Research & audit

A retrospective analysis on the effectiveness
of ibuprofen versus conventional dressings
in the treatment of diabetic foot ulcers

evaluate long-term outcomes.

iabetic foot ulcers (DFUs) are a major
D public health issue that affects 25-50%

of patients with diabetes worldwide. DFUs
are the reason for 50-70% of lower extremity

amputations and the primary indication for
non-traumatic amputation, increasing hospital

care costs up to 10-fold (McDermott et al, 2023).

Severe infection and peripheral vein necrosis
are the most common complications, with
multiple psychological, social and cultural
repercussions (Nitd et al, 2023). The Wagner-
Meggitt classification is the most widely used
classification for DFUs, categorising them into
six grades (0-5) based on their location, size,
depth, extent, and the presence of infection
and/or gangrene (Wang et al, 2022). Several
other frameworks are used. These include the

Surgical debridements and limb amputations are routinely performed for diabetic foot
ulcers but predispose to pain and infection. This study aimed to evaluate the impact of
ibuprofen dressings on healing and quality of life in diabetic foot ulcers postoperatively. A
four-year retrospective analysis was conducted at a university hospital. Patients received
Ibuprofen, vacuum-assisted closure devices, foam, foaming silicone, conventional,
collagen, or hydrofiber dressings. Bed rest duration, length of stay, healing time, pain and
distress scores were recorded. Statistical analysis included Mann-Whitney U, Pearson
chi-squared, Kruskal-Wallis H, Fisher-Freeman-Halton exact tests, and ANCOVA with
Holm-Bonferroni-corrected post hoc testing were performed. All p-values are two-
tailed and statistical significance set at p<0.05. The cohort (217 patients) had a mean
age of 72.8 * 11.3 years, with 127 limb amputations and 90 surgical debridements.
Foaming silicone dressings prevailed (30.0%) and local anaesthesia was preferred

for limb amputations (88.2%) over surgical debridements (1.1%; p<0.001). Single-toe
amputations (49.6%) and abscess drainage with debridement (56.7%) predominated.
Mean pain score and distress score were low (3.8 + 1.7) and moderate (11.0 + 3.0) in

limb amputations but both moderate in surgical debridements (10.3 + 2.9 and 13.9 +

3.0, respectively). Bed rest duration, length of stay, healing time, and pain and distress
scores were improved in limb amputations (p<0.001), while Ibuprofen also demonstrated
shorter bed rest duration and length of stay than conventional dressings closure devices
(p<0.001). Vacuum-assisted devices had the lowest pain score among all dressings
(p<0.010). For surgical debridements, Ibuprofen was observed to promote shorter bed
rest duration than foaming silicone dressings (p=0.026) and lower distress score than
vacuum-assisted devices (p=0.028). To conclude, Ibuprofen dressings were associated
with shorter bed rest duration and hospital stay compared to conventional dressings,
though results versus advanced dressings such as VAC or foam silicone were less
consistent. Differences in healing time did not consistently reach statistical significance
across all comparisons. Further studies are necessary to validate these findings and

University of Texas (UT) staging system, the
Perfusion, extent, depth, infection, and sensation
(PEDIS) score, and the Site, ischaemia, bacterial
infection, area, and depth (SINBAD) classification.
Furthermore, the International Working Group on
the Diabetic Foot (IWGDF) provides evidence-
based guidelines on the prevention and
management of diabetes-related foot disease
(santema et al, 2016).

The treatment of patients with diabetic
foot ulcers is challenging due to the
pathophysiological complexity of diabetes and
individual patient characteristics, needs, and
comorbidities (Dogruel et al, 2022). Surgical
debridements and extremity amputations are
the main surgical treatment and nowadays
are regarded as routine procedures in vascular
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surgery departments; however, they often

increase the risk of postoperative infection and

morbidity (Norman et al, 2022). The following four

types of surgical debridements are mostly used:

1. Surgical debridement of the calf.

2. Foot abscess drainage.

3. Foot abscess drainage with toe amputation.

4. Foot abscess drainage with surgical
debridement.

Forefoot amputations are traditionally

classified into seven levels (Dayya et al, 2022):

1. Amputation of a single toe with or without the
corresponding metatarsal head.

2. Amputation of two toes with or without the
corresponding metatarsal heads.

3. Amputation of three toes with or without the
corresponding metatarsal heads.

4. Amputation of more than three toes with or
without the corresponding metatarsal heads.

5. Transmetatarsal amputation,;

6. Tarsometatarsal disarticulation (Lisfranc
amputation).

7. Transtarsal (Chopart) amputation.

Wound dressings have emerged as a
valuable means of postoperative targeted

drug delivery and localised pain relief over

the last vicennium, as most gold standard

surgical treatments mandate subsequent

revascularisation. The various dressings used

in everyday clinical practice include activated

carbon (charcoal), with silver salts for lesions

with a large amount of exudate; hydrocolloids

in small and medium lesions; antibiotics and

collagenase. Additionally, topical drugs are

often recommended for their localised impact

on nearby tissues, as they effectively target

areas surrounding the application site (Nguyen

et al, 2023; Oliveira et al, 2023). Regarding non-
steroidal anti-inflammatory drugs (NSAIDs),
ibuprofen is progressively gaining ground thanks
to its analgesic and anti-inflammatory properties

(Palao i Domenech et al, 2008; Saco et al, 2016;

Cavalcanti et al, 2017; Lee et al, 2017; Guiza-

Arguello, 2022; Ffrench et al, 2023; Nguyen et al,

2023; Oliveira et al, 2023; Drosopoulou et al, 2025).
While there are promising results on the

benefits of ibuprofen dressings in patients with

DFUs, the literature contains limited evidence

from large patient cohorts. On this basis, the

authors present their experience in treating
patients with DFUs using various types of
dressings, aiming to:

1. Evaluate the effect of ibuprofen dressings on
quality of life improvement.

2. Compare ibuprofen dressings with other
types of commonly used dressings,
including plain dressings, gauzes and
antiseptic ointments.

