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Introduction

Ankle equinus is now widely accepted as a deforming
pathological force in the lower extremity. The author has
previously discussed the deformityindetail including the
anatomy, biomechanics, definition, etiology, classification,
associated pathology, conservative treatment, surgical
treatment, and postoperative care and complications (1).
Thepurposeofthis paperistodiscussthe currentsurgical
procedures utilized for the correction of the muscular
formsofankle equinus. The surgical proceduresare based
upon the etiologic type of equinus, and recognition of
the type is essential to proper procedural selection.

Etiologic Classification

Ankle equinuscan beclassified into muscular, osseous,
and combination forms which can be further subdivided
into etiologic type (Fig. 1). The muscular forms of ankle
equinus includes two etiologic types—gastrocnemius
equinus and gastrosoleus equinus. Since these two etio-
logic types are muscular, one must determine whether
theyare spasticor nonspasticin nature. Thus, four etiologic
subtypes exist—spastic gastrocnemius equinus, nonspastic
gastrocnemius equinus, spastic gastrosoleus equinus, and
nonspastic gastrosoleus equinus.

The earliest surgical procedures were oriented towards
the correction of the spastic types of muscular equinus.

Muscular Forms
Gastrocnemius Equinus*
Spastic
Nonspastic
Gastrosoleus Equinus*
Spastic
Nonspastic
Osseous Forms
Talotibial Exostoses*
Anterior
Posterior
Other
Pseudoequinus*
Combination Forms*

* = Five major etiologic types

Fig. 1. Etiologic Types of Ankle Equinus
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Recent podiatric literature has recognized the existence
of nonspastic muscular equinus. Indeed, we now recog-
nize nonspastic muscular equinus as the most common
etiologic type of ankle equinus. Nonspastic gastrocnemius
and nonspastic gastrosoleus equinus are frequent patho-
logical conditions leadingto severe compensatorychanges
within the foot or leg if left untreated.

Surgical correction of the muscularformofankleequinus
is oriented toward the particularetiologic subtypeinvolved.
Differentiation of these four subtypesisatwo-step process.

First, gastrocnemius equinus must be differentiated from
gastrosoleusequinus. Thisisaccomplished viathe Silfver-
skiold test. One must begin by identifying the presence of
ankle equinus by placing the patient in a supine position
and dorsiflexing the foot upon the leg at the ankle. If an
ankle equinus deformity is identified, then one should
flex the knee ninety degrees and again check for ankle
equinus. Thisisthe Silfverskiold testand ittakes advantage
of the gastrocnemius and plantaris muscles’ origin above
the knee joint. If with the knee flexed (relaxing the
gastrocnemius and plantaris) there is adequate dorsiflex-
ion at the ankle joint then the deformity is due to the
gastrocnemiusand plantaris muscles. If noincrease or in-
sufficient increase in ankle joint dorsiflexion is obtained
then one must differentiate gastrosoleus equinus from
osseous talotibial ankle equinus (Fig. 2) (1).

Once the presence of gastrocnemius or gastrosoleus
equinus has been identified then one must determine
whethertheinvolved musculatureis spasticor nonspastic.
Athorough history combined with neurological evaluation
will usually identify any spasticity which may be present.
If desired or if any questions remain, a consultation with
aneurologist may be advisable. Spasticity of the posterior
crural musculatureis mostcommonlyassociated with the
pyramidal-spastic type of cerebral palsy. This spasticity
must be differentiated from other pathological extrapyra-
midal causes of muscular change (Figure 3) (2).

After proper examination and identification of the etio-
logictype of muscularankleequinus, one may more easily
select the appropriate surgical procedure.



