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Biomechanics

-stress = force/area
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Elastic region- ligament snaps back

Plastic region – lig is permanently lengthened

Grade I sprain - some torn fibers, but lig restores to orig length

Grade II sprain – in plastic range – lig permanently lengthened


-it’s better to break a bone then have grade II sprain


-no effective treatments for grade II

Grade III – completely torn (ACL torn)

Hysteresis – energy lost when bend/stretch something (energy in form of heat)
Energy = area under stress/strain curve

Slope of stress/strain curve is measure of stiffness


-the steeper the slope, the stiffer
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A = most stiff

B = strongest
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A = kid

B = geriatrics

C = normal bone

[image: image4.png]



[image: image5.png]



For any tissue, the more rapidly you load it, the stronger it is (the less likely it will break)


-capable of withstanding more trauma


-but when it breaks, all that energy must go somewhere
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Type 1 lever – fulcrum between 2 sources (teeter-totter)


∑Fo = F1d1xF2d2


Examples: spine (individual vert), occ/C1

-when leaning over and picking up an object, the farther away from the fulcrum(disc) the object is, the more the muscles contract and compress the disc

-keep whatever you’re lifting as close to body as possible

Type 2&3 – fulcrum at end

Mechanical advantage – need less force to lift something, but lose speed & ROM

-calf muscles are only group with mechanical advantage
Mechanical disadvantage – ie biceps brachii


-requires more force, but improves ROM and speed

-muscles of forearm are for fine motor control

Bones – structure, protection (skull, spine, ribs, pelvis – flat bones), mineral storage, muscle attachments, motion, ability to walk, hematopoiesis

Bone path – fractures


-to heal fracture: need alignment, blood supply, and stabilize (6-8 weeks healing, typical)


-bones that take longer to heal: 
-femur neck (limited blood supply in older patients, large % of bone surrounded by synovial fluid with no blood
 supply – blood supply often fractured along with bone – one of the worst possible fractures), 
-vertebra (compression), 
-calcaneus (compression), 
-rib (can’t immobilize – will never perfectly line up again – muscle pulls rib apart), 

-distal tibia-fibula (just above the ankle – not much blood supply due to small medullary canal in that part of the
 bone – takes 8-12 months to heal), 

-clavicle (last bone to stop growing – epiphysis close around 25 y.o., but that’s not why it’s hard to heal
 – hard heal b/c hard to immobilize – heals with a deformity b/c of lack of immobilization), 

-scaphoid (low blood supply) – scaphoid is in snuff box
-distal radius – Colle’s fracture – biomechanical healing pblm

-patella – if horizontal fracture, tendons pull it apart (must be wired together)


-very difficult to uncompressed bone that is compressed 
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CT – water, cells, collagen, ground substance (proteoglycans)

-hydroxyappetite (reinforced concrete - strong in compression, but not in tension)


-collagen is strong in tension

-most of strength in bone comes from cortical bone (trabecular bone is not very strong)

-anisotropic – when load something in direction it was designed to resist, it is strong


-when load in different directions (not designed to resist), it becomes weaker

-avulsion fracture

-glut medius prevents femur from bending


-if weak glut medius, femur more prone to fracture

-stress fractures are the result of muscles fatiguing and allowing bones to bend

-most cases of shin splints are stress fractures


-they start out microscopic (can’t be seen in early stages)


-treated by reducing the stress

-fibula often breaks (can be up by the knee) when have an ankle sprain

-rods always decr bone strength
-area moment of inertia – bone that is farthest from center of rotation…

-callus = not stabilized or not immobilized fracture

-bone with a hole in it is weaker

-prosthesis: the problem with metal is Wolff’s law – if you don’t use it, you lose it – the metal is the support and not the bone


-typically, stress fractures at lower area of the metal – where the metal and bone meet again

-if immobilize bone, you lose 1% per week

-for every 1% of bone mass lost, you lose 2% of bone strength


-ie if bone in cast for 8 weeks, it will be 16% weaker when cast is removed

-if immobilized muscle, 20% strength loss per week, but it can regained much quicker

-can’t immobilize any living tissue (permanently) if you want to keep it
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-osteoporosis – seen every day in office, and common cause of fractures (vert compression fractures)

-top and bottoms of the vert bodies are the weak points

-as bone loses calcium, vertical bars are more prominent than lateral bars in trabecular bone

-calcium is removed from horizontal supports before it is removed from vertical supports


-cortex also becomes thinner


-bone has striated appearance (vertical striations)

-age 10-20 is when most density of bone is put on


-process stops around age 25

-teenagers need enough exercise and nutrition to maximally incr their bone density

-anti-gravity exercises (ie climbing) can aid in building up bone at age 40-50

-Colles (wrist), vertebral, and femur neck – are three biggest fractures that put people out

-hyaline cartilage on end of bones


-(1)stress reduction, and (2)motion


-avascular, aneural, must move to live, frictionless movement, painless movement 

-cartilage:


-collagen, H20, GAG, cells


-collagen (type II): tensile strength


-water is partly for strength – it can’t be compressed


-GAGs (proteoglycans): charged molecules attract water 


-cells (chondrocytes): make/break collagen and proteoglycans

-all cells need nutrition, and need reason to exist (info tree to tell it what to do)


-pressure tells chondrocytes what to do


-immobilization is quickest way to kill a joint



-cartilage disappears if don’t move a joint


-nutrition through synovial fluid


-osteoarthritis markers start showing up within 2 hours after being in a cast

-osteoarthritis is #1 reason for people to come see a doctor

-subluxation (decr motion in joints) leads to osteoarthritis

-where does pain of osteoarthritis come from?
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-water in cartilage: as pressure incr, surface area incr which decr the effective stress
-frictionless movement due to synovial fluid (5ml)

-synovial fluid is similar to blood without cells

-black space on ends of long bones on x-ray is cartilage

-thickest cartilage is back of patella

-synovial fluid layer is very thin compared to cartilage

-degeneration of cartilage: wear & tear


-wear: removal of substance from where it’s not supposed to be removed



-parts rub off when two surfaces rubbing together



-over time, water flows out and surfaces slowly come together


-tear: if enough stress, it can break



-force on cartilage is more than it can handle (fibrillation)



