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Hindfoot Stability

 Dynamic Stability
— Peroneal Tendons
— Flexor Tendons

o Static Stability

ntrinsic Ligaments of the Sinus Tarsi

_ateral Collateral Ligaments

Plantar Calcaneonavicular (Spring) Ligament
Deltoid Ligaments




LIGAMENTS

Syndesmosis

Medial (deltoid) ligament - strong; thick superficial and
deep portions -> usually avulses bone rather than
tearing

Lateral - three ligaments
anterior talofibular - first injured
calcaneofibular - second injured
posterior talofibular - almost never injured

Ligamentous injury usu self-limited; if chronic pain, can
be from: ankle / subtalar instability, peroneal
stenosing tenosynovitis, meniscus syndrome, sinus
tarsi syndrome, OCD, synovial cyst, etc
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Normal Calcaneofibular
Ligament
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Ligaments




Anterior Talofibular Ligament

/

/




Acute Sprain Grading: ATAF

Partial tear Edema
Complete tear — Grade 3 ~ Grade 2 sprain Grade 1 sprain




Subacute to Chronic Injury
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Chronic ATAF Injury
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ATF tear




Anterior Talofibular Ligament
Tear
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ATAF tear - gad arthrogram
-fluid leaks out adjacent to antroinferior fibula

&




CF Ligament Tear




Calcaneofibular ligament tear
-fluid extends from joint into peroneal sheath

/ v




Calcaneofibular Ligament Tear




Ligaments
Calcaneofibular Tear




LIGAMENT TEARS

* Routine MRI usually adequate for
evaluation

MR arthrography - increased
specificity for persistent tear
— Contrast extending through ligament

— Good for evaluation of other causes of
persistent pain: scar tissue
(impingement), OCD




LIGAMENT TEARS

e ATAF - Contrast extends around anterior
distal fibula

e CF - Contrast extends into peroneal
sheath

e Scarring may prevent contrast extension
through ligament - on conventional arthrogram
results in false negative - MRI with direct
visualization of ligament




Anterior Talofibular
Ligament Tear
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ATAF and CF Tear
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Ankle Instabllity

Anterior
drawer




“Intact” ligament may not predict
stability







Syndesmosis Injury (“high ankle sprain”)

/




High STS may indicate )
syndesmosis injury







18 Months after DOI




Syndesmosis Tear: MRA
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Acute Syndesmosis
Injury




Chronic Syndesmosis Injury
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Inversion sprain w medial impaction




Professional football player
-eversion mechanism

rd

Deltoid ligament avulsion




Deltoid Injury




Hindfoot pain related to
Ligament Pathology

e Ligaments play important role in Stabllity
of ankle joint

e Ligament injury often associated with other

soft tissue and osseous abnormalities

e Ligament injuries, especially chronic, can
be associated with Impingement Syndromes




Figure 1. Schematic drawing of medioplantar aspeatf the hindfoot shows the three components of thgeng ligament
complex

Mengiardi, B. et al. Radiology 2005;237:242-249
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Figure 2. Medioplantar view of spring ligament compex

Mengiardi, B. et al. Radiology 2005;237:242-249
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Figure 5b. (a) Coronal T1-weighted spin-echo (4504}, (b) coronal T2-weighted fast spin-echo (4000/81and (c) transverse
obliqgue T1-weighted (435/14) MR images of superomed CNL in 59-year-old asymptomatic man

Mengiardi, B. et al. Radiology 2005;237:242-249
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Figure 6. Transverse oblique T1-weighted spin-echidR image (435/14) of medioplantar oblique CNL in 33year-old
asymptomatic man

Mengiardi, B. et al. Radiology 2005;237:242-249
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Figure 7c. (a) Coronal T1-weighted spin-echo (4504}, (b) coronal T2-weighted fast spin-echo (4000/91and (c) sagittal T1-
weighted (450/14) MR images of inferoplantar longitdinal CNL in 61-year-old asymptomatic woman

Mengiardi, B. et al. Radiology 2005;237:242-249
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Definitions

‘'endon Grading system
"endinosighickened hypointence tendon
Acute (complete) tear (grade 3):

morphologic discontinuity of tendon fiber:

