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 Patient’s history

 Aetiology of Diabetic Foot Ulcer

 Vascular Status

 Location, foot deformities and joint mobility

 Size/Depth

Exposed Bone

Discard Infection

Wound bed assesment

Edge and Periwound Skin



STANDARD 
OF CARE 

DFU

 PVD assessment
 If PVD is present: poor prognosis of the ulceration (close 

70% DFU are neuroischemic)

 If Critical Limb Ischemia is present: Revascularization is 
mandatory 

Discard infection
 If Soft Tissue are getting infected: consider surgical 

debridement

 Necrotizing Soft Tissue Infection: Emergency Approach 
(Aggressive Surgery and ATB I/V)

 If Bone is infected:  To define when surgery or medical 
therapy is the first step for managing 

Offloading
 To evaluate location, BMI, LJM, Oedema, Hyperkeratosis y 

previous offloading devices

Wound management 
 To define objectives in wound care 



50% have 

some degree 

of PVD



41,6% 

Arterial 

Calcification 



Inf - / PAD –

A

Inf + / PAD -

B

Inf - / PAD +

C

Inf + / PAD +

D

Prevalence 24% 27% 18% 31%

Healing 90% 89% 69% 36%

Costs 4.514€ 9.273 € 9.851 € 16.835 €

OR 2.82 (1.82-4.22, 

p<.001)

Prompers L. Eurodiale Study. Diabetología 2007

Naburs-Franssen MH. Diabetes Care 2005

Prompers L. Eurodiale Study . Diabetología 2008 

(Febr)

Prompers L. Eurodiale Study. Diabetología 2008 

(May)



30% 50%-60% 10%-15%

Schaper NC, Van Netten JJ, Apelqvist J, Lipsky BA, Bakker K. Prevention and management of foot problems in diabetes: a summary guidance for daily practice 2015 based on the IWGDF Guidance

Documents. Diabetes Metab Res Rev 2016; 32 (suppl 1): 7–15.

Armstrong DG, Cohen K,  Courric S , Bharara M, Marston W. Diabetic Foot Ulcers and Vascular Insufficiency: Our Population Has Changed, but Our Methods Have Not. J Diabetes Sci Technol. 2011 Nov; 

5(6): 1591–1595.

Neuroischemic Ischemic 
Neuropathic



Infection IS THE MOST SERIOUS COMPLICATION 
IN DIABETIC FOOT



Underestimate of the process by some DFO clinical 

presentation



Beginning with local wound care



It's not what you put on, but what you take off: techniques for debriding and off-loading 
the diabetic foot wound.

Armstrong DG, Lavery LA, Nixon BP, Boulton AJ. Clin Infect Dis. 2004 Aug 1;39 Suppl 2:S92-9.

Pure Neuropathic



Total Contact Cast is the “Gold Standard” on DFUs  Off-Loading 

-Katz IA, Harlan A, Miranda-Palma B, Prieto-Sanchez L, 

Armstrong DG, Bowker JH, Mizel MS, Boulton AJ: A 

randomized trial of two irremovable off-loading devices 

in the management of plantar neuropathic diabetic foot 

ulcers. Diabetes Care 28:555-559, 2005

-Armstrong DG, Nguyen HC, Lavery LA, van Schie CH, 

Boulton AJ, Harkless LB: Off-loading the diabetic foot 

wound: a randomized clinical trial. Diabetes Care

24:1019-1022, 2001

-Saltzman CL, Zimmerman MB, Holdsworth RL, Beck S, 

Hartsell HD, Frantz RA: Effect of initial weight-bearing 

in a total contact cast on healing of diabetic foot 

ulcers. J Bone Joint Surg Am 86-A:2714-2719, 2004

-Ha VG, Siney H, Hartmann-Heurtier A, Jacqueminet S, 

Greau F, Grimaldi A: Nonremovable, windowed, 

fiberglass cast boot in the treatment of diabetic plantar 

ulcers: efficacy, safety, and compliance. Diabetes Care

26:2848-2852, 2003

-Caravaggi C, Faglia E, De GR, Mantero M, Quarantiello

A, Sommariva E, Gino M, Pritelli C, Morabito A: 

