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Introduction

Tendons are frequently encountered during surgery or
lacerationinjuryofthefootandlegsincetheyare numerous,
superficial,and attimes quite large. For this reason knowl-
edge of the anatomy and physiology of tendons is impor-
tant to any physician involved in the diagnosis or surgical
treatmentofthefootand leg. A review of theanatomy, physi-
ology,and healing of tendoninthelegandfootis presented.

Anatomic Considerations

Tendonsare composed of specialized connectivetissue
and function to concentrate the pull of their respective
muscle of origin across a joint(s) to the point of insertion.
Theyarerelativelyinelasticand haveatensilestrength sim-
ilarto stainless steel. Theyareliving structures possessing
cellsand neurovascularsupplyaswellas collagenous pro-
tein fibers. All of these facts seem fundamental, however,
failure 1o reccgnize the implications of these statements
canresuitin the compromise ofany patientsufferinginjury
or surgety on these important structures.

Gross Anatomy

The most common anatomic configurations of the ten-
dons crossing the ankle to the foot are presented.

Tibialis Anterior

Thetibialisanteriortendon originates fromits muscle of
origininthemiddleone-third of theanteriorleg. Itcourses
slightly medially as it descends and enters its sheath just
proximalto the superior extensor retinaculum. Itthentra-
verses beneath the superior extensor retinaculum or in
approximately25% of the population tunnelsthrough the
retinaculum. It then continues across the ankle joint over
the superficial componentand then primarily beneath the
deep componentof the oblique superomedial band of the
inferior extensor retinaculum. The tendon exits its sheath
variably at a level near the talonavicular joint. The tendon
finally inserts atthe medial cuneiform and first metatarsal
base (Fig. 1).

Extensor Digitorum Longus

Thetendon beginsasasingleentityabovethelevel of the
superior extensor retinaculum. Once deep to that struc-
turethetendondividesintotwo portionswhich thenenter

acommon synovial sheath. The two tendons then course
distally becoming themselves splitinto two portions after
exiting beneath the common tunnel of the inferior exten-
sorretinaculum.Thetendon sheath expandstoencompass
the four tendons as well as the peroneus tertius tendon.
The distal limit of the tendon sheath is near the cuneona-
vicularjoint. Eachtendon slip extendstoits respectivedigit
of insertion being joined onits lateral side by a tendinous
slipfrom the extensor digitorum brevis with the exception
of the fifth digit which has no brevis insertion. The inser-
tioninto eachdigitis viaacomplexaponeurosisatthe meta-
tarsophalangeal joint level and by direct bony insertion
intothedorsum of the middle and distal phalanges (Fig. ).

Extensor Hallucis Longus

In the lower one third of the leg the extensor hallucis
longus tendon courses just deep and lateral to the tibialis
anterior tendon. It passes deep to the superior extensor
retinaculum and upon exiting enters its sheath just prox-
imal to the oblique superomedial band of the inferior ex-
tensor retinaculum. It then passes beneath the oblique
superomedial band of the inferior extensor retinaculum.
The tendon then passes deep to the oblique inferomedial
band of the inferior extensor retinaculum and enters a
fibrous tunnel over the dorsum of the foot. It then exists
its synovial sheath and inserts via extensor aponeurosis
into the base of the proximal phalanx before ending at its
attachmenttothe dorsum of the distal phalanxofthe hallux
(Fig. 1.

Peroneus Tertius

The peroneus tertius tendon lies lateral to the common
tendonoftheextensordigitorumlongusintheleg. Itpasses
either separately or more typically with the extensor
digitorum longustendon beneaththesuperiorandinferior
extensor retinaculum. Thetendon shares the sheath of the
extensor digitorum longus and finally exits just lateral to
the extensor digitorum longus tendon slip to thefifth digit.
It then fans out to insert into the base of the fifth metatar-
sal. Theperoneustertiusisestimated tobeabsentinabout
85% of the population (Fig. 7).
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Fig. 1. Anterior and lateral muscle groups are pictured.

Preoneus Longus

The peroneus longus tendon lies superficial to the
peroneus brevis in the middle one-third of the leg. The
peroneus longus gradually rotates to a position posterior
to the peroneus brevis at the level of the ankle. It enters its
synovial sheath which is separate from that of the brevis
at a point 2 to 3 centimeters proximal to the superior
peroneal retinaculum. Beneath the retinaculum the
sheaths become common and then again split to follow
each respective tendon as they exit beneath the inferior
peroneal retinaculum. The sheath often communicates
withtheanklejoint;arelationshipwhich becomesimpor-
tantduringtenographyorarthrographicexamination. After
exitingitssheaththe peroneuslongustendontraversesthe
lateralwall of the calcaneusand thenturns plantarlyatthe
level of the cuboid. The tendon enters a second sheath in
the plantar aspect of the foot before finally inserting into
the medial cuneiform and first metarsal base (Fig. 1).

