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Conclusions The diabetic foot

• High morbidity and costs of diabetic foot treatment in health care!

• Diagnostic tools to classify diabetic foot ulcer: always check neuropathy and arterial pulses
(for differentiation neuropathic vs vascular ulcer)

• Most infection of diabetic foot are due to multiple bacteria (grampositive > gram negative)

• Bone biopsy cluture (eg via intervention radiology) better yield than superficial woundswab
culture  

• Osteomyelitis: diagnosis  culture + radiologic diagnosis), treatment with (oral) antibiotics
followed by surgical (PTA/bypass) intervation or amputation

• Charcot foot is rare diagnosis (red foot after trauma, no wound present) diagnosis via  
radiological imaging, treatment is total contact cast.



Increased incidence of diabetes

4
Gepresenteerd op de American Diabetes Association 76th Scientific Sessions, Sessie 3-CT-SY24. 13 juni 2016, New Orleans, VS 



Despite increased incidence, less mortality in DM;

Thus a different complication spectrum  

Gregg EW, et al. N Engl J Med 2014;370:1514–15235

Diabetes-related complication in USA, 1990-2010

Less MI, more CKD peripheral artery disease: 

Due to use of statins and antihypertensivves?

Age-Standardized Rate of Diabetes Complications per 10,000 U.S. Adults, with or without 
Diagnosed Diabetes. 



Every 20 seconds somewhere in the world

a leg is lost as a consequence of diabetes



Epidemiology of diabetic foot

▪ Amount of patients with diabetes in Netherlands: 1.100.000(2019 and expected to be 1,3 miljoen in 2040 (data RIVM)

• Incidence of diabetic foot ulcus in NL: 2,2% (~ 22.000 per year)  

• Takes up 30 - 40% of healthcare costs spent on diabetes in Netherlands

▪ Yearly in Netherlands about 3500 amputations due to diabetes

▪ High disease burden for both patient voor patiënt (QoL = smallcell lung cancer) and for health care 

• At Amsterdam UMC data (100 new patients per year at our footclinic, 1150 patients analysed of the last 10 years):

• - about 70-80% of patients is cured

• - only 15%  ends up with amputation of toe / (part of) leg  

• -average time of woundhealing : 2-3 months

• -recurrence: 40% in 1 year



Aetiology Diabetic foot: role of 

neuropathy and muscle atrophy
normal foot



holvoet met 

klauwstand tenen

Aetiology Diabetic foot: role of 

neuropathy and muscle atrophy

diabetic foot
drukpunten



Schaper 2016

From high footpressure to

wound/infection



Diabetic foot, not always infection

Dhr K. 56 years
DM type 1 since 1997, poorly regulated

3 weeks ago swollen and red left foot to GP

GP: starts Augmentin on the diagnosis of cellulitis

However, no wound /infection parameters in blood, no effect on antibioics

LO: neuropathy from knee down, good arterial pulsations. At conventional
xray; midfoot white;  

CASE VIGNET



Differential diagnosis

DD:

• Cellulitis

• Osteomyelitis

• Gout

• Charcot foot

• Deep venous thrombosis

• Reumatoid arthritis 



Sensoric function: Semmes-

Weinstein monofilament

Diabetic neuropathy
Diagnostics: testing sensoric and gnostic function

Gnostic function: tuning fork 

or vibratip
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Protocollen voor de diabetische voet risico classificatie

1. Protocol voor het testen van de protectieve sensibiliteit

Testinstrument

Semmes-Weinstein monofilament (SWM) van 10 gram

 

Uitgangshouding patiënt

Zit ontspannen in langzit op de onderzoeksbank met ontblote voeten

 

Patiënt instructie

Laat de patiënt kennismaken met het SWM op de huid nabij de elleboog en niet op de hand (deze kan door mogelijke sensibele
neuropathie aangedaan zijn)
De patiënt mag niet zien wanneer en waar het monofilament geplaatst wordt, het gaat om het voelen van de aanraking van het
gebogen monofilament op de huid. Dit betekent dat de patiënt tijdens de test de ogen gesloten moet houden, of de test moet gedaan
worden met een afscherming door de andere hand de van de onderzoeker. Leg dit uit aan de patiënt.
Vraag de patiënt bij het voelen van de ‘aanraking’ met het monofilament ‘Ja’ te zeggen.

