Ch. 7 pg. 299-314

Trauma

-Subluxation = partially displaced apposing joint surfaces (may be transient)

-Dislocation = completely displaced apposing joint surfaces

-Fractures(fx) described by type, site, pattern, and degree of displacement

--Type: open = broken skin or mucosa, contaminated by definition; closed = no broken skin or mucosa; stress = repeated microscopic fxs (army recruits); pathologic = minimal stress/trauma

--Site:  bone affected; epiphysis (suggests intraarticular fx), metaphysis, diaphysis

--Pattern:  transverse (nightstick fx), spiral or oblique, comminuted, impacted, compression, greenstick

--Displacement:  Described in terms of apposition, angulation, rotation, and length; distal fragment always named relative to proximal; varus = deformity apex away from midline; valgus = apex toward midline (fig. 7-9 pg. 303)

Salter-Harris Classification of Growth Plate Fxs (fig. 7-10 pg. 304)

--type 1 = separation of epiphysis from metaphysis

--type 2 = fx through growth plate exiting through metaphysis

--type 3 = fx through growth plate exiting the epiphysis into joint

--type 4 = fx from metaphysis through growth plate and exiting epiphysis

--type 5 = crushing of growth plate

--type 3 and 4 have highest incidence of growth disturbance

-Evaluation of musculoskeletal trauma = inspect entire extremity, assess vascular integrity and neuro status

-Complete radiologic eval. = 2 views at right angles, include joint above and below, known injury associations warrant special radiographic exam (ie. c-spine films for pts. with facial/head injuries), treat as if fxd if clinical suspicion high with neg. films

Stages of fx healing (fig. 7-1 pg. 305)

--1. Hematoma (immediate)

--2. Inflammation and cell. proliferation (hours to weeks)

--3. Soft callus (2 days to 6 weeks)

--4. Hard callus (1-4 months)

--5. Bone remodeling (2-24 months)

Fx management

--Splint including joint above and below fx in field to prevent motion, limit blood loss, and decrease pain

--Open or closed reduction to restore apposition/alignment

--Immobilization with casting, traction, functional bracing, external or internal fixation; continuous skin traction runs risk of skin breakdown; skeletal traction requires pin placement usually in proximal tibia or olecranon process; excessive traction can cause nonunion and peripheral n. injury; internal fixation devices include screws, plates, wires or bands, and intramedullary rods; external fixation is minimally invasive with small screws and an external outrigger frame; indications for internal/external fixation on pg. 308 tables 7-2/7-3

--Rehabilitation of function:  limb is immobilized in position of max. function; isometric exercises; range of motion for adjacent joints

-Clinically, healing is evident when the fx is no longer tender to palpation or stress

-Radiographically, healing is evident when distinct bony trabeculae are seen crossing the fx site

Local complications of fx healing
--Infection, delayed union, nonunion, malunion, avascular necrosis, growth disturbances

--Nonunion may result in formation of synovial membrane around fx(pseudarthrosis

--Malunion(healing with deformity that causes cosmetic or functional impairment; may require surgical refx. (osteoclasis) or corrective osteotomy

--Avascular necrosis common in femoral head, scaphoid, and talus

--Growth plate injury can be detected only by serial radiographs; <1cm well tolerated, 1-2cm managed by shoe lift, >2cm requires fusion of opposite growth plate (epiphysiodesis)

--Posttraumatic arthritis common with intraarticular joint surface fxs.; articular cartilage has no blood supply and depends on synovial fluid for cell. nourishment, therefore mounts minimal healing response and usually suffers permanent damage
Joint dislocation

--Neurovasc. structures frequently injured; may not always be acute injury b/c partial injury may slowly cause thrombus formation; serial neurovasc. assessments required

--Closed reduction usually w/ post-reduction films

Common Musculoskeletal injuries

--Carpal scaphoid fx(usually after fall on outstreached hand; treat as if fx if mech. of injury suggestive and pain in anat. snuff box (even w/ neg. films); above-elbow cast
--Colles’ fx. (transverse fx of distal radius, often with ulnar styloid fx.; reduction w/ splint from elbow to palm; median n. often injured(doc. function b/f and after manipulation; shoulder-hand syn(shoulder/finger stiffness from disuse

--Olecranon fx(direct blow to point of elbow

--Supracondylar humerus fx(common in 5-10 y/o; may entrap the brachial a. and the median and radial n.; risk for development of forearm compartment syn (Volkmann’s ischemic contracture)

--Shoulder dislocation(most freq. dislocated joint in body; >90% humeral head ant. to scapular glenoid fossa; axillary n. and a. can be injured; post. dislocation rare but often misdiagnosed due to misinterpretation of AP radiograph; post. dislocation should be considered after seizure or electrocution b/c of strength of internal rotators

--Hip fx(femoral neck and intertrochanteric fxs. most common; in both the limb is externally rotated and shortened; intertrochanteric is extracapsular, has a good blood supply, and usually heals

--Femoral shaft fx(femoral shaft strongest bone in body, requires high-energy trauma; 1-3 units of blood may be lost into thigh and pt. may present in hypovolemic shock; closed interlocked intramedullary nailing is the preferred treatment

--Hip dislocation(often after MVA w/ knees striking dashboard; may stretch sciatic n. and result in foot drop

--Tibia and Fibular shaft fx(Tibia fxs. often open and contaminated; at risk for compartment syn; complications most freq. cause of trauma-related orthopedic malpractice suits; closed reduction and above-knee cast

--Ankle injuries(common in young, athletic individuals; may involve ligamentous and bony structures; transverse fx line occurs from tensile or “pulling off” force; transverse med. malleolus fx suggests abduction (eversion) force; transverse lat. malleolus fx suggests adduction (inversion) force; perfect open reduction w/ internal fixation req. for displaced ankle fx
-Spinal fx(spinal stability is critical; complete and detailed neuro assessment ASAP; any injury above clavicle = spinal injury until proven otherwise; minor wedge compression fx of lower thoracic or lumbar spine often dev. ileus from retroperitoneal bleeding and pt. shouldn’t be fed enterally until ileus resolved

-Pelvic fx(associated w/ massive blood loss and multiorgan system injuries; emergency pelvic stabilization essential to trauma resuscitation; blood at external urethral meatus or inability to pass urine indicates retrograde urethrogram b/f indwelling catheter is placed; blood in rectum or vagina may indicate open pelvic fx

Ortho (314-325):

I. Traumatic Amputation & Replantation

a. General rule: greater the amt. of muscle tissue on amputated part = poorer prognosis (muscle is sensitive to ischemia)

b. Kids vs. Adults: kids do better – reattach at any level in kids (limited in adults)

c. C.I. for replantation:

i. Large crush/avulsion components

ii. Body parts that have been amputated at many levels

iii. Individual digits (except thumb)

iv. Amputations in elderly with other medical & mental conditions

d. Tissue viable for 6 hours (36oC) or 16 hours (10oC) – never use dry ice

II. Compartment Syndrome (pressure >30-40 mmHg)

a. Caused by: fractures, muscle contusions, or acute vascular occlusion

b. Common in:supracondylar distal humerus, radius & ulna (“double bone forearm), & proximal third tibial fractures

c. 4 P’s: Pain, paresthesia, paralysis, pallor (pulselessness NOT included)

III. Sports Injuries

a. Stress fx: occur when people have increased levels or changes in habits & training

i. Thought to occur as result of fatigue – muscle are tired & don’t provide “stress-shielding” for the bones

ii. High radiographic false neg rate; need to get bone scan

b. Lateral epicondylitis (Tennis elbow): injury of wrist extensor muscle origin (at lateral humeral epicondyle) –extension needed for power grip & to dissipate force when hand-held object is used for striking

i. Tx: mainly non-operative (rest, heat, anti-inflammatories, PT)

ii. Occasionally, granulation tissue needs to be removed

c. Rotator cuff Tendonitis: as shoulder abducts, rotator cuff muscles contract under coracoacromial arch, arch becomes narrower & impinges upon muscle tendons

i. Dx w/ arthrogram, U/S, MRI

ii. Tx: rest, exercise, anti-inflammatories

iii. Surgical decompression of coracoacromial arch indicated if condition becomes chronic or to repair torn rotator cuff tendon

d. Plantar fasciitis (heel spur): thick fibrous structure attached to calcaneus that fans distally to envelope metatarsal heads (Prob during propulsive toe-ff phase of gait)

i. Inflammatory reaction produces traction spike of new bone (bone spur)

ii. Tx: typically nonoperative (rest, meds, wt. loss, proper shoes, etc)

e. Patellar overload syndrome (Chondromalcia patella): abnormally loaded or malaligned patella becomes irritated & becomes soft

i. Pain is anterior, aggravated by extensor/quadriceps motions (going up/down stairs, arising from chair, squatting, etc)

ii. Tx: rest, anti-inflam meds, “knee sleeves,” straight leg raises to strengthen quads (avoid exercises over full range of motion)

f. Exercise compartment syndrome (shin splints): due to decreased blood flow during contraction of muscles & more perfusion during relaxation

i. Recreational runner: pain in ant. compartment of leg, worse w/ exercise

ii. Competitive runner: in deep post. compartment of leg

g. Sprains: ligament injury, injured under tensile or stretching load

i. Grades of damage

1. I: microscopic damage – tenderness but no change in joint laxity

2. II: rupture of entire fascicles of ligament (partial tear) – joint laxity when stressed

3. III: Grossly disrupted (complete tear) w/ total loss of joint stability

ii. Ankle: lateral ligaments most common (inversion stress)

