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The Foot

Biomechanics:  


In midstance at the subtalar joint, when weight transfers over midfoot, pronation/inversion occurs where the talus rolls and unlocks.  The tarsals then lock in supination before toe-off. In a fully locked foot, the plantar ligament is tightened (when going from heel to toe), which is called the windlass mechanism.

Forefoot problems

· Toes:  IP and DIP joints, MTP joints and metatarsals 

· Fractures, stress fracture, Sprains, Subluxation

· Metatarsalgia, Clawtoe deformity, Hammertoe deformity, Morton's neuroma

· subluxation:  seen in rigid pes cavus where toes secondarily become retracted to compensate. 

· Turf toe:  MTP strain in hyperextended position (taping in the book)

· 1st  ray: Hallux valgus, MTP sprain, turf toe

· Hallux valgus:  MT rotates externally and deviates medially as well.  1st MTP joint often subluxes, MT arch is flat, 2nd mtpMTP joint can sublux in 


hyperextension w/ PIP flexion.  as well


· Hallux Rigidus/ Hallux limitus: Failure of forefoot dorsiflexion = loss of propulsive forces
· Etiology:  dorsal osteophytes on the first metatarsal head and first proximal phalanx that progressively impinge on each other and limit 


dorsiflexion.  This condition is common in runners.  

· Sn/Sx:  Pain can be so severe that no dorsiflexion occurs.  Gait abnormalities include loss of propulsive forces in toe-off.  Thus, poor 


propulsion results in a shorter stride length with an earlier heal rise. Normal toe-off puts the hip into extension.  Extension is lost by 


excessive flexion positioning (sitting).

· Course: Hip/knee flexion ( lumbar flexion (forward lean of trunk and head ( lumbar DJD.  Gait  compensations: Abnormal 


dorsiflexion, Forefoot abduction, lumbar sidebending, Knee flexion 

· Morton’s neuroma:  between 3/4th metatarsal heads due to over pronation where MT splays out. Pad should reform MT arch

· Sesamoids: Sesamoiditis, Fractures, Bipartite sesamoids

· 5th ray: bunionette, proximal 5th metatarsal fracture, stress fracture, Jone's fracture, avulsion of peroneus brevis tendon

· Jones fracture:  high non-union rate and is often treated surgically.  

· Functional deficits at the foot: 

· Abnormal pronation:  

In midstance, pronation occurs at subtalar joint where unlocking tarsal bones allows adaptation to terrain.  When the foot resupinates during toe off the tarsal bones again lock.  

Forces then couple 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): 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

· 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 is sustained though toe-off


Course:  Shin-splints. Hip and knee problems-due to  internal rotation at toe-off. Inversion problem, common w/ overpronation





Examination:  Put pt. in subtalar neutral position, drosiflex ankle to 90( relative to tibia.  Straighten the Achilles tendon.   If neutral,  the 






big and little toe are level with the heel or perpendicular to the Achilles.  Most people are 4( on either side of neutral.  The forefoot 


needs to be corrected which is not always corrected by most orthotics.  These people stay pronated so long that they have tibial 

stress fractures and chronic hip pain in ext. rotators and adductors.  When these people squat, their knees come together.  A one legged squat demonstrates excessive pronation.  When these people run, their knee crosses the midline.  


Tx:  longer orthotic


Treatment of Forefoot Problems:

· Protect and support:  Casts, camwalker, splint, taping, post -op shoe (does not allow foot to push off or dorsiflex)

· Shoe accommodations: stiff shoes, rocker bottom shoe

· Inserts-rigid carbon insert, arch supports, forefoot extension, 1st  ray cutout, sesamoid pad, metatarsal arch pad (Morton’s neuroma), custom orthotics (HAPAD:  orthotics company)

Midfoot problems
· Tarsometatarsal joint: 
· Sprains-easily missed. 



Lisfranc joint sprains:  Mechanism is forced plantar / dorsiflexion at TMT joint;




Stirrup: snowboarding, fall off horse. MVA: brake pedal






Direct compression on moving foot




Lisfranc ligament: 1st ray, 1st cuneiform and 2nd ray and / or cuneiform





Dx: standing AP x-ray:  look for widening, need comparison view.

· Midfoot fracture / stress fracture

· Tarsal navicular: Fracture, Stress fracture, Avulsion fracture, AVN
· Accessory navicular
· Cuboid Fracture-commonly missed.

