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Essential Components

Basic Sciences
A. Anatomy and biology of musculoskeletal tissues: for each tissue, understand the embryology,

development, biochemistry and metabolism, structure, function, and classification.

1. Connective tissue cells and components: fibroblasts, collagens, proteoglycans, elastin, matrix
glycoproteins

2. Joints and ligaments: diarthrodial joints, intervertebral discs, synovium, cartilage

3. Bone: development, structure, cellular basis of turnover and remodeling, hormonal and
cytokine regulation

4. Muscle and tendons

5. Blood vessels

. Immunology

1. Anatomy and cellular elements of the immune system
a. Lymphoid organs: gross and microscopic anatomy, structure and function
b. Organization of the immune system: innate and adaptive immune systems
c. Specific cells: for each cell type, understand the ontogeny, structure, phenotype, function,
and major activation markers/receptors.
(1)Lymphocytes: T cells and B cells (naive, memory, activated, regulatory)
(2)Antigen presenting cells: dendritic cells, monocytes and macrophages
(3)Natural Killer cells
(4)Neutrophils and eosinophils
(5)Other cells: NKT cells, mast cells, endothelial cells, platelets, fibroblasts
2. Immune and inflammatory mechanisms
a. Antibody structure and genetic basis of antibody diversity
b. Receptor/ligand interactions: activating and inhibiting receptors, signal transduction,
complement receptors, Fc receptors, toll receptors, adhesion molecules
Molecular basis of T cell antigen recognition and activation.
. B cell receptors: structure, function, antigen binding, effector functions
Antigens: types, structure, processing, presentation, and elimination. Superantigens: types,
site of binding, and effects on immune system
Major histocompatibility complex: structure, function, nomenclature, and immunogenetics
Major immune cell signaling pathways
Complement/Kinin systems: structure, function, and regulation
Acute phase reactants and enzymatic defenses

® oo

—Ta

3. Cellular interactions and immunomodulation

a. Cellular activation and regulation: for each cell type, understand mechanisms of activation
and suppression of function (e.g. T cell:B cell interactions via CD28:CD80/86).

b. Cytokines: for each cytokine, understand the origin, structure, effect, site of action,
metabolism, regulation, and gene activation.

c. Immune cell trafficking; adhesion molecules, chemokines
d. Inflammatory mediators: for each mediator, understand the origin, structure, effect, site
of action, metabolism, and regulation.

4. Immune responses

a. Antibody-mediated: opsonization, complement fixation, and antibody dependent cellular
cytotoxicity

b. Cell-mediated: cells and effector mechanisms in cellular cytotoxicity and granuloma
formation

~
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c. lgE-mediated: acute and late - phase reactions

d. Mucosal immunity: interactions between gut and bronchusassociated lymphoid tissue and
secretory IgA
e. Innate immune responses: natural killer cells, pattern recognition, interaction with adaptive
responses
f. Pathologic immune responses: Immune complex-mediated (physicochemical properties and
clearance of immune complexes), graft versus host response, abnormal apoptosis
5. Immunoregulation
a. Tolerance: mechanisms of central and peripheral tolerance, including clonal selection,
deletion, and anergy
b. Cell-cell interactions: help and suppression. Understand the collaboration among cells for
control of the immune response.
c. ldiotype networks: inhibition and stimulation
C. Purine and uric acid metabolism
1. Purine: biochemistry, synthesis, and regulation
2. Uric acid: origin, elimination, and physicochemical properties
3. Crystals: factors affecting formation, induction of inflammation
4. Purine pathway enzyme deficiencies and immunodeficiency: ADA, PNP
D. Biomechanics of bones, joints, and muscles: understand the principles of kinesiology of
peripheral/axial joints and gait and how alterations in biomechanics contribute to musculoskeletal
disorders.
E. Neurobiology of Pain
1. Peripheral afferent nociceptive pathways
2. Central processing of nociceptive information
3. Mechanisms of action of drugs used for the treatment of neuropathic pain.
4. Biopsychosocial model of pain

e Clinical Sciences
A. Rheumatic Diseases
For each disease, understand the epidemiology, genetics, natural history, clinical expression
including clinical subtypes, pathology, and disease pathogenesis.

1. Rheumatoid Arthritis.

2. Seronegative spondyloarthritidies: ankylosing spondylitis, reactive arthritis, psoriatic arthritis,
inflammatory bowel disease-associated arthritis, arthritis associated with acne and other skin
diseases, SAPHO syndrome, and undifferentiated spondyloarthritis.

