Radiology Review:

Chapter 15:

The Osseous system
· Identify these on X-Ray of a long bone:

· Trabeculae

· Cortex-
· Medulla

· Epiphysis

· Metaphysis
· Diaphysis

· Joint space
· Identify the following on radiographs of upper extremities:

· Scapula

· Clavicle

· cromion 

· acromioclavicular joint

· sternoclavicular joint

· coracoid process

· anatomic and surgical neck of the humerus

· glenoid fossa

· radius

· radial head

· ulna, ulna styloid

· olecranon process

· each of the carpal bones

· metacarpals

· phalanges and their articulations 
· Identify the following on radiographs of the pelvis and lower extremities
· greater and lesser trochanter

· obturator foramen

· symphysis pubis

· iliac crest

· acetabulum

· femur

· tibia

· fibula

· the tarsal bones

· the metatarsals and their articulations 
·  Identify the following on radiographs of the spine:

· Cervical

· thoracic

· lumbar and sacral vertebrae, 

· sacrum

· spinal processes and pedicles

· spinal curvature 
· Types of Fractures: 
· Compound- a fracture that is open to the skin surface.

· Complete- a fracture that extends through both cortices.
· Incomplete- a fracture that extend only through one cortex. (*VERY COMMON IN CHILDREN)
· Stress- when an abnormal stress is place on the bone

· Two types of stress trauma:


-Fatigue fracture-occurs when abnormal stress is placed on a bone.  Often repetitive in nature;




Example: “March” fracture that occurs in the metatarsals of military recruits.



-Insufficiency fracture-occurs when normal stress is placed on abnormal bone.




Example: Vetrbral compression fractures that occurs with minimal trauma in elderly 




   osteoporotic women.
· Comminuted-when there are several fragments and intersecting fracture lines.

· Impacted-in the presence of underlying disease.

· Pathological fracture- in the presence of underlying disease.  When a fracture appears to have occur through bone that was already fragile.

· Compression- When a bone in the spine collapses, it is called a vertebral compression fracture. MC in the thoracic spine (the middle portion of the spine), particularly in the lower vertebrae of the thoracic spine.

· Greenstick- common injury in children.  Like a broken branch that snaps on one side (the outer side of the bend), while the inner side is bent, and still in continuity. Most often it must be bent back into the proper position (called a "reduction") and then casted for about six weeks. Greenstick fractures can take a long time to heal because they tend to occur in the middle, slower growing parts of bone.
· Avulsion-fragment of bone is traumatically pulled off by a tendon or ligament, at an origin or insertion site.  (SUCH fracture are often small and maybe overlooked on the X-RAY
· Epiphyseal- In children appear less than 8 months; fused around 18 years. Greater trochanter appears around 2 years old; fuses to the metaphysic about around 16 years old.
· Transverse- a fracture that goes across the bone’s axis.
· Spiral-fracture which runs around the axis of the bone.
· Oblique-a fracture which goes at an angle to the axis

· Simple- a fracture which down not break the skin.

· Intra-articular fracture-fracture that extend into the joint space, they usually accompanied by bleeding into the joint space (hemarthoses) most commonly seen at the knee, ankle, elbow.

· These bloody effusions may displace anatomically normal fat planes surrounding joints, causing displaced fat pad signs of trauma
· Radiographic Examination: 

· Scaphoid bone of the wrist & the femoral neck initially appears with normal or negative x-ray after an injury.  Comes up positive a few days later on x-ray.  In case of an ACUTE FRACTURE-MUST DO CT or MRI.

· For skeletal trauma must include a minimum of two views taken in 90 degrees to one another, because a fracture line can be present, esp. when the fracture fragment are only on projection.

· Fractures appear as dark streaks across the bone where the continuity of both cortical (compact) bone and spongy bone is interrupted.

· Hemorrhage and soft tissues, torn and injured in the area, are often interposed to some extent between the fracture fragments.

· CT can show the fracture lines better than plain films and can identify even the subtle cortical abnormalities of non-displaced fractures.

· MRI can reveal bone bruises and fractures because these conditions cause hemorrhage within the bone that replace the normal marrow fat and thereby alters the MR signal.

· MR imaging does not show fractures line or fragments as well as CT because there is no MR signal from cortical bone.
· Paget’s Disease-characteristically thickens bone, also weakens its structure, and the bone withstands stress less well than normal tubular long bone does.  It typically produces enlargement of the bone, thickening of the cortex, and grotesque disarrangement of the trabecular pattern.