Uitvoering van de test

Plaats het monofilament loodrecht op de huid en buig deze door in een C-vorm. Na één seconde wordt het monofilament weer van de
huid afgehaald.
Voer de test afwisselend uit op de volgende drie plaatsen onder de voet:

op de plantaire zijde van de hallux;
plantair op CM1;
plantair op CM5.

Elke plaats dient 3x te worden getest, waarbij zowel de plaatsen als het tempo afgewisseld worden.
Vermijd het plaatsen van de monofilament op eelt, littekenweefsel of een wond(je).

 

Interpretatie van de test:

Een negatieve test (= geen afwijkingen) betekent dat op alle drie de testplaatsen tenminste twee van de drie testen gevoeld werden.
Alle andere uitslagen geven een positieve (= afwijkende) test.
Zodra er één testplaats afwijkend getest wordt, is er sprake van verlies van de protectieve sensibiliteit (PS).
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2. Protocol voor testen naar perifeer arterieel vaatlijden (PAV)

Testmethoden

1. Palpatie van de pulsaties van de a. dorsalis pedis en a. tibialis posterior
2. Beluisteren van de vaattonen van de a. dorsalis pedis en a. tibialis posterior met behulp van een hand Doppler.

 

Uitgangshouding patiënt

Zit ontspannen in langzit op de onderzoeksbank, met ontblote voeten en onderbenen tot tenminste 15 cm boven de enkels.

 

Patiënt instructie

Het meten/palperen van de pulsaties van de slagaderen op resp. de voetrug en achter de enkel wordt uitgevoerd zonder dat er verdere
medewerking van de patiënt vereist is
Leg uit, dat een het niet kunnen voelen of horen van pulsaties een aanwijzing van pathologie kan zijn

 

Uitvoering van de testen (beide voeten dienen te worden gepalpeerd)

1. Palpatie van de pulsaties

1.1. Palpatie van de a. dorsalis pedis

De onderzoeker staat bij voorkeur naast de patiënt, aan de kant van de te onderzoeken voet.
Palpeer de a. dorsalis pedis met de wijsvinger.
Ter oriëntatie van de loop van de a. dorsalis pedis wordt de patiënt gevraagd de hallux te strekken, terwijl de onderzoeker lichte
tegendruk tegen de hallux geeft.
De a. dorsalis pedis bevindt zich aan de laterale zijde van de nu zichtbaar gemaakte pees van de lange teenstrekker.
De onderzoeker legt de wijsvinger plat op de huid ongeveer in het midden van de voetrug direct lateraal van de aangespannen pees. Er
wordt geen druk gegeven! Daarna mag de patiënt de hallux weer ontspannen.
De onderzoeker palpeert nu naar pulsaties. Bij het niet direct vinden van pulsaties wordt de wijsvinger voorzichtig richting de enkel
geschoven over de huid.
Mochten pulsaties niet gevoeld worden, dan is een alternatieve plaats voor het vinden van de a. dorsalis pedis de ruimte tussen de
kopjes van de ossa metatarsalia 1 en 2 (daar splitst de a. dorsalis pedis zich vrij oppervlakkig richting de hallux en digitus 2).
Zodra de pulsaties gevoeld worden, kan de onderzoeker -als deze twijfelt of niet de eigen pulsaties gevoeld worden- de voetpulsaties
vergelijken met de pulsaties van zijn/haar eigen polsslagader.