3. Lupus erythematosus: systemic, discoid, and drug-related; antiphospholipid antibody
syndrome, including primary APLS

4. Scleroderma: diffuse and limited systemic sclerosis, localized syndromes, chemical/drug-
related

5. Other systemic connective tissue diseases: eosinophilic fasciitis, eosinophila-myalgia
syndrome, Sjogren’s syndrome, polymyositis and dermatomyositis, relapsing polychondritis,
relapsing panniculitis, erythema nodosum, adult-onset Still’s disease, overlap syndromes
including mixed connective tissue disease, undifferentiated connective tissue disease

6. Vasculitides: polyarteritis nodosa, Wegener’s granulomatosis and other ANCA-associated
diseases, allergic granulomatosis of Churg-Strauss, temporal arteritis/polymyalgia rheumatica,
Takayasu’s arteritis, systemic necrotizing vasculitis overlaps, Behcet’s disease,
hypersensitivity and small vessel angiitis, cryoglobulinemia, Cogan’s syndrome
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(" 7. Infectious and reactive arthritides )
a. Infectious arthritides: bacterial (nongonococcal and gonococcal), mycobacterial,
spirochetal (syphilis, Lyme), viral (HIV, hepatitis B, parvovirus, other), fungal, parasitic
b. Whipple’s disease
c. Reactive arthritides: acute rheumatic fever, arthritis associated with subacute bacterial
endocarditis, intestinal bypass arthritis, post-dysenteric arthritides, postimmunization
arthritis, other colitic-associated arthropathies
8. Metabolic, endocrine, and hematologic disease associated rheumatic disorders
a. Crystal-associated diseases: monosodium urate monohydrate (gout), calcium
pyrophosphate dihydrate deposition disease, basic calcium phosphate (hydroxyapatite),
calcium oxalate
b. Endocrine-associated diseases: rheumatic syndromes associated with diabetes mellitus,
acromegaly, hyperparathyroidism, hypoparathyroidism, hyperthyroidism,
hypothyroidism, Cushing’s disease
c. Hematologic-associated diseases: rheumatic syndromes associated with hemophilia,
hemoglobinopathies, angioimmunoblastic lymphadenopathy, multiple myeloma
9. Bone and cartilage disorders
a. Osteoarthritis - primary and secondary osteoarthritis, chondromalacia patellae
b. Metabolic bone disease: osteoporosis, osteomalacia, bone disease related to renal disease
c. Paget’s disease of bone
d. Avascular necrosis of bone: idiopathic, secondary causes, osteochondritis dissecans
e. Others: transient osteoporosis, hypertrophic osteoarthropathy, diffuse idiopathic skeletal
hyperostosis, insufficiency fractures
10. Hereditary, congenital, and inborn errors of metabolism associated with rheumatic
syndromes
a. Disorders of connective tissue: Marfan’s syndrome, osteogenesis imperfecta, Ehlers-
Danlos syndromes, pseudoxanthoma elasticum, hypermobility syndrome, others
Mucopolysaccharidoses
Osteochondrodysplasias: multiple epiphyseal dysplasia, spondylepiphyseal dysplasia
Inborn errors of metabolism affecting connective tissue: homocystinuria, ochronosis
Storage disorders: Gaucher’s disease, Fabry’s disease,
Farber’s lipogranulomatosis

®o0o

f. Immunodeficiency: IgA deficiency, complement component deficiency, SCID and ADA
deficiency, PNP deficiency, others

g. Autoinflammatory syndromes including familial Mediterranean fever, Muckle-Wells
Syndrome, tumor necrosis factor receptorassociated periodic syndromes (TRAPS).

h. Others: hemachromatosis, hyperlipidemic arthropathy, myositis ossificans progressiva,
Wilson’s disease, others

11. Nonarticular and regional musculoskeletal disorders

a. Fibromyalgia

b. Myofascial pain syndromes

c. Axial syndromes: low back pain, spinal stenosis, intervertebral disc disease and
radiculopathies, cervical pain syndromes, coccydynia, osteitis condensans ilii, osteitis
pubis, spondylolisthesis/spondyolysis, discitis
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/ d. Regional musculoskeletal disorders: in addition to bursitis, tendinitis, or enthesitis \
occurring around each joint, the fellow should be familiar with other disorders occurring
at each specific joint site (e.g., shoulder-rotator cuff tear, adhesive capsulitis,
impingement syndrome; wrist ganglions; trigger fingers and Dupuytren’s contractures;
knee synovial plicaes, internal derangements, cysts; hallux rigidus, heel pain, and
metatarsalgia; TMJ syndromes; costochondritis.

