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Learning objectives

• Trace hematogenous and contiguous routes of mycobacterial joint infection.

• Explain how tuberculosis immunopathogenesis produces caseating granulomas and 
articular destruction.

• Connect synovial pannus, marginal erosion and fibrous ankylosis to chronic symptoms.

• Distinguish this process from selected alternative arthritides and interpret TB tests 
appropriately.



Tuberculous arthritis is a chronic joint infection

• Mycobacterial arthritis in the Robbins section refers to joint infection caused by 
Mycobacterium tuberculosis.

• The disorder is chronic and progressive rather than characteristically abrupt.

• Synovial granulomatous inflammation drives cartilage and bone injury.

• Late disease can obliterate the joint space and produce fibrous ankylosis.



Its place among infectious arthritides

Dimension Tuberculous arthritis Acute suppurative arthritis

Typical tempo Insidious, progressive Abrupt, acutely painful

Principal lesion Caseating granulomas; pannus Acute purulent infection

Long-term hazard Erosion, fibrosis, ankylosis Rapid destructive joint injury

Clinical priority Recognize gradual progression Urgent identification and therapy



Why an infected joint can suffer permanent damage

Joint infection
Inflammatory 
tissue injury

Cartilage and bone 
damage

Limited cartilage 
repair

Persistent 
deformity

1. Articular cartilage has less regenerative capacity than bone.

2. The tempo differs by pathogen, but irreversible structural damage is a shared concern.



Two source pathways reach the joint

Hematogenous spread

1. A visceral source provides circulating 
bacilli.

2. Pulmonary tuberculosis is the usual 
visceral source noted by Robbins.

3. Organisms seed the joint.

Contiguous spread

1. Tuberculous osteomyelitis is present 
nearby.

2. Infection extends from an osseous focus.

3. Joint structures become involved.



Hematogenous dissemination: Source to synovium

Visceral tuberculosis
Bloodborne 

mycobacteria
Seeding of joint

Granulomatous 
synovitis

1. A pulmonary focus is usually implicated when a visceral source is identifiable.

2. A joint manifestation may appear after systemic dissemination.



Why a lung focus is relevant

• Tuberculosis is acquired predominantly by inhalation from people with active 
pulmonary disease.

• Organisms can disseminate hematogenously from primary or later disease.

• An articular presentation therefore prompts consideration of a visceral source.

• Pulmonary symptoms are not a required feature of the articular definition.



Early bacteremia creates a route to distant sites

Pulmonary 
macrophage infection

Intracellular 
proliferation

Hematogenous 
spread

Distant organ seeding

1. Early dissemination during the initial immune response.

2. Joint infection is one potential skeletal consequence of dissemination.

Mechanistic context from the broader tuberculosis chapter.



Contiguous extension begins in infected bone

Mycobacterial 
osteomyelitis

Adjacent articular 
boundary

Extension into joint Tuberculous arthritis

1. The parent section specifically identifies adjacent osteomyelitis as a route.

2. The anatomic relationship explains why joint and bone findings may coexist.



Bone tuberculosis supplies the neighboring focus

• Mycobacterial osteomyelitis typically arises from bloodborne seeding of bone.

• Osseous disease may remain unrecognized for a prolonged period.

• Caseating granulomas are a shared morphologic lesion in bone and joint infection.

• The bone section explicitly lists tuberculous arthritis as a possible complication.



Adjacent bone and synovium: Spatial relationship

Osseous infectious focus

Synovial reaction

Articular cartilage

Joint cavity

Simplified section of an articular interface (schematic; Not a diagnostic image).



Host factors may shape dissemination

• Tuberculosis is more likely to progress when cellular immune defenses are weakened.

• HIV infection, malnutrition and immunosuppression among important TB risk 
contexts.

• The osteomyelitis section describes more extensive infection in immunocompromised 
patients.

• These are tuberculosis background factors—not joint-specific incidence estimates.



