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Abstract
Introduction A prospective randomized study was conducted to evaluate and compare the efficacy of conventional dressing, 
foam dressing, and vacuum-assisted closure (VAC) in the management of diabetic foot ulcers (DFUs).
Material and methods Ninety patients with DFU were included in the study conducted between 2018 and 2021 at a tertiary 
care center. Group 1 patients (n = 30) were treated with conventional dressing, group 2 patients (n = 30) with foam dressing, 
and group 3 patients (n = 30) with VAC dressing. The duration of treatment, number of debridement, need for the secondary 
procedure, cost of treatment, and duration of hospital stay were compared between the three groups.
Results There was a significant difference in the duration of treatment among the three groups with VAC being the 
least (group 1, 31.17 days; group 2, 24.13 days; group 3, 15.17 days). The mean number of debridement was also signifi-
cantly less in the VAC group (2.37, 2.43, and 1.60, respectively). The need for the secondary procedure, like flap or skin graft, 
was also the least in the VAC group, although insignificant. The mean hospital stay of the study subjects was 31.17 days, 
24.13 days, and 15.17 days in the 3 groups, respectively. The mean cost of the treatment was 3076.67 INR, 3717.33 INR, 
and 10,680 INR, respectively.
Conclusion VAC dressing is the best option amongst the available dressing modalities in terms of faster healing and a short 
hospital stay. Foam dressing does provide an economically viable option with better results than conventional dressing.

Keywords Diabetic foot ulcer · Vacuum-assisted closure · Foam dressing · Conventional dressing · Cost-effective · Hospital 
stay

Introduction

Globally, the prevalence of diabetes is estimated to be 
approximately 10% of the adult population [1]. Studies sug-
gest that 2.5% of patients with diabetes develop diabetic foot 
ulcers (DFUs) each year and a staggering 25% develop dia-
betic foot ulcers at some point in their lifetime [2, 3]. If not 
managed promptly, it leads to infection and sepsis, which 
later on may necessitate a limb amputation [4, 5]. Infected 
diabetic wounds are responsible for 84% of all non-traumatic 
amputations in patients with diabetes mellitus [6]. Dress-
ing remains the mainstay of management of DFU aided by 
antibiotics and debridement as and when needed. Currently, 
negative-pressure wound therapy/vacuum-assisted closure 
(VAC), foam dressing, and conventional dressing are three 
common modalities of management available.

We have not come across any Indian study that compares 
the outcome of these three treatment methods in a com-
prehensive way. Our study was aimed at comparing these 
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modalities of treatment with regard to healing rate, duration 
of hospitalization, need for secondary procedures, and cost 
of treatment.

Materials and methods

The study was designed and conducted as a single-center, 
prospective study between January 2018 and December 
2021. Written informed consent was obtained from all the 
patients who participated in the study. Patients’ data were 
kept confidential, and they were given full freedom to leave 
the study at any point in time.

Patients more than 18 years of age, admitted with a dia-
betic foot ulcer, were included in the study. Patients with 
coagulopathy, peripheral arterial/venous disease, ulcer with 
the underlying osteomyelitis, connective tissue disorders, 
sickle cell disease, diseases with a poor prognosis (includ-
ing malignant tumors), treatment with corticosteroids or 
immunosuppressive agents, and severe malnutrition (serum 
albumin G3.0 g/dL), treated with biological or biochemical 
therapy, including growth factors or cells, were excluded 
from the study. Also, patients with ulcers with Wagner’s 
[7] grade I, III, IV, and V and bilateral involvement were 
excluded from the study.

Of the 95 patients included in the study initially, 5 
dropped off the study due to COVID-19 infection–related 
illness. The remaining 90 were finally enrolled in the study. 
Patients were randomized into 3 groups (30 patients in each 
group) using the random table generated using Microsoft 
XL. Group 1 patients were treated with standard saline 
gauge dressing, group 2 patients were treated with a hydro-
philic foam dressing, and group 3 patients were treated with 
VAC dressing.

