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Biomechanics:  Requirements of joints and muscles


Muscles require proper load distribution and specific length tension parameters.  Joints require proper load distribution, full range of motion, normal 

physiologic loads applied at midrange,stability, proper alignment and symmetry. 


Intrinsic biomechanic factors include alignment and muscle imbalances.  Alignment dysfunction can be due to congenital or structural asymmetry. 

· Functional deficits. examples: Faulty posture, tight hip flexors, ankle instability, weakhamstrings, leg length asymmetry, scoliosis

· structural lesions: genu varum, tibial torsion, rigid pes cavus

· functional lesions: pes planus, genu valgum (long limb compensations)

· compensations: scoliosis secondary to limb length discrepancy

·  consequences:  hallux valgus secondary to pes planus

· 3 Planes of motion: Sagittal, Frontal, Transverse; most sports are multiplanar

· Transverse plane:  greatest challenge to balance and stability, 



i.e.  ACL injuries




need to train in transverse plane (rotation, i.e. tennis, baseball)

· Gait Cycle:  (Stance phase: Heel strike,  Foot flat, Midstance, Heel off, Toe off; Swing Phase: Acceleration Midswing Deceleration)

· Functional deficits at the foot: 

· Abnormal dorsiflexion:  Hallux rigidus/limitus 

· Abnormal pronation:  

Pronation occurs at subtalar joint:  unlocking tarsal bones allows adaptation to terrain ( resupinates, locking tarsal bones. 

Force couple (occurs after heel strike): subtalar pronation = internal tibial rotation (degree for degree)



( ( lateral forces on patella



( tibialis posterior fires eccentrically if pronation occurs for too long

· Pes cavus (Most people strike at outside of foot)

· Pes planus: over-pronation. 

Plantar fasciitis;  Forefoot: bunions, metatarsalgia; P. tibial tendon dysfunction, Achilles (medial side); shin splints/ tibial stress fractures; Exertional compartment syndrome 

· Forefoot varus( Varus rearfoot to forefoot angle):  Pronation sustained though toe-off. Shin-splints. Hip and knee problems-due to 


internal rotation at toe-off

· Pes cavus: Rigid foot-impact related injuries. Poor shock absorber. Plantar fasciitis; Stress fractures (foot and tibia);  Achilles' 


insertional tendonitis; Heel spurs; Often associated with supinated rearfoot

· Hallux riaidus Failure of forefoot dorsiflexion = loss of propulsive forces 


Poor propulsion:  early heel rise,  short stride length 


Gait  compensations: Forefoot abduction, lumbar sidebending, Knee flexion,

· Leg length difference

 



Congenital





Acquired: fracture-healing, knee or ankle laxity,loss of joint space-hip DJD; muscle imbalances: Adductors, Hip flexor





Limb length difference: compensations and consequences

· Long Limb:  Foot: pronation, Knee: genu valgum or varus thrust or recurvatum, Hip: adduction, Pelvis: tilt and posterior ilium 


rotation, Lumbar: scoliosis

· Short Limb:   Foot: supination, Knee: complications from supination of foot, Hip: abduction, pelvis: drop/tilt, Lumbar: scoliosis

· Gait:  Hip hike, Hip drop, Circumduction of Long limb

When is a LLD clinically signficiant? 1 cm, 2cm,3cm????? Need to consider the functional demands of the individual.  Also consider lumbar facet joints (asymetrical compression)

Musculoskeletal injuries: Sprain, Strain, Contusion, Fracture, Joint injuries; Forces exceed mechanical properties of the tissues

· External-collision, compression, loads

· Internal-force from muscle contraction, alignment, structural factors (leg length differences, misalignment)

· Acute injuries:  single injury or episode of trauma. Can develop into chronic or subacute injury.

· Chronic iniuries:  caused or perpetuated by mechanical factors.  Evolves over long period of asymptomatic dysfunction.

· Pain persists because: trauma was excessive or extensive, non physiologic (illness behavior), the stimulus persists (persistent tissue 

overload/breakdown)

· An chronic injury can have acute exacerbations.

Overuse injuries  = Repetitive loads + Inflammatory process. 

· Triggered by the breakdown products of destroyed cells.

Repetitive overload ( microtrauma ( cellular destruction ( inflammatory process(( initial short period of vasoconstriction to control 

· bleeding ( capillary dilatation( ( pressure ( leakage of fluid and cells (cleanup enzymes (macrophages, etc.)  (destruction of  normal 

        tissue (…Persistent overuse ( self-perpetuating process of chronic inflammation and tissue destruction.