e. Biomechanical/anatomic abnormalities associated with regional pain syndromes:
scoliosis and kyphosis, leg length discrepancy, foot deformities

f. Overuse rheumatic syndromes: occupational, sports, recreational, performing artists

Sports medicine: injuries, strains, sprains, nutrition, female athlete, medication issues

. Entrapment neuropathies: thoracic outlet syndrome, upper extremity entrapments, lower

extremity entrapments
i. Other: reflex sympathetic dystrophy, erythromelalgia
12. Neoplasms and tumor-like lesions
a. Benign
(1)Joints: loose bodies, fatty and vascular lesions, synovial osteochondromatosis,
pigmented villonodular synovitis, ganglions
(2)Tendon sheaths: fiboroma, giant cell tumor, nodular tenosynovitis
(3)Bone: osteoid osteoma, others
b. Malignant
(1)Primary: synovial sarcoma, others
(2)Secondary: leukemia, myeloma, metastatic malignant tumors
(3)Malignancy-associated rheumatic syndromes: carcinomatous polyarthritis,
palmoplantar fasciitis, Sweet’s syndrome
13. Muscle diseases
a. Inflammatory: polymyositis, dermatomyositis, inclusion body myositis
b. Metabolic
(1)Primary: glycogen storage diseases, lipid metabolic disorders, myoadenylate
deaminase deficiency, mitochondrial myopathies
(2)Secondary: nutritional, toxic, endocrine disorders, electrolyte disorders, drug-induced
c. Muscular dystrophies
d. Myasthenia gravis
14. Miscellaneous rheumatic disorders

s @

a. Amyloidosis: primary, secondary, hereditary
b. Raynaud’s disease
c¢. Charcot joint
Remitting seronegative symmetrical synovitis with pitting edema
Multicentric reticulohistiocytosis
Plant thorn synovitis
Intermittent arthritides: palindromic rheumatism, intermittent hydrarthrosis
Arthritic and rheumatic syndromes associated with: sarcoidosis, scurvy, pancreatic
dlsease chronic active hepatitis, primary biliary cirrhosis, drugs, and environmental agents
i. Rheumatic disease in the geriatric population
J.  Rheumatic disease in the pregnant patient
k. Rheumatic syndromes in dialysis patients

\_ /

Saemoa
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B. Pediatric rheumatic diseases:
Some rheumatic diseases are similar in pathogenesis, presentation, clinical course, and treatment
in both adults and children. These diseases (such as systemic lupus, scleroderma syndromes, the
systemic vasculitides, and enteropathic arthritides) are not specifically addressed in this section.
Other diseases or specific aspects of management that are unique or more prevalent in children
are included in this outline of knowledge content. A supplementary section, providing more
detailed information and a reading list, is provided in Appendix E.

1. Diagnose the rheumatic diseases that occur primarily in children, and know how they differ
from the same, or similar, disease in adults.
a.
b.

Systemic juvenile rheumatoid arthritis (Still’s Disease)
Pauciarticular juvenile rheumatoid arthritis
11

Polyarticular juvenile rheumatoid arthritis

Juvenile spondyloarthropathy

Juvenile dermatomyositis

Kawasaki Disease

Henoch-Schonlein Purpura

Acute rheumatic fever

Neonatal lupus syndrome

CINCA (NOMID)

. PFAPA syndrome (periodic fever, aphthous stomatitis, pharyngitis, and adenitis)

2. Know the major sequelae or life-threatening complications of rheumatic diseases that occur
primarily in children:
a.

Systemic onset JRA
(1)Macrophage activation syndrome
(2)Cardiac tamponade

. Pauciarticular JRA

(1)Chronic uveitis

. Juvenile dermatomyositis

(1)GI vasculitis

(2)Calcinosis

Kawasaki Disease

(1)Aneurysms of coronary and other arteries

. Henoch-Schonlein Purpura

(1)GI- intussusception, intestinal infarction
(2)Renal - chronic nephritis

Neonatal lupus syndrome

(1)Congenital heart block

(2) Thrombocytopenia

3. Know the appropriate treatments of the above childhood rheumatic disorders, and
complications of treatment.

4. Recognize non-rheumatic disorders in children that can mimic rheumatic diseases:
a. Infectious or post-infectious syndromes