Examiner tests for
ankle equinus with
the knee extended

Fig. 2. Step-wise approach to diagnosis of etiologic types of
ankle equinus. (Reproduced with permission from Downey
MS: Ankle equinus. In McGlamry ED(ed): Comprehensive Text-

Extrapyramidal Pyramidal
Muscle power Decreased Decreased
Muscle tone Rigid Spastic
Muscle atrophy Absent Minimal
Fasciculations Absent Absent
Deep reflexes Normal or Hyperactive
variable
Superficial Normal or Diminished
reflexes increased
Babinski sign No Yes
Sensation Intact May be diminished
Abnormal Present None
movements

Fig. 3. Clinical differentiation of extrapyramidal and pyramidal
tract disorders. (Adapted from Tachdjian MO: The Child’s Foot,
Philadelphia, WB Saunders, 1985, p. 354.)
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book of Foot Surgery, Vol 1. Baltimore, Williams & Wilkins,
1987, pp 378-379.)

Surgical Procedures

Surgical correction is attempted when conservative
measures have failed orwhen conservativetreatmentwould
allowsignificantpathological changeswithinthelowerex-
tremity to continue. In other words, surgical treatment
should not be delayed if, in exhausting all conservative
means, one allows compensatory changes to occur which
will produceadditional deformity. Theappropriatesurgical
procedure is selected based upon the etiologic type or
subtype of muscular ankle equinus—nonspastic gastro-
cnemius equinus, nonspastic gastrosoleus equinus, and
spastic gastrocnemius or spastic gastrosoleus equinus.

Nonspastic Gastrocnemius Equinus

This type of muscular ankle equinus has been only re-
cently reported. Indeed, this may be the most common
etiologic type of ankle equinus.
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Fig. 2. (cont'd.)

Many different procedures have been described for the
treatment of gastrocnemius equinus (1). The distal reces-
sion of the gastrocnemius aponeurosis is generally
associated with less disability and complications. The
tongue-in-groove recession asinitially described by Baker
(3)and popularized by McGlamry (4) isan example of such
adistal recession(Fig.4). The procedureiscommonlyused
within the profession and is associated with consistently
satisfactory results.

Technique—Distal Gastrocnemius Recession

Theprocedureis mosteasily performedwith the patient
undergeneral anesthesiaandinthe prone position. Amid-
thigh pneumatictourniquetorlocalanestheticwithasmall
concentrationof epinephrine(e.g.,0.25% Bupivicainewith
epinephrine 1:200,000) may be used to aid in hemostasis.

The skin incision is approximately five to eight cen-
timetersin length and placed just medial to the midline of
the leg extending from the myotendinous junction of the
gastrocnemius muscledistally. Theincisioniscarrieddeep

/

47

Stress dorsiflexion \

and ankle dorsiflexion
end ROM evaluated

Osseous ankle equinus
or
combination forms

Gastrocnemius
equinus

B3

@ Osseous ankle block
End ROM “‘hard and abrupt”

/

Gastrosoleus equinus

radiographs taken

-

© Osseous ankle block
End ROM “‘soft and smooth’’

bluntlywith hemostasis obtained as necessary. Care should
be taken to avoid the sural nerve or lesser saphenous vein
which may beoccasionallyidentified in the lateral portion
oftheincision.Bluntdissectioniscontinued untilthedeep
fascia is visualized. The subcutaneous tissue and neuro-
vascular structures can then easily be retracted. The deep
fasciaand paratenon areincised sharplyand reflected. The
aponeurosis is then visualized and its medial and lateral
bordersidentified. By manipulating theanklejoint, oneis
able to surgically observe and bring considerable length
of the aponeurosis into a relatively small incision.

Thus, withtheankle joint held in the plantarflexed posi-
tion, the medialand lateral one-thirds of the gastrocnemius
aponeurosisareincised (Fig. 5A). Caremust be taken toavoid
cutting the underlying soleus muscle which may increase
postoperative bleeding and edema. Generally, the plantaris
will beidentified when making the medial aponeuroticcut
and it should be lengthened or a section of it excised. The
anklejointisthendorsiflexed withthekneefullyextended
andthecentral one-third oftheaponeuroticfibersincised
(Fig. 5B). The knee must be fully extended to allow the



Fig. 4. Distal “tongue-in-groove” gastrocnemius recession as
described by Baker (3). (Reproduced with permission from
Downey MS: Ankle equinus. In McGlamry ED (ed): Compre-
hensive Textbook of Foot Surgery, Vol 1. Baltimore, Williams &
Wilkins, 1987, p 388.)

gastrocnemius muscleandaponeurosistobefullyloaded
and under tension when the ankle is dorsiflexed. The
aponeurosis should then be seen to “slide” to alengthen-
ed position (Fig. 5C). If necessary, the incisions in the
aponeurosis may be lengthened to create an increase in
“sliding” or length. In some cases, the central soleus apo-
neurosiswillbetight. Itcanbeidentified inthe central gas-
trocnemius aponeurotic cut and be sectioned if desired.