1.2. Palpatie van de a. tibialis posterior:

Peripheral artery disease: feel a dorsalis

pedis en tibialis posterior   pulsations



1. How to investigate diabetic foot ulcer?

2. Interventions to reduce risk of (recurrent) ulcus 

3. Classification ulcus

4. Diagnosis and severity of diabetic foot infection

5. Diagnosis & treatment of osteomyelitis 

6. Diagnosis PAOD and effect vascular intervention on healing

7. Foot Pressure lowering interventions on healing

Dutch guideline for diabetic foot 2017 (1)



8.   (Evidence based) wound treatment produts

9.   Systemic hyperbaric oxygen therapy

10. Amputation: when, how and which specialists to be involved?

11. Optimal timing of these treatment modalities

12. patient information about selfcare/management and

alarmsymptoms

13.Diagnosis and treatment of  acute Charcot foot

14. Multidisciplinary team for treatment of diabetic foot

Dutch guideline for diabetic foot 2017 (2)



1. kidneydialysis patiënts = high risk category for amputation upon diabetic

foot

2. When In doubt about vascular status : have toe (Doppler) blood and

oxygenpressure analysed

3. Orthopedic Shoes made based on plantar foot pressure measurements

4. For identification of bacteria driving osteomyelitis: use botbiopsy/deep

wound culture instead of  superficial woundswab

5. Motivate patient to do daily foot temperature measurements to prevent

ulcus recurrence and drive early treatment

Most important updates in this new guideline: 

prevention, risk classification and bonebiopsy



• Wagner Classification (also measure size/depth wound and

make picture for objective followup)

• Feel pulations (+ pressure measurement) )

• Early use of endovascular intervention (PTA)

• Hyperbaric oxygen treatment is investigated

• Culture (deep woundculture) or osteomyelitis (ultrasound 

guided) botbiopsy for anaerobic culture 

Diabetes ulcer treatment-1
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Wagner classification for diabetic foot ulcers

Source publication

Diabetic foot disease and oedema

Article Full-text available

Mar 2013

Teik K Ho · Richard Leigh · Janice Tsui

Diabetic foot ulcers (DFUs) are common and disabling, giving rise to

significant morbidity and mortality as well as worldwide socioeconomic

problems. Despite treatment, DFUs readily become chronic wounds and

may lead to major lower limb amputations. The pathogenesis of DFUs is

complex and the main aetiologies are peripheral neuropathy, ischaemia

fr...
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• Time = tissue !

• Window for vascular diagnostics < 1 -2 weeks  

• Total contact cast (TCC)/Gips = best choise if a foot plantar

pressure ulcus keeps recurring

• Wonddressing products: no  evidence of faster healing

• Criteria for multidisciplinary diabetic foot ulcera team

• Certified diabetic foot ulcer centers in netherlands

Diabetes ulcer treatment-2



Multidisciplinary Diabetic foot ulcer team

Amsterdam UMC, location AMC 100 new patients

300 controls per 

jaar

Internist

Vascular Surgeon

podiatrist

rehabilitation

physician

Every 2 weeks 

multidisciplianry

radiology meeting



Diagnostic algorithm for footulcer

• Establish with temperature or your hand if there is > 2 C  temperature difference
between both feet

• Test for signs of neuropathy

• Ask for signs of vascular disease (claudicatio intermittens and resting pain) 

• Feel foot pulsations, if absent determin ankle-arm index and toe 
oxygen/bloodpressure

• Check systemic signs of infection (fever and endocarditis stigmata)

• establish size and depth of ulcus after removing callus (bonecontact?)

• Make picture of would for objective followup.

• Ask for cause of ulcus.

• Check and (also feel) and feel in shoes of patients



Texas classification of ulcus

▪Neuropathic 50%
▪Ischemic (PAOD) 10%
▪Neuro-ischemic 40%

Neuropathisch ulcus Neurovasculair ulcus

Prompers, 2007



Texas classification

Changes in ulcus pathophysiology kast  10-20 years due to CVD medication and better 

glycemic control 
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Feb 2009

Ryan H. Fitzgerald · Joseph L Mills · Warren Joseph · David G. Armstrong

Objective: People with diabetes are prone to develop lower-extremity ulcerations and infections, both

of which serve as major risk factors for limb amputation. The development of lower-extremity

complications of diabetes is associated with increased morbidity and mortality. Recently, there has

been increasing interest in the development of interdi...
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Diagnostics of  (neuro)vascular ulcer