Materials and methods

Design

This single-centre retrospective study was
carried out between July 2016 and August

2020 at the vascular surgery department of
loannina University Hospital, loannina Greece.
The study population comprised inpatients with
painful, gangrenous DFUs who underwent either
amputation in cases of an open non-exudative
wound (dry gangrene), or extensive necrotic
tissue debridement (often with concurrent
underlying bone removal) in cases of septic
wounds (wet gangrene). The allocation of
patients to dressing type was not randomised,
but rather based on clinician preference, wound
characteristics (exudate amount, presence

of infection, location and size) and dressing
availability during the study period. Patients
with moderate to severe exudate who were
capable of self-evaluating pain intensity and
relief levels were included. The study was
conducted in accordance with the Declaration
of Helsinki I, the EC medical device directive
(EC,1993) and the international standard on
clinical investigation of medical devices for
human subjects (ISO, 2003). Ethics committee
approval was granted, and written informed
patient consent obtained.

Operations were performed by vascular,
orthopaedic, plastic-reconstructive and general
surgeons. The study employed the following
seven dressing types, based on routine use and
availability in the vascular surgical department:
Vacuum-assisted closure (VAC) devices.
Foam dressings (FOAM).

Foaming silicone dressings (FOAS).
Ibuprofen dressings (IBU).

Collagen dressings (COL).

Hydrofiber dressings (HFIB).

Conventional dressings (CONV), including
gauzes, betadine and hydrogen peroxide.

NO oMW"

Data collection and preparation
All patients who underwent amputation for
a persisting open wound and/or extensive
surgical debridement for diabetic or septic
foot between July 2016 and August 2020 were
included in a cohort. The vast majority of
patients underwent a reperfusion intervention
(either open, endovascular or hybrid).
Conservative or surgical treatment followed
surgeon experience and preference. The seven
types of amputation and four types of surgical
debridement performed were as previously
described. Anaesthesia was administered
according to an agreed plan and included local,
regional or general anaesthetics, depending on
the complexity and duration of the procedure, as
well as individual patient needs.

Healing time (HT) was defined as the
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Figure 1. Pain score ledflet.

Figure 2. Distress score
leaflet.

interval between the day the amputation or
surgical debridement was performed and the
first documented date of complete healing, as
determined by the attending specialist surgeon.
HT, bed rest duration (BRD) and length of stay
(LOS) were recorded in days. A pain score (PS)
leaflet completed by the treating physician was
designed to quantify patient pain levels and
determine analgesia needs (minimum score: 0;
maximum score: 18). A self-completion distress
score (DS) leaflet [Figure 1] was also distributed
to evaluate patient discomfort throughout the
hospital stay (minimum score: 4; maximum
score: 20).

Patients were followed up for a minimum
of 48 months after treatment ended, and
complications were defined as minor or major
according to the Clavien-Dindo classification
(Frykberg and Banks, 2015). Demographic and
clinical information and data were archived
after every discharge and stored in institutional
electronic files, which were re-opened for the
purpose of the study.

Statistical analysis
Quantitative variables were expressed as means
with standard deviations, and medians with
ranges; qualitative variables were expressed as
absolute and relative frequencies.

For the comparison of quantitative variables
between two groups (type of intervention),
the Kolmogorov-Smirnov and Shapiro-Wilk
goodness-of-fit tests were used to ascertain
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MINISTRY OF HEALTH & SOCIAL SOLIDARITY
6™ REGIONAL HEALTH AUTHORITY
UNIVERSITY HOSPITAL OF IOANNINA|
DEPARTMENT OF SURGERY
CHIEF: Prof. M. Mitsis

To be filled out by the treating physician:

A) Administration of non-opioid analgesics:
1. For one day post-op 0
2. For two days post-op: .......... 1
3. For three days post-op:
4. For more than 3 days post-op or an analgesic regimen: 3

B) Frequency of administration of non-opioid analgesics:

1. Once a day: 0
2. Two times a day 1
3. Three times aday: ...........
4. More than three times a day: 3
Product AxB = .....
C) Administration of opioid analgesics:
5. For one day post-op: )
6. For two days post-op: .......... 1
7. For three days post-op:
8. For more than 3 days post-op o an analgesic regimen:...............c.o.n3
D) Frequency of administration of opioid analgesics:
5. Once aday: 0

6. Two times a day 1
7. Three times a day: ...........
8. More than three times a day: 3

ProductCxD = .....

Final score (Sum of the products) = ..

min: 0
max:18

University Hospital of loannina
Stavros Niarchos Avenue, 45500, loannina
Surgical department T: ####i###; Fax
E-mail: Xxooxx@uhi.gr

Figure 1

whether the data were normally distributed
among both groups, and the Mann-Whitney U
test to compare the means between patients
who underwent amputation or surgical
debridement.

For the comparison of qualitative variables
between two groups (type of intervention),
Pearson'’s chi-squared test of independence
was used to evaluate the existence of
dependence between subgroups.