(1)Septic arthritis and osteomyelitis
(2) Transient synovitis of the hip
12

~
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3) Post-infectious arthritis and arthralgia )
(4)Post-viral myositis
b. Orthopedic conditions
(1)Legg-Calve-Perthes Disease and other avascular necrosis syndromes
(2)Slipped capital femoral epiphysis
(3)Spondylolysis and spondylolisthesis
(4)Patellofemoral syndrome
¢. Non-rheumatic pain
(1)Benign limb pains of childhood (“growing pains”)
(2)Benign hypermobility syndrome
(3)Pain amplification syndromes including reflex sympathetic dystrophy
d. Neoplasms
(1)Leukemia
(2)Lymphoma
(3)Primary bone tumors (especially osteosarcoma and Ewing’s sarcoma)
(4)Tumors metastatic to bone (especially neuroblastoma)
e. Bone and cartilage dysplasias, and inherited disorders of metabolism
5. Know aspects of rheumatic disease and treatments specific to children:
a. Disease effects on growth
(1)Accelerated or decelerated growth of limbs or digits affected by arthritis
(2)Altered growth of mandible in TMJ arthritis
(3)Short stature and failure to thrive
b. Regular surveillance for uveitis in JRA
c. Drugs
(1)FDA approved drugs for childhood rheumatic diseases
(2)Drug metabolism and dosing different from adults
d. Child-specific side effects of chronic corticosteroid treatment
(1)Growth retardation
(2)Delay of puberty
e. Physical and occupational therapy
13
(1)Exercises
(2)Splinting
f. Psychosocial and developmental issues
(1)Peer and sibling interaction
(2)Family adjustment
(3)School accommodations for disability
(4)School and recreational activities
(5) Transition to adulthood
C. Therapeutic modalities and strategies
1. Pharmacology: for each medication, understand the dosing, pharmacokinetics, metabolism,
mechanisms of action, side effects, drug interactions, compliance issues, costs, and use in
specific patient populations, such as renal insufficiency and including fertile, lactating, and
pregnant women.
a. Nonsteroidal anti-inflammatory drugs
b. Glucocorticoids: topical, intraarticular, systemic
c. Systemic antirheumatic drugs: antimalarials, sulfasalazine, gold compounds,
methotrexate, D-penicillamine
/
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Cytotoxic drugs: azathioprine, cyclophosphamide, chlorambucil \
Immunomodulatory drugs: cyclosporine, mycophenolate mofetil, tacrolimus

Biologic agents

Hypouricemic drugs: allopurinol, sulfinpyrazone, probenecid

Antibiotic therapy for septic joints

Narcotic and non-narcotic analgesics

Tricyclics and other agents used for pain modulation

. Anticholinergics and non pharmacologic agents used for the treatment of sicca symptoms
Others: apheresis, ionizing radiation

2. Rehabllltatlon and disability issues

a. Methods of rehabilitation: for each method, understand principles, mechanism of action,

indications, precautions and contraindications, potential side effects, and costs.

b. Importance of multidisciplinary approaches to rehabilitation and pain control.

Appropriate use of and referral/prescription to rehabilitation specialists and pain clinics.
c. Exercise: range of motion, strengthening, conditioning, and stretching
(1)Rest and splinting
(2)Modalities and hydrotherapy: ultrasound, TENS iontophoresis, spa therapy
(3)Joint protection and energy conservation techniques
(4)Adaptive equipment and assistive devices
(5)Job site/home evaluation and adaptation
(6)Footwear and orthotics
(7)Acupuncture and other alternative modalities
(8)Nutritional issues

d. Demonstrate understanding of specific rehabilitative techniques/modalities and what
modification of these techniques are needed depending on the patient’s disease (e.g.
osteoarthritis, myositis, etc.), location of symptoms (e.g. back, shoulder, etc) and other
related issues.

e. Psychosocial aspects of disability: understand the impact that the following factors have
on the overall therapy of a patient with rheumatic disease and demonstrate knowledge of
what can be done to assist a patient in these areas.

(1)Psychological and emotional factors including sexuality
(2)Economic and vocational issues: vocational
rehabilitation, costs of therapy and monitoring