Tenosynovitisfluid in tendon sheath with
normal to slightly thickened tendon

Peritendintisedema-like signal around a
tendon that is not invested by a tendon
sheath




Magnetic resonance imaging

features of tendon Injuries

Injury Category MRI features

Chronic partial tear giTendonthickenedwith
tendinosis Intermediate signal on PD-WI th

does not increase significantly o
T2-WI

Grade | tear Tendonthickeningwith increased
signal intensity on T2-WI

Grade || tear Attenuationof tendon

Grade Il or complete Tendon ends separated complet
tear with increased signal intensity o

T2-WI: fluid in tendon sheath




Tenosynovitis

 Fluid in the tendon sheath surrounding tendon of
normal signal intensity and size

» Associated with overuse syndromes or arthropathy

* Flexor hallucis longus synovial tendon sheatimis |
communication with ankle joint in 20%

— Fluid in FHL tendon sheath in presence of joint
effusion may be normal




TENDON TEARS

PREDISPOSING FACTORS

chronic overuse

obesity

diabetes

chronic renal failure / hyperparathyroidism
collagen vascular diseases

steroid therapy

gout




TENDONS - Achilles tendinosis / tear

strongest tendon in the body, second longest

acute tendinitis / peritendinitis common in ‘weekend’
athletes with sudden increase in activity - edema
around morphologically normal tendon; tendon may
rarely contain areas of increased signal

If continued stress -> chronic tendinitis - tendon
becomes thickened, losing lenticular morphology on
axial Images; subsequent central degeneration
(increased T1, T2) -> predisposes to tear

degeneration / tears occur at watershed vascular zone
5 cm from insertion; tears at insertion or
myotendinous junction less common




Achilles Tendon




Achilles Tendon

e Tendonosis/Partial Tear




Accessory Soleus Muscle

/

Partial tear or strain of
accessory soleus muscle




Tendinosis




Peritendinitis

()




Chronic Tendinosis

Hypoxic degeneration




Chronic Tendinosis

Mucoid degeneration




Achilles Tendon Tear




Tear: Insertional
Location

Interstitial

Myotendinous junction

Midsubstance (watershed) Estimate cross-sectional %




Complete Tear

Measure gap




Achilles re-tear




Achilles Tendon
Insertional Tear

e Longitudinal
Interstitial tear from
the broad footplate
Insertion on the
calcaneus

e Retrocalcaneal bursitis
e Plantar fasciitis




Bursitis/ Haglund’s Deformity

Bursal prominence originally described by
Haglund “pump bump”

Also reported In patients with arthropathy
May be associated witin

Measurements made on standing lateral
radiographs: Phillips and Fowler angle or
Parallel pitch lines

MRI useful to evaluate the bursae, Achilles
tendon, and adjacent bony changes




Bursitis/[Haglund’s Deformity




Haglund’s Syndrome

-upturned post calcaneus
-retrocalc bursitis

-retro Achilles bursitis
-Achilles tendinosis




Plantar Fascia




Plantar Fasciitis




Plantar Fascia
e Partial Tear




Plantar Fascia

e Reactive bone marrow edema







Posterior Tibial Tendon
FDL

1.

FHL




TENDONS - PTT tear / dysfunction

typically middle age / elderly females

painful acquired flatfoot (PTT helps maintain arch),
forefoot abduction (‘too many toes’), medial swelling

associated with accessory navicular os

PTT normally 1.5 to 2 times thickness of adjacent flexor
digitorum |. tendon; but normally fans out with
Increased signal at the insertion on the navicular

— thinning: ‘atrophic dysfunction’
— thickening: ‘hypertrophic dysfunction’
— may be mixed

— complete tear uncommon




Pes Planus
PTT Dysfunction




Posterior Tibialis Tenosynovitis
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PTT atrophy