Ex: shoulder strain from tennis, pars defect in gymnast

· Predisposition .

· Extrinsic factors: 

· Training errors-too much too soon, ( duration, distance, frequency, impropertechnique, new training strategies or technique, stride length, 


hills, sprints, trails, new coach

· Conflicting concurrent activities (other sports, job, home activities)

· Equipment, surface: turf, clay courts,banked roads, concrete, trails, shoes(old, new, wrong) new racquet or stiffer stringing

· Intrinsic factors:

· Alignment factors: Rotational or angular malalignment, Femoral anteversion(runners), tibial torsion, Genu varum (bow-legs), Genu 


valgum 

· Foot shape: high arch or flat-foot

· Limb length difference, Congenital or acquired structural asymmetry,

· Muscle imbalances: Tight hamstrings / adductors

· Treatment: P.R.I.C.E.S (Protection, Rest, Ice, Compression, Elevation, Support) 



Protection--avoid reinjury, unload if necessary



Rest-relative / active or complete. Ice, compression, elevation



Support-splint, taping, bracing, during activities



Also: NSAID's Iontophoresis, phonophoresis Corticosteroid injections, Correct mechanical factors: Weight loss, Arch supports, Muscle imbalances

· Connective Tissue: Muscles, Tendons, Liagments, Cartilage, Bones, Bursae

· Bones: Wolffs law: compression ( bone formation, tension (  bone formation. 

Bone remodeling = resorption + formation 



· Forces: tension, shear, compression, bending, torsion 



Compressive loads: calcaneus, femoral shaft, medial femoral neck, proximal tibia



Tension forces-anterior tibia, lateral femoral neck, patella 

Fractures 

· Closed

· Compound-(open) broke through skin

· Comminuted-3 or more pieces

· Transverse-right angle to long axis of bone

· Oblique, Spiral, Displaced, Angulated

· Ped's: greenstick (one side broken, the other side is bent ), torus (muscle buckles on itself), epiphyseal fx's

· osteochondritis dissecans (OCD):  more common in children, some in adults.  Fracture of a small piece of bone that resides in the area of 


facture like a golf divit.  Commonly, occurs over the talus.

· Avulsion fx

· Compression--spine,

· Pathologic fractures--tumors, metabolic bone ds.

· angulated Fx:  long axis of the limb is angulated

· Stress Fractures-resorption outpaces bone formation



Insufficiency fractures:  abnormal bone. (osteoporosis)


Fatigue fractures:  normal bone, repetitive loads (most sports stress fx's)

· Long bones (highest frequency):  tibias, femurs 

· Short, tubular bones:  metatarsals

· Flat bones (largest supply of vascular cancellous bone, least likely):  tarsal navicular



Sx's: Deep ache, progression:  pian following activity ( pain during activityt ( pain with walking ( pain at rest 



Findings: 

· Intense local tenderness over bone, Percussive tenderness

· May have periosteal thickening

· Vibrating tuning fork (128 Hz),

· Hop test (pelvis stress fx's)

· Fulcrum test (femoral shaft)



Imaging: 

· Ultrasound 

· Xrays: only 15% sensitive early on. Only 50% may ever show injury. Cortical:  white fluffy calcification, possible black line



Cortical bone:  Faint radiolucent striations, Periosteal new bone, Endosteal thickening, True fx line (dreaded black line)



Cancellous bone--Difficult to detect, Subtle blurring of trabecular margins, sclerotic bands

· Bone scans: Nearly 100% sensitive, Poor specificity but identifies the area of lesion. Often demonstrate non-specific findings:  Degenerative 




changes, Periostitis, Stress reaction, Tumors, infection, bone infarction. Can remain  positive for up to a year. Can't use to monitor 


healing.  Stay positive long after clinically-healed

· CT scans: Gets more specific, order after a bone scan. Use to clarify non-specific bone scan findings (infxn, tumor, fx, periostitis)



Knee: OCD; Foot: DJD vs. fxl;  Spine: spondylolysis; Peds: exuberant callous vs. tumor

· MRI:  Very sensitive and specific. Bone edema suggests acuity of lesion. Helps identify co-existing tendon injury



Treatment: If it hurts ( don't do it! Gradual return to sport

· Rest!! 4 wks to 3 mos! Depends on site,stage at dx, and sport demands.

· Minimize weight-bearing if pain with walking. Strict immobilization only for certain hi-risk stress Fx's (Femoral neck, foot, osteoporosis)

· Cast for some hi risk Fx (foot, talus), to unload injury, to hobble non-compliant pt's.

