Biomechanics
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Biomechanics – weakness and strengths of all the parts of the body.  Materail is put under stress (difference between force and stress – force is pressure measured in pounds, inches, Newtons, etc., stress is the same load but divided by the surface area that is being stressed).  For example – 10,000 pound elephant, always has 2 feet o the ground, therefore 5000 pound on the ground, 10 x 10 area of foot = 50 pound/square inch.  A 100 pound women in heels, ½ x ½ = ¼, = 400 pound per square inch.  Which would you rather be stepped on by?

Stress is less on big joints than on small joints.  Stress is force divided by surface area.

Strain is the result of stress.  For example, a 10 inch long ligament, with stress on it, it lengthens to 11 inches, that’s the strain.  Bone compression is strain.  Sometimes strain can be measured and sometimes it can't be.  

Stress/strain diagram:

Area under the curve is energy stored
Hysteresis – energy lost in system (usually as heat)
Creep – put a load on a ligament, there will be a initial stretch on the ligament; come back a little later, there will be an additional stretch

1mm change of disc height when going from laying down to standing up; at the morning 60 inch man has disc height of 60 mm in the am; measure him when standing up will be 59; measure him in the afternoon will be 58 mm; 59(58 is the creep
Three regions – elastic region – when stress is removed the ligament returns to it’s normal length.  Plastic region – when stress is removed the ligament has lengthened.  Third region it has broken.

Grade 1 is at the outer end of the elastic region – clinically there is no difference than a normal finding in the integrity of the ligament as far as length is concerned (it will be tender, etc., but no fiber damage); sprained ankle, playing basketball and go up for a rebound and turn your ankle ( can still play
Grade 2 – ligament fibers are torn and the ligament doesn’t return to it’s normal length.  This is the plastic region.  Never gets better; immobilization becomes smaller and weaker
Grade 3 – it’s broken.
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The higher on the stress/strain the stronger the material.  Steeper (A
More elastic will be longer strain 

Rate of loading – the quicker the load is applied the stronger it will be.  We are putting energy into the bone – it’s stored in the bone – energy is equal to the area under the curve. Once the bone breaks the energy is released into the blood, tissues, etc. around the bone.

Bone fractures

Slow – two bones still there, just a slight separation of the bone

Medium – larger separation, more damage to bone, more damage to muscle such as bleeding

Fast – more separation of bone, more force from bullet; muscle looks like hamburger from force

Blood supply and fractures (bad ones to have)
· Ribs, clavicle, tibia, scaphoid, pars defect, vertebral bodies, calcaneous, femur neck, collie’s fracture – radius fracture with posterior displacement
SEE NOTES
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Stress/Strain diagram – KNOW THIS FOR MIDTERMS!!!!!! Parts we need to know – elastic, plastic, fail point, energy, hysterisis.

Grade 1 Sprain in elastic portion

Grade 2 Sprain in plastic portion

Grade 3 Sprain is torn

Hyperisis is energy lost in friction – lost as heat – in any stage 

CREEP  - for example – we have a 10” ligament with a constant load of 10 pounds on it – in a few hours it will stretch to 10.5”, a day or two later it’s 11”, etc. – happens in living and non-living tissue

Stress Relaxation – ONLY happens in living tissue – the body adapts to stress (i.e. braces on teeth).  A weight is put on a tissue and locked into place – i.e. ligament is 10”, we stretch it to 10.5 and lock it in – the body will relieve the stress and make permanent changes.

LEVERS

Type I lever – a teeter totter 
EF = O = Force x Distance = Force x Distance


Vertebra- in flexion and extension the posterior portion of the disc takes the weight.


L3 – 100 pounds above L3 – 10 inches in flexion = 1000 inch-pounds.  The back muscles need to have 500 inch-pounds to keep from falling over.  Fulcrum weight is 600 (500 from back muscles + 100 from body weight).  Extend arms another 10 inches and pick up a 40 pound kid = 1000 inch-pounds + 40 pound kid x 20 inches = 1800 inch-pounds.  Need 900 inch-pounds in the back muscles to balance, so fulcrum has 900 + 40 + 100 = 1040 inch-pounds on fulcrum.  Moment arm of muscles is 2 inches.

