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Preface

Mycetoma remains one of the world’s most neglected tropical diseases, im-
posing a profound physical, socio-economic, and psychological burden on
vulnerable individuals across endemic regions. Characterised by its insidious
onset, progressive subcutaneous swelling, sinus tract formation, and puru-
lent discharge containing fungal or bacterial grains, the condition presents a
unique diagnostic and therapeutic challenge. Because physical examination
alone cannot reliably delineate disease extent along body planes or track ther-
apeutic response, diagnostic imaging is the indispensable backbone of mod-
ern clinical management.

This training manual, Mycetoma Imaging Diagnosis: An Advanced Clinical
Imaging Training Manual for Healthcare Providers, was conceived to bridge
the persistent gap between advancements in radiologic science and point-
of-care clinical practice. In endemic, resource-limited field settings, the early
differentiation between fungal mycetoma (eumycetoma) and bacterial myce-
toma (actinomycetoma) is a critical clinical imperative. Initiating the wrong
therapeutic regimen, administering long-term antifungals for a bacterial in-
fection or prolonged antibiotics for a fungal mass inevitably leads to thera-
peutic failure, numerous drug adverse reactions, disease progression, unnec-
essary surgical mutilation, or avoidable amputation.

To address these challenges, this manual provides a structured, multi-modali-
ty diagnostic framework designed for radiologists, clinicians, surgeons, infec-
tious disease specialists, general practitioners, and point-of-care health work-
ers. Bridging field-level diagnostics and advanced tertiary care.

Accurate diagnostic imaging does more than confirm a diagnosis; it protects
patient mobility, guides limb-sparing surgical intervention, provides an objec-
tive measure of therapeutic response, and ultimately restores dignity to indi-
viduals suffering from this debilitating disease.

This manual fulfils part of the Mycetoma Research Centre mandate as a WHO
Collaborating Centre by enhancing clinical management and driving better
health outcomes for affected patients.

It is our hope that this manual serves as a practical, empowering resource for
clinicians and health workers on the front lines of mycetoma care, advancing
early diagnosis and transforming patient outcomes across endemic commu-
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Target Audience

This training manual is designed to serve a broad, multidisciplinary spectrum
of healthcare professionals involved in the diagnosis, treatment and long-
term management of mycetoma across both resource-limited field settings
and tertiary academic medical centres:

Point-of-Care Health Workers & Clinical Officers: Frontline rural
practitioners operating in endemic regions who require practical skills in
performing and interpreting point-of-care ultrasonography (POCUS) for
rapid bedside triage.

Radiologists & Diagnostic Imaging Technologists: Specialists seeking
standardised, multi-modality diagnostic criteria and reporting frame-
works for plain radiography, ultrasound, CT and MRI scans evaluation of
complex soft tissue and bony lesions.

Orthopaedic & General Surgeons: Surgical teams requiring precise
pre-operative cross-sectional mapping to determine anatomical bound-
aries, deep fascial integrity, neurovascular contiguity, and clear surgical
margins for limb-sparing interventions.

Infectious Diseases & Tropical Medicine Specialists: Physicians man-
aging long-term antimicrobial regimens who rely on objective, interval
imaging metrics to monitor therapeutic response and detect disease

recurrence.
Medical Educators & Clinical Trainees: Academic faculty, residents, and

fellows in radiology, surgery, and tropical medicine utilising this resource
as a clinical training curriculum.



Scope of the Manual

Mycetoma Imaging Diagnosis: An Advanced Clinical Imaging Training Man-
ual for Healthcare Providers encompasses a comprehensive, multi-modality
diagnostic framework tailored to the unique clinical realities of endemic re-
gions across the global Mycetoma Belt. The scope includes:

1.

Field-Level Triage & Bedside Diagnostics: Early aetiological differen-
tiation between fungal (eumycetoma) and bacterial (actinomycetoma)
infections using high-frequency linear ultrasound and POCUS protocols
in low-resource settings.

Skeletal Assessment & Staging: Standardised staging (Stages I-1V) of
osseous involvement, cortical erosion, periosteal reactions, and bone
remodelling on conventional plain radiography and CT scan.

Advanced Cross-Sectional Characterisation: High-resolution multi-de-
tector CT for complex bony architecture evaluation and multi-sequence
MRI for multi-planar soft tissue, dural, and neurovascular mapping.

Specialised Anatomical Presentations: Detailed imaging features of
rare and high-risk presentations, including craniofacial/skull, pelvic, and
chest and abdominal cavities mycetoma.

Standardised Clinical Reporting Protocols: Implementation of
structured, multi-modality reporting templates to eliminate diagnostic
ambiguity and facilitate interdisciplinary communication.

Therapeutic Response & Pre-Operative Planning: Objective imaging
algorithms for tracking response to prolonged medical therapy and exe-
cuting pre-operative margin mapping for surgical resection.



Key Learning Objectives
Upon completing this training manual, healthcare providers will be able to:
» Differentiate Aetiology at the Bedside:

Identify the pathognomonic ‘hyper-reflective echoes’ sign and acoustic shad-
owing criteria on US to rapidly distinguish eumycetoma from actinomyceto-
ma without reliance on delayed culture results.

» Classify Radiographic Bone Disease:

Systematically evaluate plain radiographs to stage skeletal destruction from
localised soft tissue swelling (Stage 1) through diffuse cortical collapse and
pathological fracture (Stage IV).

o Execute Advanced Pre-Operative MRl Mapping:

Delineate precise 3D tissue boundaries, differentiate true bone marrow in-
volvement from reactive oedema, and evaluate deep fascial and neurovascu-
lar encasement to define a 10- 15 mm surgical safety margin.

« Analyse High-Resolution CT for Bony Pathology:

Detect early cortical micro-geodes, endosteal erosion, sequestra, and 3D cal-
varial/skull base integrity to guide surgical curettage or segmental bone re-
section.

» Utilise Standardised Reporting Templates:

Formulate structured imaging reports for US, X-ray, CT, and MRI to ensure
clear, reproducible documentation across multidisciplinary care teams.

» Monitor Longitudinal Treatment Response:

Apply objective imaging criteria to distinguish active infection from quiescent
post-treatment fibrosis, preventing premature drug discontinuation or de-
layed detection of treatment failure.



