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ABSTRACT

The� purpose� of� this� article� is� to� offer� a� narrative� assessment� of� the� various�
diabetic� foot�ulcer�assessment�methods� that�are� included� in� the�clinical�practice�
recommendations.�The�initial�assessment�of�diabetic�foot�ulcers�should�include�a�
comprehensive�history�of�both�diabetes� and� the�ulcer,� a� clinical� examination�of�
the�ulcer� (including� its� size,�depth,� and� infection� indicators),� laboratory� tests� to�
manage� the� patient’s� diabetes� and� detect� any� related� infections,� imaging� tests�
(plain�𿿿lms�followed�by�magnetic�resonance�imaging,�if�necessary)�for�suspected�
osteomyelitis,�non-invasive�techniques�to�check�for�peripheral�artery�disease,�and�
radiological� tests� (Arterial�Doppler,�CT�Angiogram)�and�Foot� scan� for�pressure�
points�assessment.
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INTRODUCTION
The� risk� of� Diabetes� is� steeply� rising� in� the�
Indian� Subcontinent� for� past� decades.� The�
Neuropathic� changes� in� the� foot� are� the�
common� problem� faced� by� diabetic� patients�
which� increases� the� risk� of� development� of�

ulcers.� The� foot� changes� vary� from� simple�
ulcer�to�total�distortion�of�foot.1,2�This�narrative�
review� article� describes� the� techniques� and�
armamentarium� used� in� the� Diabetic� foot�
assessment.
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MATERIALS AND METHODS
The� resources� used� for�writing� this� narrative�
review� article� are� collected� from� Google�
scholar,� PubMed,� Cureus� and� Internet.� We�
have�reviewed�48�articles�to�write�this�narrative�
review.

DISCUSSION
This� article� aims� to� provide� a� narrative�
evaluation� of� the� several� diabetic� foot� ulcer�
assessment� techniques� found� in� the� clinical�
practice� guidelines.� Initial� evaluation� of�
diabetic�foot�ulcers�should�involve�a�thorough�
history� of� diabetes� and� ulcer,� followed� by� a�
clinical� examination�of� the�ulcer� (size,�depth,�
and� signs� of� infection),� laboratory� tests� to�
control� the� patient’s� diabetes� and� identify�
any�associated�infections,�imaging�tests�(plain�
𿿿lms�followed�by�magnetic�resonance�imaging�
if� needed)� for� suspected� osteomyelitis,� non-
invasive�methods�

to�check�for�peripheral�artery�disease,�and�ra-
diological� tests� (Arterial�Doppler,�CT�Angio-
gram).3,4

We�will�discuss�the�assessment�of�diabetic�foot�
under�following�headings:

1.� History�to�be�collected
2.� Clinical�Examination
3.� Biochemical�assessment
4.� Radiological�assessment
5.� Pedological�assessment�

History to be collected
The�duration�of�diabetes�is�an�important�factor�
in�formation�of�ulcers.�The�medications�taken�
and� the� compliance� to� the� treatment� are� to�
be� addressed.� The� common� complaints� with�
the� diabetic� patients� were� burning,� tingling,�
pin� pricking,� numbness� and� electric� shock-
like� sensation.� Diabetic� neuropathy� may�
lead� to� change� in� speed� of� walking� posture,�
gait� and� loss� of� balance� and� coordination�
in� patients.5� The� history� regarding� Diabetic�
neuropathy� which� is� the� most� important�
factor� for� development� of� ulcers� in� diabetic�
patients� should�be�obtained.�The�neuropathy�
that� follows� diabetes� is� mainly� peripheral�
neuropathy�which�involves�feet�and�toes.�

The� history� about� the� occupation� of� the�
patient,� smoking� habits� as� nicotine� may� rise�
the� blood� sugar� levels� and� smoking� increase�
the�risk�of�peripheral�vascular�disease.�History�
should� also� include� the� occupation,� alcohol�
intake,�drug�history,�associated�illness;�any�co-
morbidity�(Chronic�Kidney�disease,�Bronchial�
asthma).6

History� regarding� peripheral� vascular�
disease� like� claudication� pain,� rest� pain,�
non-healing� ulcers,� vascular� surgery,� and�
angioplasty� should� be� asked.� Poor� foot� care�
is�also�an�important�factor�for�development�of�
foot�ulcer;�hence�the�general�care�of�foot�should�
also�enquired.7

Diabetes� causes� autonomic� neuropathy.�
Ask� about� autonomic� dysfunction� like� dry�
feet� with� heel� cracks,� syncope,� hypotension,�
resting� tachycardia,� abdominal� fullness,�
altered� bowel� pattern,� faecal� incontinence,�
straining� and� incomplete� voiding� of� urine,�
gustatory� and� differential� sweating,� and�
extreme�diaphoresis,�visual�disturbance�to�rule�
out�diabetic�retinopathy.8

