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Ruolo dei carrier antibiotati nel trattamento delle osteomieliti

«Novità» nella terapia ricostruttiva



RATIONALE FOR THE USE OF TOPICAL ANTIBIOTIC THERAPY

• Achievement of high antibiotic concentrations in affected area
(10-100 times higher than serum levels)

• Limited sistemic absorption (toxicity, liver and renal function)
• Reduction of development of resistant micro-organisms

NON-RESORBABLE

 PMMA beads
- Impregnable with glycopeptides / aminoglycosides
- High release up to 72 hours, than quick fall
- Require surgical removal

RESORBABLE

- Gradually resorb, can act as matrix for new bone 
growth

- Impregnable with water-soluble antibiotics
- After degradation, additional release of drug

(prolonged action)
- No surgical removal

 Calcium sulfate
 Hydroxyapatite
 Natural protein-based polymers
 Synthetic polymers
 Composite carriers
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Clinical and Translational Research

Diabetic foot infections (DFIs) represent a frequent and 

potentially serious complication in the diabetic population 

and their management remains challenging.1 DFIs are the 

most common reason for diabetes-related hospitalization 

and can precipitate lower extremity amputation.1 Patients 

with peripheral artery disease (PAD), which frequently 

coexists in diabetic patients,2-4 are particularly at risk.

Diabetic foot ulcers (DFUs) serve as a point of entry for 

pathogens, with approximately 60% of DFUs infected on 

presentation.5 Progression of peripheral neuropathy, with loss 

of protective sensation, can allow unperceived trauma, and 

this is the primary cause of skin breakdown. PAD frequently 

contributes to the development of ulceration and adversely 

affects healing and outcomes of infection.4 An impaired cell-

mediated immune response and phagocytic function associ-

ated with hyperglycemia further contributes to increased 

frequency and severity of infection in diabetic patients. 6

DFIs are often polymicrobial, especially in the chronic 

wound. Recurrence of infection in long-standing ulcers 

requires repeated courses of antibiotics, but the benefits are 

frequently hampered by intolerance and adverse effects, 

especially in frail, diabetic patients with multiple comor-

bidities.7,8 Despite the progress in systemic antibiotic usage, 

its efficacy can be impaired by low tissue penetration due to 

the PAD, manifested in the more distal vessels, as well as 

the presence of impaired microcirculation.7,9,10 The devel-

opment of biofilms in chronic wounds represents an addi-

tional challenge, as biofilms protect pathogens from host 

immunity and systemically administered antibiotics.11,12 

Thus, a multiplicity of issues have meant that targeting 
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Local Antibiotic Delivery Systems: Current 
and Future Applications for Diabetic Foot 
Infections
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Hamed Sharaf, MD 1 , Barzo Faris, MD 3, Sharon Rees, MSc, PhD 4,  
and Frank L. Bowling, DPM, PhD, DSc1,5

Abstract

Foot infections are common among diabetic patients with peripheral neuropathy and/or peripheral arterial disease, and 

it can be the pivotal event leading to a minor or major amputation of the lower extremity. Treatment of diabetic foot 

infections, especially deep-seated ones, remains challenging, in part because impaired blood perfusion and the presence 

of biofilms can impair the effectiveness of systemic antibiotics. The local application of antibiotics is an emerging field in 

the treatment of diabetic foot infections, with demonstrable advantages. These include delivery of high concentrations of 

antibiotics in the affected area, limited systemic absorption, and thus negligible side effects. Biodegradable vehicles, such as 

calcium sulfate beads, are the prototypical system, providing a good elution profile and the ability to be impregnated with a 

variety of antibiotics. These have largely superseded the nonbiodegradable vehicles, but the strongest evidence available is 

for calcium bead implantation for osteomyelitis management. Natural polymers, such as collagen sponge, are an emerging 

class of delivery systems, although thus far, data on diabetic foot infections are limited. There is recent interest in the 

novel antimicrobial peptide pexiganan in the form of cream, which is active against most of the microorganisms isolated in 

diabetic foot infections. These are promising developments, but randomized trials are required to ascertain the efficacy of 

these systems and to define the indications for their use. Currently, the role of topical antibiotic agents in treating diabetic 

foot infections is limited and outside of routine practice.
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16 pz con OM del piede Type III e IV (CM)
Gentamicina loaded, team multidisciplinare
Infection clerance 88% (14/16), FU 38 weeks

70 pz con OM del piede TUC 3B/3D
Gentamicina loaded, team multidisciplinare
Infection clerance 90% (63/70), FU 12 weeks

Evidenza TC di osso neoformato a 2-4 anni

12 pz con OM calcaneare
Gentamicina loaded, team multidisciplinare
Infection clerance 100% (12/12), FU 16 weeks
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Osteomyelitis sequestrectomy and 

application of an
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to avoid minor amputation and 

preserve mechanical stability

in the Diabetic Foot
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Background

Hallux

15%

Lesser metatarsals

39%

Lesser toes

28%

1° metatarsal

17%

Forefoot osteomyelitis healing rate

Cecilia-Matilla et al,  Int Journal of Lower Extremity 

Wounds 2013



The hallux and the first metatarsus are essential elements in the 

intermediate and final (propulsive) phases of the gait cycle

In stance, first MTPJ complex provides contact with the ground and 

maintains the medial longitudinal arch of the foot

Zickler RW et al, Clin Podiatr Med Surg 2005;22:429-46

Quebedeaux TL et al, Diabetes Care 1996;19-2:165-167

Biomechanics’inputs





What happens after First Ray amputation…?