Module 1

Mycetoma Clinical Foundations
Mycetoma: Epidemiology, Pathophysiology, and Clinical Reality

Mycetoma is a chronic, progressive, and severely disabling granulomatous in-
flammatory disease of the subcutaneous tissues that, if left untreated, relent-
lessly spreads to involve the skin, deep muscle compartments, fascial planes,
and underlying bones. Recognised by the World Health Organization (WHO)
as a neglected tropical disease (NTD) in 2016.

The disease is classified into two distinct aetiological forms: Eumycetoma,
caused by true fungi; Madurella mycetomatis, the most commonly reported
causative microorganism; and Actinomycetoma, caused by aerobic actinomy-
cetes (bacteria), including Streptomyces somaliensis, Actinomadura madurae,
and Nocardia brasiliensis. Infection occurs via minor local trauma, such as thorn
pricks, splinters, or abrasions, which introduce environmental organisms into
the subcutaneous tissue. Agricultural workers, pastoralists, and rural labourers
who walk barefoot are disproportionately affected.

Foot eumycetoma lesion with numerous active sinuses,
discharge and black grains

The clinical hallmark of early mycetoma is an indolent, painless subcutane-
ous nodule or firm mass. Because early lesions do not impair daily labour or
cause systemic constitutional symptoms, patients in resource-limited rural



settings rarely seek medical attention at onset. Over months to years, the in-
fection breaches fascial boundaries through direct local extension, produc-
ing the classic diagnostic triad: massive painless swelling, multiple active and
healed draining sinus tracts, and a purulent discharge containing characteris-
tic grains, which are microscopic colonies of the causative organism.

Foot actinomycetoma with multiple healed

and active sinuses and discharge

While no anatomical region is immune, cases are documented in the head,
neck, chest, abdominal wall, gluteal region, and spine. The lower extremities,
particularly the foot and ankle, account for over of all reported cases. Upper
extremities, especially the hands and forearms, are the second most common
sites due to occupational handling of contaminated soil and vegetation.



Advanced inguinal actinomycetoma
spreading from an amputated foot lesion
spreading to anterior abdominal wall

Advanced actinomycetoma involving
anterior left hemothorax, axilla, neck with
cervical spinal cord affection

As the disease advances, fungal hyphae or bacterial filaments form the grains
surrounded by an intense polymorphonuclear neutrophil reaction and chron-
ic granulomatous tissue, leading to progressive fibrosis, destruction, and de-
formities. Fungal eumycetoma tends to remain encapsulated longer, forming



localised fluid-filled cavities, whereas bacterial actinomycetoma spreads more
aggressively along fascial planes and tissues, inducing rapid periosteal reac-
tion and bone destruction.

Surgical specimen showing multiple grains containing cavities

surrounded by intense fibrous tissue

The human and socio-economic toll of late-stage mycetoma is catastrophic.
Structural deformities, joint ankylosis, muscle atrophy, and secondary bacte-
rial infections frequently lead to permanent physical disability, loss of liveli-
hood, stigma, and forced surgical amputation. Early clinical identification,
combined with non-invasive imaging techniques to map anatomical spread
and differentiate fungal from bacterial aetiology, remains the single most crit-
ical factor in preserving body function and achieving therapeutic cure.
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The Clinical Diagnostic Challenge

Insidiousness & Clinical Latency: The initial painless subcutaneous
nodule often persists for months or years without disturbing daily activ-
ities. Because pain occurs only during secondary bacterial superinfec-
tions or bone invasion, patients in rural, resource-limited settings rarely
seek medical attention in the early stages.

Multiple left foot painless swellings of early eumycetoma

Classic Diagnostic Triad: By the time patients present to specialised
centers, the disease has progressed to its classic triad:

Firm, painless subcutaneous swellings.

Multiple draining sinus tracts that intermittently discharge purulent or
serosanguineous fluid containing fungal or bacterial grains.

Structural deformity and destruction of surrounding soft tissue, fascia,
and bone structures.



The Three Fundamental Clinical Questions

Effective mycetoma management relies on precisely identifying the causative
pathogen. To direct clinical decision-making, comprehensive imaging and
laboratory testing must swiftly address three core questions:

Aetiological Classification
«  Eumycetoma (Fungal):

Most commonly caused by Madurella mycetomatis. Requires long-term sys-
temic azole antifungal therapy for a variable duration between 6-12 months,
often followed by localised surgical excision.

« Actinomycetoma (Bacterial):

Caused by species such as Streptomyces somaliensis, Actinomadura madurae,
or Nocardia brasiliensis. Managed primarily with combination antibiotic regi-
mens. Surgery is generally not required as the response is reasonable.

« Clinical Significance:

Administering antifungals for a bacterial infection or vice versa delays effec-
tive treatment and risks toxicities, unnecessary surgical interventions, and fi-
nancial hardship. Non-invasive imaging (specifically Point-of-Care Ultrasound)
provides immediate bedside differentiation before culture verification.

Anatomical Extension & Compartmental Mapping
» Soft Tissue & Fascial Barriers:

Mycetoma does not respect typical anatomical boundaries. It traverses deep
fascial planes and muscular compartments through direct local invasion.



MRI scan showing massive thigh and inguinal actinomycetoma
spreading intra-abdominally

¢ Neurovascular & Joint Involvement:

Defining the precise relationship between the mycetoma granulomatous
mass and major neurovascular bundles (e.g., the posterior tibial artery and the
sciatic nerve) determines whether limb-sparing surgery is feasible.

o Osseous & Joint Contiguity:

Radiographs and MRI identify early periosteal reaction, bone affection, sub-
periosteal erosions, and intra-articular extension, factors that distinguish lo-
calised medical management from extensive debridement or amputation.

Treatment Response & Longitudinal Monitoring
« Inaccuracy of Physical Inspection:

Clinical induration, hyperpigmentation, and healed scar tissue persist long
after clearance of active bacterial or fungal infection, rendering clinical palpa-
tion unreliable for assessing therapeutic efficacy.