Peroneus Brevis

The peroneus brevis tendon continues to receive
muscularinsertiontoasignificantdegreeto the level of the
lateral malleolus. Therefore, severing the tendonin the pro-
ximalleg foruseduring lateralankle stabilizationyields ap-
proximately one-half of the total tendon as the severed end
isdrawn distally. Inthe middle one-third of the leg the ten-
don liesdeep to the that of the peroneus longus. Proximal
tothesuperior peronealretinaculumthetendonentersits
arm of the common sheath. At the level of the malleolus
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Fig. 2. Tendons of deep posterior muscle group are depicted as
they enter tarsal canal at posteromedial ankle. A. tibialis poster-
ior, B. neurovascular bundle, C. flexor digitorum longus,

D. flexor hallucis longus.

the tendon is anterior to the peroneus longus and then
coursessuperiortothe peroneuslongustendonalongthe
lateralwall ofthe calcaneus. Thereitexitsits sheath shortly
before inserting into the tuberosity of the fifth metatarsal
base (Fig. 1).

Tibialis Posterior

Thetendonsofthe posteromedialankleall enter the tar-
saltunnelwithin separate canals. Proximaltothetarsal tun-
nelthetibialis posteriortendon liesjustanteriorand slightly
medial to the neurovascular bundle. For this reason care
must be taken to avoid mistaking the posteriortibial nerve
for the tendon. The tendon enters the first compartment
of the tarsal tunnel just posterior to the medial malleolus.
The synovial sheath is entered just proximal to the tunnel
and is exited just distal to it. No mesotenon accompanies
thetibialis posterior tendon, instead vinculaslips from the
sheath supplyvascularity tothe tendonwithin the sheath.
These vincula are at times responsible for causing retro-
grading of the tendon for transfer difficult.

After exiting the synovial sheath the tendon courses at
aleveljustsuperiortothe sustentaculumtali. It then rides
justinferior to the calcaneonavicular (spring) ligament. A
fibrocartilaginous or bony sesamoid may be presentatthis
level on the superior aspect of the tendon. At the level of
the navicular tuberosity the tendon divided into three in-
sertional components. The first component lies in direct
line with the tendon and inserts mainly on the navicular
tuberosity. This insertion fans out to extend to the medial



cuneiform and cups the tuberosity of the navicular. The
second componentliesdeeptothefirstand extendstothe
plantar surfaceof the cuneiformsand cuboid. Distal exten-
sions of this component traverse deep to the peroneus
longus tendon to insert on all lesser metatarsal bases.

The third component of the tibialis posterior tendon in-
sertionis recurrently oriented and inserts into the susten-
taculum tali of the calcaneus (Fig. 2).

Flexor Digitorum Longus

The common tendon of the flexor digitorum longus
entersits synovial sheath approximately 5centimeters pro-
ximaltothe tip of the medial malleolus. The tendon enters
the third compartment of the tarsal tunnel and courses
distally at the level of the sustentaculum tali. As it enters
the plantaraspect of the foot it exits its sheath and crosses
plantar to the tendon of the flexor hallucis longus. The
flexor digitorum longustendonthendividesintofourdigital
brancheswhichinsertintothe middleand distal phalanges
of each toe (Fig. 2).

Flexor Hallucis Longus

The flexor hallucis longus tendon courses as the most
lateral of the tendons passing posterior to the medial mal-
leolus. The tendon enters a fibro-osseus tunnel at the
posterioraspectof thetalus, coursing between the poster-
omedialand posterolateraltubercles ofthetalus. Thisana-
tomic relationship can be helpfulin diagnosing fractures of
these tubercles since motion of the flexor hallucis tendon
often produces painasitinduces motionatthefracturesite.

Theflexor hallucislongustendonentersthefourthcom-
partment of the tarsal tunnel and then courses plantarly
beneaththesustentaculumtali.ltthenturnsdistally, deep
tothe flexordigitorumlongustendonsendingavinculaslip
to that tendon after crossing. The tendon then passes be-
neath the firstray between the sesamoid bonesand inserts
into the plantar aspect of the base of the distal phalanx
(Fig. 2).
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Fig. 3. Orientation of gastrocnemius and soleus tendinous
contributions at level of insertion into calcaneus is shown.

