Lecture 2
9/1/10 8:33 PM

Musculoskeletal -- Pathophysiology
· Know the muscles & bones on the cover slide

· 3 types of muscle: skeletal, cardiac and smooth: today only interested in skeletal 

· Anatomic muscle made of cells 

· Each muscle cell is muscle fiber

· Each individual cell is length of that entire muscle 

· each muscle fiber runs entire length from insertion to exertion (tendon to tendon) 

· muscle is largest cell in body, but each muscle cell has many nuclei

· Largest “mononuclear” cell in body is the egg 

· Smallest cell in body is sperm

· Lots of nuclei in muscle fiber 

· lots of cells came together to form a muscle cell – “syncytium”
· skeletal muscle cannot undergo hyperplasia, but it can undergo hypertrophy

· hypertrophied muscle has increased number of nuclei
· Myofibrils: can run entire length of cell, but doesn’t exactly need to 

· alternating dark, light bands

· dark band “A’ band, light band is “I” band 

· in middle of A band is M line 

· in middle of I band is Z disk 

· Light band: only see actin

· Dark band: two parts; one part only myosin fibers (a lot bigger than actin), another part where myosin and actin overlap 

· A band: everywhere we have myosin 

· I band: where we don’t have myosin 

· M line in middle of A band where myosin is anchored 

· Z disk: actin anchored 

· As muscle contracts: need calcium and ATP 

· I band will slide over A band with Z disks getting closer together 

· I band gets narrower (sarcomere getting shorter)

· A band (where myosin is) doesn’t change length, it stays the same length 

· Sarco: flesh 

· Myo: muscle 

· Sarcoplasmic reticulum & T-tubule for triad
· Muscle has sarcoplasmic reticulum that stores calcium 

· Action potential comes down axon, when gets to the end of the axon (axon terminus), the depolarization gets to terminus, opens voltage gated calcium channel and calcium moves INTO cell (axon terminus)
· axon terminus releases neurotransmitter, acetylcholine (Ach) into cleft and binds to Ach gated sodium channel on muscle cell, sodium will move INTO muscle cell and cell depolarizes (as cell potential goes up, voltage-gated Na+ channel opens and more Na+ comes in with voltage gated channel) 

· As more sodium comes in, cell continues depolarizing then voltage-gated calcium channel opens and calcium moves into the muscle cell from outside via T-tubules
· When calcium comes into cell via T-tubule, it opens calcium-gated calcium channel and calcium comes into cell from sarcoplasmic reticulum 

· cell will contract 

· Muscle contraction

· Myosin would really like to bind to actin
· but Tropomyosin is in the way, covering actin binding site 

· Troponin is bound to tropomyosin 

· 3 parts of troponin 

· Troponin C where calcium can bind 

· troponin T: bound to tropomyosin

· troponin I: ignore (troponin I is marker for heart attacks)
· when calcium comes in it binds to troponin C, changes conformation and moves tropomyosin so that binding site on actin is now exposed and myosin can bind to actin 

· Tropomyosin in way of myosin, troponin moves tropomyosin, myosin can bind to actin 

· Contracts (muscle has no ability to push only pulls)

· Myosin: releases, repositions, binds and flicks again and again until: 

· 1. run out of actin and can’t contract any further 

· 2. Ca++ is removed from sarcoplasm (muscle is relaxed)

· 3. cell runs out of ATP, myosin can’t release and muscle can’t relax because myosin attached (rigor mortis) 

· ATP has to bind in order to myosin to release, when reposition ATP broken down to ADP, (ATP not used to bind or flick) 

· We move one actin G per cycle – how many binds and flicks for one stride 

· ~10^21 binds and flicks (ATPs consumed) per stride while running
· Fiber types: Fast twitch: Type IIb & Slow twitch: Type I 

· Slow oxidative: use oxygen, not fatigue easily, use everyday to stand, etc.
· Fast glycolytic: infrequently, have long breaks between use, don’t use them very often 

· Fiber type characteristics:

· Myosin ATPase activity: ATPase is used during repositioning of myosin, fast muscles can do this faster (they reposition faster), the faster it can reposition, the more time it will spend pulling

· Speed of contraction: fast are about 10x faster 

· Fatigue resistance: high fatigue resistance for slow muscles, don’t need to be fast or strong 

· Oxidative capacity: slow run aerobically (use a lot of oxygen) 

· Fast glycolytic: lots of anaerobic enzymes, use it and when run out they fatigue 

· Myoglobin: carries oxygen to mitochondria 

· White meat: fast, low myoglobin content (in turkey breast)
· Red meat: slow, high myoglobin content (in turkey legs) 

· Glycogen: a lot in fast glycolytic because aren’t aerobic

· Diameter: fast ones are considered big and strong 

· the way we recruit muscles: we recruit smaller ones first and build our way up (muscle fiber that are recruited all the time, i.e. small fibers, need to be fatigue resistant)

· Muscles are mixture of fast and slow:

· All of the fibers of the same motor unit have to be same type 

· Can’t mix slow and fast within a motor unit
· Examples:

· Fast twitch dominant muscle: latissimus dorsi (used to do pull ups) can do one, but not 100 

· Slow twitch dominant: Tongue: a lot of slow muscles, not a lot of fast, doesn’t fatigue 

· Dystrophy: muscles seem malnourished 

· Most common form of muscular dystrophy (Duchenne’s muscular dystrophy) is X-linked

· almost always affects males

· Patients look like they are starved 

· All along length of muscle, sarcomeres are anchored to surface of muscle (sarcolema) anchored to connective tissue just outside muscle fiber in order to distribute the tension all along the muscle fiber 

· Have proteins that are associated with dystrophy

· dystrophin: if missing or defective, actin attached to membrane along cell is not anchored properly, it rips plasma membrane every time person exercises (similar to delayed onset muscle soreness) get inflammation from response to rip 

· normal person the muscle comes back stronger 

· person with muscular dystrophy: every time they exercise even minimally they rip their plasma membranes 

· expect to find enzymes from muscle inside the blood initially 

· but, later on wouldn’t find any because wouldn’t have much muscle left to destroy 

· Myasthenia gravis: antibodies bind to acetylcholine receptors

· bad: prevent receptors from working (patient presents with weakness or paralysis; muscles affected the most are those that serve the face ( droopy eyelids (ptosis), speech problems, facial expression problems but can hit ANY muscle) 
· usually gets worse as the day goes on, as stored Ach is used up during day 

· Antibody stuck to AchR, immune system attacks it – won’t damage muscle but will damage receptor

· if acetylcholine never left: muscle would always be contracted and wouldn’t relax; the way we get rid of acetylcholine is acetylcholinesterase that converts it to acetate and choline 

· if we inhibited acetylcholinesterase (and there are still some Ach receptors still available), if the acetylcholine can stay in the cleft longer it would give muscle more time to contract (it would help patient) 
· acetylcholinesterase inhibitor is both a diagnostic and treatment for mtasthenia gravis
· Myasthenic syndrome: antibodies against voltage gated calcium channels on the nerve terminals, these won’t open, calcium can’t come in and axon terminus can’t dump acetylcholine, acetylcholinesterase inhibitor would not help patient because there is no acetylcholine  

· Curare: poison from poison dart frogs 

· frog produces this when stressed, protects them against predators 

· poison works as a paralytic 

· great neuromuscular block (you want to operate but don’t want them flinching) 

· problem: have to intubate patient in order for them to be able to breathe 

· Clostridium botulinum toxin (e.g. Botox): 

· Ach vesicles won’t fuse with plasma membrane,  don’t dump neurotransmitters, no muscle action, get paralysis 

· botox drug: has long half life (i.e. treatment usually effective for months)

· Clostridium tetani toxin: vesicles keep fusing with plasma membrane, neurotransmitter (acetylcholine) keeps being dumped in and you get tetani, muscle won’t relax

· caused locked jaw

· 3 kinds of bone cells: 
· osteoclasts (macrophage syncytium that breaks down bone) 

· osteoblasts: lay down bone 

· osteocytes: mature osteoblasts 

· Diaphysis: shaft of the bone, long part, 

· Epiphysis: ends 

· Articular cartilage: at the ends where one bone articulates to another 

· At synovial joints

· Cortical bone: (aka compact bone) neat organizational structures, Haversian (concentric ring) systems 
· Between rings of bone material are osteocytes that has little processes that allows communication with another osteocyte in neighboring lacuna through canaliculi 

· osteocyte: can break down bone quickly if more calcium is needed in the blood 

· Osteoblasts: making bone

· Epiphyseal (growth) plate: space between epiphysis and diaphysis where growth of long bone occurs, the epiphyseal plate closes at ~puberty and growth ceases 

· cartilage in a child -- responsible for growth of long bones

· Medullary bone: (aka trabecular bone, spongy bone, cancellous bone); ~bone marrow 

· Disorders of the skeletal system
· Know all of these

· Kyphosis: leaning over 

· seen in older women who get compression fractures and start leaning forward (hump) 

· Lordosis: pregnant women and fat ppl (beer belly)

· extra curvature in lower back 

· predisposes to lower back problems

· Scoliosis: s-shaped, back is crooked 

· Often congenital or developmental – usually seen in teenage girls
· Predisposes to back problems

· Can cause respiratory problems due to lung compression 

· Osteoporosis 

· Bone has pores in it 

· 22 year old: holes much smaller, bone trabeculae much thicker 

· Osteoporosis: easy to break bones 

· compact bone gets thinner (these are bones that bare majority of weight) 

· trabecular bone gets more spongy and loses strength 

· Cortical bone continues to get bigger (wider) but the medulla is also getting wider 

· if medulla is growing faster than cortex, cortical bone gets thinner & weaker 

· Lose ~1% of bone material per year after menopause 

· after menopause bone buildup is a lot slower than bone breakdown

· up until 30s you are building up bone density
· Estrogen probably innocent bystander, but often blamed for osteoporosis