A complete medical history was obtained at the time of 
admission. General blood tests including complete blood 
counts, blood glucose, liver, and renal profile and inflamma-
tory markers were performed. Status of the wound including 
size, grade, presence of slough or debris, and depth of the 
wound were recorded on admission. To evaluate the vas-
cularity of the diabetic foot, transcutaneous partial oxygen 
tension (tcpO2) and Doppler wave were measured.

Peripheral pulses were not well felt in all cases. How-
ever, SPO2 of the toes was documented in all cases. And in 
patients where SPO2 was not measurable, these cases were 
excluded. A wound swab for culture sensitivity was sent for 
all patients as a routine. Whenever necessary, intravenously 
administered antibiotics were administered empirically, and 
they were changed according to the results of culture and 
sensitivity tests. Initial surgical debridement was carried out 
as standard for all patients at the bedside or in the operating 
room, as per the wound condition. Proper glycemic control 
of all patients was ensured. Appropriate off-loading was 

provided according to the location of the ulcer. Debride-
ment was done if the infection was deemed to be spreading.

Method of dressing

In group 1, the daily dressing of the patient was done with a 
normal saline-soaked gauge [8] after thorough cleaning of 
the wound. The wound was examined for slough or debris 
and cleaned with hydrogen peroxide if needed. Saline-
soaked gauge piece was placed over the wound, covered with 
2 layers of dry gauge, and then secured with a micropore/
roller gauge dressing.

In group 2, the dressing was changed every third day with 
hydrophilic foam [9] with 2 layers of dry gauge on top of it, 
after thorough cleaning of the wound with hydrogen perox-
ide if needed.

In group 3, VAC [10] was used with − 125 mm hg of 
continuous pressure sessions. The wound was cleaned with 
normal saline or hydrogen peroxide as indicated and VAC 
was reapplied every 5th day.

Patients’ wounds were monitored until complete re-epi-
thelization or complete healing (defined as 100% healthy 
granulation and wound fit for split skin grafting) was 
achieved. The outcome of the three different modalities was 
assessed and compared with respect to healing rates, dura-
tion of hospital stays, the number of debridement done, need 
for the secondary procedures, and mean cost of treatment. 
Statistical analyses were performed using MedCalc for Win-
dows, version 19.1.7 (MedCalc Software, Ostend, Belgium).

Results

The demographics of the patients participating in the study 
are shown in Table 1. There was no significant difference 
between the average age or proportion with regard to gender 
among the three groups (Table 1). There was no significant 
difference in the duration of diabetes among the three groups 
(p = 0.7195). There was no significant difference in ulcer 
size among the three groups (p = 0.6427) (Table 1). The 
majority of the ulcers were located on the lateral malleolus 
in the conventional and foam group and were located on 
the dorsum of the foot in the VAC group (Table 2). About 
6.67%, 3.33%, and 6.67% of the cases among conventional, 
foam, and VAC groups, respectively, did not have a digital 
pulse.

The mean hospital stay of the study subjects was 
31.17 days, 24.13 days, and 15.17 days among the conven-
tional dressing group, foam dressing group, and VAC dress-
ing group, respectively in the present study (Table 3 and 
Fig. 1). There was a statistically significant difference in the 
hospital stay among the three groups (p < 0.001) with the 
least stay in the VAC group.
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The mean number of debridements in the study subjects 
was significantly low in the VAC group compared to the 
other two groups (Table 3). No significant difference was 
noted between conventional dressing and foam dressing 

groups. About 30.00% in the conventional dressing group, 
30.00% in the foam dressing group, and 43.33% of the 
cases in the VAC group underwent secondary procedures 
like a local flap or split skin graft (Table 3). The healing 

Table 1  Demographics of 
patient in the study

Age group Regular Foam VAC p value

Number % Number % Number %

40 to 50 1 3.33 2 6.67 3 10.00 0.9061
51 to 60 7 23.33 7 23.33 7 23.33
61 to 70 7 23.33 10 33.33 12 40.00
More than 70 15 50.00 11 36.67 8 26.67
Total 30 100.00 30 100.00 30 100.00
Mean 66.83 66.03 63.07
Gender Number % Number % Number % 0.9520
Female 10 33.33 11 36.67 10 33.33
Male 20 66.67 19 63.33 20 66.67
Total 30 100 30 100 30 100
Duration of diabetes Mean SD Mean SD Mean SD 0.7195