Macrophage uptake initiates mycobacterial infection

M. Tuberculosis Phagocytic uptake Infected macrophage
Intracellular 
persistence

1. Uptake through receptors including mannose-binding lectin and CR3.

2. Intracellular survival contributes to persistence before effective T-cell immunity develops.



Phagosome maturation is blocked

Normal antimicrobial pathway

1. Phagosome matures.

2. Fusion with lysosome supports killing.

3. Microbicidal conditions destroy ingested 
microbes.

Tuberculosis evasion

1. M. Tuberculosis interferes with 
maturation.

2. Phagolysosome formation is inhibited.

3. The bacillus survives in its intracellular 
compartment.



Antigen presentation recruits adaptive immunity

Infected phagocytes
Dendritic-cell antigen 

display
T-cell priming Th1 response

1. Mycobacterial antigens are presented in draining lymphoid sites.

2. Cell-mediated immunity is central to the resulting granulomatous response.



IL-12 and IL-18 favor a Th1 response

Mycobacterial 
recognition

Antigen-presenting 
cells

IL-12 + IL-18 Th1 differentiation

1. This is the broader Robbins TB mechanism, not a joint-specific cytokine measurement.

2. The pathway provides the immunologic explanation for chronic granuloma formation.



IFN-γ activates infected macrophages

Th1 lymphocyte IFN-γ release
Macrophage 

activation
Enhanced 

mycobacterial killing

1. Macrophages use reactive species and antimicrobial pathways to control infection.

2. The same inflammatory environment can contribute to tissue destruction.



Protective immunity and tissue injury coexist

Protective consequence

1. Activated macrophages contain bacilli.

2. Granulomas restrict spread.

3. Cell-mediated responses are central to 
control.

Pathologic consequence

1. Persistent inflammation injures tissue.

2. Caseous necrosis can develop.

3. Destruction around a joint compromises 
function.



Granuloma formation: A tissue-level sequence

Persistent 
mycobacterial antigen

Th1 / IFN-γ signaling
Activated 

macrophages
Epithelioid granuloma

1. Some activated macrophages fuse into multinucleated giant cells.

2. A granuloma expresses containment and a persistent inflammatory focus.



Caseation is the necrotic center of the lesion

• Robbins specifically describes confluent caseating granulomas after seeding of the 
joint.

• Caseous necrosis accompanies the tissue-damaging component of the TB immune 
response.

• Epithelioid macrophages and surrounding inflammatory cells form the granulomatous 
architecture.

• Histologic identification must be interpreted with organism-focused evidence.



Anatomy of a caseating granuloma

Central caseation

Epithelioid macrophages

Outer inflammatory cells

Original conceptual granuloma schematic — not histology or evidence of a specific patient.



Confluence expands the area of synovial injury

Several 
granulomatous foci

Coalescence / 
confluence

Expanded inflamed 
synovium

Progressive articular 
damage

1. Confluent caseating granulomas are explicitly identified in the joint section.

2. The diagram is a conceptual lesion sequence, not a measured timeline.



TNF and chemokines sustain cellular recruitment

Activated 
macrophages

TNF + chemokines
Monocyte 

recruitment
Ongoing 

inflammation

1. This feedback is described in general tuberculosis pathogenesis.

2. It helps explain how an initially localized infection can sustain chronic lesions.



Immunosuppression can alter containment

• Macrophage activation and Th1 responses help restrain M. Tuberculosis.

• Loss of effective immune control can permit persistent or disseminated infection.

• Reactivation risk during TNF-antagonist treatment.

• Do not equate immunosuppression with a specific articular morphology or frequency.



The synovium becomes an agent of destruction

• Granulomatous inflammation involves the synovium.

• Inflammatory synovial tissue can extend over the articular surface.

• That advancing tissue as a pannus.

• Pannus creates the anatomical route to cartilage and marginal bone injury.



Pannus extends across articular cartilage

Expanding synovial pannus

Articular cartilage

Subchondral bone

Joint space

Simplified section of an articular interface (schematic; Not a diagnostic image).



Cartilage damage follows direct surface encroachment

• Pannus advances over the articular cartilage.