1. Abnormal anterior drawer test of ankle & inversion talar tilt

2. Tx: ice, elevation, compression, early weight-bearing, balance-board proprioceptor retraining (reduce recurrence)

iii. Knee: 

1. Collateral ligaments: damaged by traumatic violence

a. Detected by mediolateral laxity (usually in knee extension)

b. Lat. – concurrent peroneal n. injury (close proximity), often injured w/ a cruciate lig.

c. Med. – if isolated, tx w/ hinged cast brace

2. Cruciate – Drawer signs

a. ACL: intrasynovial lig.– commonly w/ bloody joint effusions

i. 50% also have meniscus tear

ii. Concurrent medial collateral lig. tear w/ valgus (abduction) stress

b. PCL: often concurrent popliteal a. injury, get patellar overload & arthritis

3. Surgical repair: if younger patient (more active)

a. Cruciate lig: use allo- or autografts

b. Collateral lig: direct sutured repair

h. Meniscal tear: pain & tenderness localized to joint line, swelling

i. Knee giving way = posterior tear, knee locking = bucket-handle tear

ii. Healing: longitudinal tears in peripheral 1/3 heal well (very vascularized)

iii. Total meniscectomy leads to tibeofemoral arthritis so need to tx w/ partial excision (arthroscopic sgx)

i. Acromioclavicular (shoulder) separation: injured after blow or fall onto acromion

i. Class I? (not in book)

ii. Class II: a.c. ligament alone is torn, clavicle is subluxed from acromion

iii. Class III: Both a.c & coracoclavicular ligaments torn & joint dislocated

1. Tx – both surgical & non-surgical equivocal

j. Gamekeeper’s thumb: injury to ulnar collateral lig. of MCP joint in abduction 

i. Occurs in skiers (fall w/ pole) & in ball-handling sports

ii. Weak pinch & pain; place in 35 deg. flexion to stress test

iii. Tx: lig exploration w/ repair or reattachment 

k. Mallet (baseball) finger: due to jamming blow to tip of extended finger

i. DIP will be flexed/ can’t extend 

ii. Tx w/ 6 wks of full DIP extension

l. Boxer’s Fx: ulnar fist strikes object & little finger metacarpal neck fractures

i. Tx: closed reduction & plaster immobilization 

m. Achilles tendon rupture: often in middle-aged athletes or in steroid use

i. Severe pain in calf, swelling, echymoses, possible palpable gap btw tendon ends, weak active planar flexion

ii. Thompson test: verifies whether Gastroc.-soleus complex is still intact

1. Patient knees w/ foot hanging free & calf is squeezed

2. NL response = plantar flexion; Lack of flexion = tear

3. Sgx more expedious repair

4. Can tx w/ long leg cast w/ foot in plantar flexion

n. Turf toe: hyperextension of great toe MTP joint (football pile-up injury)

i. Plantar great toe pain w/ passive extension

ii. Tx: rest, tape toe in plantar flexion, & use of stiff-toed shoes

o. Myositis: bone deposited in muscle after blunt injury (often quads)

i. Deep muscle tenderness & loss of joint movement

ii. Self-limited, but retarded by NSAIDs 

iii. If lesion is large or causes mechanical probs, need sgx (if early/within 18 mo., high rate of recurrence)
Pediatric Musculoskeletal Problems(325-337)

Lower Limb Torsion

· Most common group of childhood “deformities” is actually normal variations of musculoskeletal form.  These include flat feet, bowlegs, knock-knees, intoeing, and outtoeing.  They usual resolve by adolescence, and thus are considered part of the natural process of skeletal development.

· The average child obtains half its adult size/stature by age 2.

· Common deformities of in- and out- toeing are a result of three lower limb sites: 

1. Femur: ante- or retroversion.  

2. Tibia: internal or external torsion

3. Forefoot: metatarsus adduction

· Rotational variations are most commonly due to intrauterine positioning.  The cramped intrauterine confines and molds the child’s bones.  Certain sleeping or sitting postures may accentuate these conditions and delay resolution.

· Femoral version describes the anatomic relationship of the femoral head and neck that are not coplanar with the femoral shaft.  The femoral neck is offset from the shaft in the coronal plain by usually 40% at birth and decreases to 10% by adulthood.

· All rotational deformities are best evaluated in the prone position.  

· Femoral anteversion, which causes intoeing, is present when medial or inward rotation of femur is in excess of 30° more than external femoral rotation.  (See Fig. 7-38)

· External or outward rotation that is excessive causes outtoeing.  Outtoeing is also called slewfooted.

· Internal or external tibial torsion is assessed by the thigh-foot angle (the angle that the sole of the foot makes with the thigh when the child’s knee is flexed in the prone position and is viewed from above).

· Normal lateral border of tibia is straight.  If it is curved inward or isconvex, metatarsus adductus is present.  If foot is flexible and can be passively corrected to neutral alignment, no treatment is necessary.    If deformity is rigid, correct serial casting is the treatment. 

· Metatarsus adductus is often associated with tibial torsion due to intrauterine positioning and is the most common lower extremity rotational problems.

Angular Limb Deformities

· Normal, nonambulatory infants have physiologic bowlegs with tibiofemoral angles of 20° or more of varus (bow) that corrects at 18 months as the tibia and femur become colinear.

· Normal adult tibiofemoral angles of ~7° of valgus are achieved by age 3.

· Pathologic conditions that can cause knee bowing include chondrodysplastic dwarfism and Vit. D–resistant rickets.  Bowlegs persistent beyond age 2 warrant radiographic evaluation.  

· Flat feet – common skeletal variation.  Most common type = hypermobile/flexible flat foot.  Absent longitudinal arch of foot in stance, but reconstitutes when foot is non-weight bearing.  Usually asymptomatic, caused by ligamentous laxity.

· Flat foot associated with tight heel cord may be caused by muscular dystrophy or cerebral palsy.

· Developmental dysplasia of the hip (aka congenital dislocation of the hip): 1/3 are bilateral, F>M.  All newborns and infants must be examined for hip instability because early diagnosis renders treatment more effective. Ortolani’s sign:  palpable jump/click on exam. Infant’s thighs are grasped, hip and knee are flexed 90° and the thigh is abducted while the greater tochanter is gently pressed forward in the anterior direction maneuver. Signals that femoral head has been reduced into acetabulum and that hip was dislocated.

· Barlows’s sign:  adduction and posterior pressure is applied by the thumbs over the femoral head, will lever the hip out of the acetabulum if the hip is unstable. 

· These two tests most helpful in first 2 wks of life.

· After 1 month, limited hip abduction is most reliable sign.  Asymmetry of thigh and buttock folds or telescoping of the flexed femur are other signs.

· When child begins walking, if unilateral – short leg limp.  If bilateral – waddling, hyperlordotic gait.  

· Femoral head is cartilaginous until almost 9 months of age, thus not visible on xray.  US shows cartilage well and is useful in infancy- shows dislocated hip displaced lateral and superior to a shallow acetabulum. 

· Treatment:  

· Early: manipulative reduction.  Prognosis for nl hip function is good.

· After walking:  Operative hip reduction and hip must be maintained in a cast.

· Legg-Calve-Perthes Disease:  osteonecrosis of the femoral head in children 4-8 yrs old.  M:F = 8:1.  Hip displacement referred to medial knee in distribution of obturator nerve.  

· Hip will display subtle decrease in range of motion, especially in abduction and internal rotation.  

· Trendelenburg limp due to decreased hip abduction – torso lurches over affected side during walking.

· Self-limiting – has 2-4 yr course.  Radiographs show minimal findings w/ difuse osteoporosis and hip-joint space widening early. 

· Pathologic fractures of dead trabeculae may occur w/ weight-bearing loads, causing flattening of femoral head.

· Treatment:  traction to regain motion followed by bracing or surgical osteotomy to protect the hip from localized stress concentration and bony collapse.

· Slipped Capital Femoral Epiphysis:  Fracture of proximal femoral growth plate, causing childhood limping

· M>F, 1/3 are bilateral, peaking age 10-14.  Two distinct body types this occurs in: obese children with delayed gonadal development and very tall children who have grown rapidly.

· Presenting s/s:  Limp, pain localized to knee or groin, affected leg held externally rotated, internal hip rotation is painful.

· Displacement more apparent on lateral radiograph – femoral head appears posterioly on femoral neck.

· Untreated – femoral head/neck slippage continues until growth ceases. 

· Treatment: femoral head fixed with multiple pins

· Congenital Club Foot: (aka talipes equinovarus) Etiology unknown. M>F, 1/3 are bilateral.

· Characterized by three deformities

1. Ankle or talus is plantar flexed

2. Hindfoot or calcaneus is inverted into varus

3. Navicular bone and forefoot is shifted medially and supinated

· Untreated: causes patient to walk on lateral border of foot, posterior muscles of foot atrophy and are contracted.

· Treatment: corrective casts applied immediately with the gradual application of force to correct the three deformities.  When refractory to casts, surgical release of tight soft tissue structures of poster medial foot and ankle are indicated. 

· Scoliosis:  curvature of the spine that is either flexible (correctable) or fixed (structural).  

· Structural scoliosis is a rotational vertebral deformity that is not corrected by a change in posture.  Causes asymmetry of the rib cage that is most noticeable when patient bends forward.  