» Imaging Biomarkers of Response:

Non-invasive imaging monitors true therapeutic efficacy through specific pa-
rameters:

« Regression: Decreasing size and count of hypoechoic fluid cavities
on ultrasound; reduction in high T2/STIR hyperintensity on MRI.

o Encapsulation: Formation of thick, continuous fibrotic rims around
lesions, signalling disease containment.

«  Progression: Persistent or expanding osteolytic changes, new cor-
tical breaches, or recurrence of the pathognomonic “Dot-in-Circle”
sign on MRI during therapy.

Limitations of Physical Examination & Necessity of Imaging
Differentiation of Fungal from Bacterial Mycetoma:

Clinical examination alone cannot reliably differentiate fungal from bacterial
types.

o Underestimation of Deep Spread:

Clinical inspection measures surface involvement but fails to identify deep
subcutaneous and muscular infiltration, interosseous extension, or bone
invasion.

* Rolein Surgical Planning:

Imaging provides good delineation of lesion margins for adequate surgical
excision with clear margins, reducing local recurrence rates following sur-

gery.
* Rolein Staging & Treatment Duration:

Accurate baseline imaging may be used to establish a disease staging system,
providing an objective reference point for deciding when medical therapy can
be safely discontinued.



Diagnostic Modality Selection Matrix

Modality

Ultrasonogra-
phy (US)

Conventional
Radiography
(X-Ray)

Magnetic
Resonance
Imaging (MRI)

“a,

Primary
Diagnostic
Indication

First-line
point-of-care
screening.

Organism
type dis-
crimination:
eumycetoma
vs actinomy-
cetoma.

Assessment
of cortical
integrity,
periosteal
reaction, and
gross bone
destruction.

Comprehen-
sive staging.

“Dot-in-Cir-
cle”sign iden-
tification.

Surgical mar-
gin planning.

Clinical
Strengths

High spatial
resolution for
soft tissue.

Portable, low
cost.

Immediate
differentiation
of mycetoma

type.

Universally
available.

Fast, low cost.

Excellent
baseline for
skeletal moni-
toring.

Superior soft
tissue con-
trast.

Multi-planar
imaging.

Precise bone
marrow and
fascial map-

ping.

Limitations &
Barriers

Limited acous-
tic penetration
in deep corti-
cal bone.

Operator-de-
pendent.

Poor soft tis-
sue contrast.

Insensitive

to early bone
marrow inva-
sion.

High cost.

Limited avail-
ability in rural
endemic foci.

Contraindica-
tions (im-
plants/metal).



Primary Clinical
Modality Diagnostic
Indication Strengths

Limitations &
Barriers

Fine cortical

bone detail.
Excellent 3D Radiation
Computed 'Bone. caV|.ty 0SSeous Visu- exposure.
T h identification. | jJisation.
elinlede ]l Soft tissue res-
(€T) Surgical Fast acquisi- olution inferior
planning tion. to MRI.
for complex
resections.



Module 2

Point-of-Care Ultrasonography Protocol

Point-of-care ultrasonography (POCUS) has transformed mycetoma man-
agement in endemic, resource-limited settings by enabling rapid, bedside
differentiation between eumycetoma, actinomycetoma, and non-mycetoma
lesions, without waiting weeks for culture results, surgical biopsies, or histo-
pathological reports.

Mycetoma Ultrasound Characteristics

The mycetoma grains, capsule, and the accompanying inflammatory granulo-
ma have characteristic ultrasonic appearances. Ultrasound imaging can differ-
entiate between eumycetoma, actinomycetoma, and other non-mycetoma
lesions. The grains produce numerous sharp, bright hyperreflective echoes
consistent with the black grains in eumycetoma lesions. Fungal grains con-
tain a dense extracellular matrix rich in melanin, proteins, and cross-linked
chitin-glucan walls, creating high acoustic impedance that reflects ultrasound
waves and leaves a dark shadow behind. Also, there are multiple thick-walled
cavities with absent acoustic enhancement. In actinomycetoma lesions, the
findings are similar, but the grains are less distinct. This may be due to their
smaller size and consistency, the individual embedding of the grains or the
absence of cement substances in a few.

Mycetoma ultrasonic appearance consistent of numerous sharp, bright
hyperreflective echoes and hypoechoic thick-walled cavities with absent
acoustic enhancement



Clinical Utility of Ultrasonography
1. Immediate Bedside Decision-Making:

Allows clinicians to initiate appropriate targeted antifungal therapy vs combi-
nation antibiotics on the day of presentation.

2. Non-Invasive & Safe:

Eliminates invasive biopsy risks in remote rural health centres lacking ade-
quate surgical facilities.

3. Anatomical Mapping & Surgical Guidance:

Maps lesion depth, muscular compartment involvement, and contiguity to
bone or major vessels before surgical intervention.

4. Therapeutic Monitoring:

Provides an objective baseline to track cavity shrinkage, reduction in grain
counts, or fibrotic encapsulation during long-term therapy.

5. Field survey and epidemiological study

It is the most suitable tool for field early detection and management, as well
as for epidemiological studies.

Ultrasound examination at field survey for
early case detection and management



Standard Ultrasound Scan Protocol
¢ Transducer Choice:

High-frequency linear array probe (7.5-15 MHz) for superficial lesions, soft
tissue, and small joints

Low-frequency convex probe (3.5-5 MHz) for deep abdominal, pelvic, or ret-
roperitoneal extensions.

» Patient Positioning:

Comfortable, fully supported positioning with the affected anatomical region
fully exposed. Apply abundant acoustic gel to avoid direct pressure on tender
areas.

« Probe Protection

Use a probe cover with a glove to avoid damage from the thick skin, sinuses,
and cross-infection.

Systematic Scanning Sweep:

1. Superficial Epidermal/Dermal Layer:

Assess sinus tracts and local fluid collections.

2. Subcutaneous Fat & Fascial Planes:

Map the extent of granulomatous cavities and capsule formation.
3. Muscular & Neurovascular Bundles:

Evaluate muscle fibre displacement, intramuscular cavities, and vascular dis-
placement.

4. Cortical Bone Interface:

Inspect for cortical disruption, irregular periosteal reactions, and acoustic
breaches.