Murdoch et al. The Journal of Foot & Ankle Surgery 36(3):204-208, 1997

What happens after First Ray amputation

Re-amputations Ulcer recurrence



Re-Amp

(%)

Toes-Ray

(%)

TMA-Lisfranc-
Chopart

(%)

Major Leg 
Amputation

(%)

1 year re-
ulceration

(%)

Murdoch 1997 60 29 11 20 -

Dalla Paola 2003 9 7 2 - -

Ahmed 2010 18 - 4 14 -

Sizer 1972 7 - 7 - -

Borkosky 2013 42 13 12 17 69

Quebedeaux 1996 - - - - 68

Sanz-Corbalan 2015 - - - - 63

Molines-Barroso 2014 - - - - 41

OVERALL 22 8 7 7

What happens after First Ray amputation…?



Aim of the study

Observational study to test the effectiveness of an 
antibiotic-eluting bone substitute (gentamicin or 
vancomycin loaded) to reduce minor amputations and 
ulcer recurrence and to preserve mechanical stability in 
diabetic patients with 1° ray osteomyelitis



27 consecutive diabetic patients with first ray OM since January 2017

All patients underwent bone biopsy before bone substitute application

All patients had revascularization if needed, local treatment, systemic
antibiotic therapy and offloading according to the currently available
international guidelines on diabetic foot

A biocompatible ceramic bone void filler, consisting of calcium sulfate
and hydroxyapatite, loaded with vancomycin or gentamycin was applied

Study design





27 consecutive diabetic patients with first ray OM since January 2017

All patients underwent bone biopsy before bone substitute application

All patients had revascularization if needed, local treatment, systemic
antibiotic therapy and offloading according to the currently available
international guidelines on diabetic foot

A biocompatible ceramic bone void filler, consisting of calcium sulfate
and hydroxyapatite, loaded with vancomycin or gentamycin was applied

After the application of bone substitute, patients were recorded for 
HEALING RATE, AMPUTATION and ULCER RECURRENCE after 1, 
2, 3, 6, 12, 18 and 24 monthes

Study design



Study flow chart
Patient FU 1m FU 2m FU 3m FU 6m FU 12m FU 18m FU 24m

1 ✹ ✹ ✹ ✹ ✹ ✹ ✹

2 ✹ ✹ ✹

3 ✹ ✹ ✹ ✹ ✹ ✹ ✹

4 ✹ ✹ ✹ ✹ ✹ ✹ ✹

5 ✹ ✹ ✹ ✹ ✹ ✹ ✹

6 ✹ ✹ ✹ ✹ ✹ ✹

7 ✹ ✹ ✹ ✹ ✹ ✹

8 ✹ ✹ ✹ ✹ ✹ ✹

9 ✹ ✹ ✹ ✹

10 ✹ ✹ ✹ ✹ ✹ ✹

11 ✹ ✹ ✹ ✹ ✹ ✹

12 ✹ ✹ ✹ ✹ ✹ ✹

13 ✹ ✹ ✹ ✹ ✹

14 ✹ ✹ ✹ ✹ ✹

15 ✹ ✹ ✹ ✹ ✹

16 ✹ ✹ ✹ ✹ ✹

17 ✹ ✹ ✹ ✹ ✹

18 ✹ ✹ ✹ ✹ ✹

19 ✹ ✹ ✹ ✹ ✹

20 ✹ ✹ ✹ ✹ ✹

21 ✹ ✹ ✹ ✹

22 ✹ ✹ ✹ ✹

23 ✹ ✹ ✹ ✹

24 ✹ ✹ ✹ ✹

25 ✹ ✹ ✹ ✹

26 ✹ ✹ ✹

27 ✹



Characteristics of population at baseline

N 26

Male 20 (77%)

Age (y) 71 ± 9

Diabetes 26 (100%)

HbA1c (mmol/mol) 55,2 ± 18,1 (nv 20-42)

Gentamycin / Vancomycin Load 19 / 7 (73 / 27 %)

TcpO2 (mmHg) 49 ± 8 

Previous Revascularization 14 (54%)

ESRD 5 (19%)

PCR (mg/L) 16,9 ± 23,7 (nv < 5)

WBC-N count (10E9/L) 4,8 ± 1,7 (nv 1,8-7,7)

ESR (mm) 43,5 ± 33,3 (nv < 37)



Bacteria isolated by bone biopsy

MRSA
19%

MSSA
19%

Enterococcus Faec
11%

Staphilo Sp.
15%

Other Staph.
4%

Pseudomonas Aer
8%

Corynebacterium Str.
4%

Streptococcus Ag.
10%

E. Coli.
10%



Partial results

FU 1m FU 2m FU 3m FU 6m FU 12 M

HEALING RATE 27%
(7/26)