· Subluxation: 1( cuboid; Often in cavus feet, Stepped "wrong", Can't work through the foot




Tx: mobilization-cuboid whip, self-mob. Support: tape, pad

Rearfoot problems

· Talus-fracture, stress fracture, OCD

· Os trigonum

· Calcaneus-fracture, stress fracture, anterior process fracture-commonly missed

· Haglund's deformity-pump bump, retrocalcaneal bursitis

· Calcaneal apophysitis (Sever's)

· Heel spur: Posterior: Achilles’, Inferior: Plantar fasciitis

Plantar fasciitis:  one of the most difficult chronic injuries to treat. (see patient handout)

· Causes: 
· Overuse injury:  repetitive loads. Running, walking, prolonged standing, Wt gain, pregnancy. Change in foot support, Sandals, barefoot, 


worn-out shoes, girlie shoes

· Traumatic:  jump ( partial or complete tear; MV A
· Contributing factors:

· Structural: Pes planus, Pes cavus, Chronicity (tendinosis), Tight calves/Achilles’/hamstrings--on same leg or opposite leg (shortened 


stride length), LLD compensation

· Activities:  occupational (nurses, warehouse) Standing, Walking, Dress shoes, Dancing ,Modern dance, jumps, single leg wt. bearing

· Treatment: PRICES

· Protect:  from further injury-cast, splint, strap, arch support, Lo-Dye taping


If pain at heel only-heel cutout, visco-spot, gel cushions, TULI heel cup

· Rest:  by support and activity modification.

· Ice:  very important

· Support 
· Taping for additional support. During at risk activities or if symptoms acute / exacerbated. No barefoot!! Supportive shoes and 


arch supports @ all times.

· Shoe choices: Motion control, Replacing worn shoes, Occupational shoe choices, clogs. Modified TEVA's, Birkenstock's, etc.





How to buy shoes: bending and twisting

· Orthotics / OTC arch supports:  Superfeet-(Foot Zone, Super Jock and Jill, Fiorini Sports, Big 5, REI.) Others: Downunder, Spenco, 


OTC "dress" orthotics.  May need bigger shoes, need to take out pre-existing liner

· Stretching: Heel cords/calves/Foot, Stretch in am!!, Prostretch device. Night splint. 

· Cross-fiber massage: manual, tennis / racket ball, spouse

· Treat inflammation: Ice, NSAID's, cortisone, modalities (ionto / phono/ultrasound topical salicylates, Arnica 

· Strengthening: most overlooked intervention. Strengthen intrinsic muscles of foot and arch

· Towel crunches, shin curls, heel rise. (See my handout)

· Identify and address contributing factors, Weight loss

· Patient education:  most important intervention. Hi risk for re-injury, chronicity.




Tx. requires active management, avoidance of re-injury, no bad shoe days, constant stretching...Unload by frequent weight shifts, 




sitting more

Differential Dx of Heel Pain

· Posterior heel pain: Tic tac toe #



Achilles, retrocalcaneal bursitis, post. talocalcaneal joint

· Medial heel pain

· Achilles retinaculum strain / tear, medial talocalcaneal joint DJD

· Nerve entrapment such a tarsal tunnel or plantar branches. Tarsal Tunnel Syndrome is compression of the posterior tibial nerve beneath the flexor retinaculum of the ankle. The tarsal tunnel contains the flexor digitorum longus tendon, the posterior tibial artery, the posterior tibial nerve, and the flexor hallucis longus tendon behind the medial malleolus of the foot.

· Inferior heel pain p. fasciitis, fat pad trauma / atrophy, nerve entrapment-medial plantar branch

Description of Tests for the Foot

Standing Tests

· Flat Feet:  Rigid vs. Flexible Differentiation

Flexible flat feet are acquired.  Flexible flat feet have few soft tissue contractures or bony changes.  Ask the patient to stand on their tip toes. Appearance of the arch indicates flexible/ acquired flat feet. Rigid or congenital flat feet are uncommon and have soft tissue contractures as well as bony changes and will not form an arch while standing on toes.

Supine Tests

· Morton's test 

Patient supine. Examiner grasps the affected forefoot with one hand and applies transverse pressure to the metatarsal heads.  Sharp 


pain in the foot indicates metatarsalgia or neuroma. 