PTT hypertrophy

Spring ligament

PTT /spring ligament dysfunction edemaltear

results in deformity




Subtendinous BME
-can be a sign of
overlying tendinosis,
pain




Non-articular spur
medial malleolus
-assoclated with
chronic PTTosis




e Assoclated Bone
Abnormalities

— Bone marrow edema
— Cornuate navicular
— Accessory navicular

— Tibial spur










Radiographic Signs of PTT
Dysfunction

Pes planus

Arch collapse
Hindfoot valgus
Overpronation
Forefoot abduction




MR Imaging Signs of PTT
Dysfunction

Uncovering
of medial

talar head (‘

ey, Fibulocalc

abutment

Hindfoot
valgus

Also: pes planus, arch collapse




Atrophic PTT with
Dysfunction




Posterior Tibial
Tendon Tear

Normal

Axial and Coronal images show Type | t




Type Il tear PTT

Type lll tear PTT

*Rosenberg et al Radiographi28(




Flexor Hallucis Longus

-communicates with
ankle joint

-can have a large
amount of fluid in
asymptomatic people

Synechiae = tenosynovitis




Stenosing Tenosynovitis of FHL

e Focal, asymmetric pooling
of fluid within the tendon
sheath

Result of focal areas of
synovitis or fibrosis within
tendon sheath

Stenosing tenosynovitis of
FHL is often associated
with os trigonum
syndrome or repeated
plantar flexion (Ballet
dancers and basketball
EVES)




Stenosing Tenosynovitis of the
FHL







TENDONS - peroneals

Pathology usually associated with recurrent or
severe ankle sprains

Peroneal subluxation / split:

on MRI, peroneus longus migrates into breuvis, first
flattening it with ‘boomerang’ shape and finally
splitting it; fibular morphology may predispose

symptoms: chronic lateral retromalleolar pain /
snapping, occasional sx of instability




Peroneal tenosynovitis

-More fluid than tendon
-Synechiae




Subtendinous BME




Peroneus Brevis
Split Tear




Split
peroneus
brevis




Peroneus Brevis
Split Tear




Prominent peroneal tubercle




Peroneal Split




Peroneus Brevis Tendon Pitfalls

e Magic Angle
— Short TE sequence

— 55 to long axis of
magnetic field

 Peroneus quartus
tendon




Peroneus Quartus




Peroneus
Quartus




Peroneal Tendon Tears

 Longitudinal Tears of Peroneus Brevis Common
— Usually occur at retromalleolar groove
— Partial tear: comma shape, tendon wraps around the
Peroneus Longus
* Predisposing factors:
— Incomplete retinaculum
— Flat groove along posterior aspect of distal &bul

— Prior trauma altering configuration of the lateral
malleolus




Peroneal Retinacular Tear




Peroneal Retinacular
Abnormality

Peroneal Tendon Tear with
lateral subluxation and tear
of the peroneal tendons




Peroneus Longus Tear




Peroneus Longus Tear

e Tears of the oneus
longus terﬁost
common In midfoot at

the cuboid tunnel

e Often associated with
0S peroneum




Peroneus Tendon Tear

Peroneus longus tear — proximal migration of ossicle




Peroneal Split tear at Tubercle




Painful Os Peroneum
Syndrome (“POPS”)

 Pain, tenderness over cuboid
 Peroneal tenosynovitis / tear (esp distal)

« Edema / necrosis / fragmentation of 0s
peroneum










Extensor Tendons




Anterior Tibialis Tear

Uncommon

Tibialis anterior functions during swing
phase of gait, keeps foot from dragging

tears in elderly, also athletes in kicking
sports

often presents as a tender mass




ATT tear

)’




ATT tear




Inflammatory Tenosynovitis




Tendon Pathology

Gout

e Other causes
of tendon
thickening

— Gout
— Xanthomatosis
— Surgery




BURSITIS

anatomic vs. acquired bursae (beneath areas of
repetitive mechanical stress)

causes of bursitis

-mechanical (ie, Haglund’s syndrome —

retrocalcaneal bursitis / subQ bursitis /
thickening of Achilles T at its insertion aka
‘pump bump’)