Occiput – C1 has the same kind of situation.  Whiplash is multiplied by the G-force (5 G’s you multiply the weight of the head (10 pounds) times the number of G’s = 50 pounds for weight of head – 8 inches forward = 400.  Moment arm is 1 inch so neck muscles have to have 400 inch-pounds to balance – 400 + 50 for weight of head = 450 inch-pounds on the C1 condyle

Ankle is a good example of the teeter-totter of the body.  Body leans forward, soleus fires and brings us back
Non-spinal (extremities) – the fulcrum is at the end of the lever, not somewhere in the middle.  Arm – 15 inches long – weighs 10 pounds – 5 inches away = 50 inch-pounds divided by the length of the arm = 3 times so it is a very efficient system.  Muscle has to work perpendicular.

Long tendons and muscles closer to body have greater ROM and speed

Muscles that lies parallel to axis for fine motor control
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The most common bone metabolic disease is osteoporosis.  The maximum bone density for males is 30 and females is 25.

Bone density tests for osteoporosis is based on age – “normal for the age” not for what they were at 25.

It is actually a disease of childhood due to our lifestyle.  A sedentary life-style keeps maximum bone density from happening by 25 (in women) – most bone density happens in the teenage years (male and female) and this is the time for the worst dietary habits.

The 3 worst fractures – femur neck fracture, vertebral fractures, collies fracture (?wrist somewhere??).

60 – wrist fractures (they have more strength and balance – try to stop their fall with their hand)

70 – femur (they don’t have the flexibility to stop themselves so they fall on the greater trochanter)

80 – 

Vertebral Fractures start early and are prevalent all the way through.

In an x-ray, the thick white bones are the cortex of the bone – the vertical and horizontal fibers inside are designed to prevent compression.  If the bone bends, the bone on the concave side gets compressed and the bone on the convex side gets stretched.  

Osteoporosis is a result of decreased osteoblasts and/or increased osteoclasts; out of balance.  The horizontal lines start to dissolve – the vertical lines become more visible because they are having more stress put on them.  When they start to bend, then the endplates begin to bend and the vertebra starts to compress (the endplate is the weak link).  This doesn’t take any trauma because the bone is weak so getting out of bed can cause this to happen.  

Discs actually increase in height with age.  When you are 30 and 6’ tall you should be 6’1.5” when you are 70 – the reason we don’t get taller is due to the vertebral compression.

Treatment for this is “pumping concrete back into the vertebra and blow it back up like a balloon” (this is very experimental) – otherwise there really isn’t much you can do.  

Superior endplate usually breaks first – water exercises are good for osteoarthritis but not for osteoporosis – climbing stairs is real good (against gravity) for osteoporosis.

Bone density lost for every week you have a bone in a cast (or a coma) – you lose about 0.9%/week and for each 1% of bone density lost you lose 2% of bone strength.  In the cast for 8 weeks – 8% bone density loss and 16% of bone strength loss.

45-50 years ago – hip fracture at 70 most would die because they were put to bed so their bone loss is more than the bone gain and they never get up again and they end up dying from pneumonia.

Osteoporosis can be due to dietary or also our sedentary lifestyles.

STRESS FRACTURES

Shin splints are 90% stress fractures – plain films they aren’t visible – they are visible on bone scans.  Stress fractures happen to bones that bend (i.e. the tibia).  Every time we take a step the tibia bends.  The metatarsals also want to bend with each step.  The femur neck also tries to bend with each step.  

Muscles keep them from bending.  When the muscles fatigue and quit firing (20 mile hikes in the military) then the bone can bend.  If it bends far enough, it breaks – old lady stepping off a curb after shopping all day long.  Muscles deteriorate at the rate of 20% for the first week of strength lost (loses about 10% week 2, 5% week 3, etc.) – it returns faster than bone – rebuilding ratio is age dependent (50 y/o, 1 week down, 5 weeks of rehab to build the muscle back up, 40 y/o 4 weeks, etc.).  The patient, if they were real healthy before, won’t believe you when you tell them they have to take it slow to rebuild.