In some instances it may be preferable to reverse the
cuts—i.e.,themedialand lateral one-thirdsoftheaponeuro-
sisare sectioned proximallyand the central one-third sec-
tioned distally. This may be the preferred orientationif the
aponeurosis is very narrow distally. However, it can result
in selective weakening of the medial head of the gastro-
cnemiusmuscleduetotheorientation ofthecutsand their
relationship to the torque of the aponeurotic fibers.

Once adequate length has been obtained, the
aponeurosis is sutured in its corrected position utilizing
a3-0absorbableornonabsorbablesuture. Thedeepfascia
and paratenonare closedwitha3-0absorbablesuture. The
superficial fasciaand skinare closed with running sutures
of 4-0 and 6-0 absorbable suture, respectively. The wound
is reinforced with steri-stripsand a saline moistened sponge
and dry sterile dressing applied. A below-knee cast is ap-
pliedwiththekneefullyextendedandthefootheldatninety

Fig. 5. A-C. Surgical demonstration of “tongue-in-groove” cuts.
(Reproduced with permission from Downey MS: Ankle
Equinus. In McGlamry ED (ed): Comprehensive Textbook of
Foot Surgery, Vol 1, Baltimore, Williams & Wilkins, 1987, p 390.)



degrees in relation to the leg. If desired, the cast may be a
temporary one with the permanent cast applied after
satisfactory postoperative wound appearance has been
observed (e.g., three days postoperative).

The patient is maintained in the cast for three and one-
half to six weeks postoperatively. The patient in most in-
stances will be allowed to ambulate on the cast. If adjunc-
tive procedures are performed necessitating a non-
weightbearing attitude, then crutches are dispensed and
the patient is gait trained. After cast removal, the patient
isinstructedin passiveand active range of motion exercises.
Runningand sstrenuous physicalactivityarenotallowed for
fourtosixadditionalweeksoruntilthe gastrocnemius mus-
cle’s strength returns.

Nonspastic Gastrosoleus Equinus

Many procedures have been described for the correction
ofthe gastrosoleus equinus deformity (1). Mistakenly, many
authorsand surgeons havejustonesurgical procedure for
the correction of all types of muscular ankle equinus. Itis
generally a procedure to lengthen the tendo Achillis.
Although such proceduresmay correctalltypesof muscular
ankle equinus, they are also frequently associated with
greater disability, greater chance of complications in-
cludingrecurrence,andwithahigherincidence of under-
correctionand overcorrection. Thisisespeciallytruewhen
the proceduresare used fortheetiologicsubtypesofequi-
nus for which they are not indicated. The tendo Achillis
lengthening procedure is best suited for the nonspastic
gastrosoleus equinusdeformity, butmay in someinstances,
beutilized forspasticgastrosoleusequinusaswell. [tmust
be remembered that the term gastrosoleus equinus in-
cludesanymuscularorsofttissuestructuresinthe posterior
leg which might be limiting ankle dorsiflexion. Frequent-
ly, posterior ankle capsular release or release of other soft
tissues will be necessary adjunctive procedures.

The open z-plasty lengthening of thetendo Achillisis pre-
ferable to those done percutaneously. Percutaneous tendo
Achillislengtheningisassociated withagreaterlikelihood
of undercorrection or overcorrection. Itis very difficult to
visualizeand accuratelydivide theappropriate tendinous
fibers through percutaneous incisions. The open z-plasty
lengthening can be performed in the frontal or sagittal
planes. In mostinstances, the frontal plane orientation is
preferred as it more easily maintains the tendon’s con-
tour (Fig. 6).