-Inflammatory - RA, Relter’s, Psoriatic




Retrocalcaneal Bursitis: Rheumatoid Arthritis




Malleolar Bursitis




Impingement syndromes

Anterolateral
Anterior
Posterior




Anterolateral Impingement
Syndrome

e Patients present with pain with dorsiflexion
of the foot or when sguatting

* Result of relatively minor trauma involving
forced ankle plantar flexion and supination

o Synovial proliferation and fibrous tissue
formation following trauma to the capsular
tissues and ligaments




Anterolateral Impingement

 MRI findings:
— Low signal in lateral gutter
— Distinguished from ligamen
— MR arthrography optimal
modality of imaging
Dx also made on CT,
conventional MR, and US




Anterolateral Impingement




Anterolateral Impingement




Anterior Impingement

Characterized by anterior tibiotalar spurs

Typical positions on the anterior tibia and talus
and are located within the joint capsule

Most commonly at the margin of articular rim

Etiology: forced dorsiflexion injuries and repeated
direct microtrauma

— Ballet dancers, soccer players




Anterior Impingement

* Imaging Features:
— Conventional radiography
- CT

— MR may give information
regarding associated
Internal derangement and

may be useful for surgical
planning




Posterior Impingement

Other names:
— 0S trigonum syndrome,
— posterior tibiotalar compression syndrome

Compression of soft tissues between the posterior
process of the calcaneus and posterior tibia on
plantar flexion

Steida process or os trigonum involved

May be acute secondary to fracture or ligament
avulsion or arise insidiously in predisposed
athletes




Posterior Impingement

Edema signal
Involving the
Intermalleolar
ligament (arrow)




Posterior Impingement

Fiorella et al: Skeletal Radiol 1999




? LOOSE BODY




Anatomy: Intermalleolar Ligament




Posterior Impingeme

MR findings: Edema in the
posterior intermalleolar
ligament,

stenosing tenosynovitis of FHL,
and edema in the posterior soft

tissues




Posterior Impingement Syndrome




Os Trigonum Syndrome and
Sinus Tarsli edema




Os Trigonum Syndrome

\

ﬁ




Os Trigonum Syndrome




Complaint: pain along the
plantar aspect of foot

Tarsal tunnel syndrome
Neuropathy
Plantar fasciitis




Tarsal Tunnel

e Tarsal Tunnel is a fibro-osseous tunnel at

the medial aspect of the ankle that extends
from the medial malleolus to the navicular
oone

_ateral border: talus, calcaneus, and
sustentaculum tall

e Medial border: flexor retinaculum and
abductor hallucis muscle




Tarsal Tunnel

 The upper tarsal
tunnel is covered by
the deep aponeurosis

Floor is formed by the
posterior aspect of the
tibial and talus

Contents: PTT, FDL,
posterior tibial

neruovascular bundle,
FHL




Tarsal Tunnel

Lower tarsal tunnel covered by
the flexor retinaculum

Floor formed by the
posteromedial aspect of the
talus, inferomedial aspect of the
navicular bone, and medial
aspects of the sustentaculum tali
and calcaneus

Posterior tibial nerve trifurcates
Into teminal branches 1.3- 1.5
cm proximal to the tip of the
medial malleolus




Tarsal Tunnel

e Symptoms of nerve compression:

— Burning sensation and parasthesia along the saleof
foot and toes

— Usually worse with activity
o Etiology of nerve compression:

tenosynovitis, tarsal coalition with bone hypertrgof
middle facet of subtalar joint, anomalous muscle,
pannus, posttraumatic fibrosis

— Symptoms dependent on level of compression




Tarsal Tunnel Varicies




Tarsal Tunnel Ganglion




Tarsal Tunnel Ganglion

Gadolinium enhanced
study to confirm
diagnosis of ganglion




ENTRAPMENT NEUROPATHY

causes - MRI useful in DDx

— tumor / tumorlike condition (i.e., ganglion)

— trauma (displaced fracture fragments, scarring)
— Inflammation (i.e., tenosynovitis)

tarsal tunnel syndrome medially
sural nerve entrapment laterally

often tender at site of entrapment; distal
paresthesia with percussion - as in CTS