-either multiple fatigue wear, and one large stress

-elastohydrodynamic lubrication – moving type of antifriction

-boundary layer – 


-lubricin- prevent cartilage layers from ever touching

-lifespan of cartilage: 120-130 years normally

-but most people have some version of osteoarthritis

-osteoarthritis: wear & tear on a joint


(1) reduced joint space (arthritis) – seen on x-ray


(2) subchondral sclerosis (thickening of bone) – extra white on x-ray


-when incr density, decr ability to get blood/nutrition to mother cells in joint

(3) osteophyte (to stabilize joint)



(a) capsule looser if reduced joint space, so osteophytes tighten the capsule



(b) osteophytes increase surface area to spread out the area of stress


(4) Geodes (holes/cysts)
-OA treated with low intensity movement/exercise


-incr movement increases ability to heal (immobilization lengthens the healing process)


-if immobilize cartilage 8 weeks or longer, there is irreplaceable cartilage loss

-pain can come from periosteum (bone rubbing on bone) & also some pain fibers inside bone

-if cartilage fibrillation that protrudes into bone, pain fibers can grow into cartilage

-capsule has stretch receptors


-possibly abnormal stretching due to abnormal biomechanics can stimulate pain fibers

-if surrounding pressure goes down (atmospheric pressure – storm), inside pressure incr

-DJD/OA is not considered an inflammatory disease, but sometimes can have inflammatory components

 (ie when a piece of the cartilage breaks off)

-rheumatoid arthritis (considered inflammatory disease - autoimmune)


(1) decr joint space


(2) decr bone density; demineralization (inflammatory response to bone)


(3) no osteophytes (osteoclasts at work, not osteoblasts)


(4) cysts could be present

-RA is a killer: avg lifespan is 20 yrs less than with OA
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-people on long-term corticosteroid (ie prednisone) use tend to have weak bones

-fatigue wear, high impact loading wear
-worn collagen becomes more permeable: it absorbs more water

-OA:
 magnitude and distribution of forces


-meniscus dissipates some of the force from femur to tibia, plus controls where force goes
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-Tendons allow muscles to be located in places farther than where the action is at

-muscles are ¼ as strong as a tendon – muscle should always tear before the tendon

-tendon tears are found in people with chronic injuries


-tendons are degenerated before they tear

-Achilles tendon tears are more common in middle-aged women (from wearing high heels during the week and then exercise in tennis shoes on the weekend)

-tendonitis syndromes (ie Golfer’s elbow, and tennis elbow): no inflammation, but rather degenerative tissue

-inflammation usually subsides within a week

-tendonitis is now called tendonopathy (sometimes tendonosis), since there is no inflammation


-could possibly be an underuse syndrome rather than overuse syndrome

-current treatment of tendonopathy is: eccentric exercises


-need to stimulate fibroblasts to repair the tissue

-to injure a ligament, almost always need an outside trauma (ie a fall)

-ligaments are not supposed to stretch

-grade II ligament sprain – injury in the plastic region

-if immobilization is the only treatment for ligament sprain, the strength is about 61% of max value (after 8 weeks)
-corticosteroids – inhibit collagen synthesis and significantly decrease strength


-they eat up the lig/tendons


-do not let anyone inject corticosteroids into soft tissue

-diabetes and people on kidney dialysis have high risk for tendon problems
-50% within 10-20 years develop OA after meniscus or ACL surgery

-MCL will repair itself, but the ACL will not (ACL is inside the capsule – no blood supply)

-ACL has numerous mechanoreceptors to prevent overpressure of knee capsule


-ACL is responsible for much of the lower extremity balance and coordination

-biomechanically, women’s knees rotate in before jumping, and men’s rotate out


-puts more stress on woman’s ACL

-prolotherapy

-knee braces – compaction of the soft tissues help send more proprioceptive inputs to the cord, but doesn’t increase the support – helps incr balance/coordination in the absence of the ACL
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Muscles

-move bones, protect us, warm us

Work: moving something across a distance

Concentric contraction: positive work (muscle shortens taking weight from where it was to where you want it to go)

Isometric contraction: no work (no movement)

Eccentric contraction: negative work (muscle lengthens)


-can be 80-100% stronger than concentric

-muscles are typically only injured in eccentric loading

-type I, slow-twitch, oxidative: postural muscles

-when standing in perfect posture, no muscles should fire except soleus


-but nobody has perfect posture

-we’re designed to always lean forward: soleus keeps us balanced 
-lose type II (extensor) when age, and lose type I when immobilized
· Type one and two repair differently 

· Group 2b are spare 
-when increasing muscle size, first there is an ↑ in # of nerve endings going to that fiber
Change n going to the fibers and the n will change to accommodate that fiber (change type 1 to 2)
-power lifter tends to get fatter fibers

-high-repetition lifter tends to get more fibers

3 types of muscle pain
1) exercise-induced



-from eccentric contractions



(lactic acid level is normalized within 30-60 minutes, but soreness last longer)



-muscle pain (injury) can cause up to 50% muscle loss in strength


- inflammatory response 
2) delayed-onset muscle soreness



-24 to 48 hours after strenuous exercise

3) cramps



-nerve problem: could be-subluxation, injury 


-reciprocal inhibition is best way to overcome cramp




-contract antagonistic muscles so the agonist will get the signal to relax
Stretching

Change ROM

- mm does not get longer 


-creeping mm when we r stretching but it goes back 
-stretch must be held 20-30 seconds to be effective
-stress/relaxation: allows joint to move further 



-neural response
-quick stretch will have quick contraction to protect mm 
-best to be done slow, because fighting two reflexes
-don’t stretch ligament or could lead to injury

-stretching does not prevent injuries, but possibly can cause more injuries


-recent studies show no benefits to stretching

-stretching can sometimes be used as treatment for a spasm

Warming Up

-no evidence showing it helps
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-if scoliosis, rule out neuromuscular disorders
peripheral nerve tissue
-elastic tissues surrounding nerve are more elastic & stronger than tissues inside it
- reflexes test nerves directly 

-median 50 m/sec 

-with age you loose speed of conduction see in vib sense and reflexes (more in LE) 
-nerve can stretch up to 15% before it starts to tear

-nerve has good blood supply, but no lymphatic system


-nerve injuries can lead to edema with nerve?