· Bone completely turns over approximately every ~7 years 

· Bisphosphonates: slow rate of bone breakdown 

· Crush fracture of vertebrae are common with osteoporosis

· usually doesn’t have ill effects on spinal cord 

· but, could cause spinal stenosis if something hits nerve root 

· Osteoporosis more common in women than men

· Men can also get osteoporosis 

· Men get osteoporosis much LESS frequently due to 3 reasons: 

· 1. Men start out with much bigger bones 

· 2. Men lose bone slower 

· 3. Men die younger 

· Paget’s disease

· Excessive bone turnover 

· End up with disorganized bone 
· leading theory is viral infection, but it could be an autoimmune disease
· Respond well to bisphosphonate treatment 

· Slows rate of bone breakdown, get it in sync 

· Hyperparathyroidism

· Too much PTH, signal that we need calcium in our blood (we are going to get the calcium from our bone) 

· Bone breakdown, leads to osteoporosis

· Osteomyelitis

· Bone is bad place to get infections 

· We try to wall it off, sequester dead bone in middle (sequestrum) forming a bone filled cyst 

· We try to build new bone around it, involucrum is the new bone we are trying to replace it with 
· bone infections do not get this bad with proper medical care
· Bone & joint tumors

· Primary bone cancers are fairly uncommon

· About 2500 out of 1.5 million are bone and joint cancers (0.2% of cancers)
· 0.3% of cancer deaths 

· Bad part: if someone shows up with a bone cancer it is probably a metastasis 

· For instance, breast and prostate cancer like to metastasize to bone 

· Would rather have a primary bone cancer 


· Likely worst outcome: you lose the bone 

· Non-inflammatory joint disorders

· Osteoarthritis

· Inflammatory joint disorders

· Rheumatoid arthritis 

· Gout 

· Lyme disease

· Osteoarthritis

· Non-inflammatory 

· wear and tear: cartilage at ends of bone, if cartilage wears off, we now have bone on bone 

· extremely painful 

· accelerated in traumatic injury or if we have injury that causes bones to be even a little offset (causes them to wear a lot quicker) seen in skiers, football players, ACL tears, etc
· as long as there are no other injuries, joints can handle running 

· Eroded cartilage ( bone on bone very painful 

· Once ppl get osteoarthritis can’t do much; just give painkillers 

· but then feel like they can continue doing things that further destroy the cartilage 
· glucosamine & chondroitin can help prevent OA, but have limited ability to help with current OA
· Hip replacement: take hip out, take head of femur out, put in metal ball and socket ( you have artificial joint

· These work fairly well

· work for 10-20 years without problem, newer models keep getting better 
· but problem with current metal-on-metal hip
· Big joints most effected: hips, knees and back (disks can get so thin that vertebrae are sitting on top of each other 

· Hands can also be effected

· Gets worse as day goes on (worse pain in evening or with activity) 

· Rheumatoid arthritis 

· rheumatoid: autoimmune, immune system attacks joints 

· can occur at any age, though more common with age

· but juvenile arthritis occurs in children – often resolves
· Immune system attacks joints whether or not its bearing weight (hands and feet are popular locations) 

· Immune system causes erosion of bone as well, as bone gets worn away the bone starts drifting away ( ulnar deviation

· Finger bend towards ulna

· Can be treated with immuno-modulators (you don’t need to know names)

· Slows the progression, but doesn’t cure the disease

· Gout 

· often attacks big toe first, but can start anywhere
· Person is fine and then wake up and feels like they broke their toe 

· X-ray: there is NO broken bone 

· Uric acid crystals will form (white tophi): too much uric acid due to diet or if we increase purine synthesis (anemia/leukemia: where we are breaking down RBC, use more DNA, get purines that are broken down to uric acid) 

· uric acid also serves as antioxidant in our blood 

· Macrophages try to eat uric acid crystal but don’t have enzymes it needs and it’s sharp so they come right back out 

· Macrophage ruptures and promotes inflammatory response, get uric acid crystals and inflammation 

· Talipes equinovarus

· One of the most common “birth defects” 

· Treat: straighten them out with PT, if doesn’t work, splint them, if still doesn’t work surgery 

· Vast majority resolve without special effort other than PT (physical therapy)

· Cause: oligohydramnios – fetus is crunched up and feet don’t have room to stretch out 

· Face will often be squished too 

· Osteogenesis imperfecta, aka brittle bone disease 

· Defect in collagen I 

· Collagen acts as rebar in bone: allows bone to be strong under tension preventing it from snapping 

· Lots of broken bones 

· Treatment: put in rods that prevent bones from breaking under torsion 

· Blue eyes: due to collagen defect sclera will be blue 
· although fairly rare, always consider OI in child with frequent broken bones
· Rickets

· If don’t have enough vitamin D as a kid don’t have proper mineralization and bone ends up bending 

· Solution: 
· we make vitamin D with sunlight

· vitamin D (milk is now supplemented with vitamin D) 

· In adults, lack of vitamin D results in osteomalacia