Effectiveness and safety of a nonremovable fiberglass 

off-bearing cast versus a therapeutic shoe in the 

treatment of neuropathic foot ulcers: a randomized 

study. Diabetes Care 23:1746-1751, 2000



Just 2%(of 901 centres) used Total Contact 
Cast (TCC) as a primary method of offloading

 46% of centres never had used TCC and 58% 
didn’t consider as Gold Standard

More used offloading were modified shoes

Only 6% of patients were treated with total 
contact cast

Wu SC, Jensen JL, Weber AK, Robinson DE, Armstrong DG. Use of pressure offloading devices in diabetic foot ulcers: do we practice what we preach? Diabetes Care 2008; 31: 2118–2119

Fife CE, Carter MJ, Walker D. Why is it so hard to do the right thing in wound care? Wound Repair Regen 2010; 18: 154–158.



Evidence from the 

literature
Daily practice

A big gap 
implementing  Off-loading in Diabetic Foot 





- Heel: (+ +)

- Midfoot: (+)

- Metartarsal: (-)

- Toes: (- -)

Difficulty 

level





Define main objective of the local care therapy:
Promotion/Covering 

Control/Prevention Infection

Biochemical balance/Promotion (faster healing)

Protection

To schedule revision

Training patients in detection of complications 
and what he has to do









First Objective: Promotion Granulation Tissue



Limitation with 

Surgical 

Debridement 

Limitation with 

Type of Offloading

No evidences in 

Local Wound Care 



Gibbons GW, Orgill DP, Serena TE, Novoung A, O'Connell JB, Li WW, Driver VR.A prospective, randomized, controlled trial comparing 

the effects of noncontact, low-frequency ultrasound to standard care in healing venous leg ulcers. Ostomy Wound Manage. 2015 

Jan;61(1):16-29
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Variable Week 0 Week 3 Week 6

Area (cm2) 14.80 13.30 12.20

Wollina Score 2 3 5

Lazaro-Martínez JL, Alvaro-Afonso FJ, Garcia-Morales E, Garcia-Alvarez Y, Molines-Barroso R, Sanz-Corbalan I. Clinical and 

microbiological outcomes after sequential low-frequency ultrasound wound debridement of neuroischemic diabetic foot ulcers. Oral 

Presentation. 13th annual meeting of the DFSG 9-11 September 2016. Stuttgart. Germany







 Wound Area Reduction less tan 30% or 50% after 2 or 4 weeks, respectively 

Game FL, Attinger C, Hartemann A, et al. IWGDF guidance on use of interventions to enhance the healing of chronic ulcers of the foot in diabetes. 
Diabetes/metabolism research and reviews 2016; 32 Suppl 1: 75-83.



The Main 
Enemy in 
Healing 
Process 

Inflammation



Inflammation in DFUs

Impaired Healing Repetitive stress

Bacteria Burden



Bacterial Load Predicts Healing Rate
in Neuropathic Diabetic Foot Ulcers
Ling Xu, Susan V. McLennan, Lisa 
Lo, Anas Natfaji, Thyra Bolton, Yu
Liu, Stephen M. Twigg, and Dennis 
K. Yue Diabetes Care 2007 30: 378-
380



Internal Factors

Specially associated with bacteria 

burden and an poor vascular status

External Factors

Repetitive stress (Mainly DFUs are 

located in foot pressures’ areas)  



•65-70% DFUs have 
elevated levels of MMPs

•MMP9, MMP2 and MMP-
1/TIMP-1 ratio

• ¿Cause or consequence?

Lobmann R, et al. (2002) Expression of matrix-metalloproteinases 

and their inhibitors in the wound of diabetic and nondiabetic 

patients. Diabetologia 45:1011-1016. 

Liu Y, et al. (2009) Increased matrix metalloproteinase-9 predicts 

poor wound healing in diabetic foot ulcers. Diabetes Care 32:117–

119.

