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BONE PATHOLOGY I LECTURE OUTLINE:
XR 4424

INSTRUCTOR: Ken Hansen, DC, DACBR


Email address: khansen@parkercc.edu


Office: East Building, Faculty offices, Center For Academics



Office phone number: 214-352-7332 ext. 7224

A.
Bone Anatomy 

1.
Skeletal Development

a.
Intramembranous Ossification

b.
Enchondral Ossification

i.
Enchondral Bone Growth

-
Appositional growth

-
Interstitial growth

2.
Bone Histology

a.
Osteoblasts

b.
Bone Matrix

c.
Osteocytes

d.
Osteoclasts

e.
Cortical Bone

f.
Cancellous Bone (Spongy Bone)

g.
Bone Marrow 

i.
Red Marrow

ii.
Yellow Marrow

h.
Periosteum

i.
Outer fibrous layer

ii.
Inner cambium layer

i.
Endosteum

3.
Bone Remodeling

a.
Wolff’s Law

B.
Hormones That Effect Bone
1.
Parathyroid Hormone

2.
Vitamin D3

3.
Calcitonin

4.
Corticosteroids

5.
Thyroid Hormone

6.
Growth Hormone

C.
Regional Bone Anatomy
1.
Epiphysis

2.
Apophyses 

3.
Physis

4.
Metaphysis

5.
Diaphysis

D.
Utilization of Diagnostic Imaging in Bone Pathology
1.
Gold Standard

2. Utilization of an Imaging Test

a. Sensitivity

b. Specificity

c. Invasiveness

d. Cost

3.
Sensitivity

4.
Specificity 

5.
Diagnostic Test Outcomes

a.
True positive

b.
True negative

c.
False positive

d.
False negative

6. Screening Tests

7.
Intermediate Tests

E.
Imaging Procedures

1.
Plain Film

a.
Positive Predictor Factors in Using Plain Films

i.
Age greater than 50 years

ii.
Trauma Sufficient to cause fracture

iii.
Neromotor Deficit 

iv.
Unexplained weight loss

    


v.
Suspected or confirmed inflammatory arthritis

    


vi.
Drug and / or alcohol abuse 

vii.
History of cancer

viii.
Elevation of body temperature

2. MRI

a. Definition

b. Uses 

3. Computed Tomography (CT)

a. Definition

b. Uses

4. Bone Scan (Bone Scintigraphy)

a. Definition

b. Uses

F.
Basic Science of Bone Pathology
1.
Clinical Data

a.
Age / Sex

b.
Race

c.
History

2.
Image Quality

3.
Search Pattern

a.
Alignment

i.
Gross alignment

   



ii.
Specific alignment

b.
Bone

c.
Cartilage

d.
Soft Tissues

4.
Report Writing in Skeletal Radiology

a.
Header

b.
Body

c.
Impressions / conclusions

5.
Categorical / Pattern Approach to Bone Diseases

a.
Congenital / Developmental 

i.
Localized 

ii.
Generalized

b.
Arthritic Disorders

c.
Trauma

d.
Blood (hematological disorders)

e.
Infection (osteomyelitis)

f.
Tumor

g.
Endocrine, Nutritional, Metabolic

h.
Soft Tissue

6.
Further Work-Up

G.
Tumors and Tumor-Like Lesions of Bone: Radiographic Principals
1.
Analysis of the Lesion

a.
Skeletal location

b.
Position within a bone

c.
Site of Origin

i.
Medullary

ii.
Cortical

iii.
Periosteal

  


iv.
Extraosseous

d.
Shape of the Lesion

e.
Size of the Lesion

f.
Margination

i.
Imperceptible margination

ii.
Sharp Margination

h.
Cortical Integrity

i.
Cortical Thinning 

ii.
Endosteal scalloping 

iii.
Cortical Thickening

iv.
Cortical Expansion

v.
Cortical Destruction

vi.
Fracture

i.
Behavior of the Lesion

i.
Osteolytic

ii.
Geographic Lesions

iii.
Motheaten Lesions

iv.
Permeative Lesions

v.
Osteoblastic Lesions

j.
Matrix calcification

i.
Fat Matrix

ii.
Cartilage Matrix ( 3 patterns )