· If trunk laterally shifted and not centered over pelvis – said to be decompensated and is associated with increased back pain.  

· Structural scoliosis causes:  neuromuscular dz (myelomenigocele, cerebral palsy), congenital vertebral deformities, or neurofibromatosis.  

· Mobile/correctable scoliosis caused by: poor posture, muscles spasm due to prolapsed disk, compensation for a short leg.

· Congenital scoliosis:  presents in early age, rapidly progressive.  Neuromuscular scoliosis curves – involve full length of spine.  Neurofibromatosis scoliosis curves – short, severe curve.

· Most common cause: idiopathic.  Presents as painless progressive deformity of throacolumbar spine during adolescence.  F:M = 9:1.  Vertebral bodies become wedge shaped and ribs prominent on the convex side of the curve.  

· Severe curves can compromise cardiopulmonary function and may develop degenerative spinal joint pain.  

· Treatment:  Prevent curve from increasing in magnitude by use of spinal braces for smaller curves, surgical correction and spinal fusion for large rapidly progressive curves.

Infectious Diseases of the Musculoskeletal System

· Osteomyelitis:  Infection of the bone.  Occurs by way one of four mechanisms:

1. Hematogenous spread from distant site

2. Contaminated from open fracture

3. Post-operative bone procedure

4. Extension from contiguous infected foci

· Acute Hematogenous Osteomyelitis –  causative agents:  0-3 months = coliforms from birth canal, up to 3 yrs = H. influenza from otitis media, all ages = S. aureus.

· Metaphyses is the most common site of acute hematogenous osteomyelitis.  Epiphyseal infection possible in infants.  

· As bacteria multiply, pressure in metaphyseal tissue increases since bone in unyielding, causing intense pain.  Infection is forced through thin metaphyseal cortex ( spreads beneath periosteum( periosteum stripping ( causes new bone growth which is seen on readiographs.

· Clinical presentation:  Severe pain at end of long bone with guarding, unwillingness to move limb. With septicemia – fever, irritability, malaise.  Soft tissue swelling occur late, indicating spread of infection beyond bone.  Radiographic changes are late, may not be seen until 1 wk.

· Blood cultures and bone marrow aspirate for culture/gram stain are indicated.  

· Parenteral antibiotic treatment specific to age group should be initiated at presentation.  

· If no improvement within 24hrs of start of antibiotics ( surgical drainage of subperiosteal pus and bone drilling

· Late complications:  persistent or recurrent chronic osteomyelitis, pathologic fractures and growth disturbances. 

· Adult osteomyelitis most typically occurs following open fracture and postop complications. 

· Treatment of open fracture with repeated debridement, fracture stabilization, antibiotic therapy and delayed wound closure decrease risk.

· Treatment for infected implant is removal.

· Chronic osteomyelitis – bacteria from original infection protected from leukocytes and antibiotics by surrounding wall of avascular dead bone. They remain dormant and can multiply many years after acute infection.  

· Septic Arthritis:  Bacteria invade synovial joint, inflammatory process can cause rapid, severe destruction of joint surface cartilage.

· Joints most commonly involved are those in which metaphysic resides in joint capsule:  hip, elbow, shoulder.  In these joints, osteomyelitis can erupt through the cortex to involve the joint in the septic process.

· Causative organisms of septic arthritis are the same as those for osteomyelitis:  Gram – , especially H. influenza, in children up to age 3, staph in all age groups.  

· Adult causes include penetrating wounds and manifestation of disseminated gonorrhea.

· Presentation is a restricted painful joint motion that is tender to palpation.

· Treatment delay has dire consequences, so clinical suspicion is enough to warrant emergency joint fluid aspiration for culture and gram stain.

· Most effective treatment is surgical incision and drainage of joint capsule (arthrotomy), abscess drainage, debridement, and joint irrigation.  IV antibiotics are indicated.

· Complications:  painful arthritis, epiphyseal necrosis, pathologic joint dislocation, growth disturbances, leg length discrepancies, and limb deformity.

· Infected hand flexor tenosynovitis:  Flexor tendon sheath infection is serious because it can rapidly destroy the tendon’s gliding mechanisms, create adhesions, and cause severe loss of joint motion.

· Staph aureus is the prevailing infectious agent.  

· Most common cause is penetrating injury.

· Four physical signs:

1. Digit is large and swollen

2. Finger held in flexed position

3. Tenderness over tendon sheath

4. Exquisite pain with passive digit extension

· Requires emergent care with parenteral antibiotics.  Delayed resolution treated with surgical drainage with antibiotic irrigation.

Inflammatory Diseases of the Musculoskeletal System

· Osteoarthrosis (aka degenerative disk disease):  most prevalent form of arthritis affecting adults.

· Progressive deterioration of joint surface cartilage and a hypertrophic response of misdirected bone and cartilage growth causing osteophyte formation.

· Mechanical joint stresses are related to its development.  Results from joint surface incongruity, malalignment, and joint instability.  

· Most common in weight-bearing joints of lumbar spine, hip, and knee.

· Pathologically, articular cartilage becomes softened and focal cartilage erosions expose underlying subchondral bone.  At periphery of joint, spurlike bony outgrowths covered by hyaline cartilage (osteophytes) develop as a biologic attempt to decrease joint stress by increasing joint surface area and decreasing motion. 

· Radiologic hallmarks include:  

1. Joint space narrowing

2. Subchondral bone sclerosis and cyst formation

3. Osteophytic bond hypertrophy

· History of joint stiffness and slow progressive loss of joint motion is typical.

· Pain and crepitus a crackling sensation occur with joint motion.

· Osteoarthritis is a local disease, multiple joint involvement suggests collagen vascular disease.

· Heberden’s nodes:  osteophytes form over dorsolateral distal interphalangeal joints of the finger.

· Medical treatment:  activity modifications, weight loss, physical therapy, NSAIDS, analgesics for acute flairs, intra articular steroid injections.

· Surgical treatment:

1. Angular osteotomy for joint realignment:  realigns extremity, corrects deformity, and shifts weight-bearing forces from worn joint surfaces to healthier cartilage.  Considered for younger patients with focal arthrosis.

2. Total joint replacement:  replacement of articulating surfaces with low-friction polyethylene surfaces.  Profoundly relieves pain in more than 90% of cases.  Reserved for older patients with severe arthrosis.

3. Joint Arthrodesis:  converts painful arthritic joint into a painless fused joint.  Indicated in young active patients with isolated joint involvement.

· Rheumatoid Arthritis:  chronic polyarthritis with relapsing, remittent course that ultimately leads to progressive joint destruction, deformity, and incapacitation.

· F>M = 3:1.  Persons with a HLA-DR3 haplotype are at high risk.  

· Autoimmune disease- 80% have autoantibodies to Fc region of IgG.  This IgM antibody is called rheumatoid factor.  The presence of RF is not diagnostic but high titers associated with increased severity of disease, multisystem involvement and poor prognosis.

· Pathology:  Synovial membrane becomes infiltrated with macrophages and lymphocytes and hypertrophies causing joint swelling and effusions.  

· Extraarticular manifestations include vasculitis, neuropathy, iritis, lymphadenopathy, and splenomegaly.

· Radiologic:  

1. Soft tissue swelling and periarticular osteoporosis are early signs of RA.  

2. Diffuse cartilage destruction leads to joint space narrowing and bone erosions.

3. Joint deformity, cystic bone destruction and joint ankylosis mark end-stage disease.

· Treatment:  Early states- drug therapy or surgical removal of deceased synovium.  Advanced – tendon ruptures repair, excisional or replacement arthroplasty helps to restore mobility and function.  

· Gout:  microscopic analysis of joint fluid under polarized light reveals splinterlike, monoclinic, negatively birefringment uric acid crystals

· Pseudogout:   positive birefringment, rhomboid-shaped, calcium pyrophosphate dehydrate crystals

· Bone Necrosis:  caused by interruption of the blood supply.  Femoral head, talus, carpal lunate, and scaphoid are prone to avascular necrosis.

· Patients on glucocorticoid therapy constitute the largest group developing nontraumatic osteonecrosis.  

· Pathology:  Bone cell and marrow necrosis occur within 24 hrs of loss of blood supply.  There is often a delay in onset of symptoms, up to 5 years after original necrosis.  MRI is the most sensitive method of detection.

· As vessels invade the necrotic zone, new bone is laid down and old bone removed by osteoclasts.  This process weakens femoral head, and with weight-bearing causes subchondral bone to collapse, thus painful joint degeneration. 

· Presentation:  painful limited active motion, 2/3 complain of pain at rest.  Osteonecrosis of femoral condyle occurs with the sudden onset of severe knee pain not associated with trauma.  

· Treatment:  The prevention of joint loading until natural healing is completed is the basis of conservative treatment.  If volume of dead bone is large, joint replacement is reasonable.  
Ch. 7 Orthopedic Surgery; pgs. 337 – 350

Degenerative Diseases of the Spine
Low back pain: A&P- vertebral motion occurs through a 3-joint complex = symphyseal disc and two posterior synovial facet joints.  Disc composed of central gelatinous nucleus pulposus and an elastic peripheral encasement = annulus fibrosus.  Lumbar vertebral facets are oriented in sagittal plane so they only allow flexion/extension motion.  Thoracic vertebral facets are oriented in a more horizontal plane which allows more lateral bending and rotational movement.  Ligaments include anterior and posterior longitudinal ligaments, ligamentum flavum, and the inter- and supraspinous ligaments Fig 7-49.