Tarsal Tunnel Syndrome

Tarsal tunnel (medial tendon compartment)

fibro-osseous tunnel analogous to carpal
tunnel

limited by flexor retinaculum

mass effect impinges on nerve
— tenosynovitis

— ganglion

— prominent vessels

— true mass

Nerve impingement can simulate plantar
fasciitis




RHEUMATOID ARTHRITIS

Mass effect from
synovitis

e

Nerve
swelling




Flexor Digitorum Accessorius
Longus

FDAL: 1 of 5 accessory muscles near the ankle
and second only to the peroneus quartus

Most common anomalous muscles in the medial

ankle with prevalence of 2-8%

Also know as

— The long asscessory of the quadratus plantae, long
accessory of the long flexors, accessorius of the
accessorius of Turner, and second accessorius of

Humphry




Flexor Digitorum Accessorius
Longus

Cheung et al Skeletal Radiol 1999




Flexor Digitorum Accessorius
Longus

Cheung et al Skeletal Radiol 1999




Peroneocalcaneus Internus




Peroneocalcaneus Internus

1% of asymptomatic partients
75% bilateral

Arises from lateral flexor
hallucis longus and the
posterior fibula

Inserts on the calcaneus

Does not present as a soft
tissue mass or cause
neurovascular compression

May displace the flexor
hallucis longus muscle and
may cause indirect
neurovascular compression




Baxter Neuropathy

Inferior calcaneal nerve

Microtrauma-calcaneal spur, internal foot
derangement or plantar fasciitis (often
associated with flexor digitorum brevis
muscle edema)

Heel pain similar to pain of plantar fasciitis

MRI

— contrast uptake in area of inferior calcaneal
nerve

— Isolated atrophy of the abductor digiti quinti
muscle.




Baxter’'s Neuritis




Plantar Fascia

o Plantar Fasciitis: Inflammatory condition of the
plantar fascia that causes pain and tenderness
usually near attachment to the anteromedial
clacaneal tuberosity.

MRI: Thickening of the fascia near the attachment
to the calcaneus, intermediate signal on T1 and
high signal on T2WI. Edema signal in surrounding
tissues, fascia, and often associated with bone
marrow edema




Plantar Fasciitis




Plantar Fasciitis




Plantar Fasciitis
and Partial
Rupture




PLANTAR FASCIITIS

plantar heel pain (esp medial) upon walking, esp AM

due to chronic repetitive trauma with microtears of the
aponeurotic complex at its origin on the medial
Inferior calcaneus

MRI appearance: edema around
origin / proximal portion of

plantar aponeurosis; chronically,
diffuse thickening of proximal
aponeurosis
If severe / longstanding, can get
stress fracture-like appearance
of calcaneus on MRI + bone scan
DDx: Reiter’'s Disease, Psoriatic, RA




Chronic Plantar Fasciitis

Thickening,
+/- spur




Partial
thickness
tear

Acute — on — chronic plantar fasciitis




Reilter’'s Disease




RA: NODULOSIS




“Osteochondritis
Dissecans”

young adults, usually males

better term ‘osteochondral defect’ or ‘chondral
defect’ if there is no bone fragment

site: talar dome, medial > lateral

medial lateral

compressive force shearing force / fib impaction
rounded shape wafer shape

no acute trauma single event

loose vs. stable

— look for intact overlying cartilage (stable)

— look for cystic change under fragment or fluid around
fragment (loose)







OCD Medial Talar Dome




Medial talar OCD
-prom. edema suggests
instability, pain




Unstable OCD
-fragment surr by fluid
-underlying cysts, edema

/




Unstable OCD
-fluid surrounds

fragment \




MRA: Evaluation of OCD

Normal Gd arthrogram




\

...Is fragment
unstable?




OCD - unstable




OCD Medial Talar Dome

O C







OCD Medial Talar Dome

OO




OCD Medial Talar Dome



















Sinus Tarsi Syndrome

Lateral foot pain and subjective feeling of
hindfoot instability

The cervical and interosseous ligaments are
Injured In inversion injuries often associated with
lateral ligament injury

70% of pts with sinus tarsi syndrome have

assoclated trauma and tears of anterior talofibular
w/wo involvement of the calcaneofibular

ligament. 9% of pts have associated calcaneofibular ligament
teard*

Other etiologies of Sinus Tarsi Syndrome: Chronic
PTT tears and inflammatory arthropathy with

pannus * Klein and Spreitzer, Radiology 1993




Sinus Tarsi




Sinus Tarsi Syndrome




Sinus Tarsi Syndrome




Sinus Tarsi Syndrome

/ /

The anterior talofibular ligament
IS torn. Edema signal
predominates in the sinus tarsi.
The cervical ligament is
Indistinct and probably torn.