· Dislocation and Subluxation: (page 373-374) 
· Dislocation-Often occurs with fractures. can occurs without fractures.

· Subluxation-a partial dislocation

· Nearly ALL SHOULDER DISLOCATION is ANTERIOR, with the humeral head displaced anteriorly, medially, and inferiorly making them easy to diagnose radiographically.

· A useful sign for detecting dislocation is overlap of bone at joint instead of visualization of the clear joint space.

· A dislocation is more apparent on the lateral view for first metarsophalangeal dislocation

· Osteomyelitis: (page 373-374) 
· Osteomyelitis- involves the long bones near the metaphysis, and it is blood borne.  Commonly seen in IV drug users.  MCC is Staphylococcus Aureus.  They appear as lytic lesions; usually there is swelling and loss of fat planes in the adjacent soft tissues.
· Pt. clinically suspected of having osteomyelitis should have radioisotope bone scan or MR scan.
· They indicate the presence within 48 hrs.  Subtle bony changes of osteomyelitis can be better seen with CT than with plain films.
· Arthritis- (Page 376-380)
· Osteoarthritis:  MC form of arthritis.  Prevalent in the elderly; can be present in younger adults following repeated trauma. Radiological findings are narrowing of the joint space, sclerosis appearing as productive bone of increased density on both sides of the involved joint, osteophyte formation margining the joint space, and small cysts in the bone near the joint resulting from fractures of the joint cartilage and penetration of the joint fluid into the juxta-articular bone.  

· Two types of osteoarthritis primary and secondary:

· Primary-a congenital form of arthritis that commonly involves the hands in middle-aged women. Characteristic radiologically, affecting the distal interphalangeal joints (DIP) most commonly, with the proximal interphalangeal joints (PIP) next most frequently showing changes.

· Secondary-generally referred to as DJD, and is trauma related.  It is particularly common in the spine, hands, and weight-bearing joints such as hips & knee.
· Advanced to hip/knee(TX: Prosthetic joint replacement.

· Rheumatoid arthritis: Occurs in females from ages 24 to 45.  Usually is bilateral and symmetrical.  An idiopathic cause that affects any of the synovial joints.   Patients complain of stiffness, swelling, pain in the joints, esp. the hands. In late stages of RA some of the findings of OA may be superimposed on the radiographic findings of RA, an important point to remember.
· Classic Radiological findings are:
· Soft tissue swelling (MCP, PIP)
· Osteoporosis
· Narrowing of the joints space
· Marginal erosions
· Gout: is a metabolic disorder associated with hyperuricemia in which monosodium urate crystals are deposited in many tissues including synovium, bone, soft tissues, and joint cartilage.  Common in men and women.  Seen commonly in hands, feet (esp. the first MTP joint- classic podagra).  Radiological signs of gout are quit specific but may take 4-6 years for the x-ray manifestation of the disease to appear.   Usually clinical and laboratory findings are done to diagnose gout. 
· Radiological findings:

· Typically show large bone erosions

· Often with sclerotic

· Overhanging, hook-like margins where soft nodules (the tophi) adjoin the erosions.

· No particular group of joint affected; Affects joints randomly.

**Remember that both RA and Gout may involve bone erosions**
· In RA the erosions are margined by osteoporotic bone.

· in Gout they are margined by dense bone & even bony sclerosis.
· Osteonecrosis: (Page 380-381) 

· Osteonecrosis (avascular necrosis, aseptic necrosis), or ischemic necrosis of bone.  
· Results from interference with the blood supply to a bone or involved portion of a bone,
· Caused by trauma, hemoglobinopathies, steroids, and a wide variety of systemic conditions.
· MC seen in the epiphyseal marrow cavities of long bone, esp. in the femoral heads, but can involve almost any joint.
· MCC is high dose steroid therapy after an organ transplant or for treatment of asthma, arthritis, or spinal cord injury.
· An MR scan is the diagnostic imaging procedure of choice from early detection of Osteonecrosis.  MR scan can show evidence of Osteonecrosis even when bone films and the radioisotope bone scan are normal.  MRI will show more compare to the other imaging studies.
· Cortical bone and tendons have little or no MR signal & appear black.

· Muscles in MR signal appear grey.