Pathognomonic Sonographic Features

Characteristic

Acoustic

Profile

Acoustic

Shadowing

Cavity

Architecture

Grain

Appearance

Cavity Size

& Shape

Eumycetoma

Distinct, individual, or

clustered hyper-reflective
(bright white) echoes em-
bedded within localised hy-
poechoic (dark) fluid-filled
cavities.

Actinomycetoma

Fine, less dense, hyper-re-
flective echoes distribut-
ed throughout hypoecho-
ic granulomatous tissue.

Present.

Prominent posterior acoustic
shadowing occurs behind the
hyper-reflective grains due

to high acoustic absorption
by thick fungal walls and
surrounding cement matrix
(Madurella mycetomatis).

Absent or Minimal.

Bacterial grains (Strep-
tomyces somaliensis,
Actinomadura madurae)
do not produce strong
posterior acoustic atten-
uation, allowing sound
waves to pass through.

Well-defined, thick-walled,
hypoechoic cavities, often
showing thick fibrous septa-
tions.

lll-defined, poorly
demarcated hypoecho-
ic areas representing
diffuse inflammatory
exudate and micro-ab-
scesses without distinct
fibrous capsules.

Bright, distinct hyperechoic
echoes.

Fine, faint, multi-reflective
echoes.

Larger (> 5 mm), well-de-
fined hypoechoic cavities.

Smaller (< 5 mm), ill-de-
fined micro-abscesses.




Grain

Distribution

Lesion

Boundary

Sharp, aggregated central
hyperreflective dots.

Fine, widely dispersed,
delicate reflections.

Thick, sharp inflammatory
walls.

Diffuse, infiltrative, poorly
demarcated margins




Mycetoma Ultrasound Appearance

Scrotal eumycetoma



Module 3
Conventional Radiography (X-Ray)

Conventional plain radiography remains the essential, low-cost baseline mo-
dality for evaluating skeletal involvement, staging disease severity, and guid-
ing long-term management in mycetoma. While initial soft tissue changes
manifest on X-rays as localised swelling or soft tissue density, progressive in-
fection induces characteristic bone changes ranging from soft tissue swelling
and periosteal reaction to extensive osteolysis, cortical erosion, and bone de-
struction.

Radiographs cleanly categorise skeletal pathology into distinct stages, such
as external cortical indentations (Scalloping), intra-osseous “moth-eaten” cav-
ities, and widespread bone expansion, osteoprosis or pathological fractures,
allowing clinicians to differentiate the slow, osteosclerotic bone remodelling
typical of eumycetoma from the rapid, diffuse osteolytic destruction charac-
teristic of actinomycetoma.

Furthermore, plain radiography provides an indispensable, easily re-
producible benchmark to monitor bone healing and remineralisation
during extended antimicrobial therapy, rule out concurrent traumatic
fractures, and determine whether conservative medical management re-
mains viable or if surgical debridement or bone resection is necessary.

Recommended Standard Projections
o Feet & Hands: Anteroposterior (AP), Lateral, and Oblique views.

» LongBones & Joints: AP and Lateral views including one joint above
and one joint below the lesion.

«  Pelvis & Trunk: AP Pelvis, dedicated oblique projections for iliac wings
or sacrum.

Radiological Findings in Mycetoma
A series of radiological changes were observed in mycetoma, including:

1. SoftTissue Appearance:



The lesions appear as soft tissue, and some contain calcification.

X-ray showing the ankle joint region with massive periosteal reactions
presenting as a sun-ray appearance and numerous bone cavities.

2. Cortical Scalloping:

The expanding soft-tissue mass directly invades the bone cortex, producing
characteristic cortical scalloping before aggressive periosteal reactions develop.

Foot X-Ray showing soft tissue shadow,

with calcification and scalloping



3. Periosteal Reactions:

New bone formation, presenting as a Codman triangle, sun-ray appearance or

cortical thickening.

X-ray showing the ankle joint region with massive periosteal reactions
presenting as a sun-ray appearance and numerous bone cavities.

Calcaneus X-ray showing soft tissue shadow,
numerous bone cavities and periosteal reaction



Foot X-ray showing soft tissue shadow, Codman triangle
periosteal reaction

1. Bone Cavities:

Bone cavities are a characteristic feature of advanced mycetoma. They are
usually multiple round, osteolytic cavities within the bone matrix. In eumy-
cetoma, these cavities tend to be larger (greater than 1cm), fewer, with edge
sclerosis reflecting slower, localised bone destruction.

In actinomycetoma, they are typically smaller (2 to 5 mm), numerous, and
poorly defined.

X-Ray of hand eumycetoma showing larger cavities with edge sclerosis




X-Ray of advanced foot actinomycetoma showing massive soft tissue
shadow, periosteal reaction, Codman triangle, numerous small, ill-de-
fined cavities with osteoprosis.

Radiological Staging System for Bone Involvement
« Stage I: Soft Tissue Swelling Only

Preservation of subcutaneous fat planes; no periosteal or cortical bone abnor-
malities.

« Stage ll: Early Bone Involvement (Periostitis)

Cortical scalloping, smooth or spiculated periosteal reaction; early cortical
thickening adjacent to soft tissue mass.



Hand X-Ray showing massive soft tissue
shadow, sun-ray periosteal reaction and bone cavitation.

« Stagelll: Cortical Erosion & Cavity Formation

Multiple round, well-circumscribed lytic lesions (cavities) within cortical and
subcortical bone; preservation of joint spaces.

WALEED A.ALLAH

Stagellll

Massive advanced actiomycetoma foot X-Ray showing numerous small
ill-defined cavities with massive periosteal reactions and soft tissue
shadow.



X-Ray of the leg eumycetoma showing multiple large cavities, cortical
thickening of the tibia, and soft tissue shadow.

« Stage IV: Advanced Osseous Destruction & Deformity

Diffuse osteoprosis, multi-cavitary bone loss, moth-eaten appearance, patho-
logical fractures, cortical collapse, and joint ankylosis or disorganisation.

Stage IV advanced mycetoma foot

Foot X-Ray showing big multiple cavities with sclerotic edges affecting
the lower tibia and fibula, and tarsal bones and pathological fracture of
the lower third of the tibia.