80 – 90% of low back pain is of unknown etiology and unidentifiable pathology.  Most cases of back pain result from myofascial strains, minor ligament injury, or overuse arthritis. These injuries remain localized to the back, and most pain resolves within six weeks.

Spondylolysis – fracture occurs immediately caudal to the superior facet in a place called the pars interarticularis fig. 7-50.

Spondylolisthesis – anterior shift of one vertebrae on another, most likely after bilateral spondylolysis.

Disc herniation​ – 30-50 year olds, most commonly L4-L5 and L5-S1, which are most mobile lumbar segments.  Ruptured L4-L5 disc affects the L5 nerve root. Annulus fibrosus loses its elasticity especially in the posterior where it is thinnest.  Pain starts in back and radiates to leg and foot.  Ankle dorsiflexion accentuates the pain whereas ankle plantarflexion should not affect it.  Cauda equine syndrome: massive disc herniation compressing multiple S1-S4 roots, leading to bowel and bladder incontinence.

Spinal Stenosis – encroachment of spinal canal or foraminal contents by degenerative hypertrophic spondyloarthritic changes.  Occurs in elderly, causes back/leg pain and weakness, spinal flexion provides pain relief.  Back pain Differential Dx. On pg. 340 right text column.
2 Absolute indications for surgical decompression: 1) when disc herniation causes progressive neurologic deficit.  2) when cauda equine syndrome is suspected and bowel/bladder incontinence is present.  Spinal surgery should be performed within 6 months of the onset of symptoms. 

C-Spine

Cervical disc protrusion – when disc material presses on the posterior longitudinal ligament neck pain/stiffness may be referred to the scapular region.  When disc material herniates posterior and lateral to post. long. ligament it may impinge on the cervical nerve root.  Causes radicular pain, numbness, focal motor weakness, and weakening/loss of upper extremity DTR’s.  Most common disc ruptures occur at C5-C6 and C-6-C7. 

Lushka’s joints – hard discs form due to osteophytes forming at the posterior disc margin, produces same clinical picture as nucleus pulposus herniation.

Metabolic Endocrine Disorders
Normal bone is 70% mineral (calcium and phosphorous in a hydroxyapatitie crystal) which resists compressive forces, and 30% organic matrix (type 1 collagen) which resists bending and twisting stess.

Osteoporosis – chemical composition of bone is normal, but total bone per unit volume is less than would be expected for person’s age/sex.  #1 type of osteoporosis is involutional senile type, seen in postmenopausal white women.  Si/Sx = compression fx’s of vertebral bodies or fx’s of proximal femur, humerus, or distal radius. 

Osteomalacia – due to deficiency in the mineral content of bone.  Bone matrix is incompletely calcified.  But clinically and radiographically osteoporosis and osteomalacia are very similar.  Causes include: low dietary vit d, low calcium intake, GI malabsorption of calcium, problems with enzymatic conversion of vit D, or defective renal calcium and phosphorous handling.  Pediatric form of osteomalacia is called Rickets and is due to dietary vit D deficiency and lack of exposed sun light.

Hyperparathyroidism – produces diffuse bony osteopenia.  PTH causes increased calcium release from bones, calcium absorption from intestine, and calcium reabsorption by kidney.  Cause net increase in plasma calcium and decrease in plasma phosphorous.

Paget’s Disease – (osteitis deformans) excessive bone resorption and unregulated abundant bone formation. Si/Sx’s = bone pain, progressive lower limb bowing, or head enlargement.  Alkaline phosphatase levels can be markedly elevated.

Neoplasms of Bone
Most likely mets from primary tumors of breast, prostate, lung, kidney, and thyroid.  Usually metastasize to bones with rich blood supply such as spine, ribs, skull, pelvis, and long bone metaphyses.  Table of most frequent primary bone tumors on pg. 347-348 Tables 7-8 and 7-9.  Plain film x-ray can show whether tumor is benign and slow growing (well-demarcated with a reactive zone of bone formation) or malignant (undemarcated, destructive, with little surrounding bone formation).  Treatment depends on tissue diagnosis, degree of cell anaplasia, extent of spread, patient’s medical condition, and sensitivity of tumor to treatment modalities.  Modalities include surgery, chemotherapy, or radiotherapy.  

Gait
Normal gait cycle Fig. 7-58 pg. 349.  Cycle is divided into stance phase (60%, which is when foot is contact with the ground) and the swing phase (40%, when foot is off ground).  Antalgic (pain-relieving) gait is manifest by a decreased stance phase of affected limb, swing phase on opposite side is shortened = shortened step length.  Compensatory mechanisms for clearing a dropped foot include: Hip-hike gait = elevating the ipsilateral pelvis, or circumduction gait = swinging the leg out to the side.  Trendelenburg gait – weakness of hip abductor muscles (gluteus medius and minimus) allows contralateral pelvis to sink downward during stance, to compensate pt’s torso lurches laterally over weakened hip.  Flat-footed (calcaneal) gait results from gastrocnemius or soleus weakness.  
Head Injury
p. 356-365

Intracranial Disease
Anatomy and Physiology intracranial disease

· CNS has regional and lateralized specialization of function

· Specialization is both segmental and hierarchical

· Hemispheres are connected by corpus collosum; composed of outer layer of gray cortex (containing neurons), middle layer of white matter (containing axons), and an inner mass of gray matter (containing neurons)

· Sylvian fissure separates frontal lobe and temporal lobe

· Rolandic fissure separates frontal lobe and parietal lobe

· Lesions in cerebral hemispheres produce focal neurologic signs that reflect regional segregation of function

· Lesion of anterior frontal lobe – causes loss of restraint and flattening of affect

· Lesion of posterior frontal lobe – causes contralateral hemiparesis and hyperreflexia (b/c of involvement of motor area)

· Lesion of anterior parietal lobe – causes contralateral hypesthesia and loss of fine sensibility (b/c of involvement of sensory area)

· Lesion of left hemisphere – language problems in right-handed and most left-handed subjects

· Broca’s aphasia – sparse speech (expressive, nonfluent aphasia); caused by lesion of posterior inferior frontal lobe (just over L sylvian fissure)
· Wernicke’s aphasia – loss of speech comprehension and flow of unintelligible utterances; caused by lesion in left inferior parietal lobe or below the fissure in the superior temporal lobe
-olfactory nerves extend from nasal mucosa through cribriform plate, synapse in olfactory bulbs, to hippocampal gyrus and amygdale, lesion in amygdale may cause olfactory seizures w/ unusual smell

- lesions of hippocampus – difficulty w/ memory, changes in affect, temporal lobe (partial complex) seizures

- internal capsule is major channel for motor and sensory pathways

- thalamus

- non-specific thalamic nuclear groups are extensions of reticular formation of brain stem, involved in arousal and alertness, coma when RF is damaged

- ventral posterior thalamus – somatosensory input from spinal cord and brain stem goes to VP then to parietal lobe

- posterior thalamus – special sensory afferent information goes from post. thalamus to cortex; medical geniculate nucleus- hearing; lateral geniculate nucleus – vision

- anterior nuclei – receive limbic input from mamillary bodies; related to memory and emotion

- hypothalamus – integrates cortical input to coordinate emotional, autonomic, and neuroendocrine responses 

- optic nerves – only portion of CNS that can be directly visualized (w/ opthlamoscope), pathway:  retina, optic chiasm, optic tracts, lateral geniculate nucleus, optic radiations, occipital lobe

- bitemporal hemianopia – lesion in optic chiasm

- homonymous hemianopia – lesion in optic tract, radiations, or occipital lobe

- brain stem – subdivided into mesencephalon (midbrain), pons, and medulla; continuous rostrally with thalamus and internal capsule

- dorsal brain stem (tegmentum) – contains reticular formation, brain stem nuclei, and lemniscal sensory tracts;  roots of CN V, VII, IX, X, and XI exit tegmentum laterally; roots of somatic motor nerves, III, VI, and XII exit ventrally near midline; CN IV exits dorsally

- reticular formation of brain stem controls respiration, heart rate, blood pressure, and consciousness

- most long tracts that pass between spinal cord and brain stem cross at spinomedullary junction; so lesions of motor or sensory system on one side of brain causes symptoms on opposite side of body

- cerebellum connects to brain stem by three pairs of peduncles that provide input and outflow; inferior cerebellum is connected to vestibular nuclei of brain stem

- major blood supply to brain is from Circle of Willis; receives input from internal carotid artery and basilar artery

- when CSF leaves fourth ventricle, it enters subarachnoid space and mostly travels up through tentorial incisura, over the cerebral hemispheres, to the arachnoid villi, and is absorbed into dural venous sinuses

Evaluation

- mental status, orientation to person, place, and time, speech expression and comprehension, drawing, mental arithmetic, and remote, current, and immediate memory

- cranial nerve tests:  visual acuity, visual fields, pupil size, reactivity, examine optic discs for papilledema, hemorrhage, exudates, and pallor, extraocular motion, facial sensation while distinguishing entire facial weakness vs. weakness that doesn’t include the forehead (lower face weakness – contralateral cerebral (supratentorial) lesion, lower face + forehead weakness – facial nucleus or facial nerve), tuning fork evaluation of hearing, voice, palatal elevation, gag reflex, sternocleidomastoid strength, tongue protrusion

