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FOOT
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The foot is the region of the lower limb distal to the ankle joint. It is subdivided into the ankle, the metatarsus, and the digits.  There are five digits consisting of the medially positioned great toe (digit I) and four more laterally placed digits, ending laterally with the little toe (digit V).  The foot has a superior surface (dorsum of foot) and an inferior surface (sole).  

The foot is the body's point of contact with the ground and provides a stable platform for upright stance. The foot supports the body weight and provides leverage for walking and running. It is unique in that it is constructed in the form of arches, which enable it to adapt its shape to uneven surfaces. It also serves as a resilient spring to absorb shocks, such as in jumping. 

SKIN AND SUBCUTANEOUS TISSUE

The skin of the dorsum of the foot is much thinner and less sensitive than skin on most of the sole. The subcutaneous tissue is loose deep to the dorsal skin; therefore, edema (G. oidēma, a swelling) is most marked over this surface, especially anterior to and around the medial malleolus. 

Fibrous septa—highly developed skin ligaments (retinacula cutis)—divide this tissue into fat-filled areas, making it a shock-absorbing pad, especially over the heel. The skin ligaments also anchor the skin to the underlying deep fascia (plantar aponeurosis), improving the “grip” of the sole. The skin of the sole is hairless and sweat glands are numerous; the entire sole is sensitive (“ticklish”), especially the thinner-skinned area underlying the arch of the foot.

DEEP FASCIA OF FOOT

The deep fascia of the dorsum of the foot is thin where it is continuous proximally with the inferior extensor retinaculum. Over the lateral and posterior aspects of the foot, the deep fascia is continuous with the plantar fascia, the deep fascia of the sole. The plantar fascia holds the parts of the foot together, helps protect the sole from injury, and helps support the longitudinal arches of the foot.
In the midfoot and forefoot, vertical intermuscular septa extend deeply (superiorly) from the margins of the plantar aponeurosis toward the 1st and 5th metatarsals, forming the three compartments of the sole:

The medial compartment of the sole is covered superficially by thinner medial plantar fascia. It contains the abductor hallucis, flexor hallucis brevis, the tendon of the flexor hallucis longus, and the medial plantar nerve and vessels.

The central compartment of the sole is covered superficially by the dense plantar aponeurosis. It contains the flexor digitorum brevis, the tendons of the flexor hallucis longus and flexor digitorum longus plus the muscles associated with the latter, the quadratus plantae and lumbricals, and the adductor hallucis. The lateral plantar nerve and vessels are also located here.

The lateral compartment of the sole is covered superficially by the thinner lateral plantar fascia and contains the abductor and flexor digiti minimi brevis.

In the forefoot only, a fourth compartment, the interosseous compartment of the foot, is surrounded by the plantar and dorsal interosseous fascias. It contains the metatarsals, the dorsal and plantar interosseous muscles, and the deep plantar and metatarsal vessels.
A fifth compartment, the dorsal compartment of the foot, lies between the dorsal fascia of the foot and the tarsal bones and the dorsal interosseous fascia of the midfoot and forefoot. It contains the muscles (extensors hallucis brevis and extensor digitorum brevis) and neurovascular structures of the dorsum of the foot.

Tarsal tunnel, retinacula, and arrangement of major structures at the ankle

The tarsal tunnel is formed on the posteromedial side of the ankle by: 

· a depression formed by the medial malleolus of the tibia, the medial and posterior surfaces of the talus, the medial surface of the calcaneus, and the inferior surface of the sustentaculum tali of the calcaneus; and

· an overlying flexor retinaculum. 

Flexor retinaculum  

The flexor retinaculum is a strap-like layer of connective tissue which attaches above to the medial malleolus and below and behind to the inferomedial margin of the calcaneus. The retinaculum is continuous above with the deep fascia of the leg and below with deep fascia (plantar aponeurosis) of the foot.  

Free movement of the tendons in the channels is facilitated by synovial sheaths, which surround the tendons.  Two compartments on the posterior surface of the medial malleolus are for the tendons of the tibialis posterior and flexor digitorum longus muscles. The tendon of the tibialis posterior is medial to the tendon of the flexor digitorum longus.  

Immediately lateral to the tendons of tibialis posterior and flexor digitorum longus, the posterior tibial artery with its associated veins and the tibial nerve pass through the tarsal tunnel into the sole of the foot. The pulse of the posterior tibial artery can be felt through the flexor retinaculum midway between the medial malleolus and the calcaneus. Lateral to the tibial nerve is the compartment on the posterior surface of the talus and the undersurface of the sustentaculum tali for the tendon of the flexor hallucis longus muscle.  