Tendo Achillis

This tendon originates from the gastrocnemius and
soleusmuscles. Thetendon hasarelatively straightcourse
which obviates the need for a tendon sheath. Instead the
tendon is invested in paratenon from origin to insertion.
The tendon inserts onto the middle to distal one-third of
the posterior aspect of the calcaneus. Some fibers of the
tendon actually continue plantarly to insertinto the plan-
taraponeurosis. Thefibersofthisconjoined tendonrotate
as they descend. The majority of the gastrocnemius’
contributionattainsaposterolateralinsertionand thesoleal
fibers rotate to an anteromedial position distally (Fig. 3).

Tendon Physiology

The physiology of tendon functionwas defined extensively
by Leo Mayer in 1916. Very little additional information on
basictendonfunction hasbeenaddedsincethattime. The
ability of the tendon to glide is a basic concept and must
be understood if the surgeon is to achieve predictable
resultswhen repairing or performing other procedureson
these structures.

Peritendinous Structure and Function

Tendons are living structures which must be supplied
with nutrients in order to survive. This creates a dilemma
since tethering of the tendon with blood vessels along its
lengthwould notallowthe excursion necessary fortheten-
donto function.Blood supply fromtheinsertionand origin
onlywould forcethe centralzoneoftendontorely precari-
ously on this morphologic configuration. Therefore, a
means of maintaining the tendons cellular structures is
based onan elastic systemof supportingstructures. These
structures involved in the protection and nutritional sup-
portoftendonsarethe peritendinous coatingsand synov-
ial sheaths.

Tendons which have a relatively straight course do not
have atrue sheath. Instead theyare surrounded byaloose
highly vascularareolar tissue known as paratenon. Tendons
which turn around a surface are protected by a synovial
sheath. This sheath is a relatively complex sac-like struc-
ture which provides lubrication and nutrients to the ten-
don via synovial fluid. Within the sheath a mesotenon or
in some cases a vascular vinculus imparts nutrients to the
surrounding epitenon and tendon. When conditions per-
mitthese sheathscan be used to preventadhesionandallow
gliding function of tendons transferred through themon
their course to a new site of insertion (Fig. 4).

Factors Influencing Muscle-Tendon Function

The muscle-tendon unit can actually perform only one
active function and that is to contract. However, this con-
traction can be harnessed and influenced to produce



smooth and graceful motion. Some of the ways in which
the muscle-tendon unit is influenced are discussed.

If strength of contracture is required of the muscle, the
tendon is positioned approximately at right angles to the
axisofthejointbeing moved. The greaterthedistance bet-
weenthetendonandthejointaxisthegreatertheleverarm,
and therefore, the greater the mechanical advantage (Fig.
5). Surgeons may make use of this mechanical property by
placing a transferred tendon a point more distal to the
original insertion of a paralyzed muscle. Transferring a
tibialis posterior tendon subcutaneously to the dorsum
of the foot will result in bow stringing of the tendon,
increasing the distance between the axis of the ankle and
theline of pull. An increase in mechanical advantage and,
therefore, force of contracture is obtained.

As atendon’s line of pull approaches being parallel to a
joint axis the force of contracture becomes a stabilizing
ratherthananaccelerating influence. The tibialis anterior
has this effect on the subtalar joint when the foot is held
in a neutral position.

One of the most common tendon procedures involves
transferring the point of tendinous insertion to balance a
pointof weakness or remove an over-powering deforming
force. Silver and associates would discard the term “mus-
cle balance” and suggest that a tendon with “task
appropriateness” dictate the choice of transfer since true
muscle balance is notactually ever present. The sum total
ofthe posterior muscle group’s strength was estimated to
be sixtimes thatof the anterior muscle group. This appears
reasonable since the posterior group is for the most part
involved inthe propulsive phase of gait, while the anterior
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Fig. 4. Peritendinous sheath and vascular epitenon are
depicted. Mesotenon shown here may be replaced in
some instances by vincula.

group simply works to clear and position the foot during
swing phase.

Since the posterior group musculature is more power-
ful than the anterior, transfers from posterior to anterior
are more likely to cause overcorrection than when the
reverse procedure is performed. Transferring a tendon to
assistin plantarflexion (propulsion) requires much more
strength of the transferred muscle than does a posterior
to anterior transfer to assist in dorsiflexion of the foot.
Tendencies for overcorrection or creating imbalance are
more common when transferring an entire tendon than if
asplittransferis performed spreading the force of contrac-
ture between the two points of insertion.