Differential Radiographic Features: Eumycetoma vs

Actinomycetoma

Features Eumycetoma

Bone Few.

(AT Relatively large cavities (typi-

cally in diameter).

With distinct sclerotic mar-
gins.

Actinomycetoma

Numerous.

Small, lytic cavities (typically
in diameter).

Poorly demarcated, creating
a classic “moth-eaten” ap-
pearance.

The bone attempts to wall off
the fungal infection, preserv-
ing overall structural align-
ment until late stages.

Marked diffuse osteopenia.

Aggressive periosteal reac-
tions are common.

Skull Mycetoma Radiological Appearance

A skull X-ray in cranial mycetoma typically shows massive thickening of the
skull tables and generalised osteoblastic (bone-forming) changes with a pure-
ly sclerotic appearance and loss of normal trabeculation. There is marked wid-
ening and heavy density of the inner and outer skull tables.

7 e

Mycetoma Skull X-Ray showing dense sclerosis




Module 4
Advanced Cross-Sectional Imaging (MRI & CT)

Advanced cross-sectional imaging via Magnetic Resonance Imaging (MRI) and
Computed Tomography (CT) serves as the definitive multi-planar modality for
establishing total anatomical extent, bone involvement, and surgical feasibili-
ty in complex mycetoma cases.

MRI is the modality of choice for soft-tissue characterisation, utilising T1- and
T2-weighted sequences. Short Tau Inversion Recovery (STIR) sequences to
identify the pathognomonic “Dot-in-Circle” sign—where high-signal-inten-
sity granulomatous cavities (“circles”) enclose central hypointense fungal or
bacterial grain aggregates (“dots”), while precisely delineating neurovascular,
muscular compartment, and early bone marrow invasion before overt cortical
destruction occurs.

Conversely, high-resolution CT excels at depicting skeletal pathology, offering
superior visualisation of cortical erosion, periosteal reaction, sequestra, and
“moth-eaten” osteolytic cavities, particularly in intricate bony structures such
as the tarsal bones, pelvis, and skull base.

Together, these cross-sectional techniques eliminate the depth underestima-
tion inherent to physical examination, guide limb-sparing surgical margins,
differentiate soft-tissue mass effects from true joint extension, and provide an
objective radiologic baseline for monitoring therapeutic response or disease
recurrence.

Magnetic Resonance Imaging (MRI) Protocol &
Signs

MRl is the gold standard for soft tissue mapping, fascial boundary assessment,
and deep marrow evaluation. Furthermore, it is essential for disease staging
and management decision-making.

A. Recommended MRI Sequences
« T1-Weighted (T1W) Axial & Sagittal:

Demonstrates anatomical boundaries, subcutaneous fat replacement, and
bone marrow signal modification (low signal intensity replacing bright fat).
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o T2-Weighted (T2W) & Fat-Suppressed (STIR/T2-FS) Multi-planar:

Highlights active inflammatory fluid collections, granulomas, sinus tracts, and
soft-tissue oedema (high signal intensity).

o T1-Weighted Post-Contrast (Gadolinium) with Fat Saturation:

Delineates thick peripheral granuloma wall enhancement, necrotic non-en-
hancing cores, and active sinus tracts.

MRI of a massive hand mycetoma showing the
typical Dot-in-Circle sign

B. The Pathognomonic “Dot-in-Circle” Sign

The “Dot-in-Circle” sign is the pathognomonic MRI feature of mycetoma,
highly specific for both fungal and bacterial forms.

The “Circle”: Smaller (< 5 mm), ill-defined micro-abscesses.

The “Dot”: Central tiny hypointense (dark) rounded dot within the circle on
both TTW and T2W sequences representing the aggregate grain of fungal my-
celia or bacterial colonies.



MRI showing pelvic/perineal soft-tissue mass, displacing the rectum to
the right and the rectovesical fistula due to massive advanced perineal
eumycetoma extending deep into the pelvic cavity.

Computed Tomography (CT) Applications

Computed Tomography (CT) serves as the primary cross-sectional imaging
modality for evaluating subtle osseous destruction, periosteal changes, and
complex surgical anatomy in mycetoma. While MRI provides superior contrast
for soft-tissue compartments, multi-detector CT with high-resolution bone
algorithms excels at identifying early cortical scalloping, microcavities, endos-
teal erosion, sequestrum formation, and sclerotic bone remodelling often be-
fore these changes become clearly visible on conventional plain radiography.

In anatomically complex regions such as the tarsal bones, pelvis, skull base,
or spine, 3D CT reformations provide precise multi-planar mapping of cortical
integrity and bony architecture, allowing surgeons to distinguish between lo-
calised cortical destruction requiring targeted curettage and extensive struc-
tural collapse necessitating segmental resection or stabilisation.

Additionally, intravenous contrast-enhanced CT reliably maps hypervascular
inflammatory margins, deep soft-tissue abscesses, and retroperitoneal or neu-



rovascular structures, offering a rapid, widely accessible alternative when MRI
is contraindicated or unavailable in resource-limited diagnostic settings.

The skull and facial bones CT scan of actinomycetoma showed radiologi-
cal features inconsistent with bone fibrous dysplasia.

«  Primary CT Indications:

»  ldentification of dense bone sequestra (necrotic bone fragments)
within granulomatous cavities.

»  Evaluation of complex anatomical regions (pelvis, spine, calvarium)
where cortical bone structure is intricate.

» 3D volumetric reconstruction for surgical planning and prosthetic
custom fit before major reconstructive surgery.



Module 5

Diagnostic Workflows & Case Studies

Integrated Diagnostic Algorithm

PATIENT WITH SUSPECTED MYCETOMA
~ Patient with Suspected Mycetoma

(Subcutaneous Mass, Sinuses, Discharge)

% Bedside Ultrasound

Mycetoma Features No Mycetoma

® Hyper-reflective Echoes
® Fine Dense Echoes

® With Acoustic Shadow
® No Acoustic Shadow

T || @ o |
Eumycetoma Actinomycetoma

S TR |

/? Ultrasound-guided fine needle

Consider alternative
diagnosis and
manage accordingly.

aspiration for cytology
1 ) Establish mycetoma diagnosis

\

"

Tissue and bone extension
Plain Radiography (X-RAY)
i ® Mormal / Soft Tissue Only
® Osseous Lytic Cavities

MRI / CT Staging

& Deep soft tissue and hone extension
@ Disease staging and management planning
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Clinical Case Scenarios

Case 1: Early Foot Eumycetoma (US-Driven Diagnosis)

Presentation: A 24-year-old agricultural worker presents with a 6-month
history of a painless swelling on the plantar aspect of the right foot. No
sinus tracts or active discharge are present.

