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Learning objectives

• Define dystrophic calcification and distinguish it from metastatic calcification.

• Explain why persistent necrotic tissue becomes a local nidus for mineral deposition.

• Recognize the gross and H&E morphology of calcium deposits.

• Relate calcification to necrosis, atherosclerotic plaques, and valve disease.

• Interpret psammoma bodies and selected clinical–pathological scenarios.



Pathologic calcification: The parent concept

Abnormal deposition of calcium salts within tissue

• Deposits may include smaller amounts of iron, magnesium and other mineral salts.

• The two fundamental patterns differ mainly in tissue context and calcium 
metabolism.

• Dystrophic calcification is a local consequence of tissue injury.



Two patterns of pathologic calcification

Dystrophic

• Local deposition in injured or dying 
tissue

• Usually normal serum calcium

• Prior cell injury is the central context

Metastatic

• Deposition in otherwise normal tissue

• Typically associated with hypercalcemia

• A disturbance of calcium homeostasis 
drives deposition



The serum calcium distinction

Normal serum calcium does not exclude tissue calcification

• Dystrophic deposits form despite the absence of systemic calcium-metabolism 
derangement.

• The decisive information is the injured-tissue setting, not elevation of serum calcium.

• Hypercalcemia can accentuate dystrophic deposits when it coexists.



Cell injury creates a site for deposition

Cell injury Cell death / debris Persistent local nidus
Calcium-salt 
deposition

• If enzymatic digestion and phagocytosis do not clear debris promptly, mineral may 
accumulate.

• This is a tissue-centered sequence, not evidence of systemic hypercalcemia.



Clearance versus calcification of necrotic tissue

Efficient clearance

• Leukocytes enzymatically digest cellular 
remnants.

• Phagocytes remove necrotic material.

• Debris is resorbed as tissue resolves.

Persistent remnants

• Cellular debris remains at the site.

• The residue can provide a local 
deposition nidus.

• An area of earlier necrosis may 
subsequently mineralize.



Necrosis patterns associated with calcification

Tissue injury pattern Tissue context Calcification link

Coagulative Ischemic necrosis in most solid organs Necrotic remnant may mineralize

Liquefactive
Enzymatic digestion; Brain infarct or 
infection

Persistent material may mineralize

Caseous Tuberculous granulomatous necrosis Lymph node may become stony hard

Enzymatic fat
Pancreatic enzyme–related adipose 
destruction

Calcium soaps produce chalky foci



Coagulative necrosis as a substrate

• Dead tissue retains its architecture for a period.

• Denatured enzymes contribute to delayed proteolysis.

• If the dead tissue is not removed, it can provide a nidus for dystrophic calcification.

• A prior infarct is an example of coagulative tissue necrosis.



Liquefactive necrosis as a substrate

• Enzymatic digestion transforms dead tissue into viscous material.

• Examples include brain infarction and certain infections.

• Dystrophic calcification is possible in persistent necrotic material, even when tissue 
architecture is lost.

• The original pattern of necrosis and the later calcific deposit are separate descriptive 
findings.



Caseous necrosis and tuberculosis

• Tuberculous lesions often contain friable, cheese-like necrotic material.

• Microscopically, necrotic debris is associated with granulomatous inflammation.

• Long-standing caseous foci may undergo marked mineralization.

• A tuberculous lymph node becoming almost stone-like.



Enzymatic fat necrosis: Formation of calcium soaps

Pancreatic injury
Lipase reaches adipose 

tissue
Fatty acids liberated

Calcium-soap 
deposits

• In acute pancreatitis, enzymes disrupt fat-cell membranes and liberate triglycerides.

• Released fatty acids combine with calcium: Fat saponification.



Fat saponification: Clinicopathologic correlate

Necrotic adipocyte outlines

Calcium-soap foci

Schematic (native editable shapes)

• Chalky-white foci can be visible 
to the surgeon or pathologist.

• Histology combines ghost 
outlines of adipocytes with 
basophilic calcium and 
inflammation.