For the comparison of quantitative
demographic variables between more than
two groups (type of dressing), the Shapiro-Wilk
goodness-of-fit test was used to ascertain
whether the data was normally distributed
among all seven groups, and the Kruskal-Wallis
H (one-way ANOVA on ranks) test to compare
the mean age between patients who were
treated with different types of dressings.

For the comparison of qualitative
demographic variables between more than two
groups (type of dressing), the Fisher-Freeman-
Halton exact test was used to evaluate the
existence of dependence between subgroups.

For the comparison of quantitative outcome
variables (BRD, HT, LOS, PS, and DS) between
more than two groups (type of dressing),
Levene's test for equality of variances, and
one-way analysis of covariance (ANCOVA)
to compare the means between patients
who received treatment with different types
of dressings, with all available demographic
variables (age, type of operation, and type of
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CHIEF: Prof. M. Mitsis

To be filled out by the patient:
5: very poor

4: poor

3: average

2: good

1: very good

A) Your experience during the operation was

B) Your experience during your wound dressing changes was: .....

C) Your experience during the application of the dressings was: .....

D) Your mood during your stay at the clinic was: .....

(For any questions or clarifications, please feel free to ask your doctor)
Final score (Sum) =

min: 4
max:20

University Hospital of loannina
Stavros Niarchos Avenue, 45500 foannina
Surgical department T: sttt Fax:
E-mail: Xxoooox@uhi gr

Figure 2
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anaesthesia) added as covariates to a fixed-
effects model.

For the comparison of qualitative variables
(death during treatment) between more than
two groups (type of dressing), a binary logistic
regression model was developed to investigate
the association between the type of dressing
and the risk of death during treatment, while
controlling for age, type of operation, and type of
anaesthesia.

All reported p-values are two tailed.
Statistical significance was set at p<.05,
and analysis was conducted using IBM SPSS
Statistics for Windows (version 29.0.2.0; Boulton
et al, 2018).

Results

Overall patient characteristics

The study included 217 patients, with 127
undergoing amputation and 90 subjected

to extensive surgical debridement. Seven
transtibial amputations and four transfemoral
amputations with residuum infection were also
treated.

The demographic and clinical
characteristics, both overall and categorised
intervention type, for the 127 patients in the
cohort are summarised in Table 1. Mean
patient age was 72.8 = 11.3 years and FOAM
dressings were the most prevalent (30.0%).
Interestingly, local anaesthetics predominated
in amputations (88.2%) while surgical
debridements were mostly performed under
regional (76.7%) or general (22.2%) anaesthesia.

The type of dressing used did not differ
significantly between the two surgical procedure
groups. Almost all patients in the amputation
group received local anaesthesia, while almost
99% of patients who underwent debridement
received either regional or general anaesthesia
(p<0.001).

Mean BRD, LOS, and HT were significantly
longer in the surgical debridement group by
1.4 days, 6.2 days, and 41.1 days, respectively
(p<0.001). Regardless of the type of dressing
used, healing lasted less than 2 months in 37.8%
of patients. The mean PS and DS were also
higher in the debridement group by 6.5 and
2.9, respectively (p<0.001). However, the overall
mortality rate was higher among patients
undergoing amputation (25.2% versus 15.6%).

Amputations

The demographic and clinical characteristics of
patients who underwent amputations, overall
and by type of dressing are summarised in
Table 2. The mean patient age was 72.8 +12.0
years and amputations of a single toe with or
without the corresponding metatarsal head
were the most common (49.6%). Hydrofiber

Table 1. The demographic and clinical characteristics of 127

patients, both overall and categorised by intervention type.

Age (years) 72.8 £11.3 72.8 £12.0 729 +£10.3 <0.001*
74 (39 - 99) 74 (39 — 96) 73 (49 - 99)

Dressing 0.16t
coL 14 (6.5) 7 (5.5) 7 (7.8)
CONV 27 (12.4) 22 (17.3) 5 (5.6)
FOAM 65 (30.0) 39 (307) 26 (28.9)
FOAS 33 (15.2) 17 (13.4) 16 (17.8)
HFIB 13 (6.0) 9 (71) 4 (4.4)
IBU 50 (23.0) 25 (19.7) 25 (27.8)
VAC 15 (6.9) 8 (6.3) 7 (7.8)
Anaesthesia <001t
Local 13 (52.1) 12 (88.2) 1(11)
Regional 78 (35.9) 9 (71) 69 (76.7)
General 26 (12.0) 6 (4.7) 20 (22.2)
Bed rest 2.8+10 22+07 36+0.8 <001*
duration (days) 3(1-5) 2(1-5) 4(-5)
Length of stay 5.6 + 4.0 3014 9.2+38 <.001*
(days) 4(2-22) 2(2-9) 8 (3-122)
Healing time 531+ 313 349+ 214 76.0 £ 26.4 <001*
(days) 60 (15 — 30 (15 - 90 (15 - 120)
120) 120)
Pain score 6.4 +39 3817 10329 <.001*
5(0-18) 4(0-10) 10 (4 -18)
Distress score 12.1+£ 3.3 1.0 £ 3.0 13.9 £ 3.0 <.001*
12 (4 - 20) 1(4-18) 14 (7 - 20)
Death during .094F
treatment
Yes 46 (21.2) 32 (25.2) 14 (15.6)
No 171 (78.8) 95 (74.8) 76 (84.4)

Data are presented as n (%) or mean + standard deviation and median
(range). COL = collagen dressing; CONV = conventional dressing; FOAM =
foam dressing; FOAS = foam silicone dressing; HFIB = hydrofiber dressing;
IBU = ibuprofen dressing; VAC = vacuum-assisted closure device.
*Mann-Whitney U (Wilcoxon Rank Sum) test; fPearson's chi-squared test of
independence.
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Table 2. Demographic and clinical characteristics of patients who underwent amputations overall and by type of dressing.