Spastic muscles provide additional difficulty in transfer
planning. Muscle strength may be normal, however, mus-
clefiberlength is usually decreased resulting shorter ten-
donexcursion. Lengtheninga spastic muscle’stendon may
release static contracture, however, no increase in active
range of motion is gained. Therefore, a flail extremity
may result.

Fig. 5. Point of insertion, orientation, and distance between
tendon and axis of motion all effect strength and action of
muscular contraction.



Tendon Healing

Tendon healing hasbeenextensivelystudied inthe hand
surgery literature. Restriction of motion by adhesions has
been the main impetuous for the investigation by most
authors.Incontrast,tendonsurgeryaboutthefootandleg
has not received the same amount of attention in regards
tohealing problems. Itisdoubtfulthatadhesionsoccurless
frequently in the lower extremity, therefore one must
assume their presence is more easily tolerated by the pa-
tientorbythe physician. The patient suffering fromapain-
ful hallux limitus secondary to binding of the long flexor
tendon may not be of the same opinion, however.

Fine controlofthe footis notasnecessaryasinthehand.
Onerarely considersarthrodesinganinterphalangeal joint
inthe hand, whilethisisanaccepted procedureinpodiatric
surgery. However, this does not imply that tendon repair
orsurgeryinthelowerextremitydoes notrequire skilland
careful attention to detail. The basic concepts in tendon
handling combined with appropriate postoperative
managementare still based on knowledge of the physiology
and healing of these structures.

Theepitenonsurroundingthetendon contributes most
ofthecellular elements active in the repair process. Some
authors have suggested that the tenocytes within the ten-
don also participate in the reparative process. This would
be the ideal situation since the tendon might be se-
questeredwithinitssheathstructureandthetendinousscar
kept separate from that of the surrounding wound.
However, thisappearstorarelyoccurin mostclinical situa-
tions. Peacock championed the theory of “one-wound one-
scar” healing in complex wounds (Fig. 6). However, his
pessimistic discussion of impending adhesion formation
in tendon healing has since been brightened and a scien-
tific method of tissue handling has been shown to allow
restoration of tendon strength and gliding function.

Asevered or partially lacerated tendon heals most profi-
cientlyin paratenon. Thetendon sheath contributes little
to the healing process. Tendon ends which retract within
the sheath become atrophicand rounded. Return of gliding
functionis rare in this situation if the tendon ends are not
reapproximated.Repairand returntofunctioninthissitua-
tion are dependent on atraumatic technique with preser-
vation of vascular supply and relaxation of tension at the
repairsite Restrictiveadhesionformationappearstobethe
resultofvascularembarrassment, hematoma, and sheath
excision all combined with prolonged immobilization.

Arationalapproach tothe post-operative care of patients
undergoing procedures which require tendon healing is
essential if a return to function is to be expected.

Fig. 6. This young black female suffered complex laceration to
dorsum of right foot. Pain and limitation of motion of hallux
prompted surgical exploration of wound three months after
original primary repair of the laceration. Failure to recognize
and repair lacerated extensor hallucis longus tendon resulted
in fibrosis and massive adhesion formation.

Initially the healing process is dictated by the formation
of a fibroblastic splint. This “splint” is actually an inflam-
matoryinfiltrate of granulationtissuewhich permeatesthe
entirewound. By the second day this fibroblastic prolifera-
tion organizes. However, there is little tensile strength to
this tissue and the tendon ends soften in response to the
inflammatory process. Therefore, tension at the coapted
tendon ends can easilyresultinsuture pull-outand failure
of the primary repair.

Thesecondweekisaperiodofscarorganization.Passive
tension on the tendon ends appears to influence the or-
ganization of the repair. The strength of the repair is still
totally dependenton the suture material, however,and ac-
tivemotionandtension ontherepairsitewillactually result
in hypertrophy of the tendon, gap formation, and adhe-
sions. Continued definition and strengthening of the
cicatrixoccursduring the third week. Thefibrovascular cuff
ofgranulation surrounding the tendon begins to separate
and gentle motion should be permitted at this point to
encouragestrengtheningoftheunionand preventrestric-
tive adhesion formation. Protected function is still
necessaryasthefourthweek endsatwhichtimetherepair
matures. Rapid strengthening oftherepairwillensueinthe
fifth and sixth week under the influence of gradually in-
creasing tensile forces.
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