38%
(10/26)

46%
(12/26)

56%
(14/25)

30%
(6/20)

RE AMPUTATION 0%
(0/26)

3.8%
(1/26)

7,6%
(2/26)

15.4%
(4/25)

30%
(6/20)

ULCER 

RECURRENCE
0%
(0/26)

3.8%
(1/26)

11.5%
(3/26)

16%
(4/25)

35%
(7/20)
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Patients undergoing Re-amputations…

Level Reason why Time

P04 BTK Septic shock FU 2m

P20 TMA CLI relapse with forefoot gangrene FU 3m

P18 (ESRD) TMA
CLI relapse with forefoot gangrene

FU 6m

P14 2° toe Osteomyelitis FU 6m

P15 TMA
CLI relapse with forefoot gangrene after IMA and 

Coronary Unit
FU 12m

P08 1° ray CLI relapse – low compliance to offloading FU 12m

P09 and P18 (both ESRD) died at FU 12 m for heart attack



Conclusions

The use of antibiotic-eluting bone substitute after sequestrectomy in diabetic
patients with first ray osteomyelitis seems to be effective in reducing re-
amputation rate and ulcer recurrence in a short time follow up period (up to 6 
monthes)

In a longer follow up period, until now we have recorded an increase in re-
amputations, due to typical risk factors of diabetic patients such as CLI, low
compliance and Heart Attack

To have a final opinion, completion of this observational study and a new 
controlled prospective trials are needed



Bioactive Glass



Ci sono diversi problemi relativi a questi prodotti, 
come il processo di applicazione complessa, i costi e la 
qualità non ottimale della pelle dopo la guarigione. Per 
questo motivo riteniamo che è necessario un più alto 
livello di evidenza per giustificare il loro uso di routine. 
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Implementazione delle linee guida dell’IWGDF sull'uso di 

procedure per migliorare la guarigione delle ulcere croniche 

del piede nel paziente diabetico 

 
Redatta dal Gruppo interassociativo AMD-SID “Podopatia diabetica”  



Wound Repair Regen. 2017 Aug;25(4):691-696. doi: 10.1111/wrr.12554. Epub 2017 Jun 21.

Failure rates of artificial dermis products in treatment 
of diabetic foot ulcer: A systematic review and 
network meta-analysis.

190 records, 785 participants

https://www.ncbi.nlm.nih.gov/pubmed/28597935


ORIGINAL ARTICLE

Theuseof adermal
substitute to preserve
maximal foot length in
diabetic foot woundswith
tendon and boneexposure
following urgent surgical
debridement for acute
infection
Giacomo Clerici, Maurizio Caminiti, Vincenzo Curci, Antonella Quarantiello,

Ezio Faglia

Clerici G, Caminiti M, Curci V, Quarantiello A, Faglia E. The use of a dermal substitute to preserve maximal foot

length in diabetic foot wounds with tendon and bone exposure following urgent surgical debridement for acute

infection. Int Wound J2010; 7:176–183

ABSTRACT
In thisstudy, weevaluatedtheutilityof adermal substitutefor preservingmaximal foot lengthafter urgent surgical

debridement. Patients referred to our Diabetic Foot Center with foot lesions were assessed for sensory–motor

neuropathy, infection and critical limb ischaemia. The presence of acute foot infection indicated the need for

immediate surgical debridement. Thedegree of amputation, if necessary, wasbased on theamount of apparently

non infected vital tissue. When vital tendon/bone tissue remained exposed, the lesion wascovered with a dermal

substitute. FromJanuarytoDecember2008, 393patientsunderwent surgical treatment for diabeticfoot syndrome;

30 patients underwent immediate surgical debridement resulting in exposed tendon and/or bone tissues. An

averageof 4·4± 2·1 daysfollowingsurgical debridement, all 30patientsunderwent dermal regeneration template

grafting to cover-exposed healthy tendon and bone tissues, instead of achieving primary wound closure with

a proximal amputation. After 21 days, a skin graft was performed. Complete wound healing occurred in 26

patients (86·7%). In these patients, the amputation level was significantly more distal (P < 0·003) with respect

to that potentially required for immediate wound closure. The average healing time was74·1 ± 28·9 days. Four

patientsunderwent amoreproximal amputation. No patientsunderwent major amputation. Theuseof thedermal

substitutefor treating exposed tendon andbonetissuesallowed timelywoundhealing and preservedmaximal foot

length. Continued follow-up will allow assessment of long-term relapse and complication rates. Such treatment

could constitutepart of thecomprehensivemanagement of diabetic wounds.

Key words: Dermal substitute• Diabetic foot infection • Foot length • Minor amputation
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Collagene acellulare di bovino 
+ condroitin-6-solfato e 
silicone

Collagene porcino + silicone Sostituto dermico acellulare 
da bovino

Average healing time (days) 86 60 67

Complete re-epithelialization rate 86,7 % 60 % 93,3 %

Failure rate 13,3 % 40 % 6,7 %

Lower limb amputation 0 0 0

Ulcer recurrence during FU No No No
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