The tibia has very little muscle to keep it from bending – the cortex is really thick on the anterior portion.  The ankle, foot and knee are what stabilizes the anterior tibia (there’s no muscle here).  Injuries in sports have an increase (shin splints, etc.) in the beginning of the season.
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Stress fracture – look at flow chart in the book to see how this occurs – aka fatigue fracture.  This is due to a mechanical problem, usually muscle weakness resulting in bone bending.


[image: image3]Pathological fracture – due to some kind of bone disease

Tendons – moves bone


Tendons are 2x as strong as the muscle they attach to, therefore they do NOT break


Tendons can snap and break if there is chronic inflammation (i.e. tendonitis)



This can occur due to repetitive motion (carpal tunnel)



Usually an ergonomic/biomechanic problem 



Will cause continuous pain even without motion

If you correct the abnormal biomechanics, you will stop the inflammation

Ligaments – stabilize bone


Tear when stretched beyond the physical limits (usually be an outside force)


Immobilization weakens ligaments (takes a long time to regain strength)
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Dr. Bub was here today.  Skills Mills – Help with setting up practice.  They are the Masters Circle – Larry Marksen – Marksen Management.  65 of the most successful ($$$$) chiropractors in the country.  They are doing this to help the profession.  They choose to do this out of the kindness of the heart.

Ligaments and tendons – ligaments only absorb tinsel stress (Type I collagen).  Fibers are not as straight as muscle fibers because they may have to stretch in different directions.  Designed to resist motion, absorb stress.

CARTILAGE – Hyaline cartilage on the end of moving bones

1. Decrease friction so we can move (movement without friction so we don’t have to work so hard to move)

2. Dampens the force going from one bone to the next (elastic)

3. Strong as the bone

Co-efficient of friction – brick weighs a pound setting on the table – how much pressure do we have to have against the brick to move it.  In our joints is 0.01 (in our car 0.1 – oil makes this possible)

Composition

1. Collagen – several kinds

2. Water

3. Proteoglycans (big charged sugar molecules that attract water)

4. Cells

Collagen – function in hyaline cartilage is a building substance – like a water balloon filled with a sponge – it is a “matrix” of various kinds of collagen

Water – function is strength – it isn’t compressable as long as it is contained.  Also nutrition and lubrication.

Proteoglycans – helps keep the water inside due to the positive charge on the water and the negatively charged proteoglycans.  

Cells – chondrocytes – function is to make collagen and “un-make” collagen (enzymes are put out that destroy the collagen as well as the materials to make the collagen).  They also make chondroitin sulfates (proteoglycans) and enzymes that destroy the proteoglycans.

There is no air in the joint – the space in between the bones on x-rays is the thickness of the cartilage (1/2 for each bone).

When we adjust, we move the joint.  We should know everything there is to know about cartilage because this is what gets moved.

Cartilage lifespan is about 120 years.  Osteoarthritis is the most prevalent disease in the US – just about all of us have it – it’s early stages of cartilage loss.  The most important part of this process is the cells – they create the collagen and the proteoglycans which bring in the water.  The cell needs a purpose – it needs information to do what it is supposed to do (comes from the nerves) – they also need nutrition (comes from the blood supply) – Chondrocytes have neither a nerve supply or a blood supply so how does this happen?

Synovial fluid in the joint contains the nutrition – movement causes the fluid to move, the water comes out and the nutrition goes in.

Movement gives it life - ???? – How does this relate to the nervous system

End stage of osteoarthritis is bone fusion.  

Synovial joint is lined by synovial cells – lots of blood cells and nerve cells.  They are the gatekeepers of the joint capsule.  They let fluid in (in the knee 5 ml of fluid) – just enough to cover the joint surfaces – there is a vaccum in the joint capsule – controlled by the synovial cells – keeps the bones of the joint where they belong.  Turnover rate of synovial cells is real high because they move the stuff in and out of the joint.