(TOS, carpal tunnel, sciatica, herniated disc)

-carpal tunnel


-tenosynovitis (repetitive stress causing inflammation of tendons sheaths), RA bc tendons lined with synovial fld, diabetes, pregnancy (fluid accumulation esp in wrists and ankles), double crush syndrome
-double crush syndrome: synergistic effect of multiple nerve impingements


-works through axial plasmic flow (cannot be measured clinically)


-tourniquet on nerve: first thing that happens is a decrease in axoplasmic flow


-1st compression slows axoplasmic flow a little, and 2nd compression stops flow completely

Nerve Compression pathologies

-big fibers (motor) are the first to be affected/inhibited


-pain fibers are not affected until later

-most herniations stretch the nerve (as opposed compress them)
-when stretch a nerve, it gets thinner, veins occlude (ischemia) causing irritation from necrosis
Negative effects of immobilization

· Joint

· Shrinks jt capsule

· Increase compressive loading

· Leads to jt contracture

· Increases sysntheseis rate of glycosaminoglycans

· Increase in periarticular fibrosis

· Irreversible changes post 8 wk immobilization 

· Ligs

· Lowers failure or yield pt

· Decreased thickness of collagen fib

· Disc

· Decrease o2

· Dec glu

· Dec sulfate

· Increase lactate concentration

· Decreases proteoglycan content

· Bone

· Decreases bone density

· Ebernation; build up of bone on inside not outside

· Mm

· Dec thickening of collagen fib

· Dec oxidative potential

· Dec mm mass

· Dec sarcomeres

· Dec cross sec area

· Dec mito content

· Type 1 mm atrophy

· Type 2 mm atrophy

· 20% loss of mm strength /wk

· Cardiopulm

· Increased max HR

· Dec VO2 maximum

· Dec plasma volume 
TOS


-scalenes (Addison’s) – work with scalenes to reduce tone

-Costoclavicular (Roo’s) – probably a postural issue

-hyperabduction (Wright’s)

Pancoast tumor syndrome
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-disc: largest avascular (and acellular) substance in body

-important for (1) motion (2) transfer of force

-3 parts of disc: nucleus, annulus, and end plates

-nucleus vs annulus: 

-nucleus has GAGs, annulus has type I collagen, nucleus has type II collagen with chondrocyte-like cells

-end plate: made of hyaline cartilage, very thin, has holes in it, weakest part of disc

-water content: nucleus has more water (per volume) than annulus

-supports weight (shock absorption): nucleus (water is non-compressible)

-allows motion: annulus (fibers contain the nucleus – keeps nucleus from spreading out)

-annulus fibers run at a 67 degree angle

-fish don’t have discs: they’re in a gravity-free environment
-when lean right, disc bulges to the right


-highest compression on nucleus to right and highest tension on annular fibers on left

-in young kids, the disc is as tall (or taller) than the vertebral body


-kids are much more flexible because of the large ratio of body/disc height
-in adults, the body is 2-3x the disc height (in lumbars & cervs), and 12:1 in thoracic spine

-disc dehydrates with age:
 92% water when born, and 70% after age 20 (then stays constant)
-discs are not supposed to get smaller

-as we age, change in ratio of chondroitin sulfate to keratin sulfate – less water binding capacity

-shrinking (shortening of height) as we age is pathological


-change in thickness of fibers – stiffer fibers increase their height

-C5 is largest disc in cervical spine

-C4/5 is most flexion in cervical spine

-inferior discs should be larger than superior discs (except in transition to cervs to thoracics)
-when disc decreases height: Decr ROM, ligamentous laxity, narrowing IVF, decr shock absorption

-disc height decreases when blood supply decreases to vert. body
-blood supply to outer 1/3 (if at all)

-nutrition comes through end plates


-need motion to move nutrients

-anaerobic environment in NP

-osteoarthritis, atherosclerosis, diabetes, smoking

-OA: decr joint space, thickening of end plate aka subchondral sclerosis (decr nutrient supply to NP), osteophytes, geodes (cysts)
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Discs and disc pathology
Annular fibers are strength but depends on nucleus  (support) to stay tensile 

· Outer fibers are ligamentous 

· Intercapsular ligament 

· Cut through disc at young age nucleus is like glass and annular is white

· Older it turns yellow 

Endplate bc cells of nucleus and annulus don’t have bld supply

· Cartilaginous endplate with holes on it

· V body is full of blood

· Nourish the disc through imbibitions 

Disc should last about the life of cartilage (longer than your heart) 

· Weak part of it is the endplate 

Normal progression of disc

· Ratio of disc height to body height: disc is often as big as vert-disc grows vertically first 

· Ends up being ¼-/1/2  avg 1/3 in? in C spine 

· T spine: 1/10-1/12 : ROM is decreased 

· L spine: same size except L5- sometimes big or small  

· Get larger as you move down the spine 

· Age 20-80 disc height increase 10%  DON’T get smaller wo pathology 

· Even though you lose water  (first growth spurt of  life more) the fibers become stiffer

· Proteins etc in disc decrease w age 

Annular fibers:

· 65 -67 deg from horizontal 

· Good: push down /pull up all resist

· Bad: rotate ½ of them are loose so only half are resisting motion 
· Collagen is type one on outside and type 2 as it moves into the nucleus 

Normal motion of disc

· Lean to right and the right side buldges

· Buldge 

· Protrusion

· Sequestration 

Pathology

· End plate fracture initiates disc degeneration and herniation

· It could heal but it doesn’t happen very often 

· Wo endplate fracture degeneration could happen with smoking , atherosclerosis of arteries to the v bodies/disc 