Clinical Examination
A�thorough�assessment�of� the� foot� should�be�
conducted�in�a�well-illuminated�environment�
at� each� consultation,� following� the� patient’s�
removal� of� shoes� and� socks,� to� detect� any�
potential� concerns.� Inadequate� footwear� and�
foot�deformities�are�signi𿿿cant�factors�that�lead�
to�friction,�erythema,�blisters,�calluses,�and�foot�
ulceration.�Certain�individuals�do�not�display�
neuropathic�symptoms�or�grievances;�therefore,�
in� such� instances,� the�paramount� action� is� to�
conduct� a� comprehensive� examination�of� the�
foot�and�lower�extremities.�Upon�the�patient’s�
entry� into� the� room,� the� examination� may�
commence� with� an� assessment� of� gait.9� The�
photographic� documenting� of� malformation�
and�Video�documentation�of�movements�and�
gait�has�to�be�done�(Figure�1).

Skin Appearance
People� with� diabetes� are� more� likely� to� or�
only� get� other� skin� problems.� Some� of� these�
are� eruptive� xanthomatosis,� diabetes� blisters,�
necrobiosis� lipoidica� diabeticorum� and�
Acanthosis� nigricans.� Look� for� the� colour�
of� the� skin� on� the� feet� and� legs,�Web� spaces�
cracks,�fractures,�dry�skin�on�the�feet�and�legs,�
neuropathy,� and� poor� circulation.� Infections�
may� be� able� to� get� in� through� cracks� and�
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openings.�You�should�also�look�at�the�calluses,�
corns,� old� wounds� that� have� healed,� and�
surgical�scars.�These�are�all�signs�of�hard�skin�
or� high-pressure� spots.� Not� taking� enough�
care�of�the�callus�on�the�bottom�of�the�foot,�the�
malleolus,� or� the�bony�protrusions� can� cause�
infection,�bleeding,�or�sores.9

Heloma�durum�or�hard�corns,�usually�show�
up�on�the�tips�of�the�toes�or�the�bottom�of�the�
foot�because�of�bad�shoes.�Heloma�molle,�also�
known�as�soft�corns,�form�in�the�space�between�
the�toes�because�of�the�pressure�of�the�toes�next�
to�them.�They�tend�to�hold�on�to�water�and�are�
more� likely� to� get� fungal� diseases.�Corn� that�
hurts�and�is�sick�needs�help.�If�your�feet�smell�
bad,�it�could�be�because�you�don’t�clean�them�
well�or�have�web�space�fungal�diseases.�If�you�
lose�hair�on�your�legs,�it�could�mean�that�you�
have� peripheral� neuropathy� and� poor� blood�
Áow.�You�should�check�for�guttering�between�
the�metatarsals�that�is�caused�by�muscle�loss.10

Figure 1:�Photographic�documentation�of�deformed�foot

Temperature assessment
You�can�use� the�back�of�your�hands�or�more�
advanced� tools,� like� skin� thermometers11�
(Figure� 2),� Thermal� cameras� to� check� the�
temperature.� A� change� in� temperature� of� at�
least� two�degrees� from� the�other� foot� should�
be� looked� at� more� closely� to� see� if� there� is�
cellulitis,� an� infection,� or� a� problem�with� the�
blood�Áow.12,13

Figure 2:�Temperature�assesment�of�foot

Nails and Web Spaces 
Individuals� with� diabetes� commonly�
experience� brittle� nails,� ingrown� nails,�
dystrophic� nails,� or� onychomycosis.� Ingrown�
nails� necessitate� surgical� intervention� since�
they� may� lead� to� paronychia� or� abscess�
formation.�Individuals�with�diabetes�often�get�
inter-digital� fungal� infections.14,15� Inadequate�
foot� hygiene� practices,� attributable� to� factors�
such� as� impaired� vision,� obesity,� aging,� and�
lack� of� awareness,� alongside� toe� crowding�
and� clawing� primarily� resulting� from� motor�
neuropathy,� are� signi𿿿cant� contributing�
factors.�Therefore,�Web�gaps�and�nails�must�be�
examined�to�exclude�infections�and�ensure�the�
patient�maintains�proper�foot�care.16

Deformities assessment
Deformities� and� structural� alterations� in�
the� foot’s� morphology,� including� abnormal�
pressure� points� and� osseous� protrusions,� are�
induced�by�motor�and�autonomic�neuropathy.�
These� anomalies� progressively� result� in� skin�
sores.�Peripheral�neuropathy�induces�sensory�
loss,� exacerbating� ulceration.� Hallux� valgus,�
claw� toes,� hammer� toes,�mallet� toes,� and� the�
crowding� or� overlapping� of� toes� result� from�
an� imbalance� between� the� foot’s� Áexor� and�
extensor� muscles.17� Hammer� toes� involve�
plantar�Áexion�of�the�proximal�interphalangeal�
joints,� while� mallet� toes� involve� plantar�
Áexion� of� the� distal� interphalangeal� joints.�

