OSSEOUS PATHOLOGY ABOUT THE ANKLE
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Introduction

The lastdecade has witnessed an explosion in the num-
ber of people involved in athletic activities. The fitness
phenomena involves people of all ages and activity levels
from the weekend novice to the world class athlete, Paral-
leling thisisarise in the number of injuries and physician
awarenessoftheseinjuries. The biggestcontributing activ-
ity is running. The majority of conditions that affect the
runner are secondary to repetitive microtrauma. This is
often compounded by errors in training, previous injury,
faulty biomechanics, age and hereditary predisposition.
The ankle and rearfoot complex represent an important
link in the lower extremity system. The limited soft tissue
coverage allows for direct palpation of the underlying
osseous structures but also predisposes the ankle to
blunt trauma.

The focus on this chapter is on osseous conditions that
may afflict the runner. Such conditions may develop as
primary conditions or secondary to a previous injury. The
variety of symptoms, diagnostic strategies, conservative
and surgical treatments will be reviewed.

Osteochondral Dome Fractures
of the Talus

The talus is almost wholly articular in structure. Conse-
quentlyitssurfacesareextremelyvulnerabletoinjury. The
osteochondral ortranschondraldomefractureis mostde-
scriptive for the articular surface insults sustained by the
trochlear surface. This condition enjoys a fair amount of
controversy regarding etiology and mechanism of injury.

Kelikian lists a number of synonyms for this condition:
flake fracture, scale dome, osteochondral and transchon-
dral fracture. He states that thisisamostcommon fracture
ofthetalusandthatitisatotally separate entity from osteo-
chondritis dissecans. He also states that the fracture con-
sists of a sliver of bone coated with cartilage which was
precipitated by a traumatic event. The lesion is located at
theanterolateralangle ofthetrochlear surfaceadjacentto
the fibular malleolar articular surface.

This opinion is opposed by the writings of Berndt and
Hardy who postulated that all fractures of the talar dome
were due to trauma. They described two primary lesions,
medial posterior and lateral anterior on the trochlear
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surface. Inaddition they performed cadaveric experiments
and proposed etiological mechanisms for both lesions.
The pathological eventsincluded: 1.traumaleadingtofrac-
ture, 2. development of avascular necrosis of the osseous
portion of the fracture fragment while the cartilaginous
portion survived via nutrition from the synovial fluid and
low metabolic demand, 3. This was followed by union of
thefractureviacreeping substitution or sequestrationand
nonunion of the fracture fragment with resulting osteo-
arthritis of the ankle joint.

Berndt and Hardy described four stages to the injury
based or radiographic appearance.

Stage I. A small area of compression of sub-
chondral bone

Stage Il. A partially detached osteochondral
fragment

Stage lll. A completely detached osteochondral
fracture fragmentremainingin the defect

Stage IV. A displaced osteochondral fracture

fragment

The lateral lesions of the middle one-third of the troch-
lear surface were believed to be produced by inversion
and strong dorsiflexion. Medial lesions involving the pos-
terior one-third of the medial border of the trochlear sur-
face were caused by inversion, plantarflexion of the talus
with external rotation of the leg.

Sincethe publication of Berndtand Hardy in 1959, many
otherauthors have reported difficulty in detecting occult
lesions, utilization of specialized diagnostic techniques,
conservative and surgical treatment protocols and finally
long term results.

Clinical Syndrome and Diagnostic Techniques

Thereis no clear clinical picture that identifies this syn-
drome. The injury may be acute or chronic in nature. The
acute injury is usually an inversion type ankle injury with
the lateral lesion having a greater incident of antecedent
trauma. A commonly associated injury includes damage
to the lateral collateral ankle ligaments. The acute phase
of this injury may not resolve for three to six weeks and
symptoms may persistfor several months. The stage l injury



presents a diagnostic dilemma due to lack of a defined
clinical syndrome. Ankle joint motion is usually full with-
out marked pain or crepitance. However, the patient will
complain of deep aching pain greatest after activity that
responds somewhat to ice and anti-inflammatory agents.
A possible reason for the difficulty in detecting grade |
lesions may be due to the lack of sensory nerve distribu-
tion within the cartilage and lack of injury to the collateral
ligaments in a mild sprain.