• Check claudicatio intermittens, (resting) ischemic pain    and 
check foot pulsations as well as perform ankle/arm index of 
both legs 

• If ankel-arm index < 0.9  or > 1.3 (vals verhoogd)→ have 
additional radiological evaluation (CT angio) or echo duplex 
affected limb done



Interventions to improve PAOD: dotter 
procedure or vascular Bypass 

• When toe pressure is <50 mmHg;

• Ankle arm index is <0,5, with toepressure <30 mmHg and/or;

• Oxygen toepressure is ( tcpO <25 mmHg).

• Also, consider vascular intervention if there is;-

-large (infected) wound (>5 cm )

-deep wound (texas > 3);

- Wound of calcaneus

- When a patient is on hemodialysis or has chronic kidney failture (creatin
clearance < 20ml/min)



When you think of a osteomyelitis, that is best 

prognostic value!

Butalia et al JAMA 2008 (metaanalysis



What to do when you think of an 
osteomyelitis under the ulcus

• Aprobe-to-bone test (PTB) by probing the wound to check if you feel bone  (=clinical 
diagnosis)

• Perform lab (CRP/sedimentation/hb/leukocytes + diff)  to check for increased 
systemic inflammation

• Perform a convention x ray of the foot (preferably when patient is standing)  .

• Remember that sensitivity and specificy of all of these tests are not 100% , clinical 
judgment and low threshold to start antibiotics (after taking wound swab for 
culture) is key!

• Time = tissue



Usual suspect bacterial strains in diabetic 
wound ulcer infections (find the bug!)

Deep wound swab  (or if possible take a part of the ulcus tissue) for for gram staining 
(within hours) and regular microbiology cultures (2-3 days)

Ask about previous antibiotic courses!!

Gram stain: 

redictive value of Gram stain is 93%, but less good for gram positive strains (75% 
predictive voor groei grampositieve bacterie), than gram negative ( (82% voorspellende 
waarde voor groei gram negatieve bacterie kweek)

Dowd, BMC Microbiol. 2008 / Abbas Int Wound J. 2012 Dec;9(6):677-82.

11- 10- 19 09&53Gram Staining |  BioNinja
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Skill:

•  Gram staining of Gram-positive and Gram-negative bacteria

Gram Staining

    

Gram staining is a common technique used to differentiate between two groups of bacteria based on cell wall

composition

The Gram staining procedure will result in Gram-negative cells staining pink and Gram-positive cells staining

purple

The technique was developed by Danish bacteriologist Hans Christian Gram in 1884

Gram-Negative Versus Gram-Positive Bacteria

Cell Wall Composition

Gram staining identifies two different groups of bacteria based on the physical and chemical properties of their

cell wall:

Gram-positive bacteria generally have a single outer membrane surrounded by a thick layer of peptidoglycan

Gram-negative bacteria generally possess a thin layer of peptidoglycan located between two outer

membranes

Most bacterial phyla are typically Gram-negative, however many of the more prevalent bacterial genera are

Gram-positive

Examples of Gram-negative bacteria include cyanobacteria, salmonella and escherichia

Examples of Gram-positive bacteria include bacillus, streptococcus and clostridium

Some bacteria do not respond predictably to Gram staining (e.g. archaeans) and hence cannot be identified by

staining

Gram-Negative Versus Gram-Positive Cell Walls

ADDITIONAL RESOURCES OPTIONS HIGHER LEVEL STANDARD LEVEL HOME



Usual suspect bacterial strains in diabetic 
wound ulcer infections (find the bug!)