Extensor retinacula  

Two extensor retinacula strap the tendons of the extensor muscles to the ankle region and prevent tendon bowing during extension of the foot and toes: 

Superior extensor retinaculum is a thickening of deep fascia in the distal leg just superior to the ankle joint and attached to the anterior borders of the fibula and tibia;

Inferior retinaculum is Y-shaped, attached by its base to the lateral side of the upper surface of the calcaneus. It crosses medially over the foot to attach by one of its arms to the medial malleolus, whereas the other arm attaches to the medial side of the plantar aponeurosis. 

The tendons of the extensor digitorum longus and fibularis tertius pass through a compartment on the lateral side of the proximal foot. Medial to these tendons, the dorsalis pedis artery (terminal branch of the anterior tibial artery), the tendon of the extensor hallucis longus muscle, and finally the tendon of the tibialis anterior muscle pass under the extensor retinacula.  

Fibular retinacula  

Fibular (peroneal) retinacula bind the tendons of the fibularis longus and fibularis brevis muscles to the lateral side of the foot: 

Superior fibular retinaculum extends between the lateral malleolus and the calcaneus;

Inferior fibular retinaculum attaches to the lateral surface of the calcaneus around the fibular trochlea and blends above with the fibers of the inferior extensor retinaculum. 
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Plantar aponeurosis

The plantar aponeurosis is a thickening of deep fascia in the sole of the foot. The plantar fascia of the deep fascia has a thick central part and weaker medial and lateral parts. The thick, central part plantar fascia forms the strong plantar aponeurosis, longitudinally arranged bundles of dense fibrous connective tissue investing the central plantar muscles. It resembles the palmar aponeurosis of the palm of the hand but is tougher, denser, and elongated. It is firmly anchored to the medial process of the calcaneal tuberosity and extends forward as a thick band of longitudinally arranged connective tissue fibers. The fibers diverge as they pass anteriorly and form digital bands, which enter the toes and connect with bones, ligaments, and dermis of the skin. The plantar aponeurosis supports the longitudinal arch of the foot and protects deeper structures in the sole.  

The plantar aponeurosis arises posteriorly from the calcaneus and functions like a superficial ligament. Distally, the longitudinal bundles of collagen fibers of the aponeurosis divide into five bands that become continuous with the fibrous digital sheaths that enclose the flexor tendons that pass to the toes. At the anterior end of the sole, inferior to the heads of the metatarsals, the aponeurosis is reinforced by transverse fibers forming the superficial transverse metatarsal ligament.

Fibrous sheaths of toes

The tendons of the flexor digitorum longus, flexor digitorum brevis, and flexor hallucis longus muscles enter fibrous digital sheaths or tunnels on the plantar aspect of the digits. These fibrous sheaths begin anterior to the metacarpophalangeal joints and extend to the distal phalanges. They are formed by fibrous arches and cruciate (cross-shaped) ligaments attached posteriorly to the margins of the phalanges and to the plantar ligaments associated with the metatarsophalangeal and interphalangeal joints.  

These fibrous tunnels hold the tendons to the bony plane and prevent tendon bowing when the toes are flexed. Within each tunnel, the tendons are surrounded by a synovial sheath.  

Extensor hoods

The tendons of the extensor digitorum longus, extensor digitorum brevis, and extensor hallucis longus pass into the dorsal aspect of the digits and expand over the proximal phalanges to form complex dorsal digital expansions ("extensor hoods").  The corners of the hoods attach mainly to the deep transverse metatarsal ligaments. Many of the intrinsic muscles of the foot insert into the free margin of the hood on each side. The attachment of these muscles into the extensor hoods allows the forces from these muscles to be distributed over the toes to cause flexion of the metatarsophalangeal joints while at the same time extending the interphalangeal joints. 

MUSCLES OF THE FOOT
Of the 20 individual muscles of the foot, 14 are located on the plantar aspect, 2 are on the dorsal aspect, and 4 are intermediate in position. From the plantar aspect, muscles of the sole are arranged in four layers within four compartments. Despite their compartmental and layered arrangement, the plantar muscles function primarily as a group during the support phase of stance, maintaining the arches of the foot. Unlike the small muscles of the hand, the sole muscles have few delicate functions and are chiefly concerned with supporting the arches of the foot. Although their names would suggest control of individual toes, this function is rarely used in most people. They basically resist forces that tend to reduce the longitudinal arch as weight is received at the heel (posterior end of the arch) and then transferred to the ball of the foot and great toe (anterior end of the arch).

Intrinsic muscles of the foot originate and insert in the foot. There are two intrinsic muscles- extensor digitorum brevis and extensor hallucis brevis-on the dorsal aspect of the foot. All other intrinsic muscles- dorsal and plantar interossei, flexor digiti minimi brevis, flexor hallucis brevis, flexor digitorum brevis, quadratus plantae (flexor accessorius), abductor digiti minimi, abductor hallucis, and lumbricals-are on the plantar side of the foot in the sole where they are organized into four layers. Intrinsic muscles mainly modify the actions of the long tendons and generate fine movements of the toes.  