-
Stippled calcification

-
Flocculent calcification

-
Arc and ring calcification

iii.
Osseous Matrix

iv.
Fibrous Matrix

k.
Periosteal Reactions 

i.
Mechanisms 

-
Solid Periosteal Reaction

-
Laminated Periosteal Reaction

-
Spiculated Periosteal Reaction

-
Codman’s Triangle

H.
Bone Tumors
1.
Benign bone forming tumors

a.
Osteoma

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age , Sex

iv.
Pathology

-
2 types classified by their origination 

v.
Radiology

vi.
Treatment

b.
Gardner’s Syndrome

i.
Triad of abnormal growths

c.
Enostosis (Bone Island)

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology

-
DDX

d.
Osteopoikilosis 

e.
Osteoid Osteoma

i.
Incidence 

ii.
Sign and Symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology

-
DDX

vi.
Treatment:

f.
Osteoblastoma

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology

-
DDX:

vi.
Treatment:

2.
Malignant bone forming tumors

a.
Osteosarcoma

i.
Central Osteosarcoma

-
Incidence

-
Signs and symptoms

-
Location, Age, Sex

-
Pathology

-
Radiology

-
Advanced imaging

-
Metastases

-
Treatment

ii.
Multicentric Osteosarcoma

iii.
Parosteal Osteosarcoma

-
Location

-
Radiology

-
DDX:

-
Treatment

iv.
Extraosseous Osteosarcoma

v.
Secondary Osteosarcoma


3.
Cartilage-Forming Tumors



a.
Benign cartilage forming tumors

i.
Osteochondroma

-
Incidence 

-
Signs and symptoms

-
Location, Age, Sex

-
Etiology

-
Pathology

+
Peduculated osteochondroma

+
Sessile Osteochondroma

-
Radiology

-
Complications

+
Pseudoaneurysm 

+
Bursa formation

+
Malignant degeneration 

ii.
Hereditary Multiple Exostosis (HME)

-
Bayonet deformity

iii.
Enchondroma

-
Incidence

-
Signs and symptoms

-
Location, Age, Sex

-
Pathology

-
Radiology

-
DDX:

iv.
Ollier’s Disease

v.
Maffucci’s Syndrome

vi.
Chondroblastoma

-
Incidence

-
Location, Age, Sex

-
Pathology

-
Radiology

-
DDX:

-
Treatment

vii.
Chondromyxoid Fibroma

-
Incidence

-
Signs and symptoms

-
Location, Age, Sex

-
Pathology

-
Radiology

b.
Malignant cartilage forming tumors

i.
Chondrosarcoma





-
Incidence

-
Signs and Symptoms

-
Location, Age, Sex

-
Pathology

-
Radiology

-
DDX

4.
Tumor of Fibrohistocytic Orgin

a.
Giant Cell Tumor

 


i.
Incidence

ii.
Signs and Symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology

vi.
DDX:

vii.
Treatment

viii.
Prognosis

5.
Marrow Tumors

a.
Multiple Myeloma

i.
Incidence

ii.
Signs and Symptoms

iii.
Location, Age, Sex

iv.
Pathology

vii.
Radiology

viii.
Treatment

b.
Plasmacytoma

i.
Incidence

ii.
Signs and Symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology

vi.
Treatment

c.
Ewings Sarcoma

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, sex

iv.
Pathology

v.
Radiology

d.
Non-Hodgkin’s Lymphoma of Bone 

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, sex

iv.
Pathology

v.
Radiology

e. Hodgkin’s Lymphoma of Bone

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, sex

iv.
Pathology

v.
Radiology

6.
Tumors of various tissue origin 

a.
Hemangioma

i.
Incidence

ii.
Signs and symptoms

iii.
Location, Age, Sex

iv.
Pathology

v.
Radiology  (Vertebral Hemangiomas)

 