It is possible to develop a chronically painful ankle as
theresultofan osteochondral dome fracture. The chronic
pain begins once the acute phase subsides. Patients who
may have sustained a grade | lesion will generally exhibit
more painintheacuteepisode. The likelihood of develop-
ing achronically painful ankle increases with each injury.
These individuals may exhibit swelling of the ankle with
activity, possibly experience a clicking sensation. The
patient usually sustains more damage to the collateral
ankle ligaments than to the talus. The ankle joint range
of motion may be limited due to traumatic synovitis.

Diagnosisof stagellland IV lesionsisusuallymadeinthe
face of acute trauma. The patient presents with a severely
painful, edematous ankle with possible lateral ankle liga-
ment disruption.

Theneglected orundiagnosedinjuryis more likelyto have
a painful, crepitant, unstable ankle with readily identifi-
able radiographic signs of injury.

Standard radiographical views of the ankle will deter-
mine the stage and extent of the injury. A ten degree in-
ternal rotation of the standard anteroposterior ankle view
will clearly visualize the lateral aspect of the talar dome
for identification of the lesion. The lateral view will reveal
thesizeofthelesionintheanteroposteriordirection. This
viewassists the surgeonindecidingto makeananterioror
posteriorapproach. Other radiographictechniques such
as tomograms or CAT scans may prove useful.

Another procedure that has been quite beneficial in
diagnosing stage | lesions and evaluating small intra-
articular loose bodies is the use of air as a contrast media.
Arthrograms and double contrast studies (air and radio-
pague dye) may also be of some value in differentiating
and identifying these lesions.

Treatment

Treatmentoftheseinjuriesis either conservative or surg-
ical. The goal of therapy should be relief of symptoms
rather than healing of the lesion.

In a recent long term followup paper several conclu-
sions were presented.

1. A delay in diagnosis and treatment produced
poor results if the injury was stage 1l or IV.

2. Thefracturetype appears to be the mostimpor-
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tant variable in the prognosis.

3. In cases not responsive to conservative treat-
ment, surgical procedures performed withinone
year of the onset of symptoms showed the best
results.

Conservative therapy, in general, consists of immobiliza-
tion, supportive therapy, physiotherapy, orthosis, casting
for a period of 4 to 12 weeks.

Recommendationsforstage |and |l are castimmobiliza-
tion for a period of 4-8 weeks. Stage 111 lesions should be
treated with castimmobilization for 4 to 8 weeks. If symp-
toms persistsurgical resection withinone year of the onset
of symptoms. Stage IV lesions should be treated by excis-
ion of the lesion with drilling of the subchondral bone
followed by early protective movement to stimulate fibro-
blastic proliferation within the defect.

Occasionally, large fragments may beamenableto open
reduction with rigid interfragmentary fixation. Surgical
approaches are either lateral or medial. Often times the
medial approach may involve an osteotomy of the medial
malleolus followed by rigid fixation.

Os Trigonum and Posterior
Talar Process Fracture

Acute or chronic posterior ankle pain in the running
athlete can produce a diagnostic challenge. The normal
and pathological anatomy of the posterior talus will be
reviewed in relation to ankle function. Differentiation of
theostrigonum,acuteandchronicfracture ofthe postero-
lateral process will be discussed. The clinical syndrome,
differential diagnosis, radiographicappearance, and treat-
ment methods will be addressed.

The posterior margin of the talus is bounded by the
medial and lateral posterior processes or tubercles. The
lateral tubercleis the larger of the two. Together they form
a fibro-osseous groove for the tendon of the flexor hal-
lucis longus.