- motor tests:  strength, gait, drift in outstretched supinated upper extremities; if unresponsive, test purposeful movement to pain and distinguish flexor (decorticate) from extensor (decerebrate) posturing in each upper extremity

- sensory tests:  pin, touch, position, vibration

- reflexes – usu. heightened by intracranial disease but sudden severe brain damage may cause hyporeflexia of paralyzed extremities for day or two; babinski and hoffman responses

- cerebellum – gait, balance, finger-to-nose with eyes open and shut, nystagmus (caused by cerebellar or vestibular disease)

- comatose patient – reflex eye motion; caloric testing or oculovestibular reflex – cold water irritated through small tube in one ear canal, eyes should deviate towards irritaged ear, tests pathways from labyrinth to brainstem to extraocular muscles, check for doll’s eyes (oculocephalic reflex), eyes should continue to look at ceiling in normal response, not follow head’s movement

- unilateral supratentorial (cerebral) disease – all observed lateralized deficits are contralateral to lesion

- unilateral infratentorial (cerebellar) disease – all observed lateralized deficits are ipsilateral to lesion

lumbar puncture

· rule out mass lesion before LP is performed; dangerous shifts may occur due to decreased CSF pressure which may shift mass.  May lead to acute neurologic deterioration, if spinal lesion, may cause irreversible or poorly reversible paralysis

· may provide info. about CSF pressure, protein, sugar content, cell count, and sterility

· conditions with alterations in CSF:  multiple sclerosis (electrophoretic changes), Guillain-Barre (elevated protein), meningitis (WBCs, positive cultures), subarachnoid hemorrhage (RBCs)

· perform spinal taps at L3-4 or below to avoid spinal cord

brain death

· usually two complete evaluations that are separated in time and show no evidence of brain activity are necessary for determination of brain death

· determination should be made by neurologist or neurosurgeon who is not part of transplant or surgical team

· should know cause of brain death, should be no evidence of reversible conditions (significant hypothermia or drug overdose)

· no response to painful facial stimuli and no more than local motor responses (spinal) to body or limb stimulation

· disconnect respirator to test for absence of spontaneous respiration while delivering steady flow of oxygen through catheter introduced through endotracheal tube; continue until arterial PCO2 is greater than 59 mmHg

· lab tests are optional (EEG silence, radionuclide, angiographic, or transcranial Doppler confirmation of absent cerebral blood flow)

Increased Intracranial Pressure
pathophysiology
· may be acute or chronic, sometimes chronic increases in ICP destabilize patient suddenly

· intracranial masses, brain swelling, and vascular engorgement may be causes

· adequacy of cerebral perfusion depends on perfusion pressure which is the difference between cerebral arterial and venous pressure

· increases in intraparenchymal and CSF pressure compresses bridging veins and ultimately obstructs venous outflow from the brain; when venous pressure is elevated to the level of subarachnoid pressure, blood can once again flow out of the brain

· to prevent brain ischemia, mean systemic blood pressure should be at least 45 mmHg greater than ICP

· cerebral autoregulation keeps flow constant over a range of blood pressures (40-140 mmHg) but repeated or prolonged increases in ICP interfere with cerebral autoregulation

clinical presentation

· if unilateral lesion – herniation may occur across midline and through transtentorial notch.  Clinical pres. – unilateral cerebral dysfunction and contralateral paresis, decreased level of consciousness; later – ipsilateral pupil dilates if CN III involved, hemiparesis or decerebration contralateral to tentorial edge, but ipsilateral to primary lesion; finally – brain stem damage may cause both pupils to dilate; bilateral decerebrate or flaccid posturing, apnea, and brain death

· if central or bilateral lesion – symmetric transtentorial herniation, pupils may be equal and may not dilate until it’s too late, pt is drowsy, breathing progresses from periodic (Cheyne-Stokes) to rapid and deep (central neurogenic hyperventilation), flexor then extensor posturing; later – flaccid, normal but shallow appearing respiration, dilated and fixed pupils; finally – resp. ceases and brain death

· herniation through foramen magnum – rapidly causes coma, extensor posturing, pupillary dilation, ophthalmoplegia, respiratory arrest, and death

· cushing phenomenon – blood pressure increases and heart rate decreases

diagnosis and monitoring

· recognize and treat ICP early

· symptoms:  headache, nausea, vomiting, and diplopia

· if acute – optic fundi may show venous engorgement

· if developed over longer period – papilledema also

· identify cause of intracranial hypertension (mass, edema, or hydrocephalus)

· monitor enlarged ventricles with ventricular catheter

· monitor normal or small ventricles with intraparenchymal or subdural bolt, sensor, or catheter

treatment

· osmotic diuretics, renal diuretics, maintenance of euvolemia, hyperventilation, elevation of the head

· may need pharmacologic paralysis with muscle relaxants to prevent additional increases in ICP caused by coughing and straining

· steroids – if ICP is caused by tumors (don’t use in stroke or trauma)

· surgical removal or decompression for mass lesions

· hydrocephalus – decompress with shunting, external ventriculostomy, or removal of obstructing lesion

· maintain cerebral perfusion pressure above 45 mmHg, but 60 mmHg is advisable
Chapter 8: Head Injury ( Brain Tumors and Brain Abscesses (not including this section)

pages 365 – 373

Head Injury
head injury categories

· acute


· subacute

· chronic

in acute brain injuries, worry about:
· brain injury

· intracranial hematoma

· skull fx 

in subacute/chronic brain injuries, worry about:

· chronic subdural hematoma

· CSF leak

· growing fx

· cervical carotid injury

· carotid-cavernous fistula

· symptomatic residua – epilepsy, posttraumatic stress

GCS = 3-4 on admission ( 50-100% mortality rate

GCS = 5-6 on admission ( 25-65% mortality rate

GCS = 7-8 on admission ( 10-25% mortality rate

Evaluation of Acute Injuries
try to determine:

· brain/other injuries

· presence of clots

· intracranial HTN

· presence of skull fx

· presence of CSF leak

factors that justify hospitalization:

· abnormal CT scan

· severe headache

· prolonged unconsciousness

· lack of responsible observers

· associated injuries

if sent home, patient should return to hospital in case of:

· hemiparesis

· pupillary inequality

· ↑ in headache

· sleepiness

· ↓ in consciousness

· persistent vomiting

ABC’s of primary evaluation apply!

respiration often decreased after brain injury when consciousness depressed

end-tidal CO2 determination – use to monitor ventilation

Ø use NGT to empty stomach if cribriform plate or paranasal skull fx suspected d/t risk 

of introducing tube into cranial cavity

hypotension in a pt. w/ head injury – d/t significant blood loss elsewhere in body

if ICP ↑ enough to induce HTN, this can mask hypotension caused by blood loss

expand a depleted circulatory volume in the neurosurgical patient w/ colloids (not 

crystalloids – may exacerbate cerebral edema + ↑ ICP)

neuro evaluation assesses:

· consciousness

· papillary response

· motor function

seizures ↑ ICP and hemorrhage


tx w/ IV diazepam, slow infusion of phenytoin

brain stem fxn evaluation:

· doll’s eyes (oculocephalic response)

· corneal reflex

· gag reflex

· caloric testing

duration of coma + posttraumatic amnesia – measures of severity of injury

CSF leak: central red and peripheral pink (target) sign on a paper towel; also, sugar

basal skull fx + CSF leak:

· blood in external ear w/ ruptured ear drum

· blood behind an intact eardrum

· raccoon eyes

· loss of sense of smell

· battle sign – ecchymoses over mastoid process

· loss of hearing/facial motion on one side

CT scan for head injury!

monitor ICP in patients w/ GCS<8

Treatment of Acute Injuries

diffuse axonal injury can result from concussion (brief loss of consciousness followed by 

rapid return to normal)

intracranial hematomas:

· epidural

· subdural

· intraparenchymal – unusual

craniotomy for evacuation of subdural/epidural hematomas

most common hematomas involve frontal + temporal regions

closed linear skull fx – intact scalp; Ø direct tx necessary (unless fx located over vascular 

channel)

compound fx of skull – overlying skin is lacerated; fx extends to base of skull + involves 

paranasal sinuses/mastoid air cells)

depressed fx – inner table of skull is displaced to greater extent than outer table

depressed fx beneath laceration: elevate + debride in OR (urgent) w/in 6 hours

basilar skull fx:

· intracranial infection if dura torn

· CSF leak (avulsion of olfactory bulbs/axons)

· intracranial air

· Ø operate on these immediately – keep on bedrest, elevate head to 45o, avoid 

activities that ↑ difference between ICP + atmospheric pressure
· lumbar spinal subarachnoid drainage for persistent CSF leak

Treatment of Subacute + Chronic Injuries
chronic subdural hematoma

· occur in young + elderly

· d/t rupture of bridging veins

· clots liquefy + have thick, friable, vascularized outer membrane and thin, lucent 

inner membrane

· infancy – enlarged head, intracranial HTN, seizures

· adults – elderly, demented + alcoholics (brain atrophy)

· risk of transtentorial herniation

· lesions are lucent relative to brain tissue (can also enhance membranes w/ IV 

contrast)