Four signs of osteoarthritis

1. Decreased joint space – loss of cartilage

2. Subchondral sclerosis (bone right underneath the cartilage starts to increase in density)

3. Stress (force divided by surface area) is reduced by the appearance of osteophytes

4. Bone cysts – geodes - pockets of synovial fluid on bone surface – appears as black spots on x-ray in the end of the bones.
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Cartilage – purpose is to allow motion, dampens force from one bone to another, weakness is lack of innervation, nutrition, and blood vessels.  The cells don’t regenerate – there is no basal membrane to regenerate – once they are lost they don’t rebuild (once you’re dead, you’re dead).

(Nerve cells are not in an active state of regeneration, they are the last to die when patient receives radiation)

It needs to be used to maintain its life.  The most common disease is osteoarthritis – degenerative cartilage disease – cartilage should last 120-150 years – it shouldn’t die unless something causes the cells to die.  In this case it is lack of motion, glucose is the primary nutrition, and it doesn’t get there through the synovial fluid and the cells if there is no movement.  This also tells the cells whether they need to produce more proteoglycans (or less), etc.

L5 facets (#1) and the knee (#1 outside the spine) – osteoarthritis is the #1 muscle-skeletal problem.

How do you get it?  (Classic findings – 4 of them – joint space narrowing (loss of cartilage), subchondral sclerosis (thickening of a bone underneath the cartilage), osteophytes (stabilzing effect or reduces stress), cysts (geodes – fractures due to cartilage being cracked and the fluid is forced back into the bone making a hole like a “geode” rock).  End stage is that the bones fuse.  When “low pressure” from a storm comes in, it causes the geodes to want to expand causing the “pain” people feel when they can predict the weather.


Two types – Primary is genetic – very rare; Secondary osteoarthritis - due to something else

1. Immobilize the joint you want to examine (secondary) – markers in the synovial fluid will appear in about 2 hours – this is reversible as soon as we start moving the area again.  The cells of cartilage don’t grow back, so if they haven’t received a signal that the proteoglycans need to be produced, then they produce the lysosomes to destroy the cells.  8 weeks or longer it is not reversible – casting (younger age) is 6-8 weeks – as we get older it is 8-12 weeks.  Some fractures take even longer to heal.

2. Improper biomechanics (this is what causes more OA than immobilizing the joint).  When the body repairs the cartilage, it is replaced (2 mm or less) with normal hyaline cartilage – anything bigger than that will be replaced with fibrocartilage.  Trauma to the soft tissue around the joint allows the cartilage to move into areas that it doesn’t normally go = improper biomechanics.

Sedentary life styles and obesity are risk factors for OA.

3. Sugar (glucose) is the predominate food for the proteoglycans – people with a low sugar diet could possible get OA.

What happens?  Closed-packed position is the joint where there is maximum compression of the joint (elbow – extension – where it is locked).  Everything else is open packed.  When a joint is in closed packed position, injury happens = bones break.  Open packed position, injury happens = ligament damage.

Elderly people lose strength and coordination – they take shorter steps so the outer edge of the hip ball and socket joint degenerates and the cartilage breaks off and embeds into the synovial fluid.  THIS is what the inflammatory process is – otherwise OA isn’t an inflammatory process.  

The joint capsule is highly innervated – nociceptors are sensitive to stretch – therefore when the capsule stretches due to the swelling (due to trauma, infection [rare – children and immunocompromised], synovial cell filter problems) will cause the pain we feel.  The filters can allow too much fluid to be in the synovial capsule due to nervous system input.  The sympathetic NS controls the fluid that goes into the joint – this is why an adjustment works as quickly as it does.

Joints swell due to buildup of synovial fluid
Most osteoarthritic joints do not swell up

Damage comes from bone side or from the distal cartilage side to bone side

Cortical steroids – decreases bone density


Decreased ability to be absorbed
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Next Friday we have another Practice management thing during 3rd hour

Cartilage – flow in and out of fluid only happens when there is movements.