The medial processisthe smaller of the two. Ithas attach-
ments to the posterior portions of the deep fibers of the
deltoid ligament. The lateral process carries the eponym
of Steida’s process and has attachments to the posterior
talofibularligamentand posteriortalocalcaneal ligament.
Inferiorly it articulates with the posterior facet of the cal-
caneus and superiorly with the tibia.

The ostrigonumis one of the 21documented accessory
bones known to occur in the foot. This is believed to be a
secondary ossification centerof the talus that fails tounite
orformsafibro-cartilagenous baroris separated from the
talus priorto ossification. Inapproximately 7% of the pop-
ulation it persists as a free ossicle and is termed a true
os trigonum.



Clinical Syndrome and Differential Diagnosis

Patients who complain of posterior ankle pain may have
a history of inversion ankle injury; prolonged downbhill
running, stadium step training, or participationinanactiv-
ity that causes forced plantarflexion of the foot on the leg.
Theseindividualsvery often have pain with and afteractiv-
ity, retromalleolar edema and ecchymosis and point ten-
derness with pain upon palpation anterior to the tendo
Achilles. The patient may complain of pain with activeand
passive range of motion of the ankle and flexor hallucis
longus. Usually their condition will be aggravated with
jarring motions, stair climbing, and ambulation on un-
even surfaces

Thereare many conditionsaboutthe ankle thatcan pro-
duceacuteand chronicpainincluding: lateral ankle insta-
bility, tendinitis, or partial rupture of the tendo Achillis,
Achilles tendinosis or bursitis, osteochondral dome frac-
ture, peroneal subluxation, lateralankleimpingementsyn-
drome, malleolar fracture, and entrapment neuropathy.

Classification

There are four types of posterolateral process of the
talus visible on a lateral radiograph. This classification
assists in simplifying and distinguishing these disorders.

Classification of Posterior Tubercle

Normal lateral process; anatomical norm
associated with few clinical symptoms.

Type 1.

Enlarged posterior lateral process (Steida’s pro-
cess). Thisenlarged process may fractureasthe
resultofacompression mechanism between
the calcaneus and posterior tibial malleolus
or during inversion ankle trauma.

Type 2.

Type 3. True os trigonum. May become irritated as
the result of an acute injury or chronic

microtrauma.

Type 4. Ostrigonumattached viaacartilagenousband
to the talus, which may be disrupted with an

acute plantarflexion injury.

Note: In the event of a fractured Steida’s process which
goesontononunion, thefreeossiclemaybecome mobile.
Mobility may cause remodeling of the fracture margins so
that they take on a smooth appearance. This may become
radiographically indistinguishable from atrue os trigonum.

Diagnosis

Posteriorankle pain maybe associated withany number
of clinically different disorders. Evidence of a free os tri-
gonum on a lateral radiograph is by no means diagnostic
of a fracture.

The posterior ankle can be readily visualized using a
standard lateral ankle projection. Sharp jagged cortical
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margins are a suggestive of a posterior process fracture.
Smooth cortical marginsare normalforatrueostrigonum
or long standing Shepard’s fracture.

Occasionallythe need arisesto perform dorsaland plan-
tar flexion stress radiography or fluoroscopy to observe
the freely mobile ossicle.

Other modalities such as tomography or CAT scan may
be of some assistance for a greater appreciation of the
exact size and configuration of cortical margins. Triphasic
bone scans may also be employed as a diagnostic aid to
determine a site of symptomatology in recalcitrant cases
of posterior ankle pain.

Treatment

Acutecasesoffractureofthe posterior processoracutely
symptomatic os trigonum are initially treated by 4 to 6
weeks of below knee casting.

Inchronicsymptomaticcasesof ostrigonumunrespon-
sive to casting, a short course of injectable steroid may
be indicated.

Should conservative measures appearinadequate surg-
ical excision is recommended. This has proven to be quite
predictably successful with minimal complications. Pa-
tientsareusuallyabletoresumefullactivityin 4to 6 weeks.