—RT T SQ@moe o

(3)Disability determination: impairment vs disability, evaluation and measurement, social
security disability, workmen’s compensation, other
(4)Compliance issues
3. Surgical management
a. For each procedure, the fellow should possess a working knowledge of indications,
preoperative evaluation and medication adjustments, contraindications, complications,
postoperative management, and expected outcome.
(1)Bone biopsy
(2)Arthroscopy
(3)Synovectomy of tendons and joints
(4)Entrapment neuropathy release
(5)Osteotomies: hip, knee
(6)Arthrodesis: wrist, other
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4 @) Spine surgery: radiculopathy, stenosis, and instability A
(8)Reconstructive surgery of hand and foot
(9)Total joint replacement: hip, knee, shoulder, other (10)Specific surgical management
problems:
i Rheumatoid arthritis patient
il Infected joint: arthrosopy vs. arthrotomy
iii Infected prosthetic joint
Iv Ankylosing spondylitis patient
v Pediatric rheumatic disease patient
vi Prevention and treatment of deep venous
thrombosis
vii Perioperative antirheumatic medication
management
4. Complementary and alternative medical practices: diet, nutritional supplements, antimicrobials,
acupuncture, chiropractic, topicals, homeopathic remedies, venoms, others
e Diagnostic Testing
A. Laboratory tests: for each test, understand the biologic rationale, methods for performing, and
utility/limitations of specific laboratory tests including but limited to:
1. Erythrocyte sedimentation rate, C-reactive protein, and other acute phase reactants
2. Rheumatoid factors, cryoglobulins, and circulating immune complexes
3. Anti-cyclic citrullinated peptide antibodies
4. Antinuclear antibodies and subtype specificities including anti-dsDNA, anti-Smith, anti-U1
RNP, anti-centromere antibodies, and anti-histone antibodies; and LE cell preparation
Antiribosomal P, anti-topoisomerase 1, and anti-synthase antibodies including anti-Jo-1 16
6. Anti-neutrophil cytoplasmic antibodies including specificities for neutrophil granule
constituents [anti-PR3, anti-myeloperoxidase]
7. Antiphospholipid antibodies including RPR, lupus anticoagulant, anticardiolipin and beta-2-
glycoprotein | antibodies
8. Antibodies to formed blood elements including direct and indirect Coombs testing, anti-platelet
antibodies, anti-granulocyte antibodies
9. Assays for complement activity (CH50) and components of the complement cascade 10.Serum
immunoglobulin levels, Serum protein electropheresis and
immunofixation electropheresis
11.HLA typing
12.ASO0 and other streptococcal antibody tests
13.Serologic and PCR tests for Lyme disease, HIV, Hepatitis B, Hepatitis
C, parvovirus and other infectious agents
14.Serum and urine measurements for uric acid
15.1Iron studies including ferritin
16.Flow cytometry studies for analysis of lymphocyte subsets and function
17.Specific genetic testing
B. Diagnostic imaging techniques: understand the basic underlying principles and technical
considerations in the use of plain radiographs, computed tomography, magnetic resonance imaging,
ultrasonography and radionuclide scanning of bones, joints, and periarticular and vascular
structures.
C. Synovial fluid analysis: cell count and differential, crystal identification, viscosity, protein,
glucose, and other special stains/analyses
D. Test-performance characteristics: principles of sensitivity, specificity, and predictive value

o
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K Research Principles

A. Principles and methods of epidemiological research

1. Definitions of incidence and prevalence

2. Basic biostatistics: including major methods of comparative analysis, types of error,
likelihood ratios

3. Methods of health services research
b. Measurement of health and functional status (HAQ, SF36, etc).
c. Quality of life measurements/assessments
d. Components of cost analysis (direct costs, QALY, etc.)

17

B. Principles of clinical research
1. Major study designs and the limitations and biases associated with each
2. Diagnostic criteria and assessment of disease activity
a. Objective assessments, e.g. tender joint count
b. Composite indices (ACR composite, DAS, WOMAC, etc.)
c. Damage and functional indices (e.g. HAQ)
3. Clinical trials
a. Major design types
b. Definitions and uses of clinical trial Phases
c. Roles of principal investigator, sponsors, study coordinators, monitors, IRB.
C. Evidence-based medicine: Data analysis, biostatistics, meta-analysis and medical
informatics
D. Laboratory techniques
1. Serologic: ELISA, RIA, RID, nephelometry, immunoblots, protein electrophoresis,
circulating immune complex assays.
2. Cellular: lymphocyte proliferation, flow cytometry.
3. Histochemistry and immunofluorescence of biopsied tissues.
4. Molecular: Northern, Southern and Western blot analysis polymerase chain reaction;
gene sequencing; genomics techniques (SNP, RFLP analysis, microarray techniques)
5. Hybridoma and monoclonal antibody production
6. Transgenic and gene knock-out animals
. Bioethics of clinical and basic research
Critical literature review
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1. American College of Rheumatology Core curriculum outline for rheumatology
fellowship program. March 2006
The European rheumatology curriculum framework, January 2008
3. State University of New York Upstete Medical University/Rheumatology fellowship
curriculum. November 2005
4. The University of Alabama at Birmingham. Rheumatology fellowship training
program. November 2005

5. University of Rochester Allergy/Immunology and Rheumatology unit. Curriculum in
Rheumatology. 2006
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