Although the adductor hallucis resembles a similar muscle of the palm that adducts the thumb, despite its name the adductor hallucis is probably most active during the push-off phase of stance in pulling the lateral four metatarsals toward the great toe, fixing the transverse arch of the foot, and resisting forces that would spread the metatarsal heads as weight and force are applied to the forefoot.
All intrinsic muscles of the foot are innervated by the medial and lateral plantar branches of the tibial nerve except for the extensor digitorum brevis, which is innervated by the deep fibular nerve. 

On the dorsal aspect

Extensor digitorum brevis (and extensor hallucis brevis)

The extensor digitorum brevis is attached to a roughened area on the superolateral surface of the calcaneus lateral to the tarsal sinus. The flat muscle belly passes anteromedially over the foot, deep to the tendons of the extensor digitorum longus, and forms four tendons, which enter the medial four digits. The part of the muscle associated with the great toe often is considered a separate muscle-the extensor hallucis brevis. 
The tendon entering the great toe attaches to the base of the proximal phalanx, whereas the tendons to the other three toes join the lateral sides of the tendons of the extensor digitorum longus.  

The extensor digitorum brevis extends the metatarsophalangeal joint of the great toe, and the three middle toes through attachments to the long extensor tendons and extensor hoods. 

The extensor digitorum brevis extends the metatarsophalangeal joint of the great toe, and the three middle toes through attachments to the long extensor tendons and extensor hoods.  It is innervated by the deep fibular nerve.  
In the sole
(See the table on the last page fort the origins, insertions, innervations, 
and functions of the muscles of the sole of the foot)

The muscles in the sole of the foot are organized into four layers. From superficial to deep, or plantar to dorsal, these layers are the first, second, third, and fourth layers. 
First layer

There are three components in the first layer of muscles, which is the most superficial of the four layers and is immediately deep to the plantar aponeurosis. From medial to lateral, these muscles are the abductor hallucis, flexor digitorum brevis, and abductor digiti minimi.  

Abductor hallucis

The abductor hallucis muscle forms the medial margin of the foot and contributes to a soft tissue bulge on the medial side of the sole. The abductor hallucis abducts and flexes the great toe at the metatarsophalangeal joint..  

Flexor digitorum brevis

The flexor digitorum brevis muscle lies immediately superior to the plantar aponeurosis and inferior to the tendons of the flexor digitorum longus in the sole of the foot. 
The muscle fibers of the flexor digitorum brevis converge anteriorly to form four tendons, which each enter one of the lateral four toes. Near the base of the proximal phalanx of the toe, each tendon splits to pass dorsally around each side of the tendon of the flexor digitorum longus and attach to the margins of the middle phalanx. The flexor digitorum brevis flexes the lateral four toes at the proximal interphalangeal joints. 

Abductor digiti minimi

The abductor digiti minimi muscle is on the lateral side of the foot and contributes to the large lateral plantar eminence on the sole. The abductor digiti minimi abducts the little toe at the metatarsophalangeal joint.  

Second layer

The second muscle layer in the sole of the foot is associated with the tendons of the flexor digitorum longus muscle, which pass through this layer, and consists of the quadratus plantae and four lumbrical muscles.  

Quadratus plantae

The quadratus plantae muscle is a flat quadrangular muscle with two heads of origin. The quadratus plantae assists the flexor digitorum longus tendon in flexing the toes and may also adjust the "line of pull" of this tendon as it enters the sole of the foot from the medial side. 

Lumbricals

The lumbrical muscles are four worm-like muscles that originate from the tendons of the flexor digitorum longus and pass dorsally to insert into the free medial margins of the extensor hoods of the four lateral toes. The first lumbrical originates from the medial side of the tendon of the flexor digitorum longus that is associated with the second toe. The remaining three muscles are bipennate and originate from the sides of adjacent tendons.  The lumbrical muscles act through the extensor hoods to resist excessive extension of the metatarsophalangeal joints and flexion of the interphalangeal joints when the heel leaves the ground during walking.  

Third layer

There are three muscles in the third layer in the sole of the foot: 

Two (flexor hallucis brevis and adductor hallucis) are associated with the great toe;

Third (flexor digiti minimi brevis) is associated with the little toe. 

Flexor hallucis brevis

The flexor hallucis brevis muscle has two tendinous heads of origin: 

A sesamoid bone occurs in each tendon of the flexor hallucis brevis as it crosses the plantar surface of the head of metatarsal I. The tendon of the flexor hallucis longus passes between the sesamoid bones. The flexor hallucis brevis flexes the metatarsophalangeal joint of the great toe.  