-
Radiology (Various locations)

vi.
Treatment

b.
Intraosseous Lipoma

i.
Radiology

c.
Fibrosarcoma

i.
Incidence

ii.
Signs, Symptoms, Age, and Sex

iii.
Location

-
Lichtenstein’s rule

iv.
Pathology

v.
Radiology

d.
Chordoma

i.
Incidence, age, and sex

ii.
Signs and symptoms

iii.
Location

iv.
Radiology

-
Pre-sacral Space (retrorectal space)

I.
Tumor-like Conditions of Bone
1.
Simple Bone Cyst 

a.
Age, Sex, Location

b.
Signs and symptoms 

c.
Pathology

d.
Radiology

i.
Fallen fragment sign

2.
Aneurysmal Bone Cyst

a.
Age, Sex, Location

b.
Signs and symptoms

c.
Pathology

d.
Radiology

3.
Fibrous Cortical Defect / Non Ossifying Fibroma

a.
Incidence

b.
Age, Sex, Location

c.
Signs and Symptoms

d.
Pathology

e.
Radiology

4.
Eosinophilic Granuloma of Bone

a.
Age, Sex, Location

b.
Signs and symptoms

c.
Pathology

d.
Radiology

5.
Fibrous Dysplasia

a.
Age, Sex, Location

i.
Monostotic

ii.
Polyostotic

b.
Signs and Symptoms

i.
McCune-Albright syndrome:

c.
Pathology

d.
Radiology

i.
Monostotic Fibrous Dysplasia

ii.
Polyostotic Fibrous Dysplasia

6.
Myositis Ossificans

a.
Posttraumatic Myositis Ossificans

i.
Age, Sex, Location

ii.
Signs and Symptoms

iii.
Radiology

7.
Pagets Disease of Bone

a.
Age, Sex, Incidence

b.
Location, Etiology

c.
Signs and Symptoms

d.
Radiology

i.
Stage 1

ii.
Stage 2

iii.
Stage 3

iv.
Stage 4

v.
General radiographic features

vi.
Named signs associated with Pagets disease

-
Osteoporosis circumscripta

-
Blade of grass sign:

-
Brim sign

-
Picture frame vertebrae

-
Cottonwool appearance

e.
Deformities seen in Paget’s disease

i.
Saber shin deformity

ii.
Shepherd’s crook deformity

iii.
Banana fracture

iv.
Pseudofractures

f.
Complications of Paget’s disease

g.
DDX

h.
Treatment

J.
Metastatic Disease of Bone

1.
Incidence

2.
Age, Sex

a.
In Females:

b.
In Males:

3.
Location

4.
Signs and Symptoms

5.
Pathways of spread

a.
Direct Extension

b.
Lymphatic spread

c.
Hematogenous Spread

6.
Radiology

a.
Osteolytic Metastatic Disease 

b.
Osteoblastic Metastatic Disease

c.
Mixed Metastatic Disease

d.
Blow-out Metastatic Disease

e.
Acral Metastasis

f.
Hypertrophic Osteoarthropathy

K.
Osteomyelitis 

1.
Pyogenic Osteomyelitis 

a.
Etiology




i.
Hematogenous spread

ii.
Spread from a contiguous source

iii.
Direct implantation

-
Postoperative infections

b.
Signs and symptoms

c.
Age, sex, location



d.
Pathology

i.
Infantile pattern (up to 1 year)

ii.
Childhood pattern (1year to physeal closure)

iii.
Adult pattern (after growth plate closure)

e.
Radiology

i.
Soft tissue swelling

ii.
Bone destruction

iii.
Periosteal reaction

iv.
Cloaca formation

v.
Sequestrum formation

f.
Diabetic Osteomyelitis 

g.
Chronic Osteomyelitis 

h.
Brodie’s Abscess 

i.
Spinal Osteomyelitis 

i.
Radiology of adult spinal osteomyelitis

2.
Non-Pyogenic Infections

a.
Tuberculosis 

i.
Primary stage

ii.
Secondary stage

iii.
Age, Sex, Location

iv.
Pott’s disease (Tubercular Spondylitis)

