoacidosis

SR

Osteomyelitis

Figure 1: Observation of mean age of patients in
both group

Hypothesis

Probiotic bacteria have a beneficial effect on diabetic
wounds.

Tools for evaluation of wounds

1. wound bed scoring system developed by
falanga

2. wound swab cultures
Collection of Data

1. Approval from Institutional Ethical Committee
will be obtained

2. Informed consent will be collected from the
participants who fit my inclusion criteria, and
confidentiality will be assured.
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3. Diabetic patients attending the General Surgery
outpatient department with infected foot ulcers
are included in the study.

4. 100 patients will be selected for surgical
debridement on the presentation day:.

The size of their wounds is assessed by wound trac-
ing and planimetry methods. A household plas-
tic wrap is placed over the wound. A marking
pen is used to mark wounds. A wrap is placed
over graph paper, and the area is measured. The
patients are screened for peripheral vascular dis-
ease using ankle-brachial pressure index ABPI > 0.9.
The patients are also screened for peripheral neu-

ropathy.
= I I 1

(] [
Figure 2: Age group distribution of patients in
both groups

Severe ill patients and those with diabetic ketoaci-
dosis are excluded from the study. The patients who
consented to participate in the study were allocated
into two groups. The current ward regimen of sharp
and chemical debridement, cleansing and dressing,
glycaemic management, and antibiotic medication is
administered to the control group.

In the intervention group, in addition to the above,
a probiotic solution is applied daily during dress-
ing [6, 7]. The wound bed scoring system developed
by Falanga was utilized to monitor the wound objec-
tively. Wound swab cultures are taken on Day 0, Day
5, and Day 10. Both the groups will be compared
concerning the wound bed score on day 1, day 7, and
day 14 and the wound swab cultures and outcomes
identified. The results were analysed.

Statistical analysis

A descriptive statistical analysis will be undertaken.
Observations from proforma will be entered into
the computer, and Data analysis will be done using
the Statistical Package for social sciences version 24
software. P-values <0.05 were considered signifi-
cant.
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Table 1: Observation of mean age of patients in both groups

Group Mean Std. Deviation P value
Age Control 58.58 10.78 0.538
Probiotics 57.30 9.91
Table 2: Age group distribution of patients in both groups
Age group
<30 31-40 41-50 51-60 >61 Total P value
Group Control Count 0 4 19 21 6 50 0.408
% within  0.0% 8.0% 38.0% 42.0% 12.0% 100.0%
Group
Probiotics Count 1 2 26 18 3 50
% within  2.0% 4.0% 520% 36.0% 6.0% 100.0%
Group
Total Count 1 6 45 39 9 100
% within  1.0% 6.0% 45.0% 39.0% 9.0% 100.0%
Group
RESULTS
In the present study average age of patients in both
groups was recorded as almost similar; 58.58 in the
control (CTR) group and 57.3 years in the probiotic
(PRB) group (Table 1, Figure 1). '
[

Figure 3: Gender distribution amongst patients
of both groups

The age group distribution of patients in both was
recorded and it was found that maximum patients
were observed in the age group of 41 to 50 years
in the PRB group (52%) and 51 to 60 years in the
CTR group (42%). Whereas minimum patients were
observed in the age group ofless than 30 years (CTR:
0%; PRB: 2%) (Table 2, Figure 2).

In the present study majority of the patients were
reported to be male in both groups (CTR: 64%; PRB:
66%) (Table 3, Figure 3).

The duration of diabetes illness was recorded in all
patients of both groups. CTR group patients showed
amaximum duration of illness of more than 16 years
21 (42%) whereas in the PRB group observed with
a maximum duration of illness was observed at 11

Figure 4: Observation of duration of illness
amongst all patients of both group

Figure 5: Mean duration of diabetes illness
amongst patients of both groups

to 15 years (38%) (Table 4, Figure 4).

In the present CTR group, patients showed a mean
duration of diabetes illness of 14.2 years whereas
PRB group patients showed a mean duration of ill-
ness of 12.64 years (Table 5, Figure 5).