• The localized calcium deposit 
follows enzymatic injury of fat.



Gross and microscopic features of fat necrosis

Gross examination

• Chalky-white areas in affected adipose 
tissue

• Anatomic association with pancreatic 
enzyme release

• Mineral deposits may be visible

H&E microscopy

• Shadowy outlines of necrotic adipocytes

• Basophilic calcium deposits

• Surrounding inflammatory reaction



Unifying principle across necrosis types

The substrate is injured tissue—not a particular pattern of 

necrosis

• Coagulative, liquefactive and caseous necrosis can all calcify.

• Fat necrosis adds a distinctive calcium–fatty-acid reaction.

• A specific tissue context explains the route to mineralization.



Advanced atherosclerotic plaques often calcify

• Calcification is almost always found in advanced atheromas.

• Plaque progression produces extracellular matrix and necrotic debris.

• Mineralization is a recognized late component of the plaque.

• The deposit develops locally within an injured arterial-wall lesion.



Aging or damaged heart valves often calcify

• Valvular calcification is a frequent form of dystrophic deposition.

• Repeated injury or degeneration alters the tissue substrate.

• Calcium accumulates in association with fibrotic valve tissue.

• The resulting masses can mechanically impair valve function.



Gross morphology: White granular mineral

Clumped mineral

Schematic (native editable shapes)

• Deposits appear as fine white 
granules or irregular clumps.

• Mineral may accumulate into 
larger, visible masses.

• Color and texture are descriptive 
findings, not a stand-alone 
etiologic diagnosis.



The tactile clue: Gritty or stony tissue

Mineralized tissue often feels gritty on sectioning

• Tiny, hard deposits can be palpable within otherwise soft tissue.

• Heavily calcified lesions may feel almost stone-like.

• The macroscopic clue should be interpreted with lesion location and prior injury.



H&E appearance of calcium deposits

Schematic H&E basophilic mineral

Schematic (native editable shapes)

• Calcium salts are basophilic on 
routine hematoxylin-and-eosin 
sections.

• They usually look amorphous 
and granular.

• Clumped deposits may replace 
or surround damaged tissue.



Granular versus clumped microscopic deposits

Fine deposits

• Small basophilic granular foci

• May be inconspicuous without scanning 
the tissue context

• Can occur in cellular remnants

Large aggregates

• Confluent basophilic mineral masses

• May distort the local architecture

• Can correspond to grossly visible hard 
foci



Intracellular calcification

Mineral within injured cell outlines

Schematic (native editable shapes)

• Mineral may be deposited 
within injured or dead cells.

• Small calcified remnants can 
become nuclei for further 
layering.

• Intracellular location does not 
imply a systemic calcium 
abnormality.



Extracellular calcification

Extracellular aggregates below injured tissue

Schematic (native editable shapes)

• Mineral can also occupy 
extracellular spaces.

• Necrotic debris and altered 
matrix create local sites for 
deposition.

• In many lesions, intracellular and 
extracellular mineral coexist.



Intracellular and extracellular deposits may coexist

Intracellular

• Related to necrotic cellular remnants

• Basophilic foci within cellular outlines

• May be a starting point for concentric 
accretion

Extracellular

• Related to debris or altered extracellular 
matrix

• Granules and masses in tissue spaces

• May become dominant in mature lesions



Dystrophic calcification can evolve over time

• Early mineral may be fine and granular.

• Accumulated deposits can coalesce into larger clumps.

• Prolonged lesions can show conspicuous, complex mineralized structures.

• Occasionally, heterotopic bone develops within an area of calcification.



Heterotopic bone in calcified tissue

Organized bone-like tissue in older mineral focus

Schematic (native editable shapes)

• Bone can form in some older 
foci of dystrophic calcification.

• Mineral deposits and true 
heterotopic bone are not 
synonymous.

• When bone is present, recognize 
it as a further tissue change 
beyond amorphous mineral.



Psammoma bodies: A characteristic lamellated form

Concentrically layered, sand-grain-like calcific bodies

• The term refers to layered rounded calcific structures.

