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           Introduction 

 Originally published in the early 1970s by 
Lauterbur and Mansfi eld, the technique for mag-
netic resonance imaging (MRI) has evolved sub-
stantially over the past four decades [ 1 ]. MRI 
utilizes the physical properties of nuclear mag-
netic resonance (NMR) where magnetic fi elds 
and radio waves excite atoms which then produce 
signals. These signals are then processed and 
used to create detailed images of anatomical 
structures. The major advantage of MRI is that it 
does not use ionizing radiation [ 2 ]. 

 Technological advances in computer systems 
and stronger magnetic designs have continued to 
improve the accuracy of MRI. Today some health 
centers employ new 3 Tesla (T) scanners. These 
3 T scanners have superior defi nition of struc-
tures, higher resolution, and decreased artifact 
compared to older models and offer the possibil-
ity of improved diagnostic capability especially 

when evaluating articular surfaces, ligaments, 
nerves, and tendons of the foot. However, the 
increasing magnet strength also increases metal 
artifact from implanted devices [ 3 ]. 

 Although MRI can be a valuable diagnostic 
tool in the diagnosis of athletic injury, it is often 
over utilized. In a retrospective review, Tocci 
et al. demonstrated that the majority of MRI 
scans are ordered as screening tools by primary 
care providers and are often unnecessary with 
almost half yielding radiographic interpretations 
which were viewed as immaterial or inconsistent 
with the patient’s history and exam [ 4 ]. 

 It is imperative that foot and ankle surgeons are 
comfortable reviewing MRI images and under-
stand the reasoning behind ordering the examina-
tion. The objective of the following chapter is to 
review several common sports injuries to the foot 
and to highlight key fi ndings on MRI.  

    Sports Injuries of the Foot 

    Lisfranc Injury 

 Injury to the tarsal–metatarsal articulation is an 
athletic injury which can occur when a plantar- 
fl exed foot is axially loaded. It is critical to real-
ize that up to 20 % of these injuries are missed or 
overlooked at presentation [ 5 ,  6 ]. The Lisfranc 
joint is the articulation between the recessed sec-
ond tarsal–metatarsal joint and is stabilized by 
dorsal and plantar ligamentous structures. The 
primary stabilizers are plantar ligaments which 
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run from the medial cuneiform to the bases of the 
second and third metatarsals [ 4 ,  6 ]. Disruption of 
this ligament will result in midfoot instability. 
Failure typically occurs through the dorsal liga-
ments initially, continues through interosseous 
ligaments, and down through the strong plantar 
ligament where it becomes completely unstable. 
Additional longitudinal stabilization is provided 
by the plantar middle to medial cuneiform liga-
ment and when disrupted can also destabilize the 
midfoot [ 7 ]. Failure to recognize this injury can 
have serious consequences and may lead to early 
arthritis of the midfoot [ 8 ]. 

 MRI of the tarsal–metatarsal articulation has 
been able to identify each of the ligamentous 
structures which comprise the Lisfranc complex 
[ 9 ,  10 ]. The entire ligament complex can often be 
visualized in the coronal plane using three milli-
meter thick cuts in two to three consecutive 
sequences. Additionally, long axis images can be 
reviewed to evaluate its integrity. In the acute 
phase, ligament disruption is best visualized on 
fat-suppressed or fl uid-sensitive sequences on the 
MRI scan, such as short tau inversion recovery 
(STIR) images sequence, and will show signal 
hyperintensity with a defect in the ligament 
 complex (Fig.  2.1 ). Edema and hyperintense sig-
nal along the course of the ligament is indicative 
of the disruption as well. Bony structures should 
be thoroughly evaluated for marrow edema or 
subtle avulsions of the ligamentous origins and 
insertions which may also represent injury to the 
Lisfranc complex. T2-weighted sequence images 
should be reviewed for evidence of edema in sur-
rounding soft tissues as this may accompany 
injury to the complex [ 11 ].

   The sensitivity of MRI at accurately diag-
nosing injury of the Lisfranc ligamentous com-
plex is high. In some series, MRI studies 
correctly classifi ed the severity of the injury in 
90 % of cases and were confi rmed at the time 
surgery. Furthermore, disruption of the plantar 
ligaments diagnosed on MRI has demonstrated 
a strong positive predictive value, 94 %, in 
detecting instability [ 12 ]. As a result, MRI can 
be a valuable tool in predicting patients who 
may require a surgical intervention in the set-
ting of a Lisfranc injury.  