Microbiological culture:

• Bacterial flora in swab culture  

• 92% bacterial strains could be types (also usually mycosis)   

• -2/3  more Gram+ bacterial strains than gram negative

Start broad spectrum antibiotics and taper based on culture and clinical effect

Treat (toe) mycosis if present 

When after first round of antibiotics, no signs of ostemyelitis curation are seen, 
consider bonebiopsy (with equipment for crista biopsy for hematological diagnosis)

Dowd, BMC Microbiol. 2008 / Abbas Int Wound J. 2012 Dec;9(6):677-82.
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Abstract

Multi-drug resistance has become a major problem for the treatment of pathogenic bacterial infections. The use of bacteriophages
is an attractive approach to overcome the problem of drug resistance in several pathogens that cause fatal diseases. Our study
aimed to isolate multi drug resistant bacteria from patients with septic wounds and then isolate and apply bacteriophages in vitro as
alternative therapeutic agents. Pus samples were aseptically collected from Rajiv Gandhi Institute of Medical Science (RIMS),
Kadapa, A.P., and samples were analyzed by gram staining, evaluating morphological characteristics, and biochemical methods.
MDR-bacterial strains were collected using the Kirby-Bauer disk diffusion method against a variety of antibiotics. Bacteriophages
were collected and tested in vitro for lytic activity against MDR-bacterial isolates. Analysis of the pus swab samples revealed that
the most of the isolates detected had Pseudomonas aeruginosa as the predominant bacterium, followed by Staphylococcus
aureus, Klebsiella pneumoniae and Escherichia coli. Our results suggested that gram-negative bacteria were more predominant
than gram-positive bacteria in septic wounds; most of these isolates were resistant to ampicillin, amoxicillin, penicillin, vancomycin
and tetracycline. All the gram-positive isolates (100%) were multi-drug resistant, whereas 86% of the gram-negative isolates had a
drug resistant nature. Further bacteriophages isolated from sewage demonstrated perfect lytic activity against the multi-drug
resistant bacteria causing septic wounds. In vitro analysis of the isolated bacteriophages demonstrated perfect lysis against the
corresponding MDR-bacteria, and these isolated phages may be promising as a first choice for prophylaxis against wound sepsis,
Moreover, phage therapy does not enhance multi-drug resistance in bacteria and could work simultaneously on a wide variety of
MDR-bacteria when used in a bacteriophage cocktail. Hence, our results suggest that these bacteriophages could be potential
therapeutic options for treating septic wounds caused by P. aeruginosa, S. aureus, K. pneumoniae and E. coli.

Citation: Pallavali RR, Degati VL, Lomada D, Reddy MC, Durbaka VRP (2017) Isolation and in vitro evaluation of
bacteriophages against MDR-bacterial isolates from septic wound infections. PLoS ONE 12(7): e0179245.
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Introduction

The skin is the largest sensory organ, and it provides innate immunity and protects the underlying tissues of the human body. The
most important function of the skin is to provide protection against pathogenic microbes, which invade the skin, and to control
bacterial colonization [1]. The loss of skin integrity by any mechanical injuries exposes subcutaneous tissues to the environment,
which leads to microbial colonization and proliferation [2]. Mechanical disruption of the skin results in a wound, and it is the major
cause of the establishment of infections by microorganisms ranging from bacteria and fungi to parasites and viruses [3]. Septic
infections are caused mostly by bacteria; they break the protection barrier [4,5] and may establish deep infections.

A septic wound is a type of infection that can have an antagonistic impact on the human body, quality of life and on the healing rate
of the wound. Wound infections are reported in one third of hospital acquired infections among surgical patients and account for
70–80% of mortality. Wound infections are primary factors in the development of morbidity and mortality in patients, particularly in
developing countries, irrespective of the nature of the wound [6,7]. Wounds usually provide adequate warmth, moisture and
nutrition conditions for favorable growth and proliferation of microorganisms [8].