The diabetic foot wound size of all patients in both
groups was also recorded and it was found that the
mean wound size in both groups was almost the
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Table 3: Gender distribution amongst patients of both groups

Sex
F M Total P value
Group Control Count 18 32 50 0.834
% within Group 36.0% 64.0% 100.0%
Probiotics Count 17 33 50
% within Group  34.0% 66.0% 100.0%
Total Count 35 65 100
% within Group  35.0% 65.0% 100.0%
Table 4: Observation of duration of illness amongst all patients of both group
Duration of diabetes
<5 6-10 11-15 >16 Total P value
Group Control  Count 3 13 13 21 50 0.318
% within 6.0% 26.0% 26.0% 42.0% 100.0%
Group
Probiotics Count 2 16 19 13 50
% within 4.0% 32.0% 38.0% 26.0% 100.0%
Group
Total Count 5 29 32 34 100
% within 5.0% 29.0% 32.0% 34.0% 100.0%
Group
Table 5: Mean duration of diabetes illness amongst patients of both groups
Group Control Mean Std. Deviation P value
Duration of diabetes 14.20 5.70 0.136
Probiotics 12.64 4.61
Table 6: Observation of mean wound size in both groups of patients
Group Control Mean Std. Deviation P value
Wound size (cm?) 32.10 10.75 0.936
Probiotics 31.92 11.51
Table 7: Mean wound bed score amongst all patients on day 1 of both groups
Group Control Mean Std. Deviation P value
Wound bed score Day 1 8.12 0.75 0.447
Probiotics 8.24 0.82

same (CTR: 32.1 cm?; PRB: 31.92 cm?) (Table 6, Fig-
ure 6).

The mean wound bed score of all patients from both
groups was recorded on days 1, 7 and day 14. During
the study, it was observed that there was no signifi-
cant difference in mean wound bed score between
the two groups on day 1 (CTR: 8.12; PRB: 8.24),
whereas a significant difference was observed on
day 7 (CTR: 10.36; PRB; 11.14) and day 14 (CTR:

12.78; PRB: 13.56) (Tables 7, 8 and 9, Figures 7, 8
and 9).

Wound swab C and S analysis was carried out for
both groups of patients during the study on day 0,
day 5 and day 10. On day 1 all patients wound
swabs were found positive for Klebsiella, proteus
and Staph. aureus with maximum patients posi-
tive for staph aureus in both group (CTR:58%; PRB:
62%) (Table 10, Figure 10).
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Table 8: Mean wound bed score amongst all patients on day 7 of both groups

Group Control Mean Std. Deviation P value
Wound bed score Day 7 10.36 0.90 <0.0001
Probiotics 11.12 0.94
Table 9: Mean wound bed score amongst all patients on day 14 of both groups
Group Control Mean Std. Deviation P value
Wound bed score Day 12.78 0.002
14 Probiotics 13.56
Table 10: Wound swab C&S observation of both groups of patients on day 0
Wound swab C&S Day 0
Klebsiella Proteus Pseudomonas Staph Total P value
aureus
Group Control Count 9 3 9 29 50 0.393
% within  18.0% 6.0% 18.0% 58.0% 100.0%
Group
ProbioticsCount 9 6 4 31 50
% within  18.0% 12.0%  8.0% 62.0% 100.0%
Group
Total Count 18 9 13 60 100
% within  18.0% 9.0% 13.0% 60.0% 100.0%
Group
Table 11: Wound swab C&S observation of both groups of patients on day 5
Wound swab C&S Day 5
Klebsiella No Proteus Pseudomonas Staph Total P value
Growth aureus
Group Control  Count 9 18 0 7 16 50 0.013
% within 18.0% 36.0% 0.0% 14.0% 32.0% 100.0%
Group
Probiotics Count 9 24 6 1 10 50
% within 18.0% 48.0% 12.0% 2.0% 20.0% 100.0%
Group
Total Count 18 42 6 8 26 100
% within 18.0% 42.0% 6.0% 8.0% 26.0% 100.0%
Group
DISCUSSION interventions are required to minimise cost, time,

Diabetic foot is a leading cause of death and disabil-
ity. It varies from an untreated persistent ulcer to
full-blown limb gangrene. It causes severe physi-
cal and psychological impairment. Also substantial
are the patient’s economic expenses, which include
health care expenditures, lost work days, and indi-
rect costs. In addition, antibiotic resistance is a fast-
growing issue as a result of the indiscriminate use
of antibiotics. Therefore, innovative medicines and

and the issue of antibiotic resistance [8-10].