• Chronic inflammation and direct encroachment damage the cartilage surface.

• Loss of cartilage compromises smooth articulation and joint integrity.

• Because cartilage repairs poorly, structural loss may persist.



Marginal erosion follows pannus invasion

Inflammatory pannus

Articular margin

Marginal bone erosion

Residual cartilage

Simplified section of an articular interface (schematic; Not a diagnostic image).



Caseation and erosion are distinct observations

Feature Primary meaning Location / relationship

Caseating granuloma TB-associated granulomatous lesion Inflamed synovium

Pannus Extending inflammatory synovial tissue Over cartilage

Marginal erosion Articular bone loss Joint edge invaded by pannus

Ankylosis Late loss of mobility Fibrous bridging of articular structures



Joint-space obliteration is a late structural outcome

Persistent pannus Articular tissue injury
Progressive joint 

destruction
Joint-space 
obliteration

1. The passage identifies obliteration as a consequence of chronic disease.

2. The diagram deliberately avoids assigning unsupported imaging measurements.



Fibrous ankylosis limits motion

• Fibrous ankylosis is the late fusion process described in the Robbins section.

• Fibrous tissue restricts normal separation and movement of articular surfaces.

• Ankylosis is the endpoint of sustained structural damage—not an early diagnostic 
requirement.

• It should not be confused with a claim of obligatory bony fusion.



The lesion evolves through recognizable stages

Mycobacterial seeding Granulomatous synovitis Pannus / marginal erosion Fibrous ankylosis

Sequence shows pathologic relationships; It does not assign fixed stages or timings.



Pathogenesis links infection to disability

M. Tuberculosis 
reaches joint

Confluent caseating 
granulomas

Pannus and marginal 
erosion

Fibrous ankylosis

1. These are the causal anchor points explicitly identified in the joint passage.

2. The clinical correlate is a progressive loss of normal joint function.



Weight-bearing joints predominate

Hip

Emphasized first

Knee

Second in order

Ankle

Third in order

Source gives rank order but no site-specific percentages.



Hip involvement: A weight-bearing articulation

• The hip is listed first among commonly affected joints.

• Hip involvement exemplifies the vulnerability of a major weight-bearing articulation.

• Insidious pain should be interpreted alongside the possibility of a chronic destructive 
joint process.

• Site alone is not diagnostic of tuberculous infection.



Knee involvement: Another frequent site

• The knee follows the hip in the order reported by Robbins.

• Inflammatory synovial tissue may affect a large articular surface.

• Progressive cartilage and marginal bone injury can threaten function.

• The joint-site distribution supports suspicion but cannot establish etiology.



Ankle involvement: The third listed site

• The ankle is the third weight-bearing joint highlighted.

• The same granulomatous synovial mechanism applies regardless of the joint involved.

• Chronic pain plus structural damage warrants an infectious differential.

• Avoid interpreting the ordered list as an exhaustive distribution of disease.



Insidious onset shapes the clinical presentation

• The disease does not characteristically begin with a sudden explosive episode.

• Gradually increasing pain is the central symptom specified in the joint section.

• Its chronic nature can delay recognition when joint pain has multiple possible causes.

• Absence of abrupt symptoms does not exclude an infectious process.



Pain progression mirrors tissue progression

Joint seeding Chronic synovitis
Erosion of articular 

tissues
Increasing pain and 

limitation

1. Clinical and morphologic events are linked conceptually.

2. Robbins explicitly identifies increasing pain, pannus, erosion and late ankylosis.

This is a mechanism-based synthesis, not a validated time-to-symptom curve.



Systemic clues come from skeletal TB context

• The mycobacterial osteomyelitis discussion notes localized pain and possible low-
grade fever.

• Chills or weight loss can occur in bone tuberculosis.

• These features provide contextual clues for osseous or systemic disease.

• The dedicated arthritis section does not specify their frequency in joint infection.