    Stress Fractures of the Foot 

 Stress fractures are micro-fractures that result 
from physical loading and may eventually 
become complete if that loading continues. In 
athletes, stress fractures may occur when bone is 
subjected to a repetitive force over time, a normal 
force along an abnormal axis of the bone, or 
when osteoporotic bone leads to insuffi ciency 
fracture under normal stress [ 13 ,  14 ]. Stress frac-
tures can occur in any athlete but are more com-
mon in distance runners, jumping athletes, and 
military recruits. The history is typically one of 
pain with a repetitive activity, typically insidious 
at onset, and improves with rest and cessation of 
weight bearing. Clinicians should inquire about 
abnormal eating habits and menstruation as these 
appear in a condition known as the female athlete 
triad or anorexia athletica, which includes amen-
orrhea, disordered eating, and osteoporosis [ 15 ]. 
History is crucial as these patients are at an 
increased risk of stress fracture. 

  Fig. 2.1    Coronal images fl uid-sensitive MRI sequencing 
demonstrating disruption of the Lisfranc ligament 
complex       
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 Although plain radiographs rarely aid in the 
diagnosis of early stress fracture (less than 2 weeks), 
MRI is quite sensitive at confi rming the diagno-
sis [ 16 ]. The stress fracture is seen on MRI as a 
loss of fat and signal within the marrow accom-
panied by a hypo-intense fracture line with peri-
osteal reaction on either T1-weighted sequences 
or non-fat-suppressed T2-weighted images. 
Additional indicators of injury and edema to the 
bone are demonstrated well on STIR and fat-
suppressed T2-weighted sequences which show 
increased signal circumferentially at the site of 
the stress fracture [ 13 ,  14 ,  17 ]. Bones of the foot 
most commonly involved in stress fractures in 
athletes are the navicular (runners) (Fig.  2.2 ), 
the fi fth metatarsal (cutting sports: football, 
soccer, lacrosse), and the second metatarsal 
(jumping sports: dancers, basketball). The MRI, 
however, is not useful is assessing foot alignment 
(particularly varus alignment with lateral foot 
overload leading to fi fth metatarsal fractures) and 
morphological anomalies which may lead to 
stress fractures and are best seen on weight-bear-
ing radiographs.

       Plantar Plate Injuries 

 The plantar plate is a fi bro-cartilaginous structure 
which is centered over the metatarsophalangeal 
(MPT) joint on the plantar aspect of the foot. It 
originates on the plantar aspect of the metatarsal 
shaft near the meta-diaphyseal junction and inserts 
distal to the articular surface of the MTP joint 
directly onto the lip of the proximal phalanx. The 
dimensions of this anatomic structure have been 
reported and average 1.8 mm in thickness, 9 mm in 
width, and 16 mm in length [ 18 ,  19 ]. The plantar 
plate is responsible for stabilizing the MTP joint 
and resisting excessive dorsifl exion. Athletic injury 
to the fi rst MTP joint plantar plate complex is com-
mon and can occur with a forced hyperextension 
mechanism and typically occurs where a fi xed 
plantigrade forefoot and elevated heel are forced 
into an even greater degree of hyperextension from 
the impact of another competitor. The injury can 
occur in any of the MPT joints, and when it 
involved the hallux MTP joint it is termed a “turf 
toe” injury. The turf toe injury is casually related to 
the fl exible soled shoes often worn during playing 

  Fig. 2.2    T2-weighted MRI images of a stress fracture of the navicular demonstrating increased signal within the marrow 
and in the surrounding soft tissue       
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on synthetic turf surfaces, and not due to the play-
ing surface itself. With all locations of plantar plate 
injuries, patients complain of pain over the plantar 
surface of the fi rst MTP joint, acute swelling, and 
limited range of motion secondary to guarding. 
Clinically, however, passive range of motion 
demonstrates laxity in dorsifl exion secondary to 
disruption and insuffi ciency of the plantar plate. 
Occasionally patients may even present with a dor-
sally dislocated hallux [ 20 ]. 

 Normal imaging of the plantar plate on MRI 
has been described as a low-intensity structure, 
smooth, and curvilinear traveling from its origin 
on the metatarsal shaft to its insertion distal to the 
articular surface at the proximal phalangeal base 
[ 21 ]. Disruption of the plantar