· "Splint": rigid shoe, insert, aircast bracy, cast boot

· Bone stimulators, electromagnetic fields 

· Surgical fixation- for hi-risk of non-union (Base of 5th metatarsal, femoral neck, tarsal navicular), Late presentation, signs of 


non-union, Competitive athlete returning to play too early

· Active rest, Cross-training, non-impact exercise: pool, aqua-jogging, cycling, stairmaster, EFX, rowing.






Address contributing factors-Training errors, shoes, surfaces. Alignment, biomechanics, tight muscles, instability above or 






below, Gait evaluation (orthotics)

Imaging of Stress Fx

Stress Fx


High risk of non union:  base of 5th MT also called a Jones Fx

· Osteochondritis dissecans OCD

· Bursae: Similar structure to tendon sheaths. Flat sacs of synovial membrane. Inner sides separated by a fluid film. Located where moving 


structures are in tight approximation

· Tendon and bone-subtendinous bursae Bone and skin-subcutaneous bursae

· Muscle and bone-submuscular bursae Ligament and bone


Mechanical irritation ( Sweiling ( increased fluid




(





Prolonged ( Thickened walls ( chemical bursitis ( adjacent tendon degeneration or calcification


Ex: 
Subacromial bursitis (caused by impingement of bursae by compression between acromion and greater tubercle of the humerous).+ calcific 



tendonitis; retrocalcaneal bursitis

· Cartilage: No blood or lymphatic supply. Protected by thin layer of fluid. Keeps opposing surfaces apart.  Protects cancellous bone.


Thrives on motion, lubrication, ( fluid exudes through pores in outermost layer. Flows back in after motion/compression ceases. Cartilage 


nutrition dependant on fluid flow.  However, if compressive forces high / sustained  ( degeneration; Immobilization (diminished compression 

· 
forces) (  degeneration. Poor alignment ( wear and damage

· Fibrocartilage: helps bond joints with little motion. Intervertebral discs 

· Hyaline cartilaqe: thin covering on the ends of bones. Smooth surface for articulation, facilitates movement, weight-bearing and 


distribution of loads. Hyaline cartilage replaced by fibrocartilage(weaker, less durable) 



Epiphyseal plates, kids and adolescents, vulnerable to stress and trauma. Ex: Little leager's elbow

· Connective tissue

· Cellular component: Fibroblasts (tendons, ligaments) Osteoblasts (bone) Chondroblasts (cartilage) Circulating lymphocytes, macrophages

· Extracellular matrix:

· Ground substance:  glycoproteins, proteoglycans

· Fibrous component:  collagen, elastin. Ratio of collagen to elastin is specific to tissue type. 





Collagen






Most abundant protein in body: white fibrous tissue






Tensile strength of steel. Non-elastic, but arrangement allows some elastic-type deformation.






Relaxed state: wavy configuration (crimp); 11 types







Type I: tendons, synovium, bones, labra.. (most connective tissue)







Type II: hyaline cartilage, nucleus pulposus





Elastin: allows deformation followed by return to original state, Yellow fibrous tissue

· Joint injury: 

· Dislocation -complete displacement of joint surfaces

· Subluxation-partial displacement, usually transient



Both imply damage to ligaments or supporting structures (capsule, etc.); Both can be 1 st time or recurrent

· Ligaments and tendons: Fibroblasts-20% of total tissue volume. Extracellular component-80%.More collagen than elastin. 

· Tendons:  collagen more parallel orientation. Allows unidirectional tensiledistractive forces.  Sheathed by paratenon and epitenon.

· Paratenon-protects, enhances movement. 

· Epitenon-additional synovial layer, in high friction sites (wrist, hand, foot),locatedbeneath paratenon, produces synovial 


fluid-reduces friction




Tendon or muscle injuries (microtearsor tears, Strains) often result from contraction of the muscle itself.  

· 1st deg: mild, tear of a few fibers: strong but painful muscle contraction

· 2nd deg: moderate, tear of more fibers, but muscle-tendon unit still intact; weak, painful muscle contraction

· 3rd deg: complete rupture of muscle-tendon unit (muscle, origin, tendon insertion, tendon, musculotendinous junction).  

· 
Very weak, but painless attempts to contract muscle.




Tendonitis: Inflammation of tendon. Fatigue at site of tendon attachment to bone. Poorer blood supply 




Peritendonitis or paratenonitis: Inflammation of peritendon or synovial sheath. Friction or compression.  Often swelling. 





i.e. Achille's Tenosynovitis




Stenosing tenosynovitis:  deQuervain's or DuPuytren's




Tendinosis: degenerative changes with or w/out inflammation. Often results from chronic tendonitis. May include calcification. 