• A necrotic cell may serve as the initial seed.

• Progressive accretion of mineral forms the lamellae.



How a psammoma body develops

Necrotic cell 
remnant

Initial mineral 
encrustation

Concentric outer layers
Lamellated calcific 

body

• The lamellae are a morphologic pattern of mineral deposition.

• The term describes architecture; Interpret significance in the tumor and tissue context.



Psammoma body: Concentric morphology

Concentric mineral lamellae

Schematic (native editable shapes)

• A rounded center is surrounded 
by multiple layers.

• Concentric rings explain the 
microscopic “sand-grain” 
analogy.

• This drawing is a schematic, not 
a histologic photomicrograph.



Papillary neoplasms and psammoma bodies

• Some papillary carcinomas can contain psammoma bodies.

• Robbins explicitly highlights papillary thyroid carcinoma as an example.

• The calcific morphology is a useful clue within the wider histopathologic pattern.

• A psammoma body is not sufficient by itself to establish a specific tumor diagnosis.



Psammoma body versus nonspecific calcific clump

Psammoma body

• Rounded structure with concentric 
lamellae

• Layering around a mineralized seed

• Specific architectural descriptor

Amorphous deposit

• Irregular, granular or clumped basophilia

• No required concentric organization

• General dystrophic calcific morphology



Asbestos bodies: Coated inhaled fibers

Coated elongated fiber

Schematic (native editable shapes)

• Asbestos fibers can acquire a 
coating of iron and calcium salts.

• The resulting structures have 
distinctive elongated, beaded 
contours.

• They should not be confused 
morphologically with rounded 
psammoma bodies.



Recognizing selected mineralized structures

Structure Characteristic morphology Source-described context

Amorphous deposits
Irregular basophilic granules or 
clumps

Common dystrophic morphology

Psammoma bodies Rounded concentric lamellae Some papillary cancers

Asbestos bodies Long slender, beaded fiber coating Asbestosis and fiber exposure

Heterotopic bone Organized bone within calcified focus Some longstanding calcific lesions



Atherosclerosis: Local conditions for mineralization

Endothelial injury Inflammation + lipid
ECM + necrotic 

debris
Late plaque 
calcification

• Calcification of extracellular matrix and necrotic debris late in atherogenesis.

• This differs from mineral deposition in otherwise normal tissue.



Atherosclerotic plaque: Calcification in lesion context

Mineral within an advanced intimal plaque

Schematic (native editable shapes)

• An atheromatous plaque 
contains lipid, cellular material 
and extracellular matrix.

• Calcification develops in 
advanced lesions and often 
accompanies necrotic debris.

• The schematic highlights lesion-
localized rather than diffuse 
systemic mineralization.



Calcification is one component of a complex plaque

• An advanced plaque is more than its mineralized component.

• Extracellular lipids, dead cells, inflammatory cells and matrix accompany the 
calcification.

• Histologic interpretation should place mineral within the total plaque architecture.

• Its presence is evidence of a developed vascular lesion, not its sole cause.



Dystrophic mineral can be clinically important

Calcification may both record injury and impair organ function

• In some lesions, it mainly signals an earlier process.

• In valves, large deposits restrict mechanical movement.

• Atherosclerotic lesions can likewise include calcification associated with clinically 
significant disease.



Aortic valve: Where calcific masses accumulate

Three cusp sectors; Mineral near cusp bases

Schematic (native editable shapes)

• Thickened, fibrotic semilunar 
cusps.

• Nodular mineral deposits 
become heaped up behind the 
cusps.

• The mechanically altered leaflets 
can obstruct forward flow.



Calcific aortic stenosis: Distribution of nodules

• Gross calcific masses accumulate on the aortic (outflow) surfaces of the cusps.

• Free cusp edges usually remain relatively uninvolved.

• The commissures are not typically fused, unlike classic rheumatic stenosis.

• This distribution helps connect morphology to mechanism.