v.
Abscess formation

vi.
Radiology

vii.
Tubercular Arthritis

-
Phemister’s triad

viii. 
Special types of TB

-
Spina ventosa

-
Pott’s puffy tumor

-
Weaver’s bottom

b.
Syphilitic Osteomyelitis

i.
Congenital Syphilis 

-
3 phases

o
Metaphysitis

o
Periostitis

o
Osteitis

-
Wimberger sign

-
Clutton’s joints

c.
Acquired Syphilis

d.
Mycotic Osteomyelitis

e.
Coccidioidmycosis

L.
Metabolic, Endocrine, and Nutritional Disorders of Bone
1.
Osteoporosis

a.
Generalized, Regional, Localized

b.
Terms Associated with Osteoporosis

i.
Osteopenia

ii.
Osteoporosis

c.
Senile and postmenopausal osteoporosis 

i.
Location

ii.
Pathology

iii.
Radiology of Osteoporosis

-
Increased radiolucency of involved bones

-
Cortical thinning

-
Altered trabecular patterns

-
Fracture deformity

-
In the spine

-
In the hip

2.
Idiopathic Juvenile Osteoporosis 

3.
Regional Osteoporosis 

4.
Disuse osteoporosis

a.
Radiographic appearances

i.
Generalized (uniform)

ii.
Spotty

iii.
Band

5.
Reflex Sympathetic Dystrophy Syndrome

a. Clinical Aspects

b.
Radiology

6.
Transient osteoporosis of the hip

7.
Hyperparathyroidism



a.
Types

i.
Primary hyperparathyroidism

ii.
Secondary hyperparathyroidism

iii.
Tertiary hyperparathyroidism 

b.
Clinical Data

c.
Radiology

i.
Decreased bone density

ii.
Accentuated trabecular patterns

iii.
Nonessential trabeculae are resorbed

iv.
Loss of cortical definition

v.
Subligamentous bone resorption

vi.
Brown tumors (Osteoclastomas)

vii.
Soft tissue calcification

-
Monckeberg’ medial sclerosis

-
Metastatic calcification

viii.
Radiographic names associated with HPT

-
“Rugger jersey” spine

-
 “Salt and pepper” skull or “pepper pot skull”

8.
Rickets / Osteomalacia 

a.
Radiology of Osteomalacia

i.
Decreased bone density

ii.
Coarsened trabecular pattern

iii.
Loss of cortical definition

iv.
Pseudofractures

v.
Deformities

9.
Rickets 

a.
Clinical Data

b.
Pathologic Data

c.
Radiology

10.
Renal Osteodystrophy

a.
Discitis of dialysis 

11.
Scurvy 

a.
Clinical Data

b.
Radiology of scurvy 

i.
Osteopenia

ii.
Dense zone of provisional calcification

iii.
Ring epiphysis

iv.
Corner sign

v.
Pelken’s spurs

vi.
Scorbutic zone (Trummerfeld Zone)

vii.
Subperiosteal hemorrhage

12.
Acromegaly 

a.
Clinical Features

b.
Radiology of Acromegaly

i.
Thickened heel pad thickness

ii.
Sella turcica enlargement

iii.
Widened manibular angle

iv.
Prominent ungual tufts

v.
Widened joint spaces (early)

vi.
Degenerative arthritis (late)