Yuvaraj Jayaraman, Barath Kumar Singh P., Ravi Kumar Chittoria. Assessment�of� 
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The� clawing� of� toes� involves� dorsiÁexion� at�
the� tarsometatarsal� joints� accompanied� by�
plantar� Áexion� at� the� proximal� and� distal�
interphalangeal� joints.� It� is� essential� to�
examine� for� alterations� in� shape,� loss� of� the�
foot’s� arch,� Áat� or� high-arched� feet,� or� bony�
protrusions� such� as� a� bunion.� Advanced�
foot� abnormalities,� including� Charcot� foot,�
are� generally� asymptomatic� and� may� occur�
in� up� to� 9.8%� of� patients� with� diabetes� and�
neuropathy.� Repeated� micro� trauma� to�
an� insensate� foot� results� in� Charcot� foot,� a�
degenerative� arthropathy.� Chronic� Charcot�
foot�must�be�recognized�in�a�predisposed�foot�
to�prevent�ulceration�and�infection.18

Vascular Assessment (Pulses)
Peripheral� artery� disease� (PAD)� accounts� for�
approximately� one-third� of� foot� ulcers� and�
frequently� serves� as� a� substantial� risk� factor�
for� recurring� lesions.� The� patient� develops�
claudication,�characterized�by�leg�pain�during�
ambulation�that�alleviates�with�rest.�In�severe�
cases,� discomfort� may� even� occur� during�
rest.19� During� the� vascular� assessment,� the�
dorsalis�pedis�and�posterior�tibial�pulses�must�
be� palpated� and� categorized� as� “present”� or�
“absent.”�
The� two� principal� arteries� that� must� be�

palpated� are� the� posterior� tibial� artery� and�
the� dorsalis� pedis� artery.� The� dorsalis� pedis�
artery�is�situated�near�the�base�of�the�navicular�
bone,�adjacent�to�the�extensor�hallucis�tendon,�
whereas�the�posterior�tibial�artery�is�positioned�
somewhat� beyond� the� medial� malleolus,�
equidistant�between�the�medial�malleolus�and�
the�Achilles� tendon.�The�pulse�may�be�weak,�
normal,�bounding,�absent,�or�imperceptible�due�
to� oedema.�Additionally,� the� popliteal� artery�
is� palpable� posterior� to� the� knee� joint� when�
the�patient’s�knee�is�slightly�Áexed.�Palpation�
of� the� femoral�artery�should�be�conducted�as�
necessary.�The�Ankle�Brachial� Index� (ABI)�or�
a� vascular� Doppler� test� should� be� employed�
for�additional�assessment�if�any�abnormalities�
are�observed.�A�vascular�specialist�may�also�be�
advised�for�these�patients.20

Hand held Doppler
A�hand-held�Doppler�probe�is�a�small,�portable�
ultrasound�device�used� to� assess� blood�Áow.�
High-frequency� sound� waves,� typically�
ranging�from�8�to�10�MHz,�are�transmitted�into�
tissues,�and�the�reÁected�signal�is�subsequently�
gathered�(Figure�3).�Any�variation�in�frequency�

between�the�sent�and�reÁected�signals�signi𿿿es�
that� the� ultrasonic� beam� has� been� reÁected�
off� a� moving� target,� speci𿿿cally� moving�
blood�cells.�The�Doppler�machine� identi𿿿es�a�
frequency�alteration�and�emits�this�variation�as�
an�auditory�signal,� indicating� to� the�operator�
that� blood� Áow� is� occurring.� The� Doppler�
signal�has�various�applications.�For�example,�it�
can�be�represented�on�a�graph�to�examine�the�
waveform’s�contour.21 
The�assessment�of� systolic�pressures� in� the�

peripheral� arteries� of� the� arm� and� ankle,� a�
fundamental�method�for�evaluating�peripheral�
vascular�health,�relies�solely�on�auditory�cues.�
The�severity�of�peripheral�vascular�disease�can�
be�assessed�by�comparing�the�systolic�pressure�
at�the�ankle�with�that�at�the�centrally�situated�
brachial�artery.22