In the present study average age of patients in both
group were found almost similar 58.58 years in the
control (CTR) group and 57.3 years in the probiotic
(PRB) group. The age group distribution of patients
showed that the maximum number of patients were
observed in the age group of 41 to 50 years in the
PRB group (52%) and 51 to 60 years in the CTR
group (42%).
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Table 12: Wound swab C&S observation of both groups of patients on day 10

Wound swab C&S Day 10
Klebsiella No Proteus Pseudomonas Staph Total P value
Growth aureus
Group Control ~ Count 3 30 0 7 10 50 0.010
% within 6.0% 60.0% 0.0% 14.0% 20.0% 100.0%
Group
Probiotics Count 9 33 3 1 4 50
% within 18.0% 66.0% 6.0% 2.0% 8.0% 100.0%
Group
Total Count 12 63 3 8 14 100
% within 12.0% 63.0% 3.0% 8.0% 14.0% 100.0%
Group
300 210 I 1600
000 1400
2500 1;.g:
. 1000
fgm 800
500 600
1000 400
500 200
000 000
Control Probiotics Control Problotics
Figure 6: Observation of mean wound size in Figure 9: Mean wound bed score amongst all
both group of patients patients on day 14 of both groups
o B2 A4 . 2
8.00 %
600
40 99 ‘ 9
. N ak
0.00 - Hebsels Protéus Pssudomonas Staph aursus
Control Probiotics (Group B Control B Probictics
Figure 7: Mean wound bed score amongst all Figure 10: Wound swab C&S observation of
patients of both groups on day 1 both groups of patients on day 0
1200 103 12 10 )
1000 .
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8,00 ) %
800 c :
’ 10 A : 7 i
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BN L
Dm - Kistasia No Growth Proteus Posudomings  Staph dureus
Contro Probiotics (roup B Control I Probiotics
Figure 8: Mean wound bed score amongst all Figure 11: Wound swab C&S observation of
patients on day 7 of both groups both groups of patients on day 5
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Figure 12: Wound swab C&S observation of
both groups of patients on day 10

These findings in the present studies are in accor-
dance with the earlier reported studies [11].

In the present study majority of the patients were
reported to be male in both groups (CTR: 64%; PRB:
66%). [5] in their study also reported male predom-
inance (67%) in their study:.

The CTR group patients showed a maximum dura-
tion of illness of more than 16 days 21 (42%) with
a mean duration of diabetes illness of 14.2 days
whereas in PRB group observed a maximum dura-
tion of illness of 11 to 15 days (38%) and mean dura-
tion of illness of 12.64 years. These findings in the
present studies were in agreement with the results
of [7] investigations.

The diabetic foot wound size of all patients in both
groups was evaluated and it was found that mean
wound sizes in both groups were almost the same
(CTR: 32.1 cm?; PRB: 31.92 cm?) with no significant
difference (p=0.936). The findings in the present
study are in accordance with earlier reported stud-
ies [12].

The mean wound bed score of all patients from both
groups was studied on days 1, 7 and 14. It was found
that there was no significant difference in mean
wound bed score between the two groups on day 1
(CTR:8.12; PRB: 8.24; p=0.447), but there was a sig-
nificant difference on day 7 (CTR: 10.36; PRB; 11.14,
p=0.0001) and on day 14 (CTR: 12.78; PRB: 13.56,
p=0.002) between both groups. The mean wound
bed score in the CTR group was increased from 8.12
on day 1 to 12.78 on day 14 confirming an improve-
ment in DFU condition by the treatment. Similarly
in the PRB group mean wound score increased from
8.24 on day 1 to 13.56 on day 14, showing better
improvement in DFU condition than in CTR group
patients. [13] also reported similar findings in their
study.

Wound swab C & S analysis was performed for
both groups of patients during the study on day 0,
day 5 and day 10. On day O all patients wound
swabs were found positive for Klebsiella, proteus
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and Staph. aureus with maximum patients posi-
tive for staph aureus in both group (CTR:58%; PRB:
62%). On day 5 both groups of patients showed
that 36 % of patient’s wounds in the CTR group did
have any growth whereas in the PRB group 48% of
patient’s wounds were observed without any micro-
bial growth. On Day 10, it was found that 60 %
of patient wounds in the CTR group did have any
growth whereas in the PRB group 66% of patient’s
wounds were observed with no microbial growth.
The number of wounds with a positive status came
down as the course progressed in either group.
Hence in our study use of probiotics with conven-
tional therapy showed better results in the manage-
ment of DFU. [5, 13] also reported similar findings
in their studies where the use of probiotics signifi-
cantly improved the treatment of DFU.

CONCLUSION

The present study concludes that probiotics can
be safely utilized in the therapy of infected dia-
betic wounds. The probiotic when used along with
conventional therapy could result in hastening the
wound healing process as evidenced by the signif-
icant difference in the day 7 and 14 wound bed
scores. Although more studies are needed in this
field to give better evidence for the support of pro-
biotic use.
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