· midline shift is noted on imaging

· Burr hole drainage is tx

cervical carotid injury

· may take form of thrombosis, dissection, aneurysm

· complication is embolization

· onset >12 hours after injury
· damage to surrounding sympathetic nerves ( small pupil on side of injury + 

contralateral to side of major motor weakness

carotid-cavernous fistula


arterio-venous shunting includes ophthalmic veins ( pulsatile blood of arterial 

pressure ( pulsing exophthalmos w/ bruit

head injury residua

· motor deficits

· cognitive defects

· behavioral changes

· posttraumatic syndrome: headache, dizziness, vertigo, fatigability, inability to 

concentrate; use amitriptyline

Cerebrovasular Disease
stroke: sudden or rapid (seconds to hours) occurrence of neurologic dysfunction or loss of 

consciousness b/c of cerebrovascular disease

stroke cause by HTN, carotid atherosclerosis w/ emboli, interacerebral atherosclerosis, 

heart disease, coagulopathy, polycythemia, drug abuse, diabetes

2 types of stroke


ischemic


hemorrhagic

use CT to differentiate between 2 types of stroke

tx moderate/large hematomas + cerebellar hemorrhage w/ early evacuation (open 

craniotomy or CT guided stereotaxic aspiration)

cerebellar hemorrhage – headache, diplopia, ipsilateral congujate gaze palsy, 

Babinski sign, cerebellar deficits, evolving lethargy + coma

intracerebral clot develops from some aneurysms or AVMs – surgery does not 

improve this; use sedation, ↓ ICP, tx HTN, pain meds for headache

ischemic strokes

· caused by vascular obstruction

· rapid onset on focal neurologic deficit – seconds

· d/t arteriosclerosis in carotid bifurcation of cervical internal carotid (clot 

embolizes), progressive stenosis/thrombosis

· abrupt monocular vision loss of loss of function in ipsilateral hemisphere ( 

cervical carotid artery (surgically correctable lesion)

· bilateral si/sx + crossed deficits that indicate posterior fossa dz or ataxia ( 

vertebrobasilar dz

· focal, transient sx

· TIA - complete recovery in <24 hours; usu. no permanent brain damage

· reversible ischemic neurologic deficit (RIND) – complete recovery in >24 hours; 

permanent brain damage possible

· little to no headache

· Ø loss of consciousness

· immediate mortality – 25%

· use contrast angiography for cervical carotid dz

· carotid surgery is prophylactic

· endarterectomy used for patients w/ cervical carotid atherosclerotic dz (>70% 

stenosis, but <100%)

· antiplatelet tx w/ aspirin is medical alternative to surgery

hemorrhagic strokes

· 2 types of non-traumatic intracranial hemorrhage



intraparenchymal bleeding



subarachnoid hemorrhage – d/t congenital anomalies of cerebral vessels

· intraparenchymal bleeding
d/t HTN

destroys local tissue, ↑ ICP, shifts the brain


occurs in basal ganglia, thalamus, pons, cerebellum

· subarachnoid hemorrhage

d/t congenital anomalies of cerebral vessels – AVMs, aneurysms



50% of patients have sudden death or neurologic devastation

· slower onset than ischemic strokes – minutes to hours

· indications: new onset of severe headache, neurologic deficit + ↓ alertness (do CT 

or MRI)

· a/w headache, nausea, vomiting, disturbances of consciousness

· neck stiffness w/ subarachnoid hemorrhage

· effects usually don’t resolve quickly, if at all

· immediate mortality – 70%

· suspect aneurysm if clot borders on anterior circle of Willis or Sylvian fissure

vasospasm

· severe complication of aneurysmal subarachnoid hemorrhage

· leads to brain infarction/death

· occurs 3-9 days after SAH

· tx w/ hemodilution, hypervolemia, ↑ BP w/ drugs, Ca2+ channel blocker
aneurysms

· saccular dilatations of branch points (berry)

· defect of media + elastica

· branch points of anterior circle of Willis, esp. posterior internal carotid + 

communicating artery

· multiple aneurysms in 20% of cases

· can cause unilateral 3rd nerve paresis (papillary dilation, lid droop, loss of 

medial gaze in same eye)

· mycotic aneurysms – 2o to septicemia arise peripherally, discovered 

after they bleed

· traumatic aneurysms – rare, usu. caused by penetrating injuries

· annual bleeding rate of unruptured aneurysms – 1.5%

· 50% of patients w/ bleeding aneurysms die

· likely to rebleed early after repair – 35-45% w/in 4 weeks w/ 50% mortality

· operative M+M – low for neurologically intact patients, bad for moribund patients

AVMs

· only 50% of symptomatic AVMs cause bleeding

· infants w/ intracranial AVMs may have high-output cardiac failure or 

obstructive hydrocephalus

· risk of rebleed is spread evenly over time (does not increase w/ time)

· delay surgery if clot Ø pose immediate danger
Brain Tumors: (373-384)

Classification – 


relation to brain tissue (ex/intrinsic) extrinsic more benign and excisable


site (supratentorial v. post fossa) infra = hydrocephalus + increased ICP


age (ped vs adult) peds = infra   adults = supra

Symptoms: 


most common = headache (54%) but only 1% headache have tumor


Focal neurologic deficit or mental change in 68% at diagnosis


Seizures 26%

Diagnosis:


CT or MRI


Biopsy

Tx: Surgery, Radiation, Chemo

Adult Tumors: supratentorial

Intrinsic: glial – supporting cells; cerebellar hamngioblastomas; metatstatic (50% tumors)

Glioblastoma Multiforme: malignant, necrotic, most common glial tumor in adults, poorly differentiated, recur after excision, 0% 5 year, avg survival = 12 mos; surgically decompress(remove) before radiation

Anaplastic astrocytoma: hyper + anaplasia, 5 year 18%; mean = 28 mos

Low-grade Astrocytoma: benign, mild hyperplasia, possible in children, 5 year 50-75%; early removal, can become GBM (
Oligodendroglioma: contain calcium (CT), seizures(60%), survival related to Sx duration, surgery, 5 year = 60-85%

Ependyoma: supra/infra tentorium, histologically benign 5 year only 35%

Metastatic: lung, breat, kidney, GI tract, skin.  Avg survival = 6 mos

Hemangioblastoma: cerebellar, blood vessel, 1/3 are Von Hippel-Lindau, RECUR, removed without biopsy b/c possibility of hemorrhage



Diagnostic:




History, physical, CXR, CT/MRI, Surgery (CT/MRI guided)



Treatment:

Surgery: gross removal- enter tumor and aspirate.  Hard to determine tumor free zone

Radiation: follows surgery




Chemotherapy: limited


Extrinsic: similar incidence to intrinsic



Meningiomas: benign from arachnoid, seizures 2* pressure, 12% recur after 



resection, 20 year survival = 50%, large vascular supply, angioblastic meningioma 



higher recurrence, can arise from convexity, dural sinuses, falx, base of skull



Pituitary Adenoma: most are endocrine active -> early Dx, non active Dx later.  




Most common = prolactinoma – amen/galactorrhea.  




Somatotrophic – acromegaly, HTN, DM, myopathy (cardiomyopathy)




Corticotropic – ACTH -> Cushings, HTN, DM, myopathy




Gonadotropic- FSH/LH  -> sterility, loss of libido, impotence




Compression -> hypopituitary, neurologic deficits, bitemporal hemanopsia.  




Extreme upward -> hydrocephalus papilledema.  



Acoustic Neuroma: from Schwann Cells at or in auditory canal.  Unilateral tinnitus w/ 



vertigo -> deafness.  Also loss of taste.  Growing to loss of CN V -> cerebellar -> 



CN IX, X


Diagnosis: many similar Sx to intrinsic (HA, Seizure, hemiparesis, aphasia, etc)



Extrinsic = Pure CN dysfunction, pituitary function



Pt with hyperpituitarism have tumor even in absence of physical, radiologic findings 



but must rule out ectopic or other causes




CT or MRI with contrast help see tumors not seen w/o contrast + help identify type



Treatment:


Surgery: curative if can completely remove.  Need radiology to determine risk



Laser Light – vaporize tumor w/o harming neighboring structures



Pituitary adenomas – transsphenoidal resection. Recurrence at 5 years=20%



Craniotomy for tumors can’t be excised transsphenoidal



Acoustic neuromas: lose hearing on translabyrinth resection; posterior fossa 



craniotomy can preserve hearing in some patients



Prolactinomas – bromocriptine shrink tumors and suppress secretory



Radiation – control residual tumor

Pediatric Brain Tumors:

Intrinsic Tumors: most glial except medulloblatoma = neuronal



Diagnosis: 



Focal neurologic often absent.  Must recognize signs of increased ICP



CT or MRI followed by biopsy



Medulloblastoma: neuronal, 3-4 y/o Pt, occlude aqueduct -> hydroceph.  10yr = 43%



Treated post op w/ radiation but severe side effects



Cerebellar Astrocytoma: 30% of post fossa tumors.  4-9y/o Pt, 4th vent obst -> 



Hydrocephalus.  Surgery = curative exceptive in brainstem



Ependyoma: floor of 4th ventricle -> hydroceph.  Pts 3-5y/o.  5yr survival = 35%  



poor long term.  Treated with radiation.  Survival = age in years + 9mos



Brain Stem Glioma: from astrocytes, Pts 7-8y/o.  Surgery unwise b/c location. Life 



expectancy = 18 mos



Primitive neuroectodermal: rapid growth, pallaiative treatment



Cerebral Astrocytoma: good prognosis after resection. Cannot excise hypothalamic



Treatment:


Surgery; CT guided biopsy.  Removal of cerebellar astrocytoma = curative



May need to shunt venticles if hydrocephalus



Radiation + Chemo extend survival if surgery not curative



Radiation = primary Tx for brain stem, chiasm, hypothalamic glioma  POOR OUTLK


Extrinsic Tumors:  suprasellar and midline



Craniopharyngiomas: most common; sellar and suprasellar.  Histo resemble primitive 



skin/teeth. Adhere to hypothalamus.  Course unpredictable -> difficult Tx decision



Diagnosis: often evaluated for endocrine complaints (stunt growth), DI, delayed 



Pubescence.  Visual exam = decreased activity, atrophy, bitemp hemianopsia.  