Valve mineralization creates obstruction

Progressive cusp injury
Nodular calcium 

deposition
Reduced cusp 

opening
Aortic outflow 

obstruction

• Hard mineral deposits limit cusp mobility.

• An anatomic valve lesion is translated into a hemodynamic consequence.



Aortic stenosis: Organ-level consequences

Valve opening 
narrows

LV pressure load 
rises

Concentric LV 
hypertrophy

Possible 
decompensation

• An increasingly obstructed valve forces the left ventricle to generate higher systolic 
pressure.

• Symptoms in advanced disease can include angina, syncope and heart failure.



Calcific aortic valve disease: Tissue susceptibility

• Normal tricuspid valves may develop age-related calcific degeneration.

• Congenitally bicuspid valves experience greater mechanical stress.

• Bicuspid valves may become significantly stenotic earlier.

• The local mechanical environment contributes to tissue injury.



Bicuspid and tricuspid aortic valve settings

Tricuspid aortic valve

• Normally three semilunar cusps

• Age-associated degenerative injury may 
occur

• Calcification develops over time

Bicuspid aortic valve

• Two functional cusps from congenital 
anatomy

• Greater mechanical stress across the 
valve

• Calcific stenosis may develop earlier



Calcific valve lesions contain bone-like biology

• Deposition of hydroxyapatite in calcific aortic valves.

• Abnormal valves can contain osteoblast-like cells.

• These cells produce bone-matrix proteins and promote mineral deposition.

• Calcific valve disease is not explained solely by passive precipitation on dead tissue.



Valve calcification and atherosclerosis overlap—but differ

Shared features

• Chronic tissue injury and inflammation

• Associations with vascular risk factors

• Local mineral deposition in damaged 
tissue

Important difference

• Valve tissue can contain osteoblast-like 
cells

• Valve mineralization shows active bone-
matrix biology

• Atherosclerosis-directed therapy is not 
automatically effective for valve 
calcification



Mitral annular calcification: Different location

Mineral along fibrous valve ring

Schematic (native editable shapes)

• Calcific nodules primarily involve 
the fibrous mitral annulus.

• They arise near the leaflet 
attachment margins, rather than 
chiefly on aortic cusp surfaces.

• Lesions may be irregular, hard 
and occasionally ulcerated.



Mitral annular calcification: Clinical spectrum

• Often present without important valve dysfunction.

• Extensive deposits can interfere with valve-ring contraction or leaflet opening.

• Extension toward the conduction system may contribute to arrhythmias.

• Calcific nodules can provide a site for thrombus formation or infective endocarditis.



Aortic cusp versus mitral annular calcification

Aortic valve cusps

• Nodular deposits on outflow surfaces

• Marked impairment of cusp opening

• Typical clinical consequence: Outflow 
stenosis

Mitral fibrous annulus

• Hard deposits at leaflet bases

• Usually little functional effect

• Potential regurgitation, stenosis or 
rhythm complications



A calcified focus is evidence of the lesion history

Mineral identifies a tissue process—not its complete diagnosis

• A calcified lymph node can indicate old necrotizing inflammation.

• An aortic-valve deposit must be assessed with valvular morphology.

• A basophilic focus within a plaque must be interpreted in the arterial-wall context.



Gross–microscopic integration

Observation Microscopic interpretation Context needed

White gritty foci Basophilic amorphous mineral Earlier tissue injury?

Chalky adipose foci Calcium soap + necrotic adipocytes Pancreatic enzyme injury?

Valve nodules Calcific masses with altered leaflet Functional stenosis?

Concentric round bodies Psammoma-type lamellation Tumor architecture?



Dystrophic versus metastatic: Tissue and serum context

Dystrophic

• Established injury / necrosis

• Deposition confined to diseased focus

• Serum calcium typically normal

Metastatic

• Tissue may be initially normal

• Deposition in predisposed organs

• Often hypercalcemia or calcium-
regulatory disturbance



Metastatic deposits have a characteristic distribution

• Interstitial tissues of the gastric mucosa, kidneys and lungs.

• Systemic arteries and pulmonary veins are also common sites.