Amputation- Overall Type of dressing
associated (n=127)
demographic FOAS
or clinical (n=17;
characteristic 13.4%)
Age (years) 72.8 £12.0 65.6 +13.3 726 8.4 713 +12.0 69.0 £10.8 783 76.0 £ 79.0 £ 0.093*
74 (39-96) 63 (49-91) 73 (49-87) 74 (40- 67 (46-85) n.2 145 9.2
92) 81 (58— 78 (39- 78 (67-
90) 96) 93)
Operation <0.001f
SING 63 (49.6) 5 (71.4) 17 (77.3) 17 (43.6) 7 (412) 9 (100.0) 8(32.0) 0
DOUB 42 (33.) 2(28.6) 5 (22.7) 17 (43.6) 6 (35.3) 0 12 (48.0) 0
TRIP  13(10.2) 0 0 4(10.3) 4 (23.5) 0 3(12.0) 2 (25.0)
MULT  3(24) 0 0 1(2.6) 0 0 1(4.0) 1(12.5)
TMET 4 (3.) 0 0 0 0 0 1(4.0) 3(375)
LISFR  1(0.8) 0 0 0 0 0 0 1(12.5)
cHoP 1(0.8) 0 0 0 0 0 0 1(12.5)
Anaesthesia <0.001f
12 (88.2) 7 (100.0) 22 (100) 36 (92.3) 16 (94.) 9 (100.0) 21(84.0) 1(12.5)
9 (71) 0 0 2 (5.) 1(5.9) 0 4 (16.0) 2 (25.0)
6 (47) 0 0 1(2.6) 0 0 0 5 (62.5)
Bed rest duration 2207 20+00 29%05 22+06 2004 20% 17+05 3405 0003
(days) 2 (1-5) 2(2-2) 3(2-4) 2 (1-5) 2(1-3) 0.0 2(1-3) 3(3-4)
2(2-2)
Length of stay 30+14 20+00 41+08 2609 2811 21+03 2511 65+14  <0.00M
(days) 2 (2-9) 2 (2-2) 4 (3-7) 2 (2-6) 2 (2-6) 2 (2-3) 2 (2-7) 6 (5-9)
Healing time (days) 34914 338189 432+322 369+ 358 +17.9 30+ 247 £ 300+ 0.0
30 (15- 30 (15- 30 (15- 207 30 (15-60) 18.4 78 21.2
120) 60) 120) 30 (15— 30 (15— 30 (15— 225
90) 60) 30) (15-60)
Pain score 3817 3605 3909 3810 42+13 3810 22+09 8116  <0.001
4 (0-10) 4 (3-4) 4 (3-6) 4(3-7) 4 (3-8) 4 (3-6) 2 (0-4) 8 (6-10)
Distress score 1.0£30 120£29 120 £ 3] 105+22 10.6 £ 2.0 124+ 9437 127+19 023
1 (4-18) 12 (8-16) 12 (6-18) 10 (6-16) 10 (80-15) 39 8 (4-16) 13 (12-16)
12
(8-18)
Death during 0.238
treatment
Yes 32 (25.2) 3 (42.9) 5 (22.7) 4(10.3) 4 (235) 4 (44.4) 8 (32.0) 4 (50.0)
No 95 (74.8) 4 (57.) 17 (77.3) 35 (89.7) 14 (76.5) 5 (55.6) 17 (68.0) 4 (50.0)

Data are presented as n (%) or mean = standard deviation and median (range). CHOP = transtarsal (Chopart) amputation; COL = collagen
dressing; CONV = conventional dressing; DOUB = amputation of two toes with or without the corresponding metatarsal heads; FOAM =
foam dressing; FOAS = foam silicone dressing; HFIB = hydrofiber dressing; IBU = ibuprofen dressing; LISFR = tarsometatarsal disarticulation
(Lisfranc amputation); MULT = amputation of more than three toes with or without the corresponding metatarsal heads; SING = amputation
of a single toe with or without the corresponding metatarsal head; TMET = transmetatarsal amputation; TRIP = amputation of three toes
with or without the corresponding metatarsal heads; VAC = vacuum-assisted closure device.

*Kruskal-Wallis H (one—woy ANOVA on ranks) test; fFisher-Freeman-Halton exact test; fOne-way analysis of covariance (ANCOVA); 8Binary
logistic regression.
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dressings were only used for the above
amputation type, while tarsometatarsal
(Lisfranc) disarticulations and transtarsal
amputations were always dressed using VAC
devices. Collagen and conventional dressings
were also used for amputations of a single toe
or two toes with or without the corresponding
metatarsal heads. Mean PS was low (3.8 % 1.7),
although the mean DS was higher and relatively
moderate (11.0 + 3.0).

Clinical outcome variable mean values
between ibuprofen dressings and other coL -0.28 -1.08 0.52 0.204 1.0
dressings, for patients who underwent

Table 3. Post hoc comparisons of continuous clinical outcome variable

mean values using the Bonferroni correction, between ibuprofen dressings
(1*) and other dressings for patients who underwent amputation.