Decreased hormones; Plain skull x-rays show calcification.  CT/MRI better define



Treatment: Surgery is primary.  40% transphenoidal resection. Radiation for recur

Brain Abscess:

Path: Bacteria gets in there, immunologic reaction ( abscess (2 wk period)

Surgery/trauma 10%; Cranial infections (Sinusitis, dental infection) 20%; Cardiac (bypass lungs) 20%.  

Presentation: HA, fever (<50%), focal neuron deficit.  Possible confusion, seizures

Evaluation: History (infection, surgery, immune, cardiac, HIV).  CT/MRI good; LP not Dx
Treatment: Surgery – aspirate or excise - remove pus, reduce mass effect, sterilization

Biopsy

Cerebritis – not indication for surgery

Antibiotics - once cultured  6-8wks of antibiotics

Corticosteroids – reduce mass effect but also reduces immune.  So only if need relief from mass effect
Intraspinal Disease(384-396)

Anatomy + Physiology

Cord extends from Foramen Magnum to L1-2 in adults (but to lowest lumbar in newborns--if it doesn't acend, tethered cord = neurologic deficit)

Lowest level (below Conus): only nerve roots that supply lower extremity, sphincter, sexual fxn (lesion here better prognosis)

3 Sections of Spinal Cord (disrupt 2/3 = spinal instability):


Anterior Column: Anterior Longitudinal Ligament, Vertebral Body Anterior Half, Intervertebral Disc Anterior Half


Middle Column:  Posterior Longitudinal Ligament, Paired Pedicles, Vertebral Body Posterior Half, Intervertebral Disc Posterior Half


Posterior Column: Paired Facets and Lamina, Spinous Processes, Interspinous and Interlaminar Ligaments

Cord is within Canal formed by Spinal Column, broken down into segments, and each segment:


--receives sensory input from paired dorsal roots--relayed to the brain via Ascending Reticular and Lemniscal System


--sends output through paired ventral roots--under voluntary control by descending suprasegmental systems


--bilaterally symmetric


--innervates specific body segment: Dermatome, Sclerotome, Myotome

Spinal Canal


--surrounded by Vert bodies/InterVert discs anteriorly, paired pedicles/facets laterally, paired laminae posteriorly


--Anterior portion is lined by Posterior Longitudinal Ligament


--lateral Neural Foramina, formed by pedicles, provide nerve conduits

And of course:


Position + Vibration sense travel upward on Ipsi dorsal columns


Pain + Temp upward contra on anterolateral spinothalamic tracts


Voluntary motor down via lateral corticospinal tract (contra from brain, ipsi to muscles after motor decussation)


(Lesion example:  Brown Sequard Syndrome--ie cord hemisection--causes contra (to lesion) pain and temp loss, ipsi position + vibration loss, ipsi paralysis + hyperreflexia)

All Surgical Spinal Disease is combo of Neurologic Affliction (cord or root) + Mechanical Instability (vertebrae, discs, joints, ligaments)

Lesions:


--if Spinal Cord lesion ("Upper Motor Neuron Lesion"), affect large areas of body below lesion level--usually produce Hyperreflexia, Spasticity, Confluent Sensory loss below lesion level--but pain/tender only around spine


--if just nerve root lesion at one level ("Lower Motor Neuron Lesion") affect only single dermatome + myotome--Hyporeflexia, hyptonia, atrophy and localized sensory loss--often cause pain as well



(if lesion greater than one level of nerve roots, than mimics Spinal Cord lesion example: Lumbar Canal Lesions than effect cauda equina)


--lesions at cord center (Intramedullary tumor, syringomyelia) cause pain + temp loss at and just below lesion level-- a hypalgesia island--but will expand as lesion does


--Acute Anterior Cord Syndrome (Central Disc Herniation or Posterior Vert Body dislocation exerts pressure on anterior 2/3 of cord) SPARES posterior column--therefore lose on sensory but light touch, position, vibratory

SPINAL CORD EXAMINATION:


Palpation for deformity, tenderness, spasm


Mobility Test is spine is stable (flexion, extension, rotation, neck/back tilting)


Radiographs for vertebral anomalies, displacement, destruction, remodeling, disc space narrowing


...can f/u with CT, MRI, Myelography (requires LP, risky if abscess or tumor)

SPINAL TRAUMA

Pattern after impact: 

slowing of cord circulation (stasis/edema)

leakage of blood via disrupted capillaries

extravasation of vasoactive peptide/amines into EC space = v’constriction + edema

central necrosis with hemorrhage spreads outward + rostrocaudally

instability of spinal column narrows canal + compresses cord

Presentation:


In acute, complete spinal cord injury: flaccid hypotonic paralysis, loss of DTRs, rectal tone, sensation below lesion (Spinal Shock)

Even if reflexes return does not mean recovery… only that cord levels below lesion are now acting autonomously)

Lesions at/above midthoracic can have loss of Sympathetic Tone

Mid/Upper cervical impair respiration, require ventilatory assistance

Spinal Cord Hypotension (vs blood loss): Bradycardia, warm extremities, normal cap refill

Treatment:


Avoid hypoxia/ischemia


Immobilize spine


Intubate if needed


Determine cause of hypotension

(dpding on cause give sympathomimetic amines, fluids, blood)

Cervical Injury: rapid reduction of cord displacement/compression with external traction, steroids within 8 hrs, foley (for overdistention + loss of bladder tone)

Spinal Canal narrowed: d/t rare recovery, better early operative fusion/fixation than decompression so earlier mobilization/rehabilitation

Stationary or Progressive Neuro deficits: urgent Xray ID, decompress (if anterior, then Vertebrectomy or Discectomy, if posterior, Laminectomy)

Occasionally decompression can be done without operation: ie Halo vest for cervical area

--Remember to watch skin for decubitus ulcers

--risk of Autonomic Hyperreflexia with HTN in response to stimulation (eg foley) below level of complete lesion

--risk of late brain hemorrhage

SPINAL DISEASE

Disc Disease:

--Degeneration d/t nucleus pulposus dessication or Herniation d/t nucleus pulposus extruding thru annulus tear.

--usually postlaterally + compresses nerve root (if thoracic or cervical can compress cord)

--degeneration often asympto, herniation can have local, radicular and/or myelopathic pain

Herniations:


--95% at L4-5 (compresses L5) + L5-S1  (causes lower back, sciatic posterior/lateral leg pain, worse with weight) (ddx: claudification hernia, etc)


--Cervical common at C5-6 + C6-7 (cause neck, scapula, arm, hand pain, ddx: angina, others)


--Thoracic rare, but can cause paraplegia


--All usually have Pain in spine + one extremity, worsened by strain, cough, sneeze, motion


--Evalutation: gait, neuro exam, point tenderness, paraspinal muscle spasm, limited spinal motion.  Straight leg raise, particularly crossed contra (asympto) raise, pathognomic for lumbar herniation


--if paraparesis, sphincter dysfxn, sudden bilateral leg pain/numbness—emergent radiologic dx + tx (CTs not ideal, better MRIs + Ct myelogram)


--Treatment: usually conservative (bed rest, anti-inflamm, muscle relaxants, c-collar) else microscopic excision sometimes with fusion (cervical)—95% success for radicular pain/clear radio findings.

Spinal Osteoarthritis + Stenosis

Canal narrowing d/t Degenerative changes, rare congenital (Achondroplasia), or Spinal Stenosis (osteoarthritic vertebral end plates, disc protrusion, facet/flavum hypertrophy)

Multiple levels involved, often bilateral, Radiculopathy occurs (also Myelopathy is cervical)

Cervical Stenosis:


--arm pain, numbness, weakness


--chronic, bilateral, diffuse


--compression at several levels


--if osteoarthritis constricts cervical canal: Myelopathy w/ LExt weakness, ataxia, sphincter disturbance


--if severe cervical spondylosis: arm LMN weakness + radicular pain/numbness, leg UMN weakness


--if central cord syndrome: UExt weakness


--if anterior cord syndrome: Myelopathy but posterior column (pos+ vib) sparing

Lumbar Stenosis:


--can mimic disc disease but usually more chronic, bilateral, widespread; straight leg test 70% negative


--anteflexed standing/walking, worse pain on bending backward


--can resemble vascular claudification

TX: Usually surgery, but unlike herniation is for multiple levels.