Lateral Talar Process Fracture

Acuteorchronic persistent painabout the lateral aspect
of the ankle may be due to overt or occult fractures of the
lateral processof thetalus. Lateral process fractures consti-
tuteapproximately25% ofalltalarfracturetypes. Theinjury
is very often misdiagnosed at the time of initial trauma.
Neglected fractures of the lateral process resultin degen-
erative joint disease of the lateral ankle and underlying
subtalar joint.

Anatomy, Mechanism of Injury, Classification

Recall that the talus is almost wholely articular. The lat-
eral process is the lateralmost aspect of the body of the
talus and is covered with hyaline cartilage. The articular
surface is triangular in outline with its base dorsal and
apex distal corresponding to the medial articular surface
of thefibula. The underlying surface of the lateral process
is intimately associated with the posterior facet of the
talus and forms the superior portion of the posterior sub-
talar joint. The lateral process is partially restrained by
the capsular ligaments of the lateral ankle and subtalar
joint. Fractures of the lateral process are bi-intra-articular
fractures.

The proposed mechanismofinjuryinvolves forced dorsi-
flexionand inversion oftherearfootresultingintangential,



compression and shearing forces on the lateral process.
Three stages of this fracture have been described consist-
ing of fissure (stage 1), fracture with displacement of the
lateral process (stage 11), fracture with subtalar joint dis-
location (stage 111). The fractures are often comminuted
and displaced. In addition to standard ankle views, amed-
ial oblique view offers clear visualization of the lateral
ankle joint.

Clinical Syndrome

Theacutetraumaticinjury presents with symptomsvery
similar to a severe lateral ankle injury. There will be mod-
erate to severe pain and swelling. The development of ec-
chymosis may be delayed compared to a lateral ligamen-
tous disruption. Point tenderness will be justdistal to the
fibular malleolus at the lateral talar process. The patient
will have pain on range of motion of the subtalar and
ankle joints.

Old cases of chronic persistent pain require a high de-
gree of clinical suspicion. Standard radiographs may not
reveal evidence of fracture and more sophisticated tech-
niques such as CAT scan, tomogram, or even bone scan
may be required.

Treatment

In the acute case where the fracture is well aligned, a
below knee non weight-bearing cast for 6-8 weeks should
be used. If the fracture is severely comminuted or there
are large fragments, open reduction with internal fixation
or excision of small fragments should be performed.

The chronically painful injury with exostosis formation
may respond well to an arthroplasty of the lateral ankle
jointand subtalar joint followed by casting for 4to 6 weeks.

Impingement Syndromes

The presence of fibro-osseous prominences about the
ankle create a limitation of motion, pain, and decreased
performance by the running athlete.

The formation of exostosis about the ankle joint com-
plex is the result of repeated microtrauma. The athlete
that requires forced dorsiflexion and plantarflexion com-
monly develops marginal exostosis of the anterior and
posterior aspect of the distal articular surface of the tibia.
Runnersand other athletes that have a history of ankle lig-
ament instability or previous ligamentous injury develop
moments of rotary instability resulting in marginal exosto-
sis of the medial and lateral talar neck. In addition many
runners develop degenerative changes in the ankle from
biomechanical abnormalities. The degenerative changes
and inflammation result in chronic synovitis, limitation
of motion, and referred pain.

Avariety ofimpingementsyndromesexistand have been
described in both the podiatricand orthopedic literature.
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Theyare usually designated for their radiographicappear-
ance and referred pain. The most common are: anterior
impingement syndrome, anterolateral corner compres-
sion syndrome, marginal exostosis, and osteophytosis.

Patients commonly present with diffuse pain about the
ankle that has had an insidious onset and gotten progres-
sively worse over time. Patients often complain that the
painisincreased after activity,and may even requirerestric-
tion of some activities. Occasionally they have a history of
inversion ankle and foot injuries and relate some com-
ponentofankleinstabilityalbeit psychological. Other fac-
tors that contribute to the exostosis formation and exacer-
bation of symptoms include heel valgus or varus, patho-
logical rearfoot pronation, and gastrocnemius equinus.