Bed rest duration (days)

amputation, are presented in Table 3, alongside SO =L o =0 s el
the results of the pOSt hoc testing. FOAM -0.43 -0.91 0.05 0.122 0.095
Bed rest duration FOAS -0.28 -0.87 0.31 0.150 1.0
A one-way ANCOVA reveal tatisticall

,O e ay ) e ealed a statistica Y HFIB -0.28 -1.01 0.45 0.185 1.0
significant difference in mean BRD between
the different dressing types [F(6,11) = 6.878, VAC 171 -2.5] -0.91 0.204  <0.001
p=0.003], while adjusting for age, type of
operation and type of anaesthesia. The partial Length of stay (days)
eta-squared value (n2 =0.790) indicates that coL 0.52 -0.36 1.40 0223 084

the effect size was large.
Post hoc comparisons with Bonferroni CONV -1.62 -2.22 -1.02 0.153  <0.001
correction indicated that IBU dressings were

associated with a shorter BRD compared to FOAM ~0.04 -0.57 0.48 0134 10
CONV (MD=-1.19 days, SEM=.139, p<0.001) and FOAS ~024  -089 040 0164 10
VAC (MD=-171, SEM=0.204, p<0.001) dressings.
The mean difference in BRD between IBU and HFIB 0.41 -0.39 1.21 0.203 1.0
th ) -

. e r.e.st of dressings was not statistically VAC 308 48] 315 0212 <0001
significant.

Healing ti d

Length of stay Rl i ETer)
A one-way ANCOVA revealed a statistically coL -9.04 -4170 23.62 7045 1.0

significant difference in the mean LOS between
the different types of dressings [F(6,11) =

11402, p<.001] while adjusting for age, type of
operation, and type of anaesthesia. The partial
eta-squared value (n2 = .861) indicates that the FOAS -11.06 -32.72 10.59 4671 1.0
effect size was large.

CONV -18.53 -38.69 1.63 4.348 0.079

FOAM -12.15 -29.563 5.22 3748 0.30

Post-hoc comparisons with Bonferroni HFIB 529 7319 2481 6.4%0 10
correction indicated that IBU dressings were VAC -5.29 -37.95 2737 7045 1.0
associated with a shorter LOS compared to
CONV (MD=-1.62 days, SEM=.153, p<.001) and Pain score
VAC (MD=-3.98, SEM=.212, p<.001) dressings. coL 133 240 026 0274 0010
The mean LOS difference between IBU and
the rest of dressings was not statistically CONV -1.67 -2.40 -0.94 0.187  <0.001
significant.

FOAM -1.568 -2.22 -0.94 0.164  <0.001
Healing time FOAS -200  -278 -121 0201 <0001
A one-way ANCOVA revealed a statistically
significant difference in mean HT between HFIB -1.54 ~2.51 -056 0249 0001
the different types of dressings [F(6,7) = VAC _5.89 _6.90 487 0260 <0.00l
6.976, p=.011] while adjusting for age, type of
operation, and type of anaesthesia. The partial Cl = confidence interval; COL = collagen dressing; CONV = conventional dressing;
eta-squared value ("12 = .857) indicates that FOAM = foam dressing; FOAS = foam silicone dressing; HFIB = hydrofiber dressing;

LB = lower bound; MD = mean difference; SEM = standard error of the mean;

the effect size was large. . )
UB = upper bound; VAC = vacuum-assisted closure device.

However, post hoc comparisons with
Bonferroni correction indicated that the mean

Global Wound Care Journal 2026 Volume: 2 Issue: 1 25



Research & audit

Table 3. Post hoc comparisons of continuous clinical outcome variable

mean values using the Bonferroni correction between ibuprofen dressings
(1*) and other dressings, for patients who underwent amputation.

Distress during
treatment

CcoL
CONV
FOAM
FOAS
HFIB

VAC

-2.65 -7.86 2.55 1.327 1.0
-2.61 -6.20 0.99 0.917 0.34
-115 -4.34 2.03 0.812 1.0
-1.22 -5.31 2.87 1.042 1.0
-3.10 -7.84 1.65 1.209 0.56
-4.32 -9.85 1.21 1.410 0.23

*Absolute mean values for ibuprofen dressings are reported in Table 2.

CI = confidence interval; COL = collagen dressing; CONV = conventional dressing;
FOAM = foam dressing; FOAS = foam silicone dressing; HFIB = hydrofibre dressing;
LB = lower bound; MD = mean difference; SEM = standard error of the mean;

UB = upper bound; VAC = vacuum-assisted closure device.

difference in HT between IBU and the rest of
dressings was not statistically significant.

Pain score

A one-way ANCOVA revealed a statistically
significant difference in mean PS between

the different types of dressings [F(6,11) =

11.715, p<.001] while adjusting for age, type of
operation, and type of anaesthesia. The partial
eta-squared value (n2 = .865) indicates that
the effect size was large.

Post-hoc comparisons with Bonferroni
correction indicated that IBU dressings were
associated with better mean PS compared to
all other dressings; COL (MD=-1.33, SEM=.274,
p=.010); CONV (MD=-1.67, SEM=.187, p<.001);
FOAM (MD=-1.58, SEM=.164, p<.001); FOAS (MD=-
2.00, SEM=.187, p<.001); HFIB (MD=-1.54, SEM=.249,
p=.001); VAC (MD=-5.98, SEM=.260, p<.001).

Distress score

A one-way ANCOVA revealed no statistically
significant difference in mean DS between
the different types of dressings [F(6,11) =
1.612, p=.233] while adjusting for age, type of
operation, and type of anaesthesia.