Sinus Tarsi Syndrome

/

The anterior talofibular ligament
IS torn. Edema signal
predominates in the sinus tarsi.
The cervical ligament is
Indistinct and probably torn.




Osseous Abnormalities

Coalition

Meuller-Weiss Syndrome
Osetochondral defect
Osteomyelitis

Fractures




Coalition

Talocalcaneal coalition:
sustentaculum tali process
of the calcaneus and
middle facet of the
subtalar joint

Decreased motion of
subtalar joint increases

stresses elsewhere leading
to spasms of the peroneals
and extensors with
associated flat foot
deformity




Talocalcaneal Coalition




Meuller-Weiss Syndrome

e Spontaneous atraumatic
osteonecrosis of tarsal
navicular bone in adults

Collapse of the lateral and
dorsal portions of the
navicular bones

Unknown etiology,
associated with severe
pain, disability, and
progressive deformity




Meuller-Weiss Syndrome




AVN of Talar Dome




INFLAMMATORY ARTHROPATHY




MIDFOQOT-
Lisfranc Joint

o Suspected fractures: Plain FIlm/CT
o Subtle abnormalities better demonstrated by

MRI

 MRI depicts whether Lisfranc ligament intact
(between medial cuneiform & base 6f RT)







Lisfranc Ligament: MR Imaging

O O

NORMAL SPRAIN




Forefoot

Stress FX

Plantar Plate Injury
Morton’s Neuroma

Hallux Sesamoid Complex




Friedberg’s Infraction







PLANTAR PLATE

Plantar aspect of MT
Plantar aponeurosis/

:)’S

nlantar capsule

—unction: Resist hyperextension

Common injury: 3", 4" or 5"

L]




Plantar plate
injury




FOREFOOQOT-Soft tissue masses

Morton’s Neuroma:
-Not a tumor

-Masses of interdigital perineural
fibrosis and nerve degeneration
-Location: between MT heads (3/4)
-Etiology: compression







FOREFOOT-
Intermetarsal Bursitis




Figure 1. Drawing illustrates coronal view of the mferior and superior intermetatarsal spaces

Theumann, N. H. et al. Radiology 2001;221:478-484
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Figure 4a. Positional dependence of a surgically sbrmed Morton neuroma located in the third intermetatarsal space in a
31-year-old man

Weishaupt, D. et al. Radiology 2003;226:849-856
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Figure 4b. Positional dependence of a surgically ormed Morton neuroma located in the third intermetatarsal space in a
31-year-old man

Weishaupt, D. et al. Radiology 2003;226:849-856
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Figure 4c. Positional dependence of a surgically sbrmed Morton neuroma located in the third intermetatarsal space in a
31-year-old man

Weishaupt, D. et al. Radiology 2003;226:849-856
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Figure 3a. Histologically proved nodule associatedith rheumatoid arthritis in a 42-year-old woman

Zanetti, M. et al. Radiology 1999;213:583-588
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Figure 3b. Histologically proved nodule associatedith rheumatoid arthritis in a 42-year-old woman

Zanetti, M. et al. Radiology 1999;213:583-588
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Plantar
Plate

injury




Forefoot:
Joint Disorders




Plantar Fibromatosis




Plantar Fibromatosis




Conclusion

 Many etiologies of ankle or “hindfoot” pain

o Soft tissue trauma and overuse syndromes
common cause of ankle pain and several
processes may occur simultaneously

o Systematic review of the structures of the
ankle will aid in diagnosis




3Tesla MR

 Higher SNR
— More signal

e Faster
Acquisition
— Time effective
protocols

e Used by OAI







Courtesy of Chris Walsh, Invivo Corporation
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