Why is it so slippery?  Elastohydrodynamic


Elasto – elastic, allows fluid to go in an out


Hydro – the fluid part, trapped between the two surfaces


Dynamic – the two cartilage surfaces never touch


This is why we get such good lubrication

If we are not moving, the fluid will seep out, then lubricine (sticks on the end of the cartilage surfaces – it’s a lubricating lipoprotein (??).  Lubricine is only in the synovial joints – it’s either made by the chondrocytes or the synovial cells (RA effects the synovial cells – in RA lubricine isn’t present).

NERVES

Peripheral nerve – nerves take a lot of energy, they need a constant blood supply (arteries connect all along the nerve – when it enters the nerve, the blood flows both directions in the nerve).  The pressure inside the nerve is positive.  Arterial pressure is also pretty high.  When the nerve is stretched, the lumen gets smaller and this closes down the venous drainage system and the circulation system then backs up.  No blood flow = necrotic tissue.  Veins close down, arteries close down and then the nerve (compression or stretching can cause this).

Disc bulge (a stretch), carpal tunnel (a compression).

The axons inside aren’t as elastic as the myelin sheath around it.  Internal injuries – can repair back to normal.  If the nerve is cut, the chances of returning to normal (regenerating) is pretty minimal.  Regrowth is about 1 mm per day.

Biomechanically – you can stretch a nerve and tear the axon before the myelin sheath shows any damage; you can get necrosis of the tissue from stretch or compression.

MUSCLES

Properties of 3 types of skeletal muscle fibers

Type I - Slow-twitch oxidative (SO) (Red muscle – burns slow, repeated contractions – i.e. posture muscles – high blood supply)

Type IIA - Fast-twitch Oxidative-glycolytic (FOG)

Type IIB - Fast-twitch glycolytic (FG) (White muscle – burns fast but not often, low blood supply)

What determines what the muscle Type is?  What causes a muscle to be the Type it is?  A microsurgeon can make a muscle switch by switching the nerves.  Training can make the nerve fiber fire more which can then change the function of the end organ.

Professional athletes – certain activities repeated can change the activity of the muscle.  The muscles will revert (atrophy) to the former state when you quit training it.

The nerve supply sprouts “new” endings to cause the increase – this is the first thing to atrophy or disappear when you quit stimulating it.

Muscle loses 20% strength in the first week (bone loses 2% strength).  It takes 2-3 times of proper rehab for recuperation times (i.e. down for 1 week, 2-3 weeks to get back to pre-injury strength)

Cross-country – detrained fast twitch muscles, grip strength and vertical jump were decreased

Chess team – fast twitch muscles were OK, grip strength and vertical jump were increased

By cross-training, it decreased injuries and increased speed – BALANCE – they ran but also did other things like weight training, basketball.  Linear vs. non-linear activities (running is linear – basketball is non-linear)

If you don’t use them, you lose them.

Muscles do work – Terms

Static work – No mechanical work performed.  Posture or joint position maintained


Isometric contraction – muscle tension equals external load, Muscle length constant

Dynamic work – mechanical work performed.  Joint motion produced


Concentric contraction – muscle tension equals external load, muscle shortens


Eccentric contraction – muscle tension equals external load; muscle lengthens (this is stronger than concentric)


Isokinetic contraction – constant velocity of joint motion; maximal muscle movement produced

How do you make a muscle bigger?  The fibers don’t just get bigger, you can actually develop more muscle fibers (10 reps = bigger muscle, lighter weight + more reps = more fibers; the lighter weight and more reps split the fibers and therefore makes more)

Most common muscular complaints that we will see clinically – cramps – muscle spasms due to nerve firing abnormally.  To reduce it you stand up on it and fire the antagonistic muscle
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Exercise-induced muscle pain, soreness, and cramps (The Journal of Sports Medicine and Physical Fitness) - article

Pain during exercise – inflammation markers say the muscles are being torn (i.e. sprained ankle)

Delayed onset pain – happens a couple of days later – loss of strength during this pain period (not lactic acid buildup – that is cleared out in 40 minutes or less)  They don’t know for sure where this comes from

Cramps – can happen at any point in time (at night, during exercise, in class) – it is a neurological phenomenon – if it was anything else it would involve more than one muscle.