Muller M, et al. (2008) Matrix metalloproteinases and diabetic foot 

ulcers: the ratio of MMP-1 to TIMP-1 is a predictor of Wound 

healing. DiabetMed 25:419–426 





+ NOSF

D-14       D0 W2 W4 W W8 W10 W12 W1 W16 W1W20       W24     W28    W32

- NOSFRun-in
period

Follow-up: Ancillary
study

•  Wound surface area D-14 vs W0 ≤ 30%
• No infection (whatever wound, whatever limb)
• Off- loading compliance confirmed
• HbA1c ≤10% (if not available at D-14)

• Patient consent
• Validation of inclusion  and 

exclusion criteria
• Prescription of an off- loading

system

M0       M1 W6 M2 W1 0 M3 W14  M4 W1  M5         M6        M7      M8

All the patients will participate to the follow-up study.
In case of wound closure, at any time of the follow-up, the 
epithelialisation will be confirmed two weeks after.

❶

❷

❸

Randomisation (D0) + Treatment period (D0 – W20)

2

❸

❶ Run-in period

Follow-up: Ancillary study

• Randomised, double blind, controlled and stratified trial, conducted in two parallel groups

The EXPLORER RCT - Design

Edmonds M, Lázaro-Martínez JL, Alfayate-García JM et al. Sucrose octasulfate dressing versus control dressing in patients with neuroischaemic

diabetic foot ulcers (Explorer): an international, multicentre, double-blind, randomised, controlled trial. Lancet Diabetes Endocrinol 2018; 6:186-

96.



RESULTS - Primary Endpoint

Wound Closure by Week 20. Main efficacy analysis, ITT population

Wound closure: Defined as 100% epithelialization with no drainage and confirmed two weeks later by the investigators.

Chi-square test, 2-sided: p=0.005

Significantly more wound closure were observed in the TLC-NOSF group.
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Group difference

18 points*

34/114

60/126

30%

48%

Control TLC-NOSF

Percentage of Wound Closure by Week 20

95% CI of the 

difference:

5% to 30%

Edmonds M, La ́zaro-Martínez JL, Alfayate-García JM et al. Sucrose octasulfate dressing versus control dressing in patients with neuroischaemic

diabetic foot ulcers (Explorer): an international, multicentre, double-blind, randomised, controlled trial. Lancet Diabetes Endocrinol 2018; 6:186-

96.



Control

TLC-NOSF

 TLC-NOSF shortened the mean time to closure by 60 days compared to an 

advanced neutral dressing.

Data are given as  mean  ± SE (95% CI). Median value are not given as the control group did not reach 

50% of wound closure.

Estimation is limited to the largest survival time if it is censored. Confirmed closure population.

Control 

group

(n=114)

TLC-NOSF 

group

(n=126)

Time to Closure

Difference

(Control-Treatment)

Log rank

(Mantel-

Cox)

ITT analysis
180 ± 9 

(163-198)

120 ± 5

(110-129)
60 days p=0.029

Edmonds M, Lázaro-Martínez JL, Alfayate-García JM et al. Sucrose octasulfate dressing versus control dressing in patients with neuroischaemic

diabetic foot ulcers (Explorer): an international, multicentre, double-blind, randomised, controlled trial. Lancet Diabetes Endocrinol 2018; 6:186-

96.



• ORC/Collagen dressing decreases 
in collagenase-like activity; 
gelatinase, matrix metalloproteinase 
(MMP)-2, and MMP-9 levels; and 
increased scavenged free radicals 
and binding of growth factors

• Conclusion: Collagen- based wound 
dressings can be an effective tool 
in the healing of diabetic foot 
wounds. The current studies show 
an overall increase in healing rates 
despite limitations in study designs. 
This study suggests that future 
works focus on biofilms and 
extracellular regulation, and include 
high risk patients.





• Patients with DFUs treated with 
ORC/Collagen healed in half time that 
control group (23.3 ± 9.9 days in 
group ORC/Collagen vs 40.6 ± 1.15 
days in control group (p < 0.01)

• More proportions of DFUs healed in 
ORC/Collagen group vs control after 6 
weeks of treatment (63% vs 15%; p < 
0.03)

• Treating neuropathic ulcers with an 
ORC/Collagen dressing provides an 
excellent cost-benefit ratio that saves 
an average of $2,280.13 per patient 
over 6 weeks of treatment.