Standard radiographs of the ankle and rearfoot deline-
atethe majority of these syndromeswell. Incases of anter-
iorankle impingement charger views (stress dorsiflexion)
will help determine if the osseous formation is blocking
motion. Lateral ankle joint pain (fibulotalar articulation)
may be secondarytooldinjuryof either softtissue orbone.
Occasionally additional radiographic studies such as CAT
scan or tomograms may be warranted.

Treatment

Treatmentis conservativeinitially consisting of oral anti-
inflammatory agents, ice massage, orthosis, and wedging
ofthe running shoe. A course of injectable steroid in com-
bination with other conservative methods of treatments
and reduction of activity should decrease the inflamma-
tory response and symptoms.

Indications for surgery include elimination of pain and
deformityandimprovementoffunction. Ingeneralarthro-
plasty procedures are followed by aggressive physical
therapy.

Sinus Tarsi Syndrome

Occasionally runners will present with persistent pain
about the lateral aspect of the rearfoot that is referred to
the area of the sinus tarsi. The symptoms are insidious in
onsetand may be extremely persistentlasting for months.
This conditionis aggravated walking or runningon uneven
surfaces and may have some component of rearfootinsta-
bility. This syndrome s frequently described as occurring
after inversion injuries of the foot and ankle. Another un-
recognized etiology is excessive rearfoot pronation. As the
talusadductsduring pronationitslidesoffthe sustentacu-
lum of the calcaneus allowing the lateral process of the
talus to jam into the lateral aspect of the sinus tarsi. The
result is chronic inflammation of the synovium and cap-
sule of the subtalar joint.

Clinicallythereissharp paintopalpationatthesinustar-
sithatincreaseswithinversionofthecalcaneusandadduc-
tion of the forefoot upon the rearfoot. Adolescents with
tarsal coalitionwill presentwith similar symptoms butwill
have radiographic changes.



A distinguishing feature of this syndrome is the cessa-
tion of pain with the infiltration of a small amount of local
anestheticintothesinustarsi. The patient may experience
relieffor severalweeks following theinitial injection. Stan-
dardradiographswill reveal normal jointcontourswith no
soft tissue changes.

Subtalarinversionstressviewsare usually negative. Sub-
talar arthrography may reveal the formation of micro re-
cesses of the anterior joint capsule that may account for
some of the symptomatology butis notdiagnostic. Electro-
myograms of the peroneal musculature and histological
studies of the sinus tarsi have revealed only nonspecific
changes.

Treatment

A variety of modalities are utilized in conservative ther-
apy such as whirlpool, ultrasound, strapping, oral anti-
inflammatory medication, and below knee casting. More
aggressivetreatmentcanbeaccomplished throughaseries
of shortacting steroid andlocal anesthetic injections. Bio-
mechanical control of pathologic motion is equally as
important.

Cases resistant to conservative therapy may resolve by
evacuating the entire contents of the sinus tarsi including
the talocalcaneal interosseous ligament. A more radical
approach would be subtalar joint fusion.

Calcaneal Avulsion Fracture and Anterior
Process Fracture

The generation of an avulsion fracture from calcaneus
is usually the result of a severe forced inversion injury of
the foot. The fracture is the result of the extensor digitor-
um brevis muscle belly stretching beyond its physiologic
limits. The fracture fragmentis located at the distal medial
aspect of the superior surface of the calcaneal body. The
bifurcate ligamentand interosseous ligamentare in close
relation to the origin of extensor digitorum brevis and
must be considered possible etiological agents.