 Figure 3:�Hand�held�doppler�assessment

ABPI (Ankle brachial Pressure Index)
The�Ankle-Brachial�Index�(ABI)�is�an�expedient�
and�precise�method�for�diagnosing�lower�limb�
vascular� insuf𿿿ciency.� A� standard� Doppler�
ultrasonic�probe� is� employed� to� assess� blood�
pressure� at� the� ankle� (dorsalis� pedis� or�
posterior�tibial�arteries).�The�ABI�is�calculated�
by�dividing�the�ankle�systolic�pressure�by�the�
greater� of� the� two�brachial� systolic�pressures�
(Figure�4).�The�standard�ratio�ranges�from�0.9�
to�1.4.�
Mild� peripheral� artery� disease� (PAD)� is�

indicated� by� an� ABI� of� 0.6� to� 0.9,� moderate�
PAD�by�an�ABI�of�0.4�to�0.6,�and�severe�PAD�
or� critical� limb� ischemia� (CLI)� by� an� ABI� of�
less�than�0.4.�A�score�greater�than�or�equal�to�
1.4�may� also� indicate� the� possibility� of� PAD,�



21

IJMHS / Volume 13, Number 1 / January – June 2026

which�could�be�concealed�by�atherosclerosis�or�
calci𿿿cation�of�the�artery�wall.23,24

The� Toe� Brachial� Index� can� be� computed�
under�these�circumstances.�It’s�the�proportion�
of�the�toe’s�systolic�blood�pressure�to�the�arm’s�
systolic� blood� pressure.� Toe� blood� pressure�
below� 30� mmHg� is� regarded� as� critical�
ischemia,� whereas� a� ratio� greater� than� 0.6� is�
regarded�as�normal.24,�25

Figure 4:�ABPI�Measurement

Neuropathy assessment
Assess� joint� position,� vibration,� discomfort,�
touch,� and� temperature� to� rule� out� diabetic�
neuropathy.�Pinpricks�measure�pain.�First�test�
the�distal� toes,� then�the�proximal�ones.�Use�a�
cotton�wisp�to�assess�tactile�sensation.�To�avoid�
irritating� the� skin,� gently� contact� the� cotton�
wisp’s�tip�at�precise�sight.�Patient�assessment�
requires�a�few�fake�or�simulated�strokes.�
Foot� protective� sense� is� measured� with� a� 

10g�Semmes-Weinstein�mono𿿿lament�(Figure�
5).�Pressure�is�applied�to�the�big�toe,�metatarsal�
heads,�instep,�and�heel�until�a�10�g�mono𿿿lament�
buckles�to�form�a�C�shape�that�applies�10�g�of�
weight�while�keeping� it�perpendicular� to� the�
skin.�Experiencing�contact�does�not�affect� the�
person’s�protectiveness.�Inability�to�feel�at�two�
locations� (LOPS)� indicates� lack� of� protective�
feeling.� Insensitivity� to� 10g� mono𿿿lament�
increases�foot�ulcer�risk�tenfold.26,27

Figure 5:�Sensory�assessment�with�Monofilament

Clinicians� use� the� tuning� fork� to� quickly�
and� cheaply� examine� vibratory� feeling.� This�
vibration� can� be� felt� using� a� 128� Hz� tuning�
fork� (Figure� 6).� Set� a� tuning� fork� to� vibrate�
on� the� big� toe’s� metatarsal� phalangeal� joint.�
Questions�include�whether�the�individual�feels�
the�vibration�and�when�it�stops.�Then�it’s�put�
on� the� wrist� immediately.� If� wrist� vibration�
persists,� the�patient�has� inadequate�vibratory�
perception.�Testing�should�be�bilateral.28

 Figure�6:�Vibration�Sensory�assessment�with�Tuning�
fork

The� biothesiometer,� also� known� as� the�
neurothesiometer,� is� a� straightforward�
handheld� instrument� that� provides� a� semi-
quantitative�evaluation�of�vibration�perception�
threshold� (VPT),� which� indicates� the� risk� of�
foot� ulceration� (Figure� 7).�A� handheld� probe�
is�utilized�on�six�𿿿xed�locations�on�the�plantar�
area�of� the� foot,�with� the�vibration� threshold�
being� incrementally� elevated.� The� voltage�
levels�at�which�the�patient�detects�the�vibration�
are�recorded.�A�vibration�perception�threshold�
(VPT)� of� 15-25� volts� indicates� moderate�
impairment,�whereas�a�threshold�over�25�volts�
signi𿿿es� severe� impairment.� A� VPT� above�
25� V� is� considered� abnormal� and� is� a� major�
predictor�of�future�foot�ulcers.30,31

 Figure 7:�Sensory�assessment�with�Advanced�
Biothesiometer

The�great�toe’s�proximal�interphalangeal�joint�
is�rapidly�dorsiÁexed�and�plantarÁexed�to�test�
for�proprioception�or�joint�position.�The�patient�

Yuvaraj Jayaraman, Barath Kumar Singh P., Ravi Kumar Chittoria. Assessment�of� 
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is�then�asked�about�the�toe’s�location.�When�the�
patient�correctly� responds�“down,”�when� the�
toe� is� plantarÁexed,� then� the� proprioception�
sensation�of�the�joint�remains�intact.�
A� knee� hammer� is� employed� to� evaluate�

ankle�reÁexes.�The�patient�may�be�instructed�to�
squat�or�recline�on�a�table�or�couch�to�evaluate�
their� ankle� reÁexes.� Prior� to� employing� the�
hammer�to�impact�the�Achilles�tendon,�ensure�
the�tendon�is�adequately�stretched�to�a�neutral�
position.� If� no� reaction� occurs� initially,� the�
patient�may�be�directed�to�interlock�their�𿿿ngers�
and�exert�a�pulling�force.�The�ankle�reÁexes�may�
then� be� re-evaluated� with� reinforcement.� An�
absence�of� ankle� response�at� rest�or� following�
reinforcement� is� deemed� an� abnormal� result.�
The� lack�of� ankle� reÁexes� is� correlated�with�a�
heightened�risk�of�developing�foot�ulcers.32

Wound and ulcer assessment

WAGNER GRADE
The�Wagner’s�classi𿿿cation�is�mainly�based�on�
the�depth�of�the�ulcer�(Table�1�and�Figure�8).�This�
can�also�assess�the�presence�of�osteomyelitis�and�
gangrene.�This�classi𿿿cation�consists�of�totally�
six�grades�from�0-6.�In�this�grade�1-3�ulcers�are�
termed� as� non-gangrenous� ulcers� and� grade�
4&5�ulcers�are�termed�as�gangrenous�ulcers.33

Table�1:�Wagner�Grade�–�Diabetic�Foot

ULCER Grade Description

Grade�0 No�open�lesion�or�ulcer,�but�high�risk�foot,�
may�have�deformities�or�cellulitis

Grade�1 Superficial�ulcer�(involves�only�skin�or�
subcutaneous�tissue)

Grade�2 Deep�ulcer�without�complications�
(extending�into�deep�fascia�tendons,�
ligaments,�bone,�capsule�or�muscle)

Grade�3 Deep�ulcer�with�complications� 
(abscess,�osteomyelitis,�or�joint�sepsis)

Grade�4 Localized�Gangrene�involving�toes�or�only�
forefoot

Grade�5 Extensive�Gangrene�involving�mid�and�
hind�foot�or�whole�foot

Figure 8:�Diabetic�Foot�–�Wagner�Grade

Bates-Jenson Wound Assessment Tool
The� Bates-Jensen� Wound� Assessment� Tool�
(BWAT),� previously� known� as� the� Pressure�
Sore�Status�Tool�(PSST),�is�a�15-item�objective�
instrument� intended� to� evaluate� wound�
condition� and� monitor� healing� progress.� It�
evaluates�the�advancement�of�wound�healing.�
Wounds�should�be�assessed�monthly�or�upon�
any� observed� change,�with�data� recorded� on�
the� provided� Wound� Status� Continuum� to�
track�progress�over�time.
�Fifteen�items�are�evaluated�through�wound�

measurement� and� observations.� Thirteen�
assessed� parameters:� size,� depth,� margins,�
undermining,� type� and� quantity� of� necrotic�
tissue,� type� and� quantity� of� exudate,� skin�
colour� surrounding� the� wound,� peripheral�
tissue� oedema� and� induration,� granulation�
tissue,� and� epithelialization.� Two� non-
evaluative�elements:�the�site�and�morphology�
of� the�wound.� Item-level� values� vary� from� 1�
to� 5� on� a�modi𿿿ed� Likert� scale.� Each� item� is�
evaluated�based�on�the�wound�characteristic�it�
delineates,�with�a� score�of� 1� representing� the�
least�severe�and�a�score�of�5�signifying�the�most�
severe.�The�13�assessed�items�get�a�cumulative�
maximum�score�of�65.�A�higher�overall� score�
signi𿿿es�a�more�severe�wound�condition.34

Biochemical Assessment

HbA1C
Glycosylated� haemoglobin,� also� known� as�
haemoglobin� A1c� (HbA1c),� is� a� measure� of�
average� plasma� glucose� over� the� previous�
eight� to� 12� weeks,� The� worse� the� glycaemic�
control,�the�greater�the�HbA1c�value.35