US Findings: High-frequency linear scan reveals multiple well-defined
hypoechoic cavities within the subcutaneous tissue, with central hyperre-
flective bright echoes. The underlying cortical bone interface of the meta-
tarsals is smooth and intact.

Radiographs: Plain AP/Lateral X-rays show soft tissue swelling without
periosteal reaction or bone lytic lesions (Stage I).

Clinical Decision: Eumycetoma diagnosed at an early stage. Patient initi-
ated on systemic antifungal therapy (e.g., Itraconazole) for 6 months, fol-
lowed by wide surgical excision, and continued on antifungal therapy for
6 months or until cure is achieved.

Case 2: Advanced Pelvic Actinomycetoma (MRI Staging)

Presentation: A 42-year-old pastoralist presents with extensive indurat-
ed swelling involving the right gluteal region, the lower abdominal wall,
and the upper thigh, with multiple purulent sinus tracts.

Radiographs: AP Pelvis radiograph reveals diffuse, moth-eaten osteolysis
of the iliac wing with marked periosteal spiculation (Stage IV).

MRI Findings: Multi-planar T2-Weighted and STIR sequences demon-
strate extensive hyperintense signal infiltrating the gluteus maximus and
iliopsoas muscle, and extending into the pelvic retroperitoneum. Wide-
spread pathognomonic “Dot-in-Circle” signs are visible throughout the
gluteal muscle beds.T1 post-contrast images confirm thick ring-enhance-
ment surrounding necrotic collections.

Clinical Decision: Advanced pelvic actinomycetoma. Given the extensive
involvement of deep muscle groups and pelvic bones, surgical resection
is contraindicated. Patient started on combined intensive antibacterial
therapy (Amikacin plus Trimethoprim-Sulfamethoxazole). Ultrasound and
MRI scheduled at 6-month intervals to monitor reduction in cavity size
and resolution of the “Dot-in-Circle” sign.



Self-Assessment & Review Questions

1.

Which ultrasound feature definitively differentiates Eumycetoma from
actinomycetoma?

Describe the anatomical structures represented by the “Dot” and the
“Circle” in MRI T2-weighted sequences.

Why does actinomycetoma produce a “moth-eaten” radiographic ap-
pearance in bone compared to the large, well-demarcated geodes seen
in Eumycetoma?



Module 6

Standardised Reporting Templates & Longitudinal
Imaging Protocols

Structured Reporting Templates for Clinical Documentation

To reduce clinical ambiguity among radiologists, clinicians, surgeons, and in-
fectious disease specialists, mycetoma imaging reports should follow a stan-
dardised, structured reporting template that systematically captures key diag-
nostic, aetiological, and anatomical parameters.

Unstructured narrative reports frequently omit critical operational details such
as exact fascial plane integrity, neurovascular contiguity, or specific acoustic
and signal features, leading to delayed or misdirected management.

A standardised template enforces consistent documentation across all imag-
ing modalities, explicitly requiring clinicians to record the presence or absence
of pathognomonic markers, such as the MRI“Dot-in-Circle” sign, grain acoustic
behaviour (e.g., hyperreflective echos on ultrasound to differentiate eumyce-
toma from actinomycetoma, precise lesion dimensions in three planes, mus-
cle compartment infiltration, and radiologic bone staging (Stage I-1V).

By establishing a uniform diagnostic language, structured reporting minimis-
es inter-observer variability, streamlines multidisciplinary surgical planning,
and provides an accurate, reproducible quantitative baseline for longitudinal
monitoring during extended medical therapy.



Ultrasound Imaging Reporting Template
Patient Name & ID:

Age Gender: [M] [F]
Date of Exam:[YYYY /MM / DD]

Lesion site:

Transducer Type: [ ] Linear (7.5-15 MHz) [ ] Convex (3.5-5 MHz)

Soft Tissue Architecture

] Subcutaneous []Fascial []Intramuscular []Subperiosteal

Lesion Depth

Cavity Count ]Single [1 Multiple localised [] Diffuse multi-cavitary

[
[
Cavity Size [1<2cm []12-5cm[]>5cm
(T N IS [ ] Well-demarcated- Thick-walled [1Poorly demarcated - Dif-

fuse

Grain Acoustic Characterisation

Echo Pattern [ 1 Hyper-reflective bright echoes [] Fine dense mi-
cro-echoes

Acoustic Shadowing [ ] Present (Strong Attenuation) -> Eumycetoma
suspected

[ 1 Absent/ Minimal -> Actinomycetoma suspected

(CICTLWN BN [ ] Clustered [] Dispersed [] Absent/Fluid only

Bone & Fascial Interface

Deep Fascia [1Intact []Disrupted / Invaded

(LIGEI LRI EYEN [ | Smooth & Continuous [ ] Irregular / Cortical
Breach




Diagnostic Impression

Sonographic pattern strongly suggestive of Eumycetoma

Sonographic pattern strongly suggestive of Actinomycetoma

Inconclusive / Non-mycetoma soft tissue collection

Sonographer Name:

Clinician Signature:



%
*, o

Magnetic Resonance Imaging (MRI) Reporting Template

Date of Scan:

Patient Name:

Age: Gender: [M] [F]
Referring Physician: Dr

Clinical Indication: Suspected / Established Mycetoma.
Clinical Duration: [Months / Years]

Lesion site:

Examination Protocol

«  Sequences Acquired: Multi-planar T1-Weighted (TT1W), T2-Weight-
ed (T2W), Short Tau Inversion Recovery (STIR) / T2-Fat Saturated,
and Post-Contrast T1W Fat-Saturated (T1W+C) images in [Axial /
Sagittal / Coronal] planes.