· Microscopic bone structure and maintenance: (page 382-384)

· Microradiograph:
· Osteone circles appear very dark; these are younger ones, less mineralized.  Older ones appear white, denser because they are more mineralized. 
· Autoradiopgrahy:
· Made by placing a fine-grained photographic film in close contact with a section of bone.
· Would show darker spots in the precise location of the younger osteone, because radioactivity of the calcium isotope produces silver precipitation in the film.
· The Development of Metabolic Bone Disease: (page 384-387)

· Postmenopausal osteoporosis:
· Net decrease in bone mass prevalent in old age.
· Cancellous bone
· Composed not of osteones but of sheets of lamellar bone, laid down or removes by the surface activity of osteoblasts and osteoclasts.
· In Radiographs both look similar:

· A thin cortex and thinner
· Fewer plates of spongy bone make bones appear more radiolucent.
· X-Ray finding:

· Hyperparathyroidism: pathognomonic; subperiosteal erosion of bone.
· Often best appreciated in bones of the hands, where a very thin piece of bone, the phalanx, can be studied in tangent.

· Imaging procedures:

· Are used to screen for early evidence of the spread of metastases to bone.  Early metastases can be identified by CT, MR, and Radioisotope bone scan.  However, Radioisotope bone scan is the procedure of choice because the isotope bone scan image every bone in the body in examination; bone scan are extremely sensitive exam for bony metastases, but not specific.  This would not be possible with CT and MR. Radioisotope bone scans are exceedingly sensitive and can show evidence of bony metastases long before they are apparent on plain films.

· Osteoporosis of the spine: ( page 388-389)
· Spine is very complex in structure, with many overlapping bony parts of diverse shapes.  CT is an immense help in pinpoint obscure sites of fracture, or in confirming ( or excluding) clinically suspected disease when plain bone films have shown no abnormality.  CT is also used to measure the degree of osteoporosis, and serial CT scans can evaluate the patient’s response to therapy.

· Osteoporosis of the thoracic and lumbar spine of an old women with kyphosis of the thoracic spine, produced over the years by gradual loss of bone mass, with thinning of both cortical and spongy bone complicated by multiple compression fractures of vertebral bodies.  Each of these individual compressions fracture was symptomatic at the time of fracture as an episode of back pain, lasting several days to weeks, occurring after strenuous activity or mild or moderate trauma.

· New and old compression fracture may be indistinguishable on plain film examination.  But you could compare the individual vertebrae to differentiate between old and new fracture.  Can order a radioisotope bone scan, which would show increase uptake of isotope with a new compression fracture but no increased uptake with old fractures.

· An MR scan would also differentiate a new from an old compression fracture; the new fracture would show loss of the bright marrow fat signal on T-1 weight image due to hemorrhage in the vertebral body from the injury.

· The deformity of vertebrae produced can occur whenever there is a decrease in bone mass.

· For example: Cushing’s disease, hyperparathyroidism, or prolonged steroid therapy.

· **Remember when you examine changes in the vertebral body shape:

· Metabolic processes are rapid destruction of bone i.e. hyperparathyroidism.

· Osteoporosis is the slow failure of replacement of bone.
· Spine Fractures: ( page 390-393)
· In neck trauma requires cervical spine immobilization collar to prevent a cervical injury because in patients with cervical spine fracture can injure the spinal cord; cervical spine fracture is unstable.  Collar is not removed until an unstable fracture has been ruled out.

· If the neck fracture is present CT examination is performed for further evaluation because CT will determine any compromise to the neural canal and show more fracture lines than a plain film.

· Any patient with cervical spine trauma and neurological signs and symptoms should be examine with emergency MR scan to rule out a spinal cord injury; shows any signs of contusion, laceration, or hematoma.

· Early detection of a cord contusion(TX: high dose steroids= better prognosis.

· **Remember that in spine trauma patient MR should be performed whenever neurological signs and symptoms are present even if the plain films are normal.

· Hangman’s fracture: fracture of the pars interarticularis of C2, due to hyperextension injury. Can include C3.

· Radiologist may remove the collar and obtain the oblique views with the patient turning his or her own neck, if no fracture was seen on the lateral, AP, and coned-down film of the odontoid process or a CT can.

· Burst Fracture: are comminuted fractures of the vertebral bodies with retropulsed fragments in the neural canal.  TX: Surgical decompression of the neural canal fragments.

· Compression Fracture: crumbling or collapse of small sections of the bones of the spine that occurs without any obvious cause, such as an injury. The bones of the spine are called vertebrae. More of the crumbling happens in the front of the bone than the back, causing the spine to bend forward. TX: conservatively.
· Osteomyelitis of the Spine: ( page 394-395)
· Refers to an infection of the vertebral body in the spine.