13.37 3.53 14.97 6.23 14.63 5.93
Surface area Mean SD Mean SD Mean SD 0.6427
In sq. cm 47.87 42.31 39.37 28.88 44.93 33.93

Table 2  Location of wound 
amongst the patients

Location of Ulcer Regular Foam VAC

Number % Number % Number %

Dorsum of foot 1 3.33 1 3.33 12 40.00
Lateral malleolus 12 40.00 12 40.00 7 23.33
Lateral plus dorsum 0 0 1 3.33 0 0
Medial malleolus 12 40.00 7 23.33 6 20.00
Medial plus dorsum 0 0 1 3.33 0 0
Plantar 5 16.67 8 26.67 5 16.67
Total 30 100 30 100 30 100

Table 3  Comparison of results 
of the study

Hospital stay Regular Foam VAC p value

Mean SD Mean SD Mean SD

31.17 3.82 24.13 2.83 15.17 3.74  < 0.001
Number of debridement Mean SD Mean SD Mean SD  < 0.001

2.37 0.61 2.31 0.52 1.60 0.72
Secondary procedures Number % Number % Number %
Done 9 30.00 9 30.00 13 43.33 0.4551
Not done 21 70.00 21 70.00 17 56.67
Total 30 100 30 100 30 100
Final Outcome Number % Number % Number %
Healed 27 90.00 28 93.33 28 93.33 0.8565
Amputation 3 10.00 2 6.67 2 6.67
Total 30 100 30 100 30 100
Cost of treatment Mean SD Mean SD Mean SD

3076.67 445.42 3717.33 984.81 10,680 3358.98  < 0.001
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rates among conventional, foam and VAC groups were 90%, 
93.33%, and 93.33%, respectively, with no significant dif-
ference between the three groups. The rate of amputation 
among the three groups was also insignificant (Table 3). The 
mean cost of the treatment of the study subjects was 3076.67 
INR, 3717.33 INR, and 10,680 INR among the conventional 
dressing group, foam dressing group, and VAC dressing 
group, respectively, in the present study (p < 0.001) with 
VAC costing almost thrice than that the other two groups.

Discussion

The current concept of an “ideal wound dressing” is the one 
that removes excess exudate, maintains a moist environment, 
protects against contaminants, causes no trauma on removal, 
leaves no debris in the wound bed, relieves pain, provides 
thermal insulation, induces no allergic reactions, and should 
be cost-effective [11, 12]. Normal saline dressing, hydro-
philic foam dressing, and vacuum-assisted closure are the 
3 modalities of dressing being used most commonly these 
days, and our study aimed at comprehensively comparing 
these in terms of duration of treatment, number of debride-
ments, or secondary procedure needed, final outcome, and 
cost of treatment.

In our study, the mean age and proportion regarding the 
gender of the patient were comparable among the groups. 
There was no difference in the average size and grade of 
the wound between the 3 groups. The duration of diabetes 
in the 3 groups was also comparable. The majority of the 
wounds were located over the lateral malleolus and dorsum 
of the foot.

When comparing the duration of treatment in terms of 
period of hospitalization, it was found in our study that 
VAC was the most effective with the least mean hospi-
tal stay (15.17 ± 3.53 days), followed by hydrophilic foam 
dressing (24.13 ± 6.23 days). Normal saline dressing had 
the maximum duration of treatment (31.17 ± 5.93 days) and 
was significantly more than the other 2 groups. Armstrong 
and Lavery [13] in their study have stated median time to 
closure in VAC group was 56 days opposed to 77 days in 
conventional saline dressing group. Vaidhya et al. [14] in 
an Indian study with sixty patients with DFU showed a 
mean time to healing of 17.2 days in VAC group compared 
to 34.9 days in normal saline dressing group. Blume et al. 
[15] had found that major proportion of patient receiving 
VAC therapy achieved complete skin closure or 100% reep-
ithelization. Etoz A. et al. [16] found mean time to com-
plete wound closure of 11.25 days in VAC group compared 
to 15.75 days in conventional dressing group. Roberts et al. 