Purpose of stretching a muscle – strength, ROM, warm it up (for faster muscle conduction) – 2 nerve system that work against each other – Golgi tendons tell muscle to relax, the O and I move apart then the muscle wants to contract.  Slow stretch fibers – if done properly, Golgi tendons will continue to tell the muscle to relax, if you put an EMG on the muscle there shouldn’t be any reading.  

“Ballastic” stretching is more for strength.

Muscle stretch – hold for 30 seconds for maximum affect.

Creep and stress relaxtion review – 

When we stretch a muscle and get an improved ROM it is a neurological thing – it’s not creep or stress relaxation.

Research shows that if you stretch before activity you have more injuries.  Dr. C feels this is not due to stretching, but due to the increased activity of the athletes that the research was done with versus a “weekend jogger”.  The athlete will have more injuries because they are doing more.

We are NOT stretching ligaments – we want to stretch the muscle tendons.  Hurdlers exercise is a good example of what not to do.  Ligaments need to be tight.  Warming up a muscle is good, but other “stretching” is controversial as to whether it needs to be done or not.  

READ THE CHAPTER IN THE BOOK FOR THE TEST

DISC stuff for the test


The disc is a complicated structure.  What’s it’s function?  Shock absorber, ligament that acts as a fulcrum (it really is a ligament, not a joint.  A synovial joint that has been immobilized gets a film over the joint surfaces (like the morning film on your teeth).)


Their main job is to allow intervertebral motion.  ROM in a 2 y/o is much more than a 22 y/o or a 62 y/o – the vertebral body is bigger in a 22 y/o.  The body of the vertebra changes in relationship to the disc as we get older.  Disc is ¼-1/3 in relation to the – in the 2 y/o it is almost 1:1.  Disc are smaller in the thoracic region than in the lumber/cervical region.  In a 62 y/o the discs are getting smaller.

Annulus, nucleus and endplate are the 3 parts of a disc – they are the largest avascular structure in the body.  (No blood supply in the cartilage of the synovial joint)  

The endplate is like a doilie – has lots of holes in it – called the VEP (vertebral endplate) – all nutrition for the annulus comes from here.  Endplate is the weakest area.  When you fuse a spine, the disc turns to cardboard because there is no movement.

Nucleus pulposus vs annulus fibrosis – different collagen and higher water content – nucleus acts a hydraulic resistance to compressive force

Annular fibers attach to the bone above – long fiber collagen – resists under tension.  Contains the nucleus so it stays where it belongs.  These fibers run in layers and alternately oblique directions.  The fibers that are pulled apart (i.e. in twisting or leaning to the side) are what is stretched and the other directional fibers are shortened (fibers tend to tear)

We usually bulge in the direction that we lean – lean R, bulge R; an atypical one would bulge on the other side.  THIS IS ON THE TEST

Essay, matching, multiple choice, true/false

Ligaments/Tendons
Tendon – attaches muscles to bones

· Stronger than muscles – prevents injury

· Long tendons keep muscles closer together making it easier to move with less energy

· Muscles weaker in tension ( tendons ( bone breaks

· Achilles tendon tear – most prominent (tendon tears are rare)

· Collagen fibers reduced in sized with multiple hemorrhages 

· Tendonitis – weak and atrophy of fibers (tendonosus) 

· Must build the strength back up

· Misuse injuries

· rehab

Ligament – stabilizes, protects joints

· Keeps ROM normal

· Attaches bone to bone

· Weaker than bone

· Injury by stretching

· Lockman’s = ACL tearing
· Surgery, brace it

STRESS





STRAIN





Elastic





Plastic





Grade III Strain
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Altered gait





Loss of shock absorbing capacity





Muscle fatigue





Strenuous exercise





Abnormal loading





Altered stress distribution





High Tension / fast fracture





High Compression / slow fracture








“Linda’s Notes” by Linda Hite – These notes are not guaranteed to be complete or without errors – they are meant to be a supplement to help you study.
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