Spondylolisthesis

Forward slippage of one vert body on another, usually at L4-5 or L5-S1

(one cause is Spondylolysis, which is bilateral defects across the spinal lamina diagonally)

Most common in children, adolescents, tends to stabilize tho pain + compression possible

In adults slippage can be due to osteoarthritis instead of spondylolysis

CT/MRI eval, decompression, operative stabilization + fusion may be necessary

Rheumatoid, Traumatic, + Congential Atlantoaxial Dislocations

Rheumatoid arthritis compresses spine, Usually at C1-2, atlantoaxial level—cause Chronic anterior dislocation of C1 onto C2 + compress cord btw odontoid + C1 posterior arch, so Myelopathy possible

Congenital possible, but more episodic, as is Traumatic odontoid fxs

Tx: External Halos if limited fx, but usually surgical fusion necessary

SPINAL INFECTION

Vert Body infection: TB, chronic, can cause spine angulation + kyphotic deformity—can lead to epidural abscess, paralysis (pyogenic osteomyelitis is similar, but faster course + greater spine pain/tenderness)

Discitis: more common, see in DM, immunocompr., IV drugusers, previous disc surgery.  Pyogenic (usually staph).  Back/neck pain, radicular pain, local tenderness.  MRI/CT better than Xrays, High sed rate, uncommon Fever/Leukocytosis d/t chronic course

Tx for both is ABXs + external immobilization, advanced osteomyelitis requires operative debridement + bone graft

Epidural/Subdural Abscess: hemato or direct spread from vert body, disc, or nearby paraspinal tissues.  Pyogenic (staph) + in thorax.  Acute abscesses cause neck/back pain, fever, spinal tenderness, can lead to radiculopathy + cord paralysis.  MRI dx, Tx is ABXs + operative drainage.

SPINAL TUMORS

Intramedullary within spinal cord

--children (astrocytoma most common)

--less common adults (ependyoma, can be cut out easily)

--sometimes large cyst (ddx is syrnix)

--10% are hemangioblastomas—are cystic, can be removed, risk of bleeding

--dermoids, epidermoids, lipomas in cord or at/below conus of cauda equina

Intradural Extramedullary within dural tube, outside of cord

--in cervical/thoracic can compress cord/roots

--in lumbar are within cauda equina roots + cause polyradicular signs

--usually benign therefore long hx

--most common: Neurofibromas—can be large, if near spine, evaluate with radiograpy

--Meningiomas also common in Women

Extradural Tumors 

--most common spine tumors in adults + are often rapid Mets (carcinoma from lung, breast, prostate, kidneys) + often destroy bone (save lyphomas)

Presentation

Local Pain: first sx, low concern

Radicular pain (esp in chest/abdomen, at night): tumor, not arthritis or disc disease

Weakness/numbess below spinal level: suggests neoplasms

Autonomic dysfxn (impotence, urinary/fecal incontinent): alarm!

Location: 

--if in cervical spine, arms + legs affected, if below T1 arms are spared

--if lumbar, only nerve root signs are seen

--if cervical/thoracic: hyperreflexia

Adult Tumors

Eval w/ Plain Spine films, with CT myelography + particularly MRIs (w/ Gadolinium) for intramedullary

Tx: (steroids helpful) dpds on location/type:


--“Patient will walk out of hospital if patient walked in”


--extradural need surgery for palliative decompression


--mets (6 mo survival post surgery, myeloma, lymphoma, chordoma not helped by surgery


--if posterior compression: laminectomy w/ tumor removal, no fusion


--if anterior compression: decompression + fusion


--Intradural extramedullary: no radiation, cure d/t total removal using ultrasound localization (ie 6% recurrence after 15 yrs for meningioma, better for neurofibroma: 80% improve, 50% completely normal)


--intramedullary: only 50% astrocytomas can have complete removal, tend to recur


--extradural: surgery plus radiation (no surgery if lymphoma)

Child Tumors

Sx usually are enuresis + decreased walking

Intramedullary tumors of conus medullaris are esp. common.—can show exteriorly on back with dermal sinus, subq lipoma, or hypertrichosis (hair tuft).

Tx same as adults.

Spinal Vascular Malformations

Uncommon, usually AVMs (on/in cord) or cavernous angiomas (in cord)—tx dpds on location, high risk of paralysis if surgery on cord itself.
Peripheral Nerve Disease (396-end)

1. Anatomy: external layer = epineurium, ct covering = perineurium, lesions of peripheral nerves (sensory) give different pattern of deficit than lesion of spinal roots (motor)

2. Nerve injury:  

a. Trauma: complete transection = degeneration of all axons past it, reinnervation can happen by regeneration of sprouts traveling down established schwann cell sheaths at 1mm/day; if crush injury, neuroma can form and must be resected for adequate regeneration; neuropraxia = axon that is intact but fails to function due to injury


b. Evaluation: 

i. clean transaction is more amenable to repair; closed injury can cause neuroma, stretch can cause intraneural scar


ii. Tinel’s sign: tapping over an unmyelinated axon produces electrical sensation in skin

iii. Only direct visualization of a nerve determines continuity; electromyography and nerve conduction studies can supplement

iv. Exploration can be delayed 3 mos if regeneration is expected

v. Brachial plexus injuries: MRI or myelography to identify meningoceles (outpouching of CSF) – evidence of cervical root avulsion

vi. Central pain syndrome can be caused by neuromas that send pain transmitting input to sc

c. Treatment:

i.  Sharp transactions repaired immediately; usually fascicular repair with perineural sutures

ii. stretch injuries may be helped by muscle transfers

iii. painful neuromas may be resected once, but likely to fail anyway

d. Compression syndromes:

i. More common in diabetics, ct dz, myxedema, edema, focal trauma

ii. Carpal tunnel: most common, compression of median nerve under carpal ligament; palmar pain/parasthesia, tinel’s or phalen’s sign, electrical studies show slowed conductions in the median nerve, diuretic may help edema, may surgically divide the median ligament

iii. Ulnar entrapment: caused by anatomic relation of nerve to elbow groove, numb/weak/no pain, tinel’s sign, interossious wasting, tx is transposition of nerve

iv. Thoracic outlet syndrome: compression of lower brachial plexus, caused by abnormality of anterior scalene or cervical rib, surgical resection may help, diff dx includes cervical disc herniation or lung apex tumor (pancoast sx has Horner’s symptoms)

3. Nerve tumors: usually benign if periph, neurilemomas are within and can be removed with sacrifice of the nerve, neurofibromatosis has many 

Functional neurosurgery

1. Pain: may ablate pathways, stimulate large pathways to block smaller painful pathways, or deliver opiates to sc with implanted epidural catheter

· trigeminal neuralgia: repetitive transient facial pain, give carbamazepine

· causalgia: burning pain after partial injury to major limb nerve, sympathectomy or anesthesia to ganglion

2. Movement disorders: Parkinson’s, dystonia, athetosis tx with lesions to thalamus or globus pallidus; hemifacial spasms tx with nerve section or botox or microvasc decompression

3. Epilepsy: cerebral cortex dz, tx with meds or surgery if single focus – section of corpus callosum

4. Dementia: most not surgical

5. Normal pressure hydrocephalus: mental slowing

· gait probs, memory loss, incontinence, enlarged ventricles w/o enlarged sulci like atrophy

· delayed emptying of tracer into subarchnoid space

· tx is shunt w/low pressure valve, may cause subdural hematoma

Congenital defects

1. noncommunicating hydrocephalus:  obstruction of subarachnoid space from intravent hemmorrage or post fossa tumor or congenital defect or meningitis,

a. infants head englarges due to open sutures (measure circumf)

b. adults: CT for ventricle size

c. tx: shunt takes CSF to peritoneum, may be more conservative in infants with intravent hem

d. complications are shunt inf and malfxn, do xrays, tap shunt to sample CSF for inf (usually s.epid)

2. Spina bifida

a. Nonclosure of neural tube, vertebra, soft tissue

b. Spina bifida occulta: most common, least bad, no neural defect, incidental xray finding, maybe lipoma assoc

c. Meningoceole: more sever, no neural problem, dural sac protrudes beneath skin, can be anywhere in midline, often lumbosacral

d. Myelomeningoceole: neural tube closure incomplete, neural elements in sac, usually not covered by epidermis, usually hydrocephalus and sphincter probs, siblings high risk (20x), tethered cord to ectoderm skin, progressive scoliosis, delayed onset of neuro injury

e. Dermal sinus: skin dimple above buttocks crease (vs pilonidal sinus w/in crease), can be colonized and give meningitis (staph), check for if recurrent meningitis

f. AFP is prenatal screen + US

g. Surgery soon after birth for c. and d., follow up often, watch for hydrocephalus

3. Chiari and Syrinx

a. Chiari II assoc with myelomeningocoele, small post fossa, cerebellum/medulla/4th vent below foramen magnum, hypoplasia of CN nuclei and hydrocephalus

b. Chiari I less complex, tonsils in cervical sc, syringomyelia common, 

c. Symptoms may be early or late in life: infants abnormal posturing, stridor, apnea; adults have brainstem and cerebellar probs, syrinx can cause LMN weakness

d. TX: surgery, decompress foramen magnum and widen dural sac, may open syrinx and shunt it 

4. Encephalocoele

a. Herniation of brain through skull defect, usually covered by skin

b. Occipital and cerebellar most common, can cause nasal polyp

c. Eval by CT/MRI

d. Surgery to repair but for cerebellum or brainstem defect not good prognosis, nasofrontal good if no hypothalamus herniation

5. Craniostenosis: premature closure of sutures, usually intrauterine or secondary to microcephaly, sporadic or inherited

a. Normal union of sutures ages 2-8; early closure causes brain growth to bulge at open sutures so cosmetic deformity, rarely increased ICP

b. Surgery best at ages 3-6mos, may need plastic surgery also