• These differ from focal mineralization within necrotic tissue.

• The microscopic deposits may nonetheless resemble dystrophic calcium.



Morphology alone may not determine the mechanism

Similar-looking calcium can arise in different biologic settings

• Both categories can contain amorphous or crystalline mineral.

• Review tissue architecture, distribution and metabolic context.

• Classify the process using the lesion—not basophilic color alone.



Hypercalcemia and local injury can coexist

• Hypercalcemia accentuates dystrophic calcification.

• Therefore, elevated serum calcium does not make pre-existing necrotic tissue 
irrelevant.

• The two categories describe dominant mechanisms and tissue settings.

• Avoid claiming that every calcified lesion in a hypercalcemic patient is metastatic.



Interpretation framework for a calcified lesion

Recognize the 
mineral

Locate injured vs 
normal tissue

Assess lesion 
distribution

Integrate calcium 
context

• A local necrotic nidus with normal serum calcium supports dystrophic calcification.

• Diffuse deposition in otherwise normal tissues with hypercalcemia supports metastatic 
calcification.



Applied case: Calcified tuberculous lymph node

A patient has a long-standing, hard lymph node following granulomatous infection.

Pathologic clues

• Necrotizing granulomatous tissue was present.

• A gritty to stony calcific lesion formed over time.

Most consistent with dystrophic calcification of caseous necrosis.



Applied case: Pancreatitis and chalky fat

At abdominal surgery for acute pancreatitis, scattered white chalky deposits are 
visible in peripancreatic fat.

Pathologic clues

• Pancreatic enzymes reach adipose tissue.

• Fatty acids produced by lipase combine with calcium.

Fat saponification: Dystrophic mineralization within enzymatic fat necrosis.



Applied case: An elderly stenotic aortic valve

An older adult has a restricted aortic valve with nodular calcific masses on the 
outflow sides of thickened cusps.

Pathologic clues

• Deposits interfere with leaflet opening.

• Left ventricular pressure load increases.

Calcific aortic stenosis illustrates organ dysfunction caused by local calcification.



Applied case: A lamellated tumor calcification

A thyroid papillary tumor contains rounded concentric basophilic bodies on H&E.

Pathologic clues

• The bodies have layered, sand-grain-like architecture.

• The structures in some papillary cancers.

Psammoma bodies; Interpret with the full tumor histology.



Applied case: Mineral in an advanced plaque

A large arterial intimal lesion contains extracellular lipids, necrotic debris and 
mineralized areas.

Pathologic clues

• The mineral occurs within a damaged arterial wall.

• Calcification accompanies late plaque evolution.

Dystrophic calcification in advanced atherosclerosis.



Integrated differential diagnosis at a glance

Question Supports dystrophic Supports metastatic

Tissue state Previously injured or necrotic Initially normal tissue

Distribution Local focus associated with lesion Often multiple susceptible organs

Serum calcium Classically normal Often elevated

Major driver Local tissue nidus Systemic mineral-metabolism disturbance

Exemplars Caseous node, fat necrosis, valves Kidney, lung, gastric interstitium



Synthesis: What the pathologist can infer

Read a calcific deposit through its context

• Mechanism: Persistent local tissue injury provides a nidus.

• Morphology: White gritty foci and basophilic amorphous material.

• Variants: Psammoma layering and occasional bone formation.

• Consequence: It may be a scar of injury or a direct cause of dysfunction.



Principal reading

Robbins, Cotran & Kumar: Pathologic Basis of Disease. 11th ed. (2026). Chapter 2: “Pathologic 
Calcification,” pp. 59–60.

Robbins, Cotran & Kumar. 11th ed. Chapter 2: “Necrosis,” including fat necrosis and caseous necrosis.

Robbins, Cotran & Kumar. 11th ed. Chapter 11: “Atherosclerosis,” calcification of late plaques.

Robbins, Cotran & Kumar. 11th ed. Chapter 12: “Calcific Aortic Stenosis” and “Mitral Annular 
Calcification,” pp. 506–508.
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