Adductor hallucis

The adductor hallucis muscle originates by two muscular heads, transverse and oblique, which join near their ends to insert into the lateral side of the base of the proximal phalanx of the great toe.  The adductor hallucis adducts the great toe at the metatarsophalangeal joint.  

Flexor digiti minimi brevis

The flexor digiti minimi brevis muscle flexes the little toe at the metatarsophalangeal joint.  
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. Fourth layer

There are two muscle groups in the deepest muscle layer in the sole of the foot, the dorsal and plantar interossei.  

Dorsal interossei

The four dorsal interossei are the most superior muscles in the sole of the foot and abduct the second to fourth toes relative to the long axis through the second toe. All four muscles are bipennate and originate from the sides of adjacent metatarsals. 
The second toe can be abducted to either side of its long axis, so it has two dorsal interossei associated with it, one on each side. The third and fourth toes have a dorsal interosseous muscle on their lateral sides only. The great and little toes have their own abductors (the abductor hallucis and abductor digiti minimi) in the first layer of muscles in the sole of the foot.  

In addition to abduction, the dorsal interossei act through the extensor hoods to resist extension of the metatarsophalangeal joints and flexion of the interphalangeal joints.  

Plantar interossei

The three plantar interossei adduct the third, fourth, and little toes toward the long axis through the second toe. The great toe has its own adductor (the adductor hallucis) in the third layer of muscles in the sole of the foot and the second toe is adducted back to its longitudinal axis by using one of its dorsal interossei.  

In addition to adduction, the plantar interossei act through the extensor hoods to resist extension of the metatarsophalangeal joints and flexion of the interphalangeal joints. 
Arteries

The arteries of the foot are terminal branches of the anterior and posterior tibial arteries, respectively: the dorsalis pedis and plantar arteries.

The posterior tibial artery enters the sole and bifurcates into lateral and medial plantar arteries. The lateral plantar artery joins with the terminal end of the dorsalis pedis artery (the deep plantar artery) to form the deep plantar arch. Branches from this arch supply the toes.  The sole of the foot has a prolific blood supply that is derived from the posterior tibial artery, which divides deep to the flexor retinaculum. The terminal branches pass deep to the abductor hallucis as the medial and lateral plantar arteries, which accompany the similarly named nerves.
The dorsalis pedis artery is the continuation of the anterior tibial artery, passes onto the dorsal aspect of the foot and then inferiorly, as the deep plantar artery, between metatarsals I and II to enter the sole of the foot.  

Posterior tibial artery and plantar arch

The posterior tibial artery enters the foot through the tarsal tunnel on the medial side of the ankle and posterior to the medial malleolus. Midway between the medial malleolus and the heel, the pulse of the posterior tibial artery is palpable because here the artery is covered only by a thin layer of retinaculum, by superficial connective tissue, and by skin. Near this location, the posterior tibial artery bifurcates into a small medial plantar artery and a much larger lateral plantar artery.  

Lateral plantar artery

The lateral plantar artery passes anterolaterally into the sole of the foot. The lateral plantar artery arches medially across the foot with the deep branch of the lateral plantar nerve to form the deep plantar arch, which is completed by union with the deep plantar artery, a branch of the dorsalis pedis artery. As it crosses the foot, the deep plantar arch gives rise to four plantar metatarsal arteries; three perforating branches; and many branches to the skin, fascia, and muscles in the sole.
Between the bases of metatarsals I and II, the deep plantar arch joins with the terminal branch (deep plantar artery) of the dorsalis pedis artery, which enters the sole from the dorsal side of the foot.  

Major branches of the deep plantar arch include: 

· a digital branch to the lateral side of the little toe 

· four plantar metatarsal arteries

· three perforating arteries 

Medial plantar artery

The medial plantar artery passes into the sole of the foot by passing deep to the proximal end of the abductor hallucis muscle. It ends by joining the digital branch of the deep plantar arch. 

Near the base of metatarsal I, the medial plantar artery gives rise to a superficial branch, which divides into three vessels that join the plantar metatarsal arteries from the deep plantar arch.

            Dorsalis pedis artery  

Often a major source of blood supply to the forefoot (e.g., during extended periods of standing), the dorsalis pedis artery (dorsal artery of foot) is the direct continuation of the anterior tibial artery. The dorsalis pedis artery begins midway between the malleoli and runs anteromedially, deep to the inferior extensor retinaculum between the extensor hallucis longus and the extensor digitorum longus tendons on the dorsum of the foot. The dorsalis pedis artery passes to the first interosseous space, where it divides into the 1st dorsal metatarsal artery and a deep plantar artery. It passes inferiorly, as the deep plantar artery, between the two heads of the first dorsal interosseous muscle to join the deep plantar arch in the sole of the foot. 