Published: July 18, 2017 https://doi.org/10.1371/journal.pone.0179245
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Antibiotics treatment
Antibiotics (think of kidney function and adapt 

dosage) in case of woundinfection for 2 wks

• - ulcus < 1 cm; augmentin 3dd 625 mg 

- ulcus > 1 cm: flucloxacilline 4dd 500mg en 
ciproxin 2dd 500mg  

Antibiotics (think of kidney function and adapt 
dosage) in case of ostemyelitis suspicion for 6 wks

– flucloxacilline 4dd 1000mg / clindamycine 3dd 
600mg 

- ciproxin 2dd 750mg  



Acute and chronic pressure offloading 

• Acute offloading

• Felt (vilt) treatment

• TCC casts

• Chronic offloading (shoes and surgery)

• Achillestendon elongation  

• Flexor tenotomy of toes (to resolve clawing of toes)

• Inlays and Orthopedic shoes

Scott et al. Journal of Foot and Ankle Research (2016) 9:25 



Complications (longterm) of diabetic 
ulcus/osteomyelitis

• Sepsis due to osteomyelitis with soft tissue infection

• More rare: -Spondylodiscitis

- Endocarditis

• Amputation (usually start of more amputations) 

Eneroth, J Diabetes Complications. 1999 Sep-Dec;13(5-6):254-63; (BMJ Case Rep. 2014 Jun 11;2014.



What can the patient do him/herself?

Only walk inside and outside on sandals or shoes (not on bare foot)
• Daily inspection of feet by patient self (or by partner) 
• Also, do temperature measurement of both feet (either with

thermometer or by back of the hand) 

* 1x 4 to 6 weeks to pedicure/podotherapeut

• If there is a temperature difference (> 2 C) with an ulcer, than
high likelyhood of infection

*  In that case, directly contact huisarts



Diabetic foot, not always infection

Dhr K. 56 years
DM type 1 since 1997, poorly regulated

3 weeks ago swollen and red left foot to GP

GP: starts Augmentin on the diagnosis of cellulitis

However, no wound /infection parameters in blood, no effect on antibioics

LO: neuropathy from knee down, good arterial pulsations. At conventional
xray; midfoot white;  

CASE VIGNET



Differential diagnosis

DD:

• Cellulitis

• Osteomyelitis

• Gout

• Charcot foot

• Deep venous thrombosis

• Reumatoid arthritis 



Acute Charcotfoot 

Acute / chronic phase: 
Spontaneous fractures of bone in foot  
Pathophysiology not well known (but often seen 

after infection or small trauma)
Only in diabetes patients with neuropathy!
Presentation:

Redness, increased temperature of the foot 
(>2˚C), swelling-edema, usually no pain 

Cruciaal voor diagnose: xvoet in 3 richtingen (of mri):

Fractuur met oedeem, botresorptie



Therapy of charcot foot

▪ Strict immobilization (3-6 months)

▪ With Gips (total contact cast of TCC)

▪ Surgery only when there is an 
instable foot (fixation) despite TCC 
cast

▪ Currently no medication advised in 
guidelines

Busch/nieuwdorp Diabetes Care 2018  



Denosumab might help to shorten TCC 
cast duration and prevent foot 

deformation upon Charcot

181± 49 days

123 ± 43 days

Thus,  2 months shorter in TCC cast after single denosumab (injection costs 60 dollar)



The phase after acute Charcot foot

Recovery
▪ No redness and no volume difference

between  both feet
▪ no temperature difference (< 2 C)
▪ On conventional x ray:  consolidation

of fractures  

Then what:
▪ Have people walk on orthopaedic shoes
▪ Explain that there is a high risk of ulcers and 

reinfection

CHARCOT VOET



Conclusions The diabetic foot

• High morbidity and costs of diabetic foot treatment in health care!

• Diagnostic tools to classify diabetic foot ulcer: always check neuropathy and arterial pulses
(for differentiation neuropathic vs vascular ulcer)

• Most infection of diabetic foot are due to multiple bacteria (grampositive > gram negative)

• Bone biopsy cluture (eg via intervention radiology) better yield than superficial woundswab
culture  

• Osteomyelitis: diagnosis  culture + radiologic diagnosis), treatment with (oral) antibiotics
followed by surgical (PTA/bypass) intervation or amputation

• Charcot foot is rare diagnosis (red foot after trauma, no wound present) diagnosis via  
radiological imaging, treatment is total contact cast.