Physical exam of the acutely injured foot will reveal
marked swelling about the rearfootand ankle with loss of
the normalfoot contours. Many patients believe they have
suffered a serious fracture of their foot because of the
rapid onset of edema. Hematoma formation is dissemi-
nated throughout the superficial fascia with ecchymosis
extending from the digits to the lateral malleolus. The
point of maximum tenderness usually indicates the site
of the avulsion fracture. The patient will have moderate
pain with the active extension of their toes against resis-
tance. Passive motion of the ankle and subtalar joints will
elicit much less pain than expected. Standard foot and
ankle radiographs will reveal a small cortical fragment at
the level of the calcaneocuboid joint. This must be differ-
entiated fromananterior process fracture of the calcaneus.
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Treatment s usually conservative consisting of ice, rest,
compression bandaging, and elevation for 48 to 72 hours.
Extremely severe injuries may require evacuation of the
hematoma followed by the infiltration of some local anes-
thetic and soluble steroid to decrease the symptoms. It is
rare to perform primary excision of the fracture fragment
with repair of the muscle belly.

The patient's weight-bearing status will be determined
by the severity of their symptoms when ambulatory. A be-
low knee walking cast is applied after the initial compres-
sion cast is removed.

Patients most often return to full activity in 5 or 6 weeks
postinjury. Should the patientexperience persistent pain
from the fracture site, excision of the fragment may be
necessary.

Fractures of the anterior process of the calcaneus have
received significantly less attention in the literature than
otherfractures of the calcaneus. Itsincidenceis not readily
knownbutitisbelieved tobe more commonthanreported
in podiatric and orthopedic literature. This may be secon-
darytothelack ofanatomical significance associated with
the anterior process.

Anatomically the dorsal distal portion of the calcaneus
is continuous with the saddle shaped articular surface
that articulates with the cuboid and occasionally the na-
vicular. AT this level the anterior process is the primary
attachment of the bifurcate ligament.

Thereare two postulated mechanismsofinjury. Thefirst
isan avulsion fracture that results from a severe inversion
injury. While the foot is in a plantarflexed and inverted
position it undergoes a violent plantarflexory inversion-
type force changing the tension in the bifurcate ligament
and fracturing the anterior process. The second and less
commonisacompression fractureof theanterior process
whichisgenerated byasuddendorsiflexoryeversionforce.

The clinical appearance is quite similar to that of the
calcaneal cortex avulsion fracture. There is ecchymosis,
edema, and joint tenderness at the level of the calcaneo-
cuboid joint. Extreme pain will be produced with adduc-
tion and inversion of the forefoot as well as with dorsi-
flexion and abduction. The patient does not usually toler-
ate weightbearing.

This fracture may not be readily demonstrable on con-
ventional foot and ankle radiographs. A lateral oblique
view is highly recommended. The fracture must be dis-
tinguished from the topographical ossicle—os calcaneus
secondarius.

Thetreatment of this fracture will vary depending upon
the size of the fracture fragment and the amount of dis-
placement. Incomplete fractures respond well tocompres-
sionbandagingfor4to6weeks, with partialweightbearing



as tolerated. Complete well aligned fractures should be
casted forfivetoeightweeksor until radiographicconsoli-
dationoccurs. Ifthe fracturefragmentislargeenough one
should consider open reduction and internal fixation. In
the event of nonunion of the fracture site or prolonged
disability, it should be treated similarly to an osteochon-
dral fracture of the talus with excision of the fragment,
remodeling of the joint surface, and the drilling of sub-
chondral bone. If degenerative changes are presentan ar-
throplasty should be performed. Fusion is rarely indicated.

Miscellaneous

Itis possible that congenital syndromes such as osteo-
chondritis dessicans, synovial chondromatosis or normal
occurring topographical ossicles may simulate one of the
aforementioned syndromes. The presence of repeated
microtraumaor even acute trauma may presentthe physi-
cian with a most challenging diagnostic delemma.

Summary

There are a great number of conditions that may affect
theosseousstructureoftheankleand rearfoot. Theresults
of repeated microtrauma may have significantly long last-
ing debilitating effects on the runner that often require
patience from both the physician and the patient to effect
improvement. Early recognition of osseous pathology by
the physician may decrease the treatment course and re-
store the runner to pre-injury activity level.
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