The pulse of the dorsalis pedis artery on the dorsal surface of the foot can be felt by gently palpating the vessel against the underlying tarsal bones between the tendons of the extensor hallucis longus and the extensor digitorum longus to the second toe.  

Branches of the dorsalis pedis artery include lateral and medial tarsal branches, an arcuate artery, and a first dorsal metatarsal artery. 

The dorsal metatarsal arteries connect with perforating branches from the deep plantar arch and similar branches from the plantar metatarsal arteries.  
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Veins

As in the rest of the lower limb, there are both superficial and deep veins in the foot. The deep veins take the form of interanastomosing paired veins accompanying all arteries internal to the deep fascia. The superficial veins are subcutaneous and unaccompanied by arteries. Unlike the leg and thigh, however, the venous drainage of the foot is primarily to the major superficial veins, both from the deep accompanying veins and other smaller superficial veins.

Most blood is drained from the foot through the superficial veins. Dorsal digital veins continue proximally as dorsal metatarsal veins, which also receive branches from plantar digital veins. These veins drain to the dorsal venous arch of the foot, proximal to which a dorsal venous network covers the remainder of the dorsum of the foot. Both the arch and the network are located in the subcutaneous tissue.

Superficial veins drain into a dorsal venous arch on the dorsal surface of the foot over the metatarsals: 

Great saphenous vein originates from the medial side of the arch and passes anterior to the medial malleolus and onto the medial side of the leg.

Small saphenous vein originates from the lateral side of the arch and passes posterior to the lateral malleolus and onto the back of the leg. 
Nerves

The foot is supplied by the tibial, deep fibular, superficial fibular, sural, and saphenous nerves: 

All five nerves contribute to cutaneous or general sensory innervation;

· the tibial nerve innervates all intrinsic muscles of the foot except for the extensor digitorum brevis, which is innervated by the deep fibular nerve;

· the deep fibular nerve often also contributes to the innervation of the first and second dorsal interossei. 

Tibial nerve

The tibial nerve enters the foot through the tarsal tunnel posterior to the medial malleolus. In the tunnel, the nerve is lateral to the posterior tibial artery, and gives origin to medial calcaneal branches, which penetrate the flexor retinaculum to supply the heel. Midway between the medial malleolus and the heel, the tibial nerve bifurcates with the posterior tibial artery into a large medial plantar nerve and a smaller lateral plantar nerve. 

The medial and lateral plantar nerves lie together between their corresponding arteries.  

Medial plantar nerve

The medial plantar nerve, the larger and more anterior of the two terminal branches of the tibial nerve, arises deep to the flexor retinaculum. It enters the sole of the foot by passing deep to the abductor hallucis. The medial plantar nerve is the major sensory nerve in the sole of the foot. It innervates skin on most of the anterior two-thirds of the sole and adjacent surfaces of the medial three and one-half toes, which includes the great toe. In addition to this large area of plantar skin, the nerve also innervates four intrinsic muscles-the abductor hallucis, flexor digitorum brevis, flexor hallucis brevis, and the first lumbrical.  

Compared to the other terminal branch of the tibial nerve, the medial plantar nerve supplies more skin area but fewer muscles. Its distribution to both skin and muscles of the foot is comparable to that of the median nerve in the hand.

Lateral plantar nerve

The lateral plantar nerve, the smaller and more posterior of the two terminal branches of the tibial nerve, also courses deep to the abductor hallucis but runs anterolaterally between the 1st and 2nd layers of plantar muscles, on the medial side of the lateral plantar artery. The lateral plantar nerve terminates as it reaches the lateral compartment, dividing into superficial and deep branches.

The lateral plantar nerve is an important motor nerve in the foot because it innervates all intrinsic muscles in the sole, except for the muscles supplied by the medial plantar nerve (the abductor hallucis, flexor digitorum brevis, flexor hallucis brevis, and first lumbrical).

The superficial and deep branches supply all muscles of the sole not supplied by the medial plantar nerve. The superficial branch divides, in turn, into two plantar digital nerves (one common and one proper) that supply the skin of the plantar aspects of the lateral one and a half digits, the dorsal skin and nail beds of their distal phalanges, and skin of the sole proximal to them. 
The superficial branch of the lateral plantar nerve gives rise to a proper plantar digital nerve, which supplies skin on the lateral side of the little toe and to a common plantar digital nerve, which divides to supply proper plantar digital nerves to skin on the adjacent sides of toes IV and V. 