May result in swelling or rupture. Ex: lateral epicondylitis, quad or patellar tendinosis 




Apophysitis Inflammed tendon insertion site on bone or on growth plate such as traction aphophysitis of tibial tubercle:  children 





wearing cleats because the heel stays on the ground while the body is trying to move forward.  Heel spur is the result, not cause 





of pain.  Traction of fascia causes spur formation.

· Sever's disease-posterior calcaneus. Traction apophysitis

· Osgood-Schlatter syndrome. Skeletally immature. Traction apophysitis on tibial tubercle. From rapid bone growth, tight quads, 






blunt trauma 




Tendinosis:  degraded tendon after inflammation
· Ligaments (Sprains):  more varied orientation, loose areolar sheath (no name)
· Grade l-mild, some elongation. Mild pain, swelling. Tear of only few a fibers

· Grade II-tear of a moderate # of fibers; mod. pain and swelling; ligament is still functional

· Grade III-complete tear, more pain and swelling; joint instability



Inflammation, degeneration, ossification..Can result in hypermobility, instability. Usually occurs at ligament / bone jxn. Plantar fasciitis 





("Tendon vs. ligament"-plantar fascia, patellar tendon)

Healing depends on location, which determines if fibers will stay approximated (i.e. MCL of the knee, anterior talofibular ligament) with 


avoidance of use.  An ACL tear will not heal by itself. Ankle: ATF (anterior talofibular ligament) is the most common site of ankle sprain




· Skeletal Muscle: Muscle cells (fibers) ( fascicles. Filled with myofibrils.



Sarcomere: Myofilaments: Actin & Myosin. Connected by crossbridges.. Tension generated by crossbridge formation. No cross bridges 




formed without overlap. Max. amt. of overlap = max amt crossbridges  ( strongest contraction




Concentric contraction: the muscle shortens, sarcomeres shorten, crossbridges formed, broken, reforme




Eccentric contraction: muscle lengthens, actin are pulled away from the myosin myofilaments. Crossbridges are broken, re-formed, broken

· Contusion (bruise)


Concomitant problems:  occult fracture; visceral contusion; splenic rupture


Large contusions should be treated aggressively to prevent Myositis ossificans, ossification of a blood clot. Use compression to prevent development.



  
Myositis ossificans may occur secondary to  deep muscle bruise as in contact/collision sports. Metaplasia occurs of muscle to bone.  Commonly 



occurs in the quadriceps and brachialis muscles.

· Dx:  need high index of suspicion such as firm mass in muscle after acute hematoma phase, ( ROM, quad strain with ecchymosis

· Xray: Early:  fluffy calcifications. Late: mature, woven bone outside periosteum

· Tx:  Avoid re-injury, Avoid competition until pain-free wI nl ROM




PT -gentle stretching, avoid contracture, Crutch ambulation, if necessary, myofacial work to reorient fibers, iontophroesis, ultrasound




Late tx: surgical release (in some circumstances), If missed early, may have disability

· Prevent by compression of hematoma (toe to groin wrap)

· Nerves: Compression , ( blood supply,  Muscle hypertrophy, Soft tissue swelling.

· Chemical irritation: local inflammation 

· Abnormal joint function=> stretch / traction



i.e. Carpal tunnel syndrome (CTS), superficial peroneal branch ankle

· Compartment syndrome: Enlargement of a muscle group within its fascial compartment can compress the blood supply within the 



compartment. 



Traumatic vs. exertional:  Weakness, pain, and occ. sensory loss. Failure to relieve pressure ( permanent damage to nerves,





 muscles. Anterior, posterior lateral and deep posterior compartments.  Exertional compartment syndrome is usually transient.  





Most common in lower leg.

Healing principles 
· Resolution of sx's

· Restoration of function: 



Proprioception:  stretching a ligament can remove the proprioception or inhibit reestablishment of proprioception

· 
Proprioception can be established with one legged activities, wobble boards, etc.

· Re-establish llength-tension relationships: normal muscle recruitment patterns, normal proprioception

· Correct other functional deficits

· Maintenance of function:  During season, off-season, Pre-hab


Biomechanical approach (forensic approach) identify the functional deficits, consider the patient as if they were on a timeline of progressive 



dysfunction 


Deductive approach: identify and treat the lesion, "go where the money is"

Moral: Correct the functional deficits!!! No such thing as a joint injury in isolation !!