Fig. 1  Correlation of healing 
time and surface area among 
different groups
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[17] in their study comparing hydrophilic foam dressing 
and saline-soaked dressings in diabetic foot ulcers showed 
that time to healing was comparable in the two groups. Liu 
et al. [18] in their study also showed that VAC significantly 
reduces DFUs compared to standard dressing.

The mean number of debridement needed was signifi-
cantly less in the VAC group (1.6 ± 0.72) compared to the 
other 2 groups (2.31 ± 0.52 in foam dressing and 2.37 ± 0.61 
in saline dressing). But there was no difference in outcome 
and rate of need for secondary procedures among the 3 
groups in our study. In a study by Nather et al. [6] on 11 
patients followed over the course of VAC therapy, healing 
was achieved in all wounds. Nine wounds were covered by 
split-skin grafting and two by secondary closure.

Although few studies have shown VAC to reduce the need 
for reamputations, there was no direct correlation of reampu-
tations with VAC in our study [19]. Sepúlveda et al. in their 
study also did not find any significant difference with regard to 
amputations among patients treated with VAC [20]. Armstrong 
et al. [13] found a 90.3% limb salvage rate without amputation 
in a study on the effects of VAC on 31 subjects. In an 11-patient 
study by Nather et al., 100% limb salvage was achieved.

The average cost of VAC treatment was INR 10,680 
(140 USD) per hospitalization, which was significantly 
higher than normal saline dressing (INR 3076/ 40 USD) 
and hydrophilic foam dressing (INR 3717/ 48 USD) in our 
study. The cost of VAC is its greatest limitation currently, 
especially in developing countries.

A review of literature on management of diabetic foot 
ulcer is shown in Table 4. In our search of literature, we 
have not come across any Indian study that compares all 
the three forms of dressing in a comprehensive manner.

The limitation to our study is that there may be a bias 
because our study center hospital is a tertiary referral 
center for complex diabetic foot ulcers. Therefore, the 
outcomes of our study might not be applicable to small 
hospitals or primary care centers.

Conclusion

There is no difference in ultimate healing among the three 
groups, but with VAC there is early healing and a decrease in 
the hospital stay. However, looking at the cost, foam dressing is 
a good option with a good healing rate as compared to conven-
tional dressing, and lower costs as compared to VAC dressing.

Data Availability Data supporting the finding of this study are available 
within the article text and tables.

Ta
bl

e 
4 

 (c
on

tin
ue

d)

Sl
. n

o
A

ut
ho

r
Ye

ar
 o

f 
pu

bl
ic

a-
tio

n

N
um

be
r o

f p
at

ie
nt

s
O

bj
ec

tiv
e

C
on

cl
us

io
n

10
Et

oz
 A

. e
t a

l. 
[1

6]
20

07
24

 (1
2 

in
 e

ac
h 

gr
ou

p)
N

eg
at

iv
e-

pr
es

su
re

 w
ou

nd
 th

er
ap

y 
on

 d
ia

be
tic

 
fo

ot
 u

lc
er

Th
e 

us
e 

of
 N

PW
T 

m
ay

 b
e 

an
 e

ffe
ct

iv
e 

in
iti

al
 

w
ou

nd
 th

er
ap

y 
to

 a
ch

ie
ve

 fa
ste

r w
ou

nd
 b

ed
 

gr
an

ul
at

io
n 

in
 d

ia
be

tic
 fo

ot
 u

lc
er

s. 
Fu

rth
er

 
stu

di
es

 a
re

 n
ee

de
d 

to
 c

la
rif

y 
th

e 
eff

ec
ts

 a
nd

 
in

di
ca

tio
ns

 a
nd

 to
 m

od
ify

 th
e 

te
ch

ni
qu

e 
of

 th
is

 
al

te
rn

at
iv

e 
tre

at
m

en
t f

or
 u

se
 o

n 
no

nh
ea

lin
g 

w
ou

nd
s

11
C

ur
re

nt
 S

tu
dy

20
22

90
 (3

0 
pa

tie
nt

s i
n 

ea
ch

 g
ro

up
)