· Annulus intact: nucleus has no place to go so it stays there and dies-disc narrowing

· Tear: nucleus has place to move-against nerve Herniation 

-height of disc determines motion

-decreased disc height, subchondral sclerosis, osteophytes


-nucleus swells with pressure 

-schmorl’s node in endplate


- bc disc needs to be kept at specific ph etc so and they change with sn so the cells die 


-when disc herniates, cells kill themselves via apoptosis releasing enzymes that trigger inflammatory response


-most herniations are end plate tears


-L4 and L5 are most common herniations

-Valsalva: back up of venous drainage of spine


-blood surrounds thecal sac and pushes against disc herniations

-Straight leg raise: stretch sciatic nerve (up to 12mm in IVF)


-inflammatory rxn on nerve root with disc herniation that is painful when stretched


-initially a herniation is just LBP, it only radiates later when inflammation occurs 

-if positive valsalva and positive SLR, then 87% possibility of a herniations

-if positive SLR and positive well leg raise: then over 90% possibility of disc bulge

-Milgram’s: raise legs only a few inches and let go, positive finding is pain (not weakness)


(if raise legs too high, abdominals will contract unwantedly)


-iliopsoas: attached to vert bodies and edges of discs



-compresses lumber spine when contracts

-disc herniations are not a reason for surgery

-impossible to hurt disc with side-posture adjustment

- protrusion herniation is more painful than sequestration


-size of the herniation will decrease with time (even wo treatment) 
- if you have 3 positive ortho tests for disc you have 95% chance of having a herniated disc  (SLR 87 with WLR 92) so just treat don’t need to do diagnostic imaging 
REVIEW

-levers

-stress/strain diagram (be able to draw)

-bone, fractures, and osteoporosis

-cartilage: OA (#1 reason for people to see a doctor, or miss work)


-know why OA looks like that

-muscles: how we tear, what happens when don’t use

-lig/tendons: function, tears, etc


-tendons: not many tears (b/c muscle weaker than tendon)



-tendonosis due to biomechanical disuse (ie overuse)


-lig: tears through trauma (joint beyond ROM)

Nerves: 

Disc: function, pathology
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Facets:

1) dictate movement

2) protective function (cord and nerve roots and disc)

-predominately in rotation, makes sure the disc doesn’t tear

3) weight bearing in some areas

-cervical spine has more range of motion b/c the facets are in a less restricted manner

-facet angle is 45 deg


- lateral bending restricted by luschka jts 


- flexible with ↑ROM 


- slide forward with flexion

- thoracic spine lateral bending is restricted by the facets 

-facet angle is 60 deg


- don’t slide forward with F/E so ↓ROM 

-lumbars

-facet angle is 90 deg (straight up and down)  at 45 deg 

-1-3 deg of rotation  with facet only 

- takes 6-8 deg to tear a disc so more rotation comes from cartilage and disc mvt 

-pain on spurling’s or jackson’s is from facets or disc

-facets carry less and less weight as you go down the spine


-in the lumbars, the facets should not carry any weight

-in c/s, the joints of Luschka protect the disc in rotation

-C1/2 is most rotation in C/S

-if not equal b/l then it could be from asymmetry of the spine (ie 2 facets on one side, and one on the other)
-tropism: if facets differ in orientation by more than 15 deg


-fairly common (about 50%)


-can only see it half the time on x-ray


-L5/S1 and T12/L1 are most common places for tropism and for degenerative changes in spine (transitional areas of spine) with walking they get more wear and tropism develops bc of how we are developing 
-congenital defect: something happens in utero fiancé 
-genetic defect: trait passed on

-orientation of lumbar facet joints changes from 80 deg to 30-60deg (depending on level) from 0 to 12 years of age


-asymmetry leading to tropism can start in childhood

-side posture adjusting


-center of rotation moves to facet joint and compresses cartilage at joint (and not at the disc)


-safest move for the disc


-it is physically impossible to herniate the disc in side posture



-the facet will break before the disc will injure (in side posture)


-only 2 degrees of rotation (due to facet joints), but the disc tears at 8 degrees

-coupled motion in the lumbar spine: everybody is different (some go left and the other right)

-thoracic bodies (& cervicals) are smaller in front compared with back
-osteoarthritis is only in synovial tissues (therefore, OA is not degenerative disc disease)
-no lymphatic system in the nerves
-osteomalacia and osteoporosis are metabolic

-osteopetrosis and osteosarcoma is cellular
-osteochondritis dessicans and Legge-Calve-Perthes is vascular

- brucellosis: a consequence of this is degeneration of disc 


- any process that degenerates chondrocytes (endplate)  causes disc disease 



- when endplate breaks it changes the environment of the disc (ph etc…) 
Ligaments


ALL, PLL, IVD, flavum, interspinous ligaments


ALL – stretched when head comes down as we walk



-much stronger than PLL



-attached to vert bodies



-provides energy storage when walking (spine stretches and compresses as walk)



- fushion: Ank spondolitis etc… 



- whiplash: sometimes its torn 


PLL – close to fulcrum (doesn’t move much)



-attached to disc (and not to bone), and isn’t strong



-provides another barrier b/n cord and disc



-may prevent anterior disc herniations



- no biomech strength in lordosis…some in thoracic (larger in TS) weaker in LS 


Interspinous ligaments



-provide most resistance to flexion



-first to be torn in hyperflexion


Yellow ligament/ Lig Flavum 



-most collagen makes it yellow 



-can stretch more than most ligaments 
(not much strength)



-forms the anterior capsular wall (of facet capsule)



-always stretched a little bit



-keeps capsular wall from being caught b/n the facets



-as you age, it gets thicker and stiffer




-canal stenosis can occur as flavum thickens compromise cord 

Muscles (to look at in people with LBP)

Multifidus



-extends the spine



-attached to under surfaces of SP’s



-if interspinous tenderness, usually tender at this muscle’s attachment point



-covers the posterior capsular wall and aids in keeping capsule from being pinched



-innervated by same nerve as the capsule



-if facet problems, multifidus is involved


Psoas



-shares innervation with the disc



-attaches to both lumbar bodies and disc



-Milgram’s – doctor picks up patient’s legs and lets them go (just a few inches off ground)



-Psoas compresses lumbar spine and pulls on disc when it contracts

-if disc pathology, look at Psoas muscle


- the n fires and feedback into psoas e

Quadratus lumborum



-tender points at top of iliac crest



-lateral or rotational injuries

S/S in disc vs facet arthritis


-disc: less interdiscal pressure in upright position than in seated position



-lateral Antalgia



-SLR, valsalva, Milgram’s, WLR




-87% chance disc herniation if positive SLR



-more localized pain and more chance of leg pain


-facet: less pressure on facets in seated position than standing



-no lateral Antalgia



-Kemp’s ?