• HbA1c�below�5.7%:�Normal.
• HbA1c� between� 5.7%� and� 6.4%:�

Prediabetes.
• HbA1c�of�6.5%�or�higher:�Diabetes

It� is� advised� to� use� a� HbA1c� of� 6.5%� as� the�
cut�off�point�for�diabetes�diagnosis.�A�glucose�
test�result�of� less�than�6.5%�does�not�rule�out�
diabetes.�There�are�no�additional�preparations�
needed,�such�as�fasting,�and�it�can�be�done�at�
any�time�of�day.�Many�studies�in�recent�times�
shows� there� is� close� relationship� between�
glycated� haemoglobin� and� development� of�
diabetic�foot�ulcers.�The�increase�in�blood�levels�
of�this�HbA1C�may�aggravate�the�lower�limb�
vascular�lesions�and�neuropathy�which�aids�in�
development�of�DFU.�Also�they�cause�increase�
in� expressions� of� inÁammatory� factors� and�
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inhibition� of� autophagy� proteins� which� also�
involved�in�development�of�DFU.�The�Diabetic�
neuropathy,�which�is�caused�by�nerve�damage,�
especially�in�the�feet�and�legs,�can�result�from�
elevated�blood�sugar�levels.�This�condition�can�
cause�numbness�and� loss�of� sensation� in� legs�
and�feet.35

Because�of� this,�people�could�not�be�aware�
of� tiny� cuts� or� injuries,� potentially� leading�
to� delayed� treatment� and� worsening� of� the�
wound.�Long-term�hyperglycemia�in�diabetics�
can� narrow� or� block� peripheral� blood� vessel�
lumens,� causing� vascular� endothelial� cell�
damage,� red� blood� cell� aggregation,� platelet�
adhesion,� and�micro� vascular� embolism,� and�
eventually�acral�ulcers.�
Lipid� metabolism� disorders� change� the�

characteristics�tubes�and�blood,�causing�𿿿brin�to�
increase,�red�blood�cells�to�aggregate,�platelets�
to� adhere,� and� adherent� thrombosis� to� form,�
causing�acral�ischemia�and�hypoxia�and�ulcer�
formation.� Cytokines� secreted� from� adipose�
tissue� may� promote� pro-inÁammatory� states�
and�regulate�insulin�resistance,�sensitivity,�and�
secretion.�Micro�vascular�injury�brought�on�by�
high� blood� sugar� levels� may� interfere� with�
the�ulcer�site’s�ability�to�get�the�nutrients�and�
oxygen�required�for�wound�healing.
HbA1c�impair�WBC�function,�which�would�

postpone�wound�healing�and�raise�the�patient’s�
chance�of�developing�another�infection�affects�
the� wound� healing.� ADA� recommended�
glycemic� targets� of� HbA1C� less� than� 7%� in�
patients� without� risk� of� hypoglycemia� or� a�
less�stringent�target�of�less�than�8%�in�selected�
patients�should�be�achieved.

CRP- C reactive Protein
In� reaction� to� any� inÁammation� in� the� body,�
the�liver�produces�this�acute�phase�protein.�In�
any� situation� of� infection� or� inÁammation,� it�
might�be�raised�and�is�not�sensitive.�Numerous�
acute� and� chronic� inÁammatory� illnesses,�
including�bacterial,�viral,�or�fungal�infections;�
rheumatism�and�other�inÁammatory�diseases;�
cancer;� and� tissue� damage� and� necrosis,� all�
produce�interleukins�and�some�cytokines.
The� production� of� CRP� will� be� triggered�

by� them.�As� an� early� line� of� defence� against�
pathogens,� it� contributes� to� innate� immunity.�
High�sensitivity�CRP�(hs-CRP)�identi𿿿es�CRP�
in�the�range�of�0.5�to�10�mg/L,�while�traditional�
CRP�measurement�recognizes�CRP�only�in�the�
range�of�10�to�1,000�mg/L.�Normal�CRP�values�

in�healthy�persons�range�from�0.8�mg/L�to�3.0�
mg/L.�CRP�levels�between�100�and�500�mg/L�
are� thought� to�be�very�predictive�of�bacterial�
infection-induced� inÁammation.� Because� of�
its�short�half-life,�the�CRP�level�drops�rapidly�
once�inÁammation�has�subsided.36

CRP� levels� can� increase� 10,000� times� in�
response�to�a�stimulation,�from�50�μg/L�to�over�
500�mg.� In�mild�to�severe�inÁammation,�CRP�
can� rise� 50–100�mg/L� in� 4–6�hours.� Bacterial�
infection-induced� inÁammation� is� predicted�
by� CRP� levels� between� 100� and� 500� mg/L.�
Once� inÁammation� subsides,� CRP� reduces�
rapidly� due� to� its� short� half-life.� Metabolic�
inÁammation,� which� causes� arteriosclerosis�
and� type� II� diabetes,� occurs� at� CRP� levels�
between�2�and�10�mg/L.