Technique — Open Frontal Plane Z-plasty
Tendo Achillis Lengthening

Like the distal gastrocnemius recession, the procedure
is most easily performed with the patient under general
anesthesia and in the prone position. A mid-thigh
pneumatictourniquetorlocalanesthetic containingasmall
amount of epinephrine may be used to assist hemostasis.
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Fig. 6. Frontal plane Z-plasty lengthening of tendo Achillis.
(Reproduced with permission from Downey MS: Ankle
equinus. In McGlamry ED (ed): Comprehensive Textbook of
Foot Surgery, Vol 1. Baltimore, Williams & Wilkins, 1987, p 397.)

Theincisionisfivetotencentimetersinlengthand placed
medial to the midline over the distal portion of the tendo
Achillis. The incision is deepened to the deep fascia with
smallvesselscoagulated as necessary. The sural nerveand
lesser saphenous vein are avoided and retracted laterally
if visualized. The deep fasciaand paratenonarethenincised
sharplyand retracted. ThetendoAchillisis thenvisualized.

ThetendoAchillisis sectioned inthefrontal plane (Fig. 7A).
Utilizing sharp dissection the tendoniis bisected and then
exited proximally in a posterior direction (Fig. 7B). The
anterior portionof thetendonisthensectioned distallyand
the tendon ends retracted (Fig. 7C). After the z-shaped cut
is completed, ankle dorsiflexion with the knee fully ex-
tendedis performed. Any othertightsofttissuestructures
(e.g., posterior ankle joint capsule) which limit adequate
ankle dorsiflexion are then identified and corrected.

When satisfactorydorsiflexion of theanklejointhasbeen
achieved, the tendon is reapproximated in its lengthened
position utilizing combinations of absorbable and/or
nonabsorbable suture. Thedeep fasciaand paratenonare
reapproximated together with 3-0 absorbable suture. The
superficial fascia is reapproximated with 4-0 absorbable
suture, and the skin with 6-0 absorbable suture. Steri-strips,
a saline moistened sponge, a dry sterile dressing, and a
below-knee cast are then applied.

Postoperatively, the patientis maintained inacastfor six
weeks. Exercises are begun after castremoval and running
discouraged until full muscle strength is restored.



Spastic Gastrocnemius and
Gastrosoleus Equinus

Aswas stated earlier, most of the procedures for the cor-
rection of the ankle equinus deformity were initially
described forthe correction of spastic muscularequinus.
Some oftheearlier procedures(e.g, selective neurectomies
or proximal recessions) were fraught with complications
and recurrence.

The anterior advancement of the tendo Achillis, as pop-
ularized by Murphy, is the author’s current procedure of
choice for the correction of spastic gastrocnemius and
spastic gastrosoleus equinus. The procedure permits an
alteration of the functional influence of the tendo Achillis
at the ankle joint. It shortens the lever arm of the tendo
Achillisattheankle jointdecreasing the power of the triceps
surae to affect toe-off (Fig. 8).

Technique—Anterior Advancement
of the Tendo Achillis

The procedure is performed with the patient under
general anesthesia and in the prone position. General
anesthesia and muscle relaxants are usually necessary to
eliminate the muscle spasm present. A mid-thigh
pneumatic tourniquet is utilized.

Fig. 8. Principle of tendo Achillis advancement. Theoretically,
advancing tendo Achillis from D to C weakens triceps surae
power atankle joint by about 48% by shortening leverarm (BD).
At same time, muscle’s power at MTPJs is only weakened by
about 15% as shortening (DC) is very small compared to longer
lever arm (AD). (Reproduced with permission from Downey
MS: Ankle equinus. In McGlamry ED (ed): Comprehensive Text-
Fig. 7. A-C. Surgical demonstration of frontal plane Z-plasty book of Foot Surgery, Vol 1. Baltimore, Williams & Wilkins,
tendo Achillis lengthening. 1987, p 392.)
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Fig. 9. A-F. Surgical demonstration of anterior advancement of
the tendo Achillis.
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The procedure begins with a five to eight centimeter in-
cisionextending over thedistal insertional area of the ten-
doAchillis. Theincision may be gently curved forward distal-
lytoallow bettervisualization later in the procedurewhen
theadvancementisperformed. Theincisionisbluntlycar-
ried deep through the superficial fascia and vessels
coagulated as necessary. The sural nerve and lesser
saphenous vein are rarely visualized but are retracted
laterally if they are encountered. The deep fascia and
paratenon are then sharply incised and the distal portion
of the tendo Achillis identified.