-more broad-based pain (whole back is tight and painful)

-counterindication: spondylolisthesis (pars fracture) ( 7-10% have spondylo’s


-when spondylo, can’t adjust contacting the spinous


-if L5 spondylo, dimple in spine is at L4
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-iliolumbar ligament – prevents much motion of L5 and L4

-psoas muscle – attaches to bodies and disc of T12-L5


-Milgram’s is good disc test because psoas contracts and pulls on disc


-extends the back, but can flex depending on the starting position

-multifidus muscle – extends the spine (doesn’t really rotate the spine)

-dorsal ramus loop syndrome (aka facet syndrome)


-extension/rotation ( facet capsule stress ( post motor soft tissue stress ( multifidus spasm ( extension/rotation

-ice is best known anti-inflammatory

Negative effects if immobilization


joints



-shrinks joint capsule



-incr compressive joint loading



-increases synthesis of GAGs (but make the wrong kind)



-increase in periarticular fibrosis



-irreversible changes post 8-week immobilization


ligaments



-lowers failure or yield point



-decr thickness of collagen fibers


Disc



-decr oxygen, glucose, sulfate and proteoglycan content



-incr lactate concentration


Bone



-decr bone density



-eburnation (incr density on inside of bone)


Muscle



-decr thickening of collagen fibers



-decr oxidative potential



-decr muscle mass



-decr sarcomeres



-decr cross-sectional area



-decr mitochondrial content



-20% loss of muscle strength per week of immobilization


Cardiopulmonary


-incr heart rate (because pumps less blood)


-decr VO2 max



-decr plasma volume

-heart has about 1.5 billion beats in a lifetime

-a well-conditioned heart will last longer

What is unique about the joint?  What can go wrong?  (What forces injure?)  How to treat?

Test 2 material

Curves

-if took out discs in c/s, would be kyphotic


-c/s bodies are slightly bigger in front

-if no lordosis in c/s, then there will be some discs that are not the right size

-in t/s, bodies are also smaller in front that in the back, but the discs are flat

-if change in kyphosis in t/s, look first in the vertebra (for a compression fracture)

-decr kyphosis in t/s…

-in l/s, L1 is smaller, and L5 is bigger in the front

-lumbar curve is based predominately on sacral base angle

-ideal sacral base angle is 35 deg

-normal sacral base angle in pregnant woman is decreased

-more people come in with a decreased sacral base angle


-throws the lumbar spine posterior (decr lordosis)


-can’t change t/s, no matter what (unless break it)


-cervical spine ends up with straight spine


-weight ends up on the l/s facets, and tension on post neck muscles (ant head carriage)

-with incr kyphosis (falling forward)


-body has a hard time compensating


-incr lumbar lordosis


-severe ant head carriage

-pregnant women


-move entire pelvis forward

-with high heels


-sacral base decr (pelvis moves forward)

-arthritis of L4/L5 facets is most common cause of LBP


-from weight-bearing on the facets

Scoliosis

-causes (anything that causes unlevel pelvis)

· 
-ie short leg
·  Any type of mm/sk disease

· Neural disease
-first look for pelvic unleveling

-when screening for scoliosis, look for:

-women

-history of scoliosis in family

-tall for their age

-risk factor for scoliosis: early growth spurts in girls with a family history of scoliosis

-t/s stability is decreased (unstable when kyphotic curve disappears), then start to bend laterally

-vestibular, righting reflex (vision), proprioception

-often the girls are in the bottom of their class in grade school, but top of their class in college


-osteoneuro growth pattern exceeds the brain’s capacity to make good decisions


-grades go downhill, posture gets bad

-old theory: unmatched neuro-osseous growth


-neural tunnel grows faster and puts tension on cord (tethered cord)


-irritable, walk on outside of feet, can’t roll up into a ball


-cutting the filum terminale will take the strain off the cord

Measuring scoliosis


-find vertebrae that is bent the most (most tipped) – to measure angle of scoliosis

· Don’t use primary or secondary  or tertiary bc we don’t know what caused it

· Largest one is called major all others called minor 

· Take an x ray bending to reverse the scoliosis to see if it can be helped 

-if painful scoliosis, think trauma or tumor
-bone and disc grow vertically and then wide young more susceptible to scoliosis 

-Arnold Chiari

-unmatched bone and cord 

· MR machine made us think of this theory bc we saw a lot of syrinx’s with scoliosis 

· Tethered cord syndrome:puts tension on cord needs to be released

· Cause syrinx

-melatonin is growth factor for neural tissue so maybe it’s a deficiency of melatonin 

Disc problems

· Pt will either be standing or lying on the floor not sitting 

· SLR increase disc pressure by 50%

· Exercised that increase abd pressure will probs hurt the disc 

Spinal ROM

· F/E 
· Most Cervical
· T/S L/S not much 
· Rotation /lat bend
· Most C1/2
Lifting: wt lifters have larger bellies, keep whatever your lifting as close to the spine as possible 

Bend forward and post mm eccentrically contracting
Shoulder


-ROM greater than any other joint


-not a true ball & socket


-shoulder problem is #2 c/c in geriatric patients (after LBP)


-highly mobile because joint is unstable (ball is 3x bigger than socket)