«  Contrast Agent: [Gadolinium-based agent, Dose e.g., 0.1 mmol/kg]
| [INot Administered]

1. SoftTissue & Subcutaneous Involvement

Subcutaneous and Soft Tissue Involvement

Anatomic Region [e.g., Plantar aspect of forefoot / Midfoot / Calvarium
/ Gluteal]
Maximum Dimensions AP xTRx CCcm.

I Y L A - a2 11l [Confined to subcutaneous fat / Breaches deep fascial

Muscle Compartments In- [Specify muscles, e.g., Abductor hallucis, Flexor digito-
volved rum brevis / Free]




Pathognomonic MRI Signs
“Dot-in-Circle” Sign [Present] [Absent]

el P CHE L LU [Multiple hyperintense rounded cavities, [size: <5 mm
STIR) />5 mm]]

T e P Ta - a - W RaRVAPAN [Central hypointense dots present] [absent]

Post-Contrast Pattern [Thick rim-enhancing granulomas] [Diffuse hypervas-

cular enhancement]

2. Neurovascular & Tendon Sheath Contiguity

Neurovascular Bundles [Preserved / Encasement / Compression]

Specific Structures [e.g., Posterior tibial nerve / Plantar arteries / Sciatic

nerve]

LG LT Y CELG ER VRS T T Wl [Uninvolved / Tenosynovial thickening / Fluid effu-
sion]

Specific Tendons [e.g., Flexor hallucis longus, Tibialis posterior]

3. Skeletal & Joint Integrity

CLOENETTTTAI L EINU N VA [Normal / Geographic marrow oedema / Marrow replace-
STIR) ment]

Bones Involved [Specify individual bones, e.g., 1st Metatarsal]




Cortical Integrity [Intact / Extrinsic Cortical Scalloping / Cortical Breach / Se-

questra]

Lytic Cavities Absent / Present: Size <5 mm (Bacterial pattern) / >5 mm

with sclerotic margin (Fungal pattern)]

Joint Extension [Intact joint spaces / Intra-articular effusion / Cartilage ero-

sion / Joint ankylosis]

Affected Joints [e.g., Tarsometatarsal / Talonavicular / Interphalangeal]

4. Radiological Mycetoma Staging (Skeletal & Soft Tissue)

[1 SELEIM Soft tissue involvement only; no bone marrow or cortical changes.

[1 S Soft tissue mass with cortical scalloping or periosteal reaction; no deep

marrow replacement.

[1 ST AI[M Soft tissue mass with localised bone marrow involvement and intra-os-

seous cavities (<3 bones).

[1 SELEIVA Advanced multi-compartmental soft tissue involvement with extensive

bone destruction / multiple cavities (=3 bones) / joint ankylosis.




Impression

Aetiological Pattern Suggestion:
[ 1 Eumycetoma Pattern:

Large cavities (>5 mm), well-demarcated thick walls, sharp central low-signal
dots, localised bone geodes with sclerotic borders.

[1Actinomycetoma Pattern:

Small microabscesses (<5 mm), diffuse, poorly demarcated infiltrative mar-
gins, and widespread bone involvement without thick capsular borders.

Anatomic Extent:

Granulomatous lesion involving [Specific anatomical compartments], measur-
ing [X xY x Z] cm, with [Invasion / Preservation] of the deep fascia and neuro-
vascular bundles.

Skeletal Status:

[Radiological Stage I /11 /11l / IV], with involvement of [Bones/Joints].

Surgical Margin Considerations:

Recommended surgical-free margin boundary should clear [Specific tissue
landmark] by at least 10-15 mm.

Radiologist Signature: [Dr. Name, MD]

Date / Time: [DD/MM/YYYY - HH:MM]



Module 7

Longitudinal Imaging Protocol for Monitoring
Treatment Response

Evaluating therapeutic response in mycetoma remains a major clinical chal-
lenge because clinical physical examination, marked by persistent tissue
induration, hyperpigmentation, and dense fibrotic scarring, frequently mis-
represents active disease status long after the causative bacterial or fungal
pathogens have been cleared.

To overcome these clinical limitations, regular, structured imaging intervals
using ultrasound and Magnetic Resonance Imaging (MRI) serve as the essen-
tial backbone for monitoring treatment efficacy.

Serial ultrasonography directly tracks disease resolution by demonstrating a
progressive reduction in hypoechoic granulomatous cavities, disappearance
of pathognomonic central grain echoes, and shrinkage of localised fluid col-
lections. Similarly, follow-up MRI quantitatively measures the regression of
high T2-weighted and STIR signal hyperintensity, clearing of marrow oedema,
and thickening of encapsulating fibrotic rims around healing lesions.

By providing reproducible, non-invasive benchmarks, interval cross-sectional
imaging prevents the premature discontinuation of antimicrobial regimens,
helps clinicians distinguish quiescent post-treatment fibrosis from active dis-
ease relapse, and enables timely identification of therapeutic failure or drug
resistance before catastrophic bone destruction ensues.



Longitudinal Imaging

Imaging technique Timeline
Baseline Mid-Treatment | End of Treatment
(Month 12+)
Day 0 (Month 6)

Ultrasound + + +
Radiology X-Ray + + +
MRI + +
CT scan + +

Day 0 | Month 6 | Month
'\h\ Ultrasound _’{ @ i 12+ l ‘

—————
. Radiology X-Ray
Lnngitudin_al Imaging

Protocol - ) Day 0 & Month 12+ Only |

Day 0 | Month 6 | Month
12+

Day 0 & Month 12+ Only |

Radiological Signs of Treatment Success (Positive Re-
sponse)

« Ultrasound: Significant reduction or total disappearance of hypoechoic
fluid cavities; reduction in hyper-reflective grain echoes; transformation
of fluid collections into hyper-echoic fibrous scar tissue.

«  Plain Radiography: Halting of lytic bone destruction; sclerosis and
re-calcification around cortical cavities; bone remodelling and stabilisa-
tion of periosteal reaction.




«  MRI: Disappearance of the pathognomonic “Dot-in-Circle” sign; re-
placement of hyperintense T2/STIR fluid signals with hypointense T1/T2
fibrous signal; marked decrease in post-contrast ring enhancement.