More patients 

healed in less time 

and saving money 

Where is the trick?



• Applying always after a good standard of care (There are no miracles in 
dressing)

• Assuring that the ulcer is clean and well debrided (but remember 
debridement is not always a single step……Frequent debridement helps 
healing and dressing action: i.e. UAWD)

• The sooner you apply the dressing the faster ulcer heals (Why wait 4 weeks 
if the indication is clear????)

• Giving time for an ulcer’s response (a dressing is not a gun shooting……) at 
least 4-6 weeks in neuropathic or 10-12 weeks in neuroischemic

• Checking if the dressing is working (stay on, dressing dissolved or 
digested….)

• If something is getting wrong sometimes the fault is ours (bad indication, 
wrong indication, misdiagnosis)



All this Wound Bed are welcoming 

MMPs control dressings



•Sheehan P, Jones P, Caselli D, et al. Percent change in wound area of diabetic foot ulcers over a 4-

week period is a robust predictor of complete healling in a 12-week prospective trial. Diabetes Care

2003; 26: 1879-82.

•Snyder RJ, Cardinal M, Dauphinée DM, Stavosky J. A post-hoc analysis of reduction in diabetic foot

ulcer size at 4 weeks as a predictor of healing by 12 weeks. Ostomy Wound Manage 2010; 56(3): 44-

50.

•Lavery L, Seaman JW, Barnes SA, Armstrong DG, Keith MS. Prediction of healing for postoperative

diabetic foot wounds based on early wound area progression. Diabetes Care 2008; 31(1): 26-29.

Wound Area Reduction up to 50% by 4 

weeks is a good predictor of complete 

healing 



RESULTS –
DFU Duration and Wound Closure Rate (The global cohort)

AUC 0.684 

95% CI: 0.615 to 0.752

p<0.001

 The duration of neuro-ischaemic DFU significantly impacts wound closure.

 Without regard to the treatment received, the shorter the DFU duration, the higher the 

wound closure rate.
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(n=76)

6 to ≤11 months
(n=47)
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(n=54)

Wound closure rate according to DFU duration (by quartiles)

Edmonds M, Lázaro-Martínez JL, Alfayate-García JM et al. Sucrose octasulfate dressing versus control dressing in patients with neuroischaemic

diabetic foot ulcers (Explorer): an international, multicentre, double-blind, randomised, controlled trial. Lancet Diabetes Endocrinol 2018; 6:186-

96.



RESULTS –
DFU Duration and Wound Closure Rate (TLC-NOSF vs Control)

41%
38%

16% 15%

71%

59%

29%

22%

0%

10%

20%

30%

40%

50%

60%

70%

80%

≤2 months

(n=29 and 34)

3 to ≤5 months

(n=39 and 37)

6 to ≤11 months

(n=19 and 28)

>11 months
(n=27 and 27)

Control group

Sucrose octasulfate dressing

 In each DFU duration quartile, more wound closure occurred in the sucrose octasulfate group.

 The highest wound closure rate was reached in patients with the most recent wounds.

Edmonds M, Lázaro-Martínez JL, Alfayate-García JM et al. Sucrose octasulfate dressing versus control dressing in patients with neuroischaemic

diabetic foot ulcers (Explorer): an international, multicentre, double-blind, randomised, controlled trial. Lancet Diabetes Endocrinol 2018; 6:186-

96.



Neurological Assessment

 5,07 10g. Monofilament: Affected

 Vibration: Affected

Vascular Assessment

 Pulses: No palpable

 ABI:  110/130 = 0,84

 TBI: 55/130= 0,42

 TcPO2:  44 mmHg

DFU diagnosis

Neuroischemic Ulcer 12 weeks duration

• Wagner 3 

• Texas IIIC

• Pedis 3

Therapeutic approach

Fifth ray removal+ NPWT

15.10.18



SURGERY + NPWT MPWT REMOVAL / 

Antimicrobial dressing MMPs modulator dressing

1st WEEK 2nd WEEK



10 WEEKS

WEEK 10 WEEK 12 WEEK 14

SURFACE:  A1: 4,7cm2 (3,1x1,8)

A2: 4,9cm2 (4,3x1,6)