-five muscles that provide stability: SITS & long head of biceps

-when dislocates, usually goes down and anterior (ends up under the coracoid process)


-to reset: traction arm down



-don’t ever try to rest someone’s shoulder



-1/3 of the time, there is a fracture involve in dislocation


-posterior shoulder dislocations are very rare, and usually reset automatically


-AC joint separation is more common trauma


-muscles and capsule make shoulder stable


-unstable when one muscle fires at the wrong time


-chiropractic concentrates on the system that controls the stability


-difference b/n right and left shoulder: lymphatics



-right shoulder is more prone to inflammation



-diaphragm is biggest pump of lymphatic system




-check first rib, if shoulder problems

-for every 30deg of arm elevation, 10 comes from scapula and 20 from humerus

-don’t do weighted xray view of AC joint (could progress a grade 2 to grade 3 strain)

-omohyoid – attaches to shoulder (chewing can affect the shoulder)
-supraspinatus is not needed to elevate the arm


-it keeps the humerus from rolling out of the joint

-trapezius and supraspinatus initiate abduction of arm (mostly trapezius)

-deltoid starts kicking in at 10 degrees of abduction

-trapezius really moves the shoulder and not the neck

-swimming is number one sport for shoulder problems
-putting your arms up cuts off the blood supply to small area of supraspinatus


-don’t sleep with your arms above your head

-SI and AC joints are two most active osteoblastic spots
-RA is opposite of OI in presentation


-the only commonality is joint space narrowing


-RA: decr bone density, no osteophytes


-OI: incr bone density, osteophytes

-when inflammatory disease inside joint space, tendon of biceps gets eaten up (b/c tendon inside joint capsule)

-supraspinatus and long head of biceps are two most clinically important muscles of the shoulder
there is more force on shoulder joint when throw a baseball then when walk on hands

· X ray: turn them so scapula is flat on bucky and not the spine 

· ROM: major wt bearing joint

· Hold arms out is hard bc it’s the deltoid holding the arm up…it has to generate ½ body weight to hold up

· Patholigical 

· Why them come visit: 

· Mm, lig, tendons as opposed to hip which will be fx, posture arthritis 

· Lymph system primary function brings fld back to heart…will drain swelling 

· Primary pump…breathing diaphragm bc drains into thoracic cavity 

· pH will change when lymph drain changes…ca into tissues can cause necrosis of tissues 

· R shoulder is most common for impingement syndromes…drainage of lymph

· If diaphragm is not working make sure 1st rib on right is working and drainage is adequate 

HIP

-stable ball and socket joint

-Mikulicz’s angle (aka Q-angle) – angle that femur makes with knee


-around 12 degrees

-whole body center of gravity is at the lumbosacral joint

-femoral shaft angle: angle between neck and shaft of femur 

-normal: 120-130 degrees


-coxa vara: < 120 (knock-kneed)


-coxa valga: > 130 (bow-legged)

-vaLgus: distal part of bone has gone Laterally from midline

-femoral anteversion angle (femur neck): 12-15 degrees

-congenital hip dysplasia – hip dislocates
-50% or less get OA of hip, but nearly everyone gets OA of knee

-stand on one leg…3x weight (increased factor of 9)


-glut med on the opposite side balances you out

· Don’t do side posture adjusting when someone has an artificial hip bc it is likely to dislocate 

· It puts the bad leg up and brings it over the patient 

· Anteversion angle (femur head/neck r/t knee) 

· Not from pelvis its from the top of the femur neck 

· Shaft angle/neck angle and then r/t knee

· Foot out if angle is smaller 
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KNEE

-4 joints (patellofemoral, 2x tibiofemoral, fibulotibial)
- Fibula holds about 1/6 of body weight. 
-femoral angle: 125-135° (normal) vara vs. valgus

-anteversion torsion: increases as we age (up to around 10 yo)


-increased anteversion angle, walk with foot inverted 
-thickest cartilage on back of patella: highest stressed joint in entire body

-ligaments inside joint space

-medial compartment carries most of the weight

- Patella highest stress in the body and #1 place for OA 

-Patella highest stress in the body and #1 place for OA.


- Baker’s cyst on posterior classic in OA

-There are internal ligaments within the joint.   

-Cruciate ligament protects a very unstable joint. 

-knee is the largest joint in the body

-Middle of two largest levers of the body tibia and femur

-HIGHEST ATHEROSCLEROSIS JOINT AFTER THE SPINE

-Knee angle tough to get x-ray

-A to P need a tube tilt if lay down.   Standing knee no tube tilt.  Sitting may need a tube tilt.    

-Medial condyle carries most of the weight when standing.  Takes more stress.

-PCL is bigger and stronger than ACL

-sag sign if PCL torn tibia will slide back/
-Lachman’s (for ACL) is better than Drawer sign


-Grade 1 (1-3 mm), Grade 2 most painful (3-7 mm), 7 mm or greater is Grade 3 (little pain esp. if healed)

-if pull on it and it hurts, then probably not a complete tear

-meniscus: distribute the forces (spreads force over larger area)


-reduces force of femur on tibia by a factor of 3


-controls movement


-helps support the health of the cartilage


-when tears are on outside, then it will repair


-but when tears are on the inside, there is no blood supply to assist in healing



-also, no nerve supply on the inside of meniscus (no pain)


-Appley’s compression test (not recommended)

- McMurrays and duck walk often used.


- Medial meniscus doesn’t move much but lateral one does and changes with condylar movement

-ACL has more nerve fibers than other ligaments


-ACL ligament important for stabilization of the entire body.   

-Prevents hyperflexion of the knee.   
- tears more often 

- part attaches to meniscus 
-patella reduces required force by 30% (on the quads)

-the more a person bends their legs, the more force is put on the patella

-over 90 degree of knee bending, patella loses half of its surface area contact on knee, and stress doubles

-heavy weight squats is bad on the knees

-greater than 90 deg, lose ½ of surface area and increases wear on the tips of the patella and this cartilage is not as thick.    

-Women more susceptible because of Q angle.