Post-hoc comparisons with Bonferroni
correction confirmed that the mean difference
in DS between IBU and the rest of the dressings
was not statistically significant.

Death during treatment

The overall binary logistic regression model
explained 23.4% of the variation of death during
treatment (Nagelkerke R2), and correctly

predicted 77.2% of cases. The association
between the type of dressing used and the risk
of death during treatment was not statistically
significant (p=.23).

Surgical debridement

The demographic and clinical characteristics
of patients who underwent surgical
debridement, overall and by type of dressing,
are summarised in Table 4. The mean age
was 72.9 = 10.3 years. Ibuprofen and foam
dressings were the most frequently used
(27.8% and 28.9%, respectively). Most patients
underwent foot abscess drainage with surgical
debridement (56.7%); regional anaesthesia
was the most common choice (76.7%) and
was used in all cases subsequently treated
with VAC devices. Although the overall DS were
again moderate (mean: 13.9 £ 3.0), the PS was
also moderate (10.3 + 2.9), contrary to the low
PS in amputations.

Mean values for clinical outcome variables,
comparing ibuprofen dressings with all other
dressing types for patients who underwent
surgical debridement, are presented in Table 5,
alongside the results of the post-hoc testing.

Bed rest duration
A one-way ANCOVA revealed no statistically
significant difference in the mean BRD between
the different types of dressings [F(5;8) = 1.632, p
= .26] while adjusting for age, type of operation,
and type of anaesthesia.

However, post-hoc comparisons with
the Bonferroni correction indicated that IBU
dressings were associated with a shorter BRD
compared to FOAS dressings (MD = -.95 days,
SEM = .194, p=.026). The mean difference in BRD
between IBU and the rest of dressings was not
statistically significant.

Length of stay

A one-way ANCOVA revealed no statistically
significant difference in the mean LOS between
the different types of dressings [F(5,8) = .675, p
= .66] while adjusting for age, type of operation,
and type of anaesthesia.

Post-hoc comparisons with Bonferroni
correction confirmed that the mean difference
in the LOS between IBU and the rest of dressings
was not statistically significant.

Healing time
A one-way ANCOVA revealed no statistically
significant difference in mean HT between
the different types of dressings [F(5,6) =
0.772, p=.60] while adjusting for age, type of
operation, and type of anaesthesia.

Post-hoc comparisons with Bonferroni
correction confirmed that the mean difference
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Table 4. Demographic and clinical characteristics of patients who underwent surgical debridement, both overall and

categorised by dressing type.

Debridement-associated
demographic or clinical

characteristic

Age (years)

Operation

DRAIN

DRAIN+AMP

DRAIN+DEBR

DEBRC

Anaesthesia

Local

Regional

General

Bed rest duration (days)

Length of stay (days)

Healing time (days)

Pain score

Distress score

Death

during

treatment
Yes
No

Overall
(n=
90)

729+
10.3

73 (49-
99)

8(8.9)
26 (28.9)
51 (56.7)

5 (5.6)

10.0)

69 (76.7)

20 (22.2)

36+08
4 (1-5)

92+38
8 (3-22)

76 +
26.4
90 (15-
120)

10.3 £

29
10 (4-18)

139 +
3.0
14 (7-20)

14 (15.6)

76 (84.4)

Type of dressing

coL
n=7
7.8%)

72391
74 (56-
82)

2 (28.6)
3(42.9)

2 (28.6)

0

6 (85.7)
1(14.3)
3.6+0.8

4(2-4)

N3 +6.4
4 (2-4)

90 £245
90 (60-
120)

10218
9 (8-13)

5+25
14 (12-20)

7

CONV
(n=5;
5.6%)

84+89
87 (72-94)

1(20)
1(20)
2 (40)

1(20)

5 (100)

0
42+04
4 (4-5)

N4+65
10 (5-22)

60 424
45 (30-
120)

1375 +15
14 (12-15)

16326
15.5 (14-
20)

1(20)

4 (80)

FOAM
(n=26;
28.9%)

729+93
70 (56-
92)

1(3.8)
8(30.8)
17 (65.4)

0

0

18 (69.2)

8 (30.8)
37+07
4 (3-5)

9+28
85 (4-14)

88.8 +
20.3

90 (30-
120)

107 £3.0
11 (4-15)

125 £ 3]
12 (7-20)

1(3.8)

25 (96.2)

FOAS
(GER[H
17.8%)

736 =
102
755
(66-92)

7 (43.8)
8 (50)

1(8.3)

0
12 (75)
4 (25)
41£06

4 (3-5)

N1+38
1 (5-18)

795 £
28.3
90 (15-
120)

107 £3.2
10 (6-18)

15+£20
15 (12-18)

6 (375)

10 (62.5)

66.8 £
6.3
68 (58-
73)

2 (50)
1(25)

1(25)

0

3(75)

1(25)

4+08
4 (3-5)

85+
37
7 (6-14)

60 =
424

60 (30-
90)

10.8 +

2.2
11 (8-13)

14+28

13 (12-
18)

2 (50)

2 (50)

71£116
72 (49-
99)

2(8)
6 (24)
16 (64)

1(4)

1(4)

18 (72)
6 (24)
31£08

3(-4)

7628
7 (3-17)

66.4 +
20.4
60 (15-
90)

9124
8 (6-15)

13+23
12 (8-20)

4 (18)

21 (84)

75 &
107
76 (60-
a1)

5 (71.4)

5 (5.6)

7 (100)

3413
4(1-4)

820 +
29
8 (4-12)

53.57 +
24.3
60 (15-
90)

97+
3.9
8 (6-18)

16.7 +
1.9

16 (14-
20)

0

7 (100)

0.21*

0.028t

0.75f

0.26*

0.65*

0.77¢

0.37*

0.027+

0.158

Data are presented as n (%) or mean = standard deviation and median (ronge). COL = collagen dressing; CONV = conventional

dressing; DEBRC = surgical debridement of the calf; DRAIN = foot abscess drainage; DRAIN+AMP = foot abscess drainage with toe
amputation; DRAIN+DEBR = foot abscess drainage with surgical debridement; FOAM = foam dressing; FOAS = foam silicone dressing;

HFIB = hydrofiber dressing; IBU = ibuprofen dressing; VAC = vacuum-assisted closure device.