Clinical and pathologic clues reinforce one another

Clinical or structural observation Pathologic explanation

Slowly worsening pain Persistent granulomatous synovitis

Adjacent osseous disease Potential contiguous source

Articular marginal injury Pannus-associated erosion

Severe stiffness in chronic disease Fibrous ankylosis / loss of joint space



Early and advanced disease must be distinguished

Earlier process

1. Mycobacterial seeding.

2. Granulomatous synovitis.

3. Insidious pain.

Advanced process

1. Pannus and marginal erosion.

2. Obliteration of joint space.

3. Fibrous ankylosis.



Suppurative arthritis differs in its tempo

Finding Mycobacterial arthritis Suppurative arthritis

Onset Insidious Sudden

Pain course Gradually increasing Acute, intensely painful joint

Primary inflammatory 
picture

Chronic caseating granulomas Purulent fluid / acute infection

Consequences Erosion and ankylosis Potential rapid joint destruction



Rheumatoid arthritis also produces pannus

Feature Tuberculous arthritis Rheumatoid arthritis

Underlying process M. tuberculosis infection Immune-mediated inflammatory arthritis

Synovial lesion Caseating granulomas may occur Chronic inflammatory synovitis

Cartilage / bone injury Pannus and marginal erosion Pannus with erosive changes

Key distinction Mycobacterial evidence Joint pattern and immune context



Osteoarthritis causes cartilage injury differently

Feature Tuberculous arthritis Osteoarthritis

Driver Infectious granulomatous inflammation Mechanical / degenerative cartilage injury

Synovial pathology Granulomas and pannus Usually limited secondary inflammation

Bone changes Inflammatory marginal erosion Osteophytes; subchondral changes

Typical interpretation Consider infection Noninfectious degenerative pattern



Viral arthritis has a different time course

• Viral arthritis as generally acute to subacute.

• Joint symptoms can reflect direct viral infection or triggered autoimmunity.

• This differs from the chronic progressive caseating granulomatous process of 
tuberculosis.

• Tempo helps prioritize causes but is not a stand-alone microbiologic test.



Lyme arthritis is a separate infectious pattern

• Lyme arthritis is caused by Borrelia burgdorferi rather than M. Tuberculosis.

• It often involves large joints, particularly the knee.

• The Robbins section describes attacks that can persist weeks to months and may move 
to new sites.

• Shared large-joint involvement does not establish the same mechanism or diagnostic 
test.



Pattern recognition narrows—not closes—the differential

Painful inflammatory joint

Abrupt + purulent Suppurative arthritis

Insidious + caseation Consider mycobacterial arthritis

Pannus without etiologic proof Broader inflammatory differential



Diagnostic evidence needs both tissue and organism context

• The characteristic synovial lesion is a caseating granuloma.

• Granulomatous morphology strongly frames the differential but does not by itself 
establish the species.

• Robbins recommends biopsy and microbial culture for many osteomyelitis diagnoses.

• An articular workup should seek appropriate microbiologic confirmation; The joint-
specific specimen pathway is a clinical extrapolation.



Acid-fast staining examines the bacterial phenotype

• The lipid-rich mycobacterial cell wall underlies acid-fast staining.

• Staining demonstrates acid-fast organisms if present at detectable abundance.

• Acid-fast morphology alone does not uniquely identify M. Tuberculosis.

• A negative smear does not settle the cause of a granulomatous joint lesion.

Detection caveats are general diagnostic reasoning, not sensitivity claims for synovial specimens.



Culture identifies organisms and supports susceptibility testing

• Robbins calls culture the gold standard for active tuberculosis diagnosis.

• The tuberculosis chapter describes slow growth on solid culture media.

• Culture supports comprehensive antimicrobial susceptibility testing.

• Reported pulmonary culture timings should not be presented as joint-fluid 
performance data.



Nucleic-acid amplification provides earlier TB evidence

• PCR detection of M. Tuberculosis DNA as more rapid than culture.

• Some assays also evaluate resistance-associated markers.

• Performance varies with specimen and bacterial burden.