-Swelling on knee could be:  more synovial fluid, blood (Trauma), or infection (hot)
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-joints start out with a negative pressure

-as distract a joint, the space inside increases and the pressure decreases (more and more negative pressure)

-fluid inside joint exhibits a surface tension effect

-then the surface tension breaks and the fluid no longer holds the joint together


-gases come out of solution to fill the space


-rapid stretch on mechanoreceptors in capsule


-primary control of fluid in a joint is the sympathetic chain

-cannot cavitate a swollen joint because pressure is positive inside


-if cavitation occurs, it probably happened on the other side or on a neighboring joint


-ie if C5 capsule is tender (swollen) on the right, then chiro’s will adjust on right and osteopaths would adjust on the left



-osteopaths adjust away from the restriction and chiropractors adjust toward the restriction



-two different philosophies (entrapment vs extrapment), but both have some validity to them

-chiro’s treat neurodysfunction through the mechanics of joint manipulation

4 things unique

1. Patella

2. Largest joint in body SA 

3. Thickest cartilage

a. Highest stress joint in  body 

4. Meniscus largest in body and internal ligaments 

Anatomy:

· Meniscus 
· Not connected and they act seperatly except the lig across the front 
· If  torn don’t know it bc no pain fibers and hard to repair bc no blood supply (outer fibers have blood) 

· Knee could lock up when torn: flap can slip under the men


· FX

· Distribute shock

· Controls movement flex/extension and where condyles hit 

· Some lube to jt 

· Tests: bounce home not good

· Apleys compression

· Mc Murrays: gold standard 

· Turn in testing out turn out testing in 

· Feel knee bending and it will click or noise that shouldn’t be there 

· Better for post tear 

· Pain on jt line 
· How many joint surfaces take stress at knee 4

· Med /lat fem condyle 
· Fibula with tibia:  1/6 of body wt carried in fibula 

· Patella: thickest cart in body  = highest stress joint in body 

· Med collateral lig attaches to med meniscus so it is injured more

· Lateral collateral lig attaches to fibula not to meniscus/tibia 

Ortho tests

1. ACL: lachmans  not ant drawer, it’s easier and more sensitive 
a. Drawer is at 90 which can lock knee and give false neg

b. Lachmans is at 30 deg with little med pull 

2. PCL: sag sign put both legs up and look at curve when you do lachmans it will pull back to normal and could give false positive 

a. Reverse lachmans

b. Post drawer 

3. LCL/MCL: 

a. Varus valgus-when done extended will catch big tears but not small you need to do those slightly flex
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ANKLE
-transmits forces from foot to leg

-helps with proper foot motion

-inversion sprain is most common injury to ankle


-anterior talofibular ligament (most commonly sprained)



-on outside of ankle

-joint capsule and ligaments on inside of ankle are much stronger than on the outside

-fractures:


-lateral malleolus


-distal fibula (or sometimes proximal fibula)

-people that sprain their ankle tend to be chronic ankle sprainers

-if sprain is grade 2 or above, then chronic instability of ankle

-only use orthotics if have a known problem with foot (ie malformed foot)


-don’t use orthotics if foot is normal, and foot doesn’t hurt

-high heels change the biomechanics of the ankle (there is nothing good about high heels)
-know bones & ligaments of the ankle

-Achilles tendon tears are relatively common

· With an eversion type injury the fracture can be at the knee because the fibula will break at the weakest point.  

· The xray risk benefit is very low

· High ankle sprain, 

· This a serious injury, it tears all of the ligaments that in the area

· This may lead to ankle arthritis

· Not common to have an ankle replacement

· Rehabbing an ankle is hard because there is not muscles to strengthen

· The little ligaments in the ankle do not heal

· 50% of people who have had a grade 2 sprain or higher will have a chronic re ankle sprains, they will have chronic ankle instability

· What does the ankle really does

· Works with the foot, 

· Function of the foot grip and hold and acts like a lever

· When the foot is flat it should be relaxed, you should push of from the toes.  When you walk the tibia externally rotates.

· Runners always wear antipronating things in there feet.

· However the ankle is supposed to antipronate

· This ends up messing up the knee

· Normal stress pattern of the ankle has a larger area, and is a Y shape

· With abnormal stress pattern you put stress on the outside of the bone and have a smaller area of stress.  

· High heels change the biomechanics of the ankle

· These reduce the strength of the Achilles tendon and causes it to break
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FOOT
2 primary biomechanical functions – lever for walking, and a gripper for stance
-no such thing as a normal foot (no two feet match)

-Screw mechanism locks the foot up in the gait cycle

3 pathologies that are foot related:


1) plantar fasciitis



-everyone has either had it or will get it


2) Achilles tendinosis


3) Bunions

Plantar fasciitis


-foot arch is an important part in making the foot into a lever


-planter fascia helps to form the foot arch


-boots (or stiff shoes) don’t allow the foot to bend, and therefore no support from plantar fascia



-have to use intrinsic muscles of the feet to support arch when the toe doesn’t bend


-primarily b/n age 25-45


-occurs first thing in the morning when you step out of bed and spread out your arch



-during fasciitis, most the pain occurs in the inside of the instep of your foot (just inferior/lat to the navicular bone)


-no miracle cure for this problem


-toes curl when sleep, and the fascia is stretched when get out of bed



-fibers start to tear and pull out of the bone


-symptoms can last 6-8 months


-plantar fasciitis boot keeps the foot stretched when sleeping



-can be helpful if catch it early (in the first stage)


-other option is to stretch the foot slowly before you step out of bed in the morning



-this will prevent or slow the onset and reduce the chronic pain that prevents you from walking


-people that run a lot tend to get this


-best treatment (so far): eccentric exercises (do toe raises on the edge of a step (stretches and rebuilds the fibers)

-orthotics prevent your foot from losing its arch, but then the muscles atrophy that were originally used to hold your arch


-orthotics become an addiction (avoid orthotics, unless patient has a foot pathology to begin with)

-Liz Frank dislocations (tarsal/metatarsal joints)