*One-way analysis of variance (ANOVA); tFisher-Freeman-Halton exact test; fOne-way analysis of covariance (ANCOVA); 8sBinary

logistic regression.
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Table 5. Post-hoc comparisons of continuous clinical outcome variable in HT between IBU and the rest of dressings was
mean values using the Bonferroni correction, between ibuprofen dressings not statistically significant.
(1) and other dressings for patients who underwent surgical debridement.

Pain score

A one-way ANCOVA revealed no statistically
significant difference in mean PS between
the different types of dressings [F(5,8) =
1.248, p=0.37] while adjusting for age, type of
operation, and type of anaesthesia.

Bed rest Post hoc comparisons with Bonferroni
duration correction confirmed that the mean difference
(days) in PS between IBU and the rest of dressings was
coL -0.45 153 0.64 0248 10 not statistically significant.
CONV -1.08 =22 0.17 0.284 0.1 Distress score
A one-way ANCOVA revealed no statistically
%00 ~lae =2 ot dlag @28 significant difference in mean DS between the
e _0.95 e - G B different types of dressings [F(5,8) = 4.684,

p=0.027] while adjusting for age, type of
HFIB -0.88 -2.24 0.49 0.312 048 operation, and type of anaesthesia.
Post hoc comparisons with Bonferroni

VAC 7030 7139 078 0.248 10 correction confirmed that IBU dressings were
Length of associated with better mean DS compared to
stay (days) VAC devices (MD = -3.76, SEM =0.78, p=0.028).
The mean difference in DS between IBU and the
cot 373 -10.74 3.29 1606 10 rest of dressings was not statistically significant.
CONV -3.84 -1.88 4.20 1.840 10

Death during treatment
FOAM 144 -6.04 3.6 1052 10 The overall binary logistic regression model
explained 42.6% of the variation of death during
treatment (Nagelkerke R2), and correctly
HFIB -0.94 -9.78 7.90 2022 1.0 predicted 83.3% of cases. The association
between the type of dressing used and the risk

FOAS -3.50 -8.76 1.75 1202 041

VAC 073 774 6.29 1606 10 of death during treatment was not statistically
Healing significant (p=0.153). Detailed death during
time (days) treatment rates by dressing type are presented
in Tables 2 and 4.
CoL 6.43 -105.84 118.70 22321 10
Discussion
CONV 2357  -8468 3754 12150 10 More than 60% of patients with DFUs report
26 v -69.96 82.89 BET 10 severe wound pain (Boulton et al, 2018). .
Chronic and painful ulcers frequently stall in an
FOAS -22.37 -63.82 19.08 8.240 073 inflalmmatory phase where excessive exudate
damages healthy periwound skin, impedes
HFIB -13.07 -66.87 40.73 10696 1.0 . .
healing and prolongs overall treatment times
VAC 6.43 -9719 110.05 20601 1.0 (Frykberg and Banks, 2015). Sleep disturbances,
mobility restriction, daily activity limitation
Pain score and quality of life deterioration are among
coL -0l 715 530 1426 10 the most common side effects (Cavalcanti et

al, 2017). Two key types of wound-associated
CONV -4.66 -12.48 316 1790 066 pain are broadly recognised, with neuropathic
pain arising from nerve tissue damage and

FOAM -1.63 -5.80 2.54 0.955 10 . . . .
nociceptive pain being the result of actual
FOAS -1.58 -6.37 3.21 1.097 1.0 tissue damage (Lindholm et al, 2019; Finnerup
et al, 2021). Although oral non-steroidal anti-
HFIB -1.66 -9.48 6.6 1790 10 inflammatory drugs (NSAIDs) are known to
reduce nociceptive pain, they are associated
VAC -0.63 -6.86 5.61 1426 10

with gastrointestinal bleeding and renal
function impairment. Systemic NSAIDs may
be less effective in patients with circulatory
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compromise. In contrast, topical ibuprofen
achieves therapeutic levels at the wound site
with lower overall doses, fewer systemic side
effects, and reduced dependency on local
circulation (Tai and McAlindon, 2021).

Although spontaneous open wound
improvement and medically-induced
healing are possible, surgical or intravascular
intervention remain the gold standard of
treatment. As the two most popular surgical
treatment techniques (amputation and
debridement) often exacerbate postoperative
pain and predispose to infections, wound
dressings are progressively adopted more
widely by the global vascular surgery
community for inflamed and infected open
wounds (Frykberg and Banks, 2015). There are
emerging indications that ibuprofen dressings,
alone or in combination with regular monitoring
and thorough wound care, can minimise
inflammation and alleviate pain, allowing for
faster healing and mobilisation and ultimately
improving mobility, sleep and mood (Price et
al, 2007; Palao et al, 2008; Romanelli et al, 2009;
Salomé and Ferreira, 2017).