Prone Tests

The Ankle

X-ray of ankle is indicated if: 

· significant trauma

· gross instability

· point tenderness at bones, especially posterior (talar ligaments) and inferior (avulsion) portions of malleoli
· proximal 5th MT pain:  Jones Fracture, peroneal tendon avulsion, positive squeeze test
Common Problems of the Ankle

Sprains:  The most common ankle sprain is the anterior talofibular (inversion).  A common enversion sprain is of the deltoid ligament.  High ankle sprains involve the interosseous membrane.
Fractures:  High fibula, talus, calcaneus, cuboid, navicular, 5th met (Jones)
Tendonitis: Most common in Post tibialis (Tom), FDL (dick),  FHL (Harry) followed by the Peroneals and Ant. Tibialis. 


Achilles tendonitis can occur due to chronic over pronation causing a torsional load on the tendon.

Commonly missed concomitant injuries:  

· Sprains/strains: post. tibialis, peroneal tendon, Spring ligament, midfoot sprain

Description of Tests for the Ankle

Supine Tests

· Anterior/Posterior Drawer Test
Patient seated or supine. Examiner places one hand around the lower tibia, slightly above the ankle mortice joint. Examiner grips the calcaneus and talus In the palm of the other hand and pushes the tibia posteriorly while drawing the calcaneus anteriorly. Next, examiner draws the tibia anteriorly while pushing the calcaneus and talus posteriorly.  Sign is present if excessive gapping is detected in the ankle mortice joint, indicating talofibular ligament instability.

Lateral / Medial Stability Test

· Patient seated or supine. Examiner grasps the patient's foot and passively inverts and everts it.  Suspect a tear of the anterior talofibular and/or calcaneofibular ligament if excessive gapping occurs with inversion. Suspect a tear of the deltoid ligament if excessive gapping occurs with eversion. 

· Talar Tilt Test

Relax the supine patient’s gastrocnemius by flexing the knee of the side to be tested.  Hold the foot in anatomic position, aligning the calcaneofibular ligament perpendicular to the long axis of the talus.  Place the talus into adduction, testing the calcaneofibular ligament and the talofibular ligament to some extent.  Then place the talus into abduction testing the deltoid ligament.  A positive test indicates tearing of the calcaneofibular ligament.  

Prone Tests

· Tourniquet Test

Patient prone with legs extended, feet dangling off the end of the table and calf musculature relaxed. Examiner applies a blood pressure cuff to the leg, near the ankle, above the area of complaint and inflates the cuff to 20 mm above the patient's resting diastolic pressure. Examiner may need to increase pressure to reach blanching of the distal extremity.  Foot pain is exacerbated or elicited, indicating compromise of the tarsal tunnel

Tinel's Foot Sign

· Examiner percusses the posterior tibial nerve (in the tarsal tunnel) with a reflex hammer.  Paresthesia that is elicited distal to the percussion indicates tarsal tunnel syndrome.
Description of Tests for the Lower Leg

Supine Tests

· Duchenne's Sign

Patient supine with legs extended. Examiner grasps the lower tibia with one hand and with the thumb of the other hand applies pressure to the head of the first metatarsal. Patient plantar flexes the foot as the examiner maintains pressure on the first metatarsal.  Sign is present when the medial border of the foot dorsiflexes, the lateral border of the foot plantar flexes, and the arch of the foot disappears. Sign indicates paralysis of the peroneus longus muscle that is due to a lesion of the superficial peroneal nerve.

· Homan’s Sign

With the patient’s knee extended, passively dorsiflex the patient’s foot.   A positive sign is indicated by pain in the calf and specifies deep vein thrombosis.  Observe for pallor and swelling in the leg.  Palpate for loss of dorsalis pedis pulse and pain upon palpation of the calf.

Prone Tests

· Thompson's Test/ Squeeze Test

Flex the knee of the symptomatic leg to 90( and grasps the patient's calf with both hands. Examiner squeezes the calf musculature at a point just distal to the widest part of the lea.  Foot does not flex; indicates rupture of the Achilles tendon.

Tibial Torsion Testing

· Sitting

Place the patient with knees hanging over the edge of the table.  Place a thumb over the apex of a malleolus and the index finger of the same hand over the apex of the other malleolus.  Looking down over the knee inferiorly to the ankle, observe the axes of the knee and ankle which normally intersect at 12-18( (consider the knee to be 0(.  The axis of the ankle as drawn from the medial to lateral malleolus should create a line that intersects with the knee axis at a 12-18( angle). If torsion occurs, the angle is outside of this range.