• The chapter’s pulmonary-test sensitivity statements must not be transferred to joints 
without evidence.



IGRA and tuberculin tests do not prove active arthritis

Test group What it measures Critical interpretive limit

IGRA Antigen-specific T-cell IFN-γ response Does not distinguish latent from active TB

Tuberculin skin test Cell-mediated skin response to PPD
Positive result does not localize active 
disease

Culture / NAAT Direct organism-oriented evidence
Test interpretation depends on specimen 
and context



Diagnostic interpretation must avoid four errors

• Do not diagnose active joint tuberculosis from an IGRA or skin test alone.

• Do not identify M. Tuberculosis from an acid-fast morphology pattern alone.

• Do not assume every erosive pannus is rheumatoid arthritis.

• Do not assume a slow clinical course excludes infection.



Integrate clinical, histologic and microbiologic information

Chronic destructive 
joint presentation

Granulomatous 
pathology

Organism-focused 
investigations

Integrated diagnosis

1. Interpret results in the context of disease location and possible visceral / bone source.

2. This is an educational framework, not a replacement for local clinical protocols.

Framework synthesized from source sections; Not a formal Robbins algorithm.



Long-standing lesions threaten joint function

• Pannus expansion damages cartilage and marginal bone.

• Chronic infection may obliterate the joint space.

• Fibrous ankylosis restricts mobility and can leave lasting functional impairment.

• The joint section does not provide a numerical complication rate.



Clinical exercise: Gradually painful hip

An adult has slowly progressive hip pain. Tissue from a destructive synovial lesion shows 
confluent caseating granulomas.

Which pathogen class and morphologic sequence should be prioritized?

Clinical clue 1: Insidious pain

Clinical clue 2: Weight-bearing joint

Clinical clue 3: Caseating granulomatous synovitis



Case analysis: Hip lesion

• Prioritize tuberculous arthritis due to the chronic course and caseating granulomas.

• Link joint seeding to granulomatous synovitis and advancing pannus.

• Anticipate marginal bone erosion and, if longstanding, fibrous ankylosis.

• Microbiologic evidence is needed to identify the causative mycobacterium.

Hypothetical educational case, not a reported patient.



Clinical exercise: Inflammatory pannus

Synovial tissue forms pannus and has eroded joint margins. A discussion proposes 
rheumatoid arthritis solely because pannus is present.

What important etiologic alternative and tissue finding must be considered?

Clinical clue 1: Pannus is not disease-specific

Clinical clue 2: Marginal erosions occur in several disorders

Clinical clue 3: Morphology and microbiology are discriminators



Case analysis: Pannus is not a diagnosis

• Pannus occurs in tuberculous arthritis as well as rheumatoid arthritis.

• Confluent caseating granulomas strongly raise tuberculosis in this specific context.

• Clinical time course and source of infection help structure the differential.

• Investigate for mycobacteria rather than assigning an autoimmune cause from pannus 
alone.

Hypothetical educational case, not a reported patient.



The core morphologic chain

Synovial 
mycobacterial 

infection
Caseating granulomas

Pannus and marginal 
erosion

Fibrous ankylosis

1. Organism, immune response, tissue response and structural consequence form one causal 
sequence.

2. Each component addresses a distinct diagnostic or teaching question.



Distinguishing observations to retain

• Primarily adult disease with insidious and progressive pain.

• Often arises through bloodborne dissemination or adjacent osteomyelitis.

• Caseating granulomas, synovial pannus and marginal erosions are key lesions.

• Hip, knee and ankle are the emphasized weight-bearing sites; Chronic disease can 
culminate in fibrous ankylosis.



Primary reference and companion sections

Robbins, Cotran & Kumar: Pathologic Basis of Disease — Mycobacterial Arthritis.

Companion material: Mycobacterial Osteomyelitis; Infectious and Suppurative Arthritis.

Background framework: Tuberculosis—pathogenesis and diagnostic testing.

Contrasts: Rheumatoid Arthritis, Osteoarthritis, Viral Arthritis and Lyme Arthritis.
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