-2nd joint (with 2nd cuneiform) is the most rigid of the 5 joints

-2nd metatarsal is common place for stress fractures (“march fracture”)


-3rd and then 4th metatarsals break after the 2nd breaks

-when buying shoes, look at the angle your foot makes when you bend it (with shoe on/off)


-shoe should not prevent your foot from bending

-hallux valgus – lateral deviation


-every time flex toes, the tendons cause it to bend more and more


-arthritis develops (first at 1st metatarsal/phalanx joint) and bunions also develop


-treatment is to cut the tendons causing the problem


-98% of everyone who gets bunions and hallux valgus are women


-the main problem is wearing shoes with small toe boxes or wearing high heels that are not open-toed


-wearing cowboy boots can also cause the same problem

Risks of high heels:

-achilles tendinosis, bunionectomies, tired legs, hyperlordosis (increased sacral-base angle), and decr c/s curve
-there are absolutely no benefit to wearing high heels
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Walking & Gait analysis

-difference b/n walking and running: both feet off ground when running

-pelvis rotation during gait cycle helps to limit up/down movement and smooths out the transition

-the pelvis also goes up and down during the gait cycle

-pelvis drops on the non-weighting bearing side when you walk – eccentrically loads the gluteus media

(eccentric loading is the best way to use a muscle)

-with pelvis dropped, the knee must bend in the swing phase in order to keep the foot from hitting the ground

-ankylosis spondylitis – fused SI joints (the pelvis doesn’t drop)

-they have to lift the leg when walk

-when hip goes forward, the arm goes back – this torques the spine

-highest stress points:  T12/L1 and L5/S1 (?)
-average person takes b/n 5,000-15,000 steps per day

-the ankle must work in order for the knee to work right
-Flail foot  (weak anterior tibialis that has trouble decelerating the leg) – foot slaps down on ground

-Syphilis (affects nerves of lower extremities)


-people with disc herniations affecting L4/5 nerve roots

-foot path should like more like one dotted line as opposed to two dotted lines
-femoral shaft angle (120-130 deg) helps to prevent sideways sway when walking

-gluteus maximus fires only about 25% of gait cycle


-it fires when heel first hits the ground and propels pelvis forward on leg (?)

-it rests more than it fires

-Anterior thigh muscles


-fires a little more than the gluts, but not much more


-eccentrically loaded when heel hits the ground

-Hamstrings


-fires less than 1/3 of the time (and eccentrically)

-Anterior tibialis


-raises and drops the toe

-Calf muscles


-fires most when push off the ground (vs all the other muscles that mainly fire upon heel strike)

-At heel strike, most of the muscles are firing, but they’re all antagonistic of each other

-walking is a controlled fall


-you lean forward and put your foot out to catch you

(if you walk leaning back, you would use more positive work, & if you walk leaning forward, you use more negative work)?

-typically, the amount of positive and negative work is the same, while walking

-walking requires minimal energy

-wider shorter stance (due to less balance) as we get older reduces some of the ROM in the hip and leads to hip arthritis
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REVIEW for Final

-strengths and weaknesses of what we’re built out of (bones, ligaments, tendons)

-biomechanics of spine, scoliosis, curves of spine

-major joints (what makes them unique)


-shoulder, hip, ankle, foot

-gait analysis

-95% of test is disc pathology and on


(concentrate on material after midterm)

-know flow charts in the book

-biomechanics of lumbar spine from Bogduk (disc material)

-orthopedic tests for disc & what they mean:


Valsalva, Milgram’s, Bechterew’s (SLR), (Kemp’s is not used for disc anymore)

-how we get disc degeneration and herniations

-purpose of the curves of the spine

-ligaments & muscles of the spine (4 major ligaments and 3 important muscles


Muscles: Multifidus, psoas, and obliques


Ligaments: Ant, post, flava, and interspinous ligaments

-how scoliosis happens


-first step in scoliosis: decrease AP curves (taller, skinnier spine – loses stabilization)

-normal lordosis and kyphosis: shock absorption, strength, and stability


-what determines the shapes of the curves: shapes of bodies and discs

-test muscle by eccentric loading

-test ligament by taking joint into ROM that tightens ligament

-to test joint, compress and move it (test a disc with compression, rotation)
-to test bone: use xray

JOINTS

-shoulder – most ROM, unstable joint



-stabilized by muscles, ligaments and capsule



-soft tissue problems (because unstable joint) – supraspinatus



-impingement syndrome



-control and stability is determined by neurological firing



-90% have shoulder problem in right arm before death


-hip – stable



-bone and joint problems (hip fractures)



-not likely to dislocate (bone gives out before the joint gives out)



-if short leg, the taller leg is more likely to get OA



-2 angles to know: femoral shaft angle and the anteversion angle



-orthopedic tests: test for OA with compression motion (limp when walk)

Knee – 



-four joints



-unique: biggest joint in body, highest forces, thickest cartilage



-the thicker the cartilage, the more stress (thickest cartilage is behind the patella)



-meniscus and its purpose


-4 ligaments of the knee (ACL, PCL, medial/lat collateral)



-McMurray’s test is best for meniscus



-Lachmann’s, Drawer sign, sag sign

Ankle



-tib/fig and talus



-talus acts as a U-joint



-tibia turns the talus (internally rotates: unlocks the talus; locks in external rotation)


Foot



-talar calcaneal joint is in the foot


-high heels is the worst thing to do for a foot



-angles in the foot



-where stress fractures take place

GAIT

Pelvis – drops in swing phase (and the knee bends and the foot dorsiflexes)



-transitional points (thoracolumbar and L5/S1) gets most stress and most degeneration and tropism


Muscles in gait cycle



-push, pull, stabilize



-falling forward



-before muscles fire in the gait cycle, they are stretched



-eccentrically load a muscle before allowing it to contract makes it stronger and more efficient

-8% white males have spondylolisthesis (blacks: 3%, Eskimos: 40%)


-how, where, when


-from repeated flexion/ext exercises (often under age five)


-seen more in men, but it is worse when it occurs in women