Procalcitonin
PCT� is� a� protein� precursor� of� calcitonin�
hormone,�which�is�synthesized�and�secreted�by�
C�cells�in�the�thyroid�gland.�Post-inÁammatory�
PCT� has� been� proposed� to� be� regulated� by�
lipopolysaccharides� and� sepsis-associated�
cytokines�and�produced�by�liver�and�peripheral�
blood�mononuclear�cells.�Moreover,�it�has�been�
shown�that�PCT�is�a�more�precise�measure�than�
CRP�for� the�differential�diagnosis�of�bacterial�
infections.�In�the�diagnosis�of�DFU�ulcer,�PCT�
has�been�shown�to�be�crucial.�
Serum�PCT�levels,�on�the�other�hand,�were�

mainly� assessed� in� the� treatment� and� follow�
up� of� infected� ulcers;� the� 𿿿ndings� did� not�
distinguish� between� mild-to-moderate� and�
severe� infections�of�diabetic�ulcers.�However,�
it�has�also�been�proposed�that,� the� ideal�PCT�
cut-off� concentration� is� 0.25� ng/mL,� with�
sensitivity�and�speci𿿿city�of�63.6%�and�83.2%.�
PCT� is� regarded� as� a� useful� biomarker� for�
infection� diagnosis,� but� because� of� its� low�
sensitivity,� it� is� not� very� useful� for� the� early�
diagnosis�of�diabetic�foot�ulcers.�Further�some�
studies� found� that� there� in� increase� in� levels�
of� PCT� in� DFU� patients� with� cardiovascular�
disease,�suggests�that�there�is�increased�risk�of�
adverse�cardiovascular�events�in�DFU�patients�
with�elevated�PCT.37,38

Radiological assessment 
X-RAY
X-rays�are�the�𿿿rst�imaging�modality�performed�
because� they� are� easy,� cost-effective,� less�
time-consuming� than�CT�or�MRI,� and�can�be�
repeated�with� less� radiation� exposure.� NICE�
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guideline� strongly� recommends� an� X-ray� at�
the� patient’s� initial� examination� to� con𿿿rm�
OM.�Radiographs�with�acute�OM�show� focal�
lysis,� cortical� bone� loss� and� cyst� formation,�
regional� osteopenia,� periosteal� reaction,�
and� trabecular� pattern� changes.� Necrotic�
bone� sequestration,� involucrum,� and� cloaca�
development� characterize� chronic� OM.� For�
x-ray�to�show�these�positive�signs�of�infection,�
the�infection�should�be�at�least�present�for�more�
than�2�weeks.�Prior�to�this�x�rays�are�insensitive�
to� diagnose�OM.�As� the� sensitivity� of�X-rays�
are�less,�this�can�be�combined�with�other�tests�
such� as�probe-to-bone� test� and� inÁammatory�
markers� in� initial� assessment� of� OM.� X-rays�
are�used�not�only� for� initial�diagnosis�of�OM�
but�also�used�in�follow�up�of�the�patient.�Serial�
of�X-rays�are�taken�to�assess�the�effectiveness�
of� the� treatment� and� the� progression� of� the�
disease.� X-rays� are� also� used� in� Charcot’s�
foot.39,40

Doppler 
Doppler� study� is� very� useful� in� determining�
the� blood� Áow� in� a� diabetic� foot.� Diabetic�
patients�have�a�higher�incidence�of�developing�
peripheral� arterial� disease,� so� determining�
the� blood� Áow� using� Doppler� plays� a� key�
role� in� the� evaluation� of� DFU.� Studies� have�
shown�that�there�is�signi𿿿cantly�higher�overall�
diameter� of� arteries� noted� in� the� diabetic�
population�as�compared�to�the�control�group.�
Vessel�wall�thickening�is�an�early�symptom�of�
diabetes�related�changes.�One�of�the�important�
complications� of� diabetes� is� micro� vascular�
abnormalities.�
Wearable� Laser� Doppler� Flowmetry�

devices� (LDF)� are� also� used� nowadays� in�
diabetic� foot� evaluation� mainly� for� micro�
vascular� abnormalities.� Wearable� LDF� has�
a� unique� advantage� in� rapidly� assessing�
plantar�microcirculation� in� the� early� stage� of�
diabetic� ulceration.� Combined� with� wavelet�
analysis,�it�can�quantitatively�and�qualitatively�
analyse� the� regulation� mechanism� of� foot�
microcirculation.40,41

CT Bone, Joint and Angiogram
Imaging�exams�help�diabetic�foot�patients�detect�
Bone�and�joint�abnormalities�and�characterize�
vascular� abnormalities� early.� Non-invasive�
computed� tomography�angiography�(CTA)� is�
frequently�employed�in�clinical�practice.�These�
clearly� show� the� anatomical� structures� and�
pathological� changes� of� the� lower� extremity�

arteries.�CTA�of�the�lower�extremities�tells�us�
the� location� severity� of� narrowing,� perfusion�
status,� and� collaterals.� These� also� helps� the�
surgeon�to�plan�any�artery-based�Áap�cover�for�
large�non�healing�ulcers.42