The deep branches of the lateral plantar nerve course with the plantar arterial arch between the 3rd and the 4th muscle layers. The deep branch of the lateral plantar nerve is motor and accompanies the lateral plantar artery deep to the long flexor tendons and the adductor hallucis muscle. It supplies branches to the second to fourth lumbrical muscles, the adductor hallucis muscle, and all interossei except those between metatarsals IV and V, which are innervated by the superficial branch.  

Compared to the medial plantar nerve, the lateral plantar nerve supplies less skin area but more individual muscles. Its distribution to both skin and muscles of the foot is comparable to that of the ulnar nerve in the hand. The medial and lateral plantar nerves also provide innervation to the plantar aspects of all the joints of the foot.

Deep fibular nerve

After supplying the muscles of the anterior compartment of the leg, the deep fibular nerve passes deep to the extensor retinaculum. The deep fibular nerve enters the dorsal aspect of the foot on the lateral side of the dorsalis pedis artery. It supplies the intrinsic muscles on the dorsum of the foot (extensors digitorum and hallucis longus). When it finally emerges as a cutaneous nerve, it is so far distal in the foot that only a small area of skin remains available for innervation: the web of skin between and contiguous sides of the 1st and 2nd toes. It innervates this area as the 1st common dorsal (and then proper dorsal) digital nerve(s). 

The deep fibular nerve continues forward on the dorsal surface of the foot and divides into two dorsal digital nerves, which supply skin over adjacent surfaces of toes I and II down to the beginning of the nail beds.  

Superficial fibular nerve

After coursing between and supplying the fibular muscles in the lateral compartment of the leg, the superficial fibular nerve emerges as a cutaneous nerve about two thirds of the way down the leg. It then supplies the skin on the anterolateral aspect of the leg and divides into the medial and intermediate dorsal cutaneous nerves, which continue across the ankle to supply most of the skin on the dorsum of the foot. Its terminal branches are the dorsal digital nerves (common and proper) that supply the skin of the proximal aspect of the medial half of the great toe and that of the lateral three and a half digits.

Sural nerve

The sural nerve is a cutaneous branch of the tibial nerve that originates high in the leg. The sural nerve is formed by union of the medial sural cutaneous nerve (from the tibial nerve) and sural communicating branch of the common fibular nerve, respectively. The level of junction of these branches is variable; it may be high (in the popliteal fossa) or low (proximal to heel). Sometimes the branches do not join and, therefore, no sural nerve is formed. In these people, the skin normally innervated by the sural nerve is supplied by the medial and lateral sural cutaneous branches. The sural nerve accompanies the small saphenous vein and enters the foot posterior to the lateral malleolus to supply the ankle joint and skin on the lateral side of the foot and dorsolateral surface of the little toe. 
Saphenous nerve

The saphenous nerve is the longest and most widely distributed cutaneous branch of the femoral nerve; it is the only branch to extend beyond the knee). The saphenous nerve originates in the thigh. In addition to supplying the skin and fascia on the anteromedial aspect of the leg, the saphenous nerve passes anterior to the medial malleolus to the dorsum of the foot, where it supplies articular branches to the ankle joint and continues to supply skin along the medial side of the foot as far anteriorly as the head of the 1st metatarsal; skin on the medial side of the proximal foot.  
Cutaneous innervation of the foot
Medially by the saphenous nerve, which extends distally to the head of 1st metatarsal.

Superiorly (dorsum of foot) by the superficial (primarily) and deep fibular nerves.

Inferiorly (sole of foot) by the medial and lateral plantar nerves; the common border of their distribution extends along the 4th metacarpal and toe or digit. (This is similar to the pattern of innervation of the palm of the hand.)

Laterally by the sural nerve, including part of the heel.

Posteriorly (heel) by medial and lateral calcaneal branches of the tibial and sural nerves, respectively.
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LYMPHATIC DRAINAGE OF FOOT

The lymphatics of the foot begin in subcutaneous plexuses. The collecting vessels consist of superficial and deep lymphatic vessels that follow the superficial veins and major vascular bundles, respectively.

Superficial lymphatic vessels are most numerous in the sole. The medial superficial lymphatic vessels, larger and more numerous than the lateral ones, drain the medial side of the dorsum and sole of the foot. These vessels accompany the great saphenous vein to the vertical group of superficial inguinal lymph nodes, located along the vein's termination, and then to the deep inguinal lymph nodes along the proximal femoral vein. 
The lateral superficial lymphatic vessels drain the lateral side of the dorsum and sole of the foot. They accompany the small saphenous vein to the popliteal fossa, where they enter the popliteal lymph nodes.