SURFACE: A1: 3,9cm2 (3,5 x1,2)

A2: 4,3cm2 (4,0 x1,6)

SURFACE;      A1:  3,2cm2 (2,6x1,0)

A2:  2,5cm2 (3,5x1,0) 

A1

A2



WEEK 16 WEEK 18 WEEK  20

SURFACE: A1 2,3cm2 (2,5 x 0,5)

A2 : -

SURFACE: A1: 1,5cm2 (2,0x 0,5)

A2 : -

SURFACE:A1: 1,5cm2 (1,5 x 0,4 )

A2 : -



Lázaro-Martínez JL, García-Álvarez Y, Álvaro-Afonso FJ, García-Morales E, Sanz-Corbalán I, Molines-Barroso RJ. Hard-

to-heal diabetic foot ulcers treated using negatively charged polystyrene microspheres: a prospective case series.

J Wound Care. 2019 Feb 2;28(2):104-109. 



Mechanism of Action

Promote neoangiogenesis, granulation tissue formation and wound healing

Synthetic 5-micron polystyrene microspheres (NCM) to



1. After the bottle was shaken, several drops of the solution were

applied to the wound’s surface in order to moisten and cover the

wound bed and edges

2. The wound was left exposed for 20–30 seconds to promote absorption 

of the suspension

3. sterile dry gauze pad covered the wet gauze pad and the entire 

wound area was wrapped using a cotton bandage

Application



Lázaro-Martínez JL, García-Álvarez Y, Álvaro-Afonso FJ, García-Morales E, Sanz-Corbalán I, Molines-Barroso RJ. Hard-

to-heal diabetic foot ulcers treated using negatively charged polystyrene microspheres: a prospective case series.

J Wound Care. 2019 Feb 2;28(2):104-109. 



CASOS POLYHEAL

DAY 0

(30/03/2017)

Área: cm2

SURFACE: 4,9 cm2  (2,9 x 

2,3)

Wollina: 1

DAY 7

(06/04/2017)

SURFACE: 1,7 cm2  (1,6 x 

1,9)

Wollina: 3

DAY 14

(13/04/2017)

SURFACE: 0,9 cm2  (0,9 x 

1,9)

Wollina:5



CASOS POLYHEAL

DAY 21

(20/04/2017)
DAY 28

(27/04/2017)

SURFACE: 0,8cm2  (1,1 x 

1,4)

Wollina: 6

SURFACE: 0,6cm2  (0,9 x 

1,5)

Wollina: 6



CASOS POLYHEALDAY 0

(30/03/2017)

DAY 28

(27/04/2017)

SURFACE: 4,9 cm2  (2,9 x 2,3)

Wollina: 1

SURFACE: 0,6cm2  (0,9 x 1,5)

Wollina: 6



CASOS POLYHEAL

DAY 1

(17/03/2017)

DAY 7

(24/03/2017)

DAY 14

(30/03/2017)

Área: cm2 Área: cm2 Área: cm2

SURFACE: 2,8cm2  

(3,5x1,1)

Wollina: 6

SURFACE: 2,1cm2  

(3,1x0,9)

Wollina: 6

SURFACE: 2,0cm2  

(1,1x3,7)

Wollina: 5



CASOS POLYHEAL

DAY 21

(07/04/2017)
DAY 28

(18/04/2017)

SURFACE: 2,2cm2  (3,0 x 

1,1)

Wollina: 7

SURFACE: 0,3cm2  (1,2 x 

0,5)

Wollina: 7



CASOS POLYHEALDAY 0

(INICIO 17/03/2017)

DAY 28

(18/04/2017)

SURFACE: 2,8cm2  (3,5x1,1)

Wollina: 6

SURFACE: 0,3cm2  (1,2 x 0,5)

Wollina: 7



Assure a Good Vascular 

Supply and planning 

revascularization if 

ulcer not improving 

(neuroischemic ulcer)

Discard Infection and 

treating aggressive if is 

present (specially 

moderate and severe)

Implementing the 

best and most 

efficacy offloading 

that the patient 

accept to wear 

Removing non-

viable tissue 

and control 

MMPs level 

(specially 

neuroischemic

ulcers)