Ibuprofen is a NSAID that inhibits
cyclooxygenase (COX1 and COX2) enzymes;
these enzymes convert arachidonic acid to
prostaglandin H, (PGH,), thereby desensitising
peripheral nerve endings that transmit pain
signals from inflamed areas (Price et al, 2007).
Topical ibuprofen administration with direct
drug delivery achieves therapeutic levels
within target-tissues while sparing plasma
and obviating systemic side effects. Direct
on-site application provides adequate tissue
penetration and achieves straightforward
analgesia in the affected areas. In addition,
Ibuprofen dressings are convenient and
easy-to-use, improving patient compliance
and satisfaction and minimising the risk of
iatrogenic errors. Several types of ibuprofen
dressings are available, including gels that are
easy to apply and appropriate for a variety of
wounds; patches that provide long-lasting pain
relief; foam dressings for moist wound healing;
and impregnated dressings (Price et al, 2007;
Romanelli et al, 2009; Salomé and Ferreirq,
2017).

Two trials by Arapoglou et al (2011) and
Gottrup et al (2007) evaluated the effects of
slow-release ibuprofen foam dressings on
persistent venous leg ulcer pain. The studies
included 470 patients who were compared to
individuals managed with standard treatment.
Significantly more participants in the ibuprofen
dressing group achieved the desired outcome
of >60% improvement in the total maximum
pain relief score between day 1 and day 5 than
those in the standard treatment group (RR 1.63;

Table 5. Post-hoc comparisons of continuous clinical outcome variable
mean values using the Bonferroni correction, between ibuprofen dressings

(1) and other dressings for patients who underwent surgical debridement.

Distress during treatment

CoL -2.05 -5.45 1.36 0.780 0.64
CONV -3.30 -7.56 0.97 0.977 0.20
FOAM 0.47 -1.82 2.77 0.525 1.0
FOAS -2.05 -4.73 0.64 0.614 0.22
HFIB -1.05 =5.31 3.22 0.977 1.0
VAC -3.76 -7.17 -0.35 0.780 0.028

CI = confidence interval; COL = collagen dressing; CONV = conventional dressing;
FOAM = foam dressing; FOAS = foam silicone dressing; HFIB = hydrofibre dressing;
IBU = ibuprofen dressing; LB = lower bound; MD = mean difference; SEM = standard
error of the mean; UB = upper bound; VAC = vacuum-assisted closure device.

95% CI = 1.24 - 2.15; p=.0006). The researchers
concluded that ibuprofen-containing dressings
can be a safe and effective pain relief option
(Gottrup et al, 2007; Arapoglou et al, 2011).

What distinguishes our analysis from
previous studies is that we present the largest
to date patient cohort comparing IBU dressings
with all other dressing types available in
everyday clinical practice, and simultaneously
evaluate PS and DS. We observed optimal
results in terms of pain and discomfort following
lower extremity amputation with IBU dressings,
as well as superior similar outcomes compared
to most dressings. This study though, is limited
by its retrospective design, which precludes
randomisation and introduces selection bias,
as dressing allocation depended on clinician
judgment, wound characteristics and product
availability. Furthermore, potential confounders
such as infection severity, vascular status,
comorbidities, use of antibiotics, and previous
revascularisation procedures were not
systematically recorded or controlled for, which
may have influenced outcomes.

Furthermore, our analysis suggests that
ibuprofen dressings may offer advantages
compared to conventional dressings in terms of
length of stay and pain management. However,
these differences were not always statistically
significant, and benefits were less pronounced
when compared with advanced dressings
such as VAC or foam silicone. This could be
attributed to the relatively limited sample size of
our cohort, which may have reduced statistical
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power, and the potential interference of other
factors such as unmeasured comorbidities.
Another important limitation is that the release
of ibuprofen from the dressings depends on
the presence of sufficient wound exudate. In
this retrospective analysis, the level of wound
exudate was not systematically documented;
therefore, its potential effect on ibuprofen
bioavailability and clinical outcomes could not
be assessed. This factor may partly explain
the variability in our findings. Therefore, our
results should be interpreted with caution, and
no causal relationship can be established. The
apparent benefit observed in certain subgroups
may also reflect confounding factors such
as wound characteristics or comorbidities
(e.g. concurrent medications and infection
severity). Considering that the various dressings
have comparable costs, IBU dressings can be
considered a comprehensive approach for
open DFU management (Oliveira et al, 2023).
Although beneficial, IBU dressings are
not suitable for all patients; those allergic to
ibuprofen or other NSAIDs, and/or with pre-
existing conditions such as renal or liver failure,
are at an increased risk of NSAID-induced side
effects and should be managed with great
caution under clinical physician supervision.
Healthcare providers should evaluate the risks
and benefits of ibuprofen dressings in each
individual case, carefully monitor patients and
consider alternative treatment options for those
with cardiovascular and/or renal disease.

Conclusion

Ibuprofen dressings can be a valuable
treatment option for diabetic foot ulcers,
offering targeted drug delivery and localised
pain relief. This study demonstrated that IBU
dressings may provide benefits in terms of
pain and discomfort in patients with DFUs, with
healing time and length of stay comparable

to conventional dressings. Nevertheless,
further and larger studies are necessary to
confirm these findings and evaluate long-term
outcomes. Ultimately, selecting the appropriate
wound dressing can expedite healing and
significantly reduce both patient morbidity and
the financial burden on healthcare services for
those with DFUs. @
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