The tendo Achillis is then detached distally from its in-
sertionintothedistal one-half of the calcaneus (Fig. 9A) (1).
In children, it is very important to avoid damage to the
calcaneal apophysis when sectioning the tendon and
throughout the surgical procedure. The distal portion of
the tendon is frequently wider and should be maintained
in its entirety.

Following detachment of the tendon, dissection is car-
riedanteriorlyonthedorsum ofthecalcaneustowardsthe
subtalarjoint. The posterioraspectofthe subtalarjointand
the deep transverse fascia are visualized. A small incision
ismadeinthedeeptransverse fasciaand the flexor hallucis
longustendonidentified (Fig. 9B). Passive motion of the first
MTP] will usually confirmthat the tendon has been properly
located. The tendo Achillis will be passed anterior to the
flexor hallucis longus (Fig. 9C). This has been reported to
decrease the incidence of recurrence and has not been
associated with pathological sequelae (2,5).

Anotchisthen madeinthe dorsumofthe calcaneusim-
mediately posterior to the posterior facet of the subtalar
joint(Fig.9D). The notchis made toaccommodate the ten-
doAchillisand will serveasits new insertion. Two small drill
holes are then made in the calcaneus from the apex of the
notch and through the medial and lateral walls of the cal-
caneus. These holes will allow reinsertion of the tendo
Achillis into the calcaneus without the need to risk an ex-
ternal anchor (Fig. 10). A trial fitting of the tendon into the
notch is attempted and if needed any additional tendon
length obtained.

ABunnell-typesutureisthen placed intothedistal portion
of the tendo Achillis using a heavy-gauge nonabsorbable
suture (Fig. 9E). The tendon is routed anterior to the flexor
hallucis longus tendon, and anchored into the calcaneal
notch by passing the suture ends through the drill holes
andtyingthem (Fig.9F). Thedeep fasciaand paratenonare
closed using 3-0 absorbable suture in simple interrupted
or running interlocking fashion. The superficial fascia is
closed with4-0absorbable suture in running subcutaneous
fashion.Theskinisclosed with 5-0oré6-0absorbable suture
inrunning subcuticular fashion. Steri-strips, asaline moist-
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Fig. 10. Modified internal reinsertion of tendo Achillis.
(Reproduced with permission from Downey MS: Ankle
equinus. In McGlamry ED (ed): Comprehensive Textbook of
Foot Surgery, Vol 1. Baltimore, Williams & Wilkins, 1987, p 393.)

ened gauze sponge, and adry steriledressing are applied.
Anabove-knee castisapplied with the knee slightly flexed
and with the foot angulated at ninety degrees to the leg.

The patient is kept non-weightbearing in the cast for six
to eight weeks. The cast may be reduced to a below-knee
cast at four to six weeks in some instances. After cast re-
moval, exercises are begun and activity gradually increased.
Occasionally, the bivalved cast shell or some other
maintenance device is continued at night to decrease the
chance of recurrence.

Summary

The etiologic classification of ankle equinus has been
discussed with special reference to the muscular forms of
ankle equinus. Selection of the appropriate surgical pro-
cedure for the correction of muscular ankle equinus is
dependentupon proper identification of the etiologic type
orsubtypeof muscularankleequinus present. Acomplete
historyand neurological examination must be performed
to determine whether spasticity is present. Current surg-
ical procedures were described for each of the etiologic
types of muscular ankle equinus. These procedures have
provided consistent and predictably satisfactory results
with few side effects or sequelae. Properly utilized they
permitthesurgeontocorrectthedirectand compensatory
deforming influence that muscular equinus can have on
the lower extremity.
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