· It is a fairly rare cause of back pain, especially in young healthy adults. Symptoms of back pain due to a spinal infection often develop insidiously and over a long period of time. 

· May include constitutional symptoms such as:

· Fever, chills, or shakes 

· Unplanned weight loss 

· Nighttime pain that is worse than daytime pain 

· Most sensitive and specific study for spinal infection is a MRI scan with enhancement with an intravenous dye (Gadolinium). The infection will cause an increase in blood flow to the vertebral body, and this will be picked up by the Gadolinium, which will enhance the MRI signal in areas of increased blood flow.

· MRI: 
· Cerebrospinal fluid is BLACK
· Intravertebral disc is WHITE.
· Metastatic Bone Tumors: ( page 396-401)
· Metastatic bone tumors are MC than primary bone tumors.

· Malignant tumor may metastasize to bone, but the MC is breast, kidney, lung, prostate, and thyroid.

· Characteristically lytic (lucent) are most commonly from carcinoma of the kidney, lung, thyroid.

· Metastases from carcinoma of the breast are usually lytic, but they can turn blastic (opaque) with therapy.

· Blastic (opaque) spread to the bone in men is MC in prostate; can be either spotty or diffuse.

· Radioisotope bone scan
· Ideal initial survey study can detect bony metastases, trauma, arthritis, infection, and Paget’s disease.

·  Not specific for tumors, but are sensitive.

· “Hot spots” in asymmetrical areas of a bone scan represent metastases; not specific for tumor. However, symmetric sites of increased activity at joints are normal physes for a growing child.

· Metastasis of breast on MR will appear darker than normal bone, because fat signal appears white in normal bone; but with metastasis fat is reduced or eliminated in bone marrow.

· Multiple Myeloma:

· “Punched out lesions” seen after complaining years of bone pain with negative plain films.  Loss of cortical and spongy bone but no localized destruction.
· Renal Cell Carcinoma: 

· are often locally asymptomatic but usually are associated with fever and anemia; first clinical sign may be a symptomatic metastases

· EX: Man with an 8-week fever, also has anemia, urinalysis normal. Complains of right shoulder pain 
· Primary Bone Tumors: ( page 402-406)
· Malignancies:

· Osteogenic sarcoma- males 10-25

· Ewing’s sarcoma- MC in children. X-RAY-“onion-skin” pattern

· Chrondrosarcoma- >40 yrs old

· Osteosarcoma- Occurs in males in their 20’s.  X-Ray- Codman’s triangle;” sunburst pattern” Densely ossified soft tissue and intraosseous mass, thickening of cortex from periosteal reaction, and ray-like extension outward into the soft tissue.
· Giant cell tumor-only with patients with closed epiphyses, lesions has sharply defined borders that are not sclerotic. If patient has knee pain then the tumor has expanded through the cortex of the tibia.

· Benign Tumor:

· Bone cyst- asymptomatic until fractured or benign x-ray finding. Usually seen in children in the proximal humerus & femur.  Responds well to steroid injections.

· Fibrous dysplasia- usually asymptomatic and seen in the skull, ribs, and long bones. Characteristic x-ray appearance “ground-glass”

· Enchondromas are growing, expanding cartilaginous tumor, common in the metaphysis of long bones and in the hands and ribs.  Intramedullar lesion usually seen in the hands.  Appears punctuate calcifications on x-ray.

· Osteoblastoma- lesion usually in the dorsal spine; may cause fracture. X-ray(well-defined “expansile lesion”

· Osteochondromas- MC in the knee area. Exophytic lesion emerging from metaphysis on x-ray.  Usually benign in children; may be metastatic in adults.

· Osteoid osteomas- MC Young males with intense bone pain responding to aspirin. X-Ray- “coin-lesions” .

· Musculoskeletal MR Imgaing: (page 407-409)
· MR= soft tissue imaging and joints (to visualize ligaments and cartilage):

· T1( fat (white)

· T2( fluid




                (Brightness)


	T1
	High signal
	Low signal

	
	· Fat
· medullary bone
	· blood (gray)
· solid mass, cysts, air, compact bone

	T2
	High signal
	Low signal

	
	· tumors, solid masses, CSF, cysts
	· compact bone, blood, fat, air


· Menisci appear triangular-shaped structures of low intensity; injuries and tears increase the MR signal.  Before the advent MR, contrast injection into the knee joint space was required to visualize the menisci; called arthrography, this procedure this was uncomfortable for patients.
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