The deep lymphatic vessels from the foot follow the main blood vessels: fibular, anterior and posterior tibial, popliteal, and femoral veins. The deep vessels from the foot also drain into the popliteal lymph nodes. Lymphatic vessels from them follow the femoral vessels, carrying lymph to the deep inguinal lymph nodes. From the deep inguinal nodes, all lymph from the lower limb passes deep to the inguinal ligament to the iliac lymph nodes.


Morton's neuroma

A Morton's neuroma is an enlarged common plantar nerve, usually in the third interspace between the third and fourth toes. In this region of the foot the lateral plantar nerve often unites with the medial plantar nerve. As the two nerves join, the resulting nerve is typically larger in diameter than those of the other toes. Also, it is in a relatively subcutaneous position, just above the fat pad of the foot close to the artery and the vein. Above the nerve is the deep transverse metatarsal ligament, which is a broad strong structure holding the metatarsals together. Typically, as the patient enters the "push off" phase of walking the interdigital nerve is sandwiched between the ground and the deep transverse metatarsal ligament. The forces tend to compress the common plantar nerve, which can be irritated, in which case there is usually some associated inflammatory change and thickening. Typically, patients experience pain in the third interspace, which may be sharp or dull and is usually worsened by wearing shoes and walking. Treatment may include injection of anti-inflammatory drugs, or it may be necessary to surgically remove the lesion.

Tarsal tunnel syndrome

Tarsal tunnel syndrome (TTS), also known as posterior tibial neuralgia, is compression neuropathy and a painful foot condition in which the tibial nerve is impinged and compressed as it travels through the tarsal tunnel. 
Patients complain typically of numbness in the foot, radiating to the big toe and the first 3 toes, pain, burning, electrical sensations, and tingling over the base of the foot and the heel. Depending on the area of entrapment, other areas can be affected. If the entrapment is high, the entire foot can be affected as varying branches of the tibial nerve can become involved. Ankle pain is also present in patients who have high level entrapments.

Plantar Fasciitis

Plantar fasciitis, which occurs in individuals who do a great deal of standing or walking, causes pain and tenderness of the sole of the foot. It is believed to be caused by repeated minor trauma. Repeated attacks of this condition induce ossification in the posterior attachment of the aponeurosis, forming a calcaneal spur.
Clinical Problems Associated With the Arches of the Foot

Of the three arches, the medial longitudinal is the largest and clinically the most important. The shape of the bones, the strong ligaments, especially those on the plantar surface of the foot, and the tone of muscles all play an important role in supporting the arches. It has been shown that in the active foot the tone of muscles is an important factor in arch support. When the muscles are fatigued by excessive exercise (a long-route march by an army recruit), by standing for long periods (waitress or nurse), by overweight, or by illness, the muscular support gives way, the ligaments are stretched, and pain is produced.

Pes planus (flat foot) is a condition in which the medial longitudinal arch is depressed or collapsed. As a result, the forefoot is displaced laterally and everted. The muscles and tendons are permanently stretched. The causes of flat foot are both congenital and acquired.

Pes cavus (clawfoot) is a condition in which the medial longitudinal arch is unduly high. Most cases are caused by muscle imbalance, in many instances resulting from poliomyelitis. 
Plantar Reflex & Babinski Reflex
Stroking the lateral part of the sole of the foot with a fairly sharp object produces plantar flexion of the big toe; often there is also flexion and adduction of the other toes. This normal response is termed the flexor plantar reflex.

In some patients, stroking the sole produces extension (dorsiflexion) of the big toe, often with extension and abduction ("fanning") of the other toes. This abnormal response is termed the extensor plantar reflex, or Babinski reflex.
The muscles taking part in a fully developed response include extensor hallucis longus, tibialis anterior,

extensor digitorum longus, hamstring group of muscles and tensor faciae latae. The characteristic response is dorsiflexion (extension) of the big toe, which precedes all other movements. It is followed by fanning out and extension of the other toes, dorsiflexion of the ankle and flexion of the hip and knee joint. This response represents ‘positive’ Babinski sign. There is no such thing as a ‘negative’ Babinski sign.

The plantar reflex is a nociceptive segmental spinal reflex that serves the purpose of protecting the sole of the foot. The clinical significance lies in the fact that the abnormal response reliably indicates metabolic or structural abnormality in the corticospinal system upstream from the segmental reflex. Thus the extensor reflex has been observed in structural lesions such as hemorrhage, brain and spinal cord tumors, and multiple sclerosis, and in abnormal metabolic states such as hypoglycemia, hypoxia, and anesthesia.

Clinical Methods: The History, Physical, and Laboratory Examinations. 3rd edition.  Walker HK, Hall WD, Hurst JW, editors. Boston: Butterworths; 1990.Chapter 73The Plantar Reflex

H. Kenneth Walker.http://www.ncbi.nlm.nih.gov/books/NBK397/
The Babinski Sign - A Reappraisal
http://www.sheddonphysio.com/babinski.pdf
Pathways

Afferent: Nociception detected in the S1 dermatome and travels up the tibial nerve to the sciatic nerve to roots of L5,S1 and synapse in the anterior horn to elicit the motor response.