C
om

pa
ra

tiv
e 

stu
dy

 o
f v

ar
io

us
 d

re
ss

in
g 

te
ch

-
ni

qu
es

 in
 D

ia
be

tic
 F

oo
t U

lc
er

s i
n 

th
e 

In
di

an
 

po
pu

la
tio

n:
 a

 si
ng

le
-c

en
te

r e
xp

er
ie

nc
e

Th
er

e 
is

 n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 fi

na
l o

ut
-

co
m

e 
am

on
g 

th
e 

th
re

e 
gr

ou
ps

 b
ut

 w
ith

 V
A

C
 

th
er

e 
is

 e
ar

ly
 h

ea
lin

g,
 a

nd
 a

 d
ec

re
as

e 
in

 th
e 

ho
sp

ita
l s

ta
y.

 H
ow

ev
er

, l
oo

ki
ng

 a
t t

he
 c

os
t o

f 
VA

C
, f

oa
m

 d
re

ss
in

g 
is

 a
 v

ia
bl

e 
op

tio
n 

w
ith

 
co

m
pa

ra
bl

e 
he

al
in

g 
ra

te
s a

nd
 g

oo
d 

ov
er

al
l 

ou
tc

om
e

652



International Journal of Diabetes in Developing Countries (September October 2023) 43(5):647–653–

1 3

Declarations 

Ethical approval Approval of ethical committee at our institute was 
obtained prior to the study.

Informed consent Written informed consent was obtained from all the 
patients who participated in the study.

Conflict of interest The authors declare no competing interests.

References

 1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 
of diabetes: estimates for the year 2000 and projections for 2030. 
Diabetes Care. 2004;27:1047–53.

 2. Lone AM, Zaroo MI, Laway BA, Pala NA, Bashir SA, Rasool A, 
et al. Vacuum-assisted closure versus conventional dressings in 
the management of diabetic foot ulcers: a prospective case-control 
study. Diabet Foot Ankle. 2014;5:e23345.

 3. Viswanathan V. The diabetic foot: perspectives from Chennai, 
South India. Int J Low Extrem Wounds. 2007;6:34–6.

 4. Vijay V, Narasimham DV, Seena R, Snehalatha C, Ramachandran 
A. Clinical profile of diabetic foot infections in South India – a 
retrospective study. Diabet Med. 2000;17:215–8.

 5. Hasan MY, Teo R, Nather A. Negative-pressure wound therapy for 
management of diabetic foot wounds: a review of the mechanism 
of action, clinical applications, and recent developments. Diabet 
Foot Ankle. 2015;6:27618.

 6. Nather A, Chionh SB, Han AY, et al. Effectiveness of vacuum-
assisted closure (VAC) therapy in the healing of chronic diabetic 
foot ulcers. Ann Acad Med Singap. 2010;39:353–8.

 7. Wagner FW. The dysvascular foot: a system of diagnosis and treat-
ment. Foot Ankle. 1981;2:64–122.

 8. Higgins KR, Ashry HR. Wound dressings and topical agents. Clin 
Podiatr Med Surg. 1995;12(1):31–40.

 9. Dumville JC, Deshpande S, O’Meara S, Speak K. Foam dress-
ings for healing diabetic foot ulcers. Cochrane Database Syst Rev. 
2013;6(6):CD009111.

 10. Liu S, He CZ, Cai YT, Xing QP, Guo YZ, Chen ZL, Su JL, Yang 
LP. Evaluation of negative-pressure wound therapy for patients 
with diabetic foot ulcers: systematic review and meta-analysis. 
Ther Clin Risk Manag. 2017;18(13):533–44.