13. Lead Poisoning 

a.
Clinical Features

b. Radiology of lead poisoning

i.
Lead lines

14.
Hypervitaminosis D

a.
Clinical data

b.
Radiology of Hypervitaminosis D




i.
Metastatic soft tissue calcification

15.
Hypervitaminosis A

a.
Clinical data

b.
Radiology of Hypervitaminosis A




i.
Solid periosteal reaction

16.
Hyperthyroidism

17.
Infantile Hypothyroidism

a.
Radiology of Cretinism




i.
epiphyseal dysgenesis 

18.
Thyroid Acropachy 

a.
Clinical data

b.
Radiology




i.
Solid periosteal reaction

19.
Mastocytosis

a. Clinical aspects of mastocytosis

b. Radiology of mastocytosis

i.
Ivory vertebrae 

20.
Gaucher’s Disease

a.
Clinical picture

b.
Radiology of Gaucher’s disease

i. AVN

ii.
Erlenmeyer flask deformity 

M.
Blood / Vascular disorders of Bone
1.
Sickle Cell Anemia

a.
Clinical Features

b.
Radiology

i.
Related to marrow hyperplasia

ii.
Related to infarction

iii.
Avascular necrosis

iv.
Osteomyelitis

2.
Thalassemia

a.
Clinical Features

b.
Radiology

3.
Hemophilia

a.
Clinical Features

b.
Radiology

i.
General features

ii.
Arthropathy

iii.
Hemophilic Pseudotumor

4.
Leukemia

N.
Osteonecrosis


1.
Etiology

a.
Intraluminal obstruction

b.
Vascular compression 

c.
Physical disruption of the vessel 

e.
Causes of AVN: “PLASTIC RAGS”

2.
Clinical Features

a.
Pathology

i.
Avascular phase

ii.
Revascularization phase

iii.
Repair phase

iv.
Deformity

b.
Radiology of AVN

i.
Collapse of articular surface

ii.
Fragmentation

iii.
Mottled trabecular pattern

iv.
Sclerosis

v.
Subchondral Cysts

vi.
Subchondral fracture

c. Special type of osteonecrosis

i. Spontaneous Osteonecrosis of the Knee (SONK)

-
Clinical features

-
Radiology of SONK

o
Stage 1:

o
Stage 2:


o
Stage 3:

o
Stage 4:

o
Stage 5:

O.
Osteochondroses


1.
General Characteristics 

2.
General Radiographic Findings

3. Specific types 

a. Legg-Calve’-Perthes Disease

i.
Clinical Features

ii.
Radiographic Features

b.
Keinbock’s Disease

i.
Clinical Features

ii.
Radiographic Features

c.
Preiser’s Disease

i.
Clinical Features

ii.
Radiographic Features

d.
Freiberg’s Disease

i.
Clinical Features

ii.
Radiographic Features

e.
Osgood-Schlatter’s Disease

i.
Clinical Features

ii.
Radiographic Features

f.
Sinding-Larsen-Johanssen Disease

i.
Clinical Features

ii.
Radiographic Features

g.
Blount’s Disease

i.
Clinical Features

ii.
Radiographic Features

h.
Kohler’s Disease

i.
Clinical Features

ii.
Radiographic Features

i.
Panner’s Disease

i.
Clinical Features

ii.
Radiographic Features

j.
Scheuermann’s Disease

i.
Clinical Features

ii.
Radiographic Features

k.
Sever’s Disease

i.
Clinical Features

ii.
Radiographic Features

l.
Kummels

i.
Clinical Features

ii.
Radiographic Features

P.
Skeletal Dysplasias 

1.
Achondroplasia

a.
Clinical Features

b.
Radiology

i.
Spine: 

ii.
Pelvis:

iii.
Peripheral skeleton:


2.
Cleidocrainal Dysostosis
3.
Chondrodysplasia Punctatia

a.
Two types

b.
Clinical

c.
Radiology

4.
Dysplasia Epipysealis Hemmelica

a.
Radiology

5.
Multiple Epiphyseal Dysplasia

6.
Spondyloepiphyseal Dysplasia

a.
Congenita 

b.
Tarda 

c.
Radiology

7.
Nail-Patella Syndrome

a.
Radiology

8.
Fibrodysplasia Ossificans Progessiva

a.
Clinical Features

b.
Radiology

9.
Infantile Cortical Hyperostosis

a.
Radiology

10.
Marfans Syndrome

a.
Radiology

11.
Ehlers-Danlos Syndrome

a.
Radiology

12.
Homocytinuria

a.
Radiology

13.
Neurofibromatosis

a.
Neurofibromatosis - 1

b.
Neurofibromatosis - 2

c.
NF-1 Clinical Features

d.
Radiology of NF-1

i.
Spine:

ii.
Skull:

iii.
Long bones:

iv.
Named signs with NF-1

-
Bare orbit

-
Asterion defect

-
Ribbon ribs

14.
Melorheostosis

a.
Radiology

15.
Osteopetrosis

a.
Radiology

16.
Pyknodysostosis

17.
Osteopathia Striata