Radiological Signs of Treatment Failure or Disease Re-
lapse

» Ultrasound: Expansion of existing fluid cavities or emergence of new
hypoechoic foci containing fresh hyper-reflective grains; breakdown of
previously fibrous barriers.

« Plain Radiography: Progression of bone erosion, new cavity formation,
or sudden cortical collapse despite ongoing medical therapy.

e MRI: Persistent or expanding areas of high T2/STIR signal; recurrence of
central hypointense dots within fluid spheres; persistent deep muscular
or bone marrow enhancement on post-contrast sequences.



Module 8

Differential Diagnosis & Pitfalls

Radiological Differentiation from Mimickers

Mycetoma can clinically and radiologically simulate several infectious, inflam-
matory, and neoplastic conditions.

Differential Diagnosis Matrix

Hyper-reflective acous-

tic shadow.

Periosteal reaction.

Cavities.

Condition Ultrasound Plain MRI
Profile X-Ray Features
Mycetoma Cavities. Soft tissue mass. “Dot-in-Circle” sign.

Chronic Bacterial

Osteomyelitis

Diffuse fluid collection.
Thick periosteal Abscess.

No grains.

Cortical thickening.
Broad bone seques-

trum.

Involucrum.

Cortical thickening.

Broad bone seques-

trum.

Involucrum.




Soft Tissue

Sarcoma

Solid mass.

Increased vascular flow

on Colour Doppler.

Soft tissue mass.

Soft tissue mass.

Direct bone erosion

without cavities.

Tuberculosis

Cold abscess.
Necrotic lymph.

hyperechoic calcified.

Marked joint space

narrowing.

Juxta-articular  os-

teopenia.

Dactylitis.
Arthritis.
Nodes.

Debris

shadow.

without

Subchondral

sions.

ero-

Foreign Body

Granulomas

Retained wooden
splinters or thorns can
produce bright hy-
per-reflective  echoes
with acoustic shadow-

ing.

Osteogenic

Sarcoma

Soft tissue mass.

Periosteal reaction.

Pathological  frac-

ture.

Common Diagnostic Pitfalls & Avoidance Strategies

1.

Mistaking Scar Tissue for Active Disease on Ultrasound

Pitfall: Dense fibrous scar tissue from prior surgery can mimic hyper-re-

flective acoustic patterns.

Avoidance: Look specifically for fluid-filled (hypoechoic) cavities sur-
rounding the bright echoes. Scar tissue lacks hypoechoic fluid rims and
does not demonstrate hyper-reflective echoes typical of fungal grains.




Underestimating Deep Bone Involvement on Plain X-Rays:

Pitfall: Early bone marrow infiltration occurs well before 30-50% of bone
mineral density is lost, the threshold required for lytic lesions to become
visible on conventional X-rays.

Avoidance: If a patient presents with a deep-seated mass adjacent to
bone but plain X-rays appear normal, perform US to inspect the cortical
interface or request an MRI/CT scan.

Misinterpreting Foreign Body Granulomas:

Pitfall: Retained wooden splinters or thorns can produce bright hy-
per-reflective echoes with acoustic shadowing on ultrasound, mimicking
eumycetoma grains.

Avoidance: Foreign bodies usually present as a single linear hyperechoic
structure rather than multiple spherical clusters distributed across dis-
tinct hypoechoic fluid cavities.
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Surgical Mapping & Interventional Radiology Guidance

Pre-Operative Surgical Margin Mapping

When wide local excision, surgical debridement, conservative resection or
amputation is indicated, incomplete excision carries a high risk of local re-
currence. Imaging serves as the ultimate roadmap for defining safe surgical

margins.

Pre-Operative MRl Mapping

Sequence

Planes

Primary Surgical

Objective

1-Weighted (T1W)

Axial & Coronal/Sagittal

Baseline anatomical layout,

bone marrow fat assessment.

Neurovascular fat plane clear-

ance.

T2-Weighted (T2W)

Axial & Coronal/Sagittal

Identification of “Dot-in-Circle”

sign, capsule.
Fast Spin Echo (FSE).

Integrity and peripheral fi-

brous wall thickness.




STIR /T2 Fat-Sat Axial & Coronal Maximum sensitivity for

occult tissue oedema.
Muscle micro-abscesses.

Early marrow disease.

T1 Fat-Sat + Contrast | Multiplanar 3D Acquisition Delineation of hypervascular
(Gadolinium) inflammatory margins vs

non-enhancing necrotic/

granulomatous core.

Mark 10-15 mm Clear margin

e Skin Marking Under US:

In resource-constrained settings lacking MRI, the sonographer uses a high-fre-
quency linear probe to trace the outermost boundaries of hypoechoic cavities
directly onto the patient’s skin with indelible ink, adding a 10-15 mm safety
margin around the lesion.

« Image-Guided Fine-Needle Aspiration & Biopsy (FNAC/Core Biopsy)

Directing needle placement using real-time US significantly improves diag-
nostic yield compared to blind palpation-guided aspiration.



G) US-Guided Needle
\ Targeting

1. Identify Hypoechoic
Cavity
2. Align Needle Parallel
to Probe

1!

3. Advance Needle into
Grain Cluster

4, Aspirate Grains

-

ila

Pl
v Rt

)
0~ 10— |0~

Step-by-Step Interventional Technique:

1.

Sterile Preparation: Clean the skin site with chlorhexidine/povidone-io-
dine and place a sterile sheath over the linear transducer.

Cavity Target Selection: Identify a well-defined hypoechoic cavity con-
taining abundant hyper-reflective grain echoes. Avoid avascular necrotic
center-points lacking grains.

In-Plane Needle Visualisation: Insert a 21G-22G needle (for fine-needle
aspiration) or 14G-16G core biopsy needle using the in-plane tech-
nique, keeping the entire needle shaft and tip visible under continuous
real-time ultrasound monitoring.

Sample Harvesting: Guide the needle tip directly into the grain clus-
ter within the cavity. Apply gentle negative pressure to aspirate intact



grains for direct microscopy, fungal/bacterial culture, and molecular PCR
verification.
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