 11. Seaman S. Dressing selection in chronic wound management. J 
Am Podiatr Med Assoc. 2002;92:24–33.

 12. Shao M, Hussain Z, Thu HE, Khan S, de Matas M, Silkstone V, 
Qin HL, Bukhari SNA. Emerging trends in therapeutic algorithm 
of chronic wound healers: Recent advances in drug delivery sys-
tems, concepts-to-clinical application and future prospects. Crit 
Rev Ther Drug Carrier Syst. 2017;34(5):387–452. https:// doi. org/ 
10. 1615/ CritR evThe rDrug Carri erSyst. 20170 16957

 13. Armstrong DG, Lavery LA. Diabetic Foot Study Consortium. 
Negative pressure wound therapy after partial diabetic foot 
amputation: a multicentre, randomised controlled trial. Lancet. 
2005;366:1704–10.

 14. Vaidhya N, Panchal A, Anchalia MM. A new cost-effective 
method of NPWT in diabetic foot wound. Indian J Surg. 
2015;77:525–9.

 15. Blume PA, Walters J, Payne W, Ayala J, Lantis J. Comparison of 
negative pressure wound therapy using vacuum-assisted closure 
with advanced moist wound therapy in the treatment of diabetic 
foot ulcers: a multicenter randomized controlled trial. Diabetes 
Care. 2008;31:631–6.

 16. Etoz A, Kahveci R. Negative pressure wound therapy on diabetic 
foot ulcer. Wounds. 2007;19(9):250–4.

 17. Blackman JD, Senseng D, Quinn L, Mazzone T. Clinical evalu-
ation of a semipermeable polymeric membrane dressing for 
the treatment of chronic diabetic foot ulcers. Diabetes Care. 
1994;17(4):322–5.

 18. Liu S, He CZ, Cai YT, Xing QP, Guo YZ, Chen ZL, et al. Evalua-
tion of negative-pressure wound therapy for patients with diabetic 
foot ulcers: systematic review and meta-analysis. Ther Clin Risk 
Manag. 2017;13:533–44.

 19. Ravari H, Modaghegh MH, Kazemzadeh GH, Johari HG, Vatanchi 
AM, Sangaki A, et al. Comparison of vacuum-assisted closure and 
moist wound dressing in the treatment of diabetic foot ulcers. J 
Cutan Aesthet Surg. 2013;6:17–20.

 20. Sepúlveda G, Espíndola M, Maureira M, Sepúlveda E, Igna-
cio Fernández J, Oliva C, et al. Negative-pressure wound ther-
apy versus standard wound dressing in the treatment of dia-
betic foot amputation. A randomized controlled trial. Cir Esp. 
2009;86:171–7.

 21. James SM, Sureshkumar S, Elamurugan TP, Debasis N, Vijaya-
kumar C, Palanivel C. Comparison of vacuum-assisted closure 
therapy and conventional dressing on wound healing in patients 
with diabetic foot ulcer: a randomized controlled trial. Niger J 
Surg. 2019;25:14–20.

 22. Sukur E, Akar A, Uyar AÇ, Cicekli O, Kochai A, Turker M, Topcu 
HN. Vacuum-assisted closure versus moist dressings in the treat-
ment of diabetic wound ulcers after partial foot amputation: a 
retrospective analysis in 65 patients. J Orthop Surg (Hong Kong). 
2018;26(3):2309499018799769.

 23. Jung JA, Yoo KH, Han SK, Dhong ES, Kim WK. Evaluation 
of the efficacy of highly hydrophilic polyurethane foam dress-
ing in treating a diabetic foot ulcer. Adv Skin Wound Care. 
2016;29(12):546–55.

 24. Günal Ö, Tuncel U, Turan A, Barut S, Kostakoglu N. The use 
of vacuum-assisted closure and GranuFoam Silver® Dressing 
in the management of diabetic foot ulcer. Surg Infect (Larchmt). 
2015;16(5):558–65.

 25. Ulusal AE, Sahin MS, Ulusal B, Cakmak G, Tuncay C. Negative 
pressure wound therapy in patients with diabetic foot. Acta Orthop 
Traumatol Turc. 2011;45(4):254–60.

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

653

https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2017016957
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2017016957

	Comparative study of various dressing techniques in diabetic foot ulcers in the Indian population: a single-center experience
	Abstract
	Introduction 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Method of dressing

	Results
	Discussion
	Conclusion
	References