 Efferent: Motor response back through the L5,S1 roots to the sciatic nerve to its bifurcation. Toe flexors are innervated by tibial nerve. Toe extensors (extensor hallicus longus, extensor digitorum longus) are innervated by the deep peroneal nerve. http://en.wikipedia.org/wiki/Plantar_reflex
Sural Nerve Block

Area of anesthesia: Skin of the lateral border of foot and lateral side of the little toe

Indications: Repair of lacerations on the lateral side of the foot and little toe
The sural nerve may be blocked by inserting the anesthetic needle midway between the lateral malleolus and the tendo calcaneus (Achilles) and infiltrating the subcutaneous tissue with anesthetic solution.

Toe Nerve Blocks

Area of anesthesia: Skin of the toes. Each toe is supplied by four digital nerves at the 2 o’clock, 5 o’clock, 7 o’clock, and 10 o’clock positions. The plantar digital nerves are derived from the medial and lateral plantar nerves; the dorsal digital nerves are from the superficial peroneal nerve (except the cleft between the big toe

and second toe, which is supplied by the deep peroneal nerve, and the lateral side of the little toe, which is supplied by the sural nerve.

Indications: Repair of lacerations of the toes, removal of foreign bodies, and removal of nails

Procedure: The nerves are easily blocked with small volumes of anesthetic solution injected subcutaneously and circumferentially around the base of each toe. 
Table. Muscles of the sole of the foot

	First layer

	Muscle
	Origin 
	Insertion
	Innervation
	Function

	Abductor hallucis
	Medial tubercle of tuberosity of calcaneus; flexor retinaculum; plantar aponeurosis
	Medial side of base of proximal phalanx of 1st digit
	Medial plantar nerve (S2, S3)
	Abducts and flexes 1st digit (great toe, hallux)

	Flexor digitorum brevis
	Medial tubercle of tuberosity of calcaneus; plantar aponeurosis; intermuscular septa
	Both sides of middle phalanges of lateral four digits
	Medial plantar nerve (S2, S3)
	Flexes lateral four digits

	Abductor digiti minimi
	Medial and lateral tubercles of tuberosity of calcaneus; plantar aponeurosis; intermuscular septa
	Lateral side of base of proximal phalanx of 5th digit
	Lateral plantar nerve (S2, S3)
	Abducts and flexes little toe (5th digit)

	Second layer

	Quadratus plantae
	Medial surface and lateral margin of plantar surface of calcaneus
	Posterolateral margin of tendon of flexor digitorum longus
	Lateral plantar nerve (S2, S3)
	Assists flexor digitorum longus in flexing lateral four digits

	Lumbricals
	Tendons of flexor digitorum longus
	Medial aspect of expansion over lateral four digits
	Medial one: medial plantar nerve (S2, S3)

Lateral three: lateral plantar nerve (S2, S3)
	Flex proximal phalanges, extend middle and distal phalanges of lateral four digits

	Third layer

	Flexor hallucis brevis
	Plantar surfaces of cuboid and lateral cuneiforms
	Both sides of base of proximal phalanx of 1st digit
	Medial plantar nerve (S2, S3)
	Flexes proximal phalanx of 1st dig

	Adductor hallucis
	Oblique head: bases of metatarsals 2-4 Transverse head: plantar ligaments of metatarsophalangeal (MTP) joints
	Tendons of both heads attach to lateral side of base of proximal phalanx of 1st digit
	Deep branch of lateral plantar nerve (S2, S3)
	Traditionally said to adduct 1st digit; assists in transverse arch of foot by metatarsals medially

	Flexor digit minimi brevis
	Base of 5th metatarsal
	Base of proximal phalanx of 5th digit
	Superficial branch of lateral plantar nerve (S2, S3)
	Flexes proximal phalanx of 5th digit, thereby assisting with its flexion

	Fourth layer

	Plantar interossei (three muscles)
	Bases and medial sides of metatarsals 3-5
	Medial sides of bases of phalanges of 3rd-5th digits
	Lateral plantar nerve (S2, S3)
	Adduct digits (2-4) and flex metatarsophalangeal joints

	Dorsal interossei (four muscles)
	Adjacent sides of metatarsals 1-5
	1st: medial side of proximal phalanx of 2nd digit; 2nd-4th: lateral sides of 2nd-4th digits
	Lateral plantar nerve (S2, S3)
	Abduct digits (2-4) and flex metatarsophalangeal joints
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