MRI
MRI�also�plays�a�pivotal�role�in�DFU�assessment�
and� is� considered� as� the� IOC� for� diagnosing�
diabetic� foot� OM.� This� can� helps� to� identify�
osteomyelitis� at� an� earlier� stage.� In� OM,� the�
loss�of�signal�in�T1-weighted�images�and�higher�
intensity�on�T2-weighted�images�can�reveal�the�
pathology�as�early�as�72�hours�after�infection.�
However,�this�bone�oedema�might�be�hard�to�
distinguish� from�non-infectious�reasons.�MRI�
detects� inÁammation� before� bone� changes�
with� 90%� sensitivity� and� 80%� speci𿿿city.�
MRI� can� detect� abscesses,� tenosynovitis,� and�
joint�involvement�that�these�other�procedures�
cannot,�providing�more�accurate�bone�and�soft�
tissue�involvement�information.43

Bone Scan
Bone�scan�or�scintigraphy�along�with�MRI�and�
WBC�scintigraphy�also�helpful� in�diagnosing�
OM� in� diabetic� foot.� The� principle� is� that�
the� radioactive�material�used� in�bone� scan� is�
absorbed�in�areas�of�high�bone�turnover�such�
as�infection,�repair,�or�tumour.�The�three�phase�
scan� using� Technetium-99m-Medronic� acid�
Bisphosphonate� takes� images� At� different�
point�after� the�nuclear� tracer� injected�such�as�
blood�Áow,�blood�pool,�and�bone�uptake�which�
shows� areas� with� active� bone� turnover.� The�
sensitivity� and� speci𿿿city� of� OM� in� diabetic�
foot�are�80-90%�and�<50%.�The�less�speci𿿿city�is�
due�to�the�inability�of�this�scan�to�differentiate�
OM�from�other�conditions�with�increased�bone�
turnover� such� as� gout,� bone� Mets,� fracture,�
Charcot�disease,�joint�pathology�or�recent�bone�
surgery.� The� exact� anatomical� location� and�
extent�of�the�infection�also�can’t�be�determined�
with� bone� scan.� Hence� it� is� often� combined�
with�other�modalities�such�as�MRI.44,45

Pedological Assessment
Foot Scan
Foot� scan� is� also� called� as� the� podogram�
plays� a� key� role� in� assessing� the� pressure�
distribution� on� the� foot� (Figure� 9).� It� is� very�
useful� in� patients� with� diabetes� as� the� have�
neuropathy�with� renders� their� sensation� and�
increases�the�risk�if�ulcers�and�calluses�mainly�
over�the�high-pressure�points.�Podograms�are�
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used�in�early�detection�of�abnormalities�which�
helps� in� timely� interventions� and� prevent�
the� complications.� Understanding� these�
pressure� points� helps� us� towards� designing�
personalised� foot�wears� or� insoles,� helps� the�
surgeons� to� plan� ofÁoading� these� pressure�
points�to�prevent�further�damage.46,47

Figure 9: Pedogram�Foot�Scan

Footwear Examination
The�perfect�shoe�would�𿿿t�snugly�not�too�tight,�
but�not�too�loose�have�a�broad�toe�box,�and�be�
tall�enough�to�accommodate�the�toes,�whether�
or�not�they�had�a�deformity.�The�shoe’s�insole�
should� feel� comfortable,� and� any� pressure�
points�or�dent�should�be�checked�for.�Patients�
should�be�told�to�change�their�shoes�or�insoles�
immediately� if� pressure� spots� start� to� show�
up� on� the� insole.� Custom-made� shoes� are�
necessary�for�patients�with�malformations.48

CONCLUSION
As� stated� earlier� Diabetes� and� Diabetic�
foot� ulcers� possess� a� major� threat� to� health,�
wellbeing� and� quality� of� life� of� most� of� the�
people� in� Indian� subcontinent.� With� early�
and� proper� clinical� evaluation,� appropriate�
investigations� and� standardized� assessment�
tools� such� as� –�Wagner’s� classi𿿿cation,� Bate-
Jenson� wound� assessment� tool,� the� depth,�

severity� and� the� cause� of� the� ulcer� can� be�
derived.�This�helps�us�in�foreseeing�the�possible�
complications� (infections,� amputation,� and�
mortality)� and� to� plan� treatment� strategies�
accordingly.� Ultimately,� by� a� comprehensive�
systematic�evaluation,�risk�assessment,�prompt�
intervention,�and,�crucially,�patient�education�
regarding�diabetes�management�and�foot�care,�
we� can� facilitate� expedited� wound� healing,�
prevent�complications,�preserve�limb�function,�
and� enhance� the� overall� quality� of� life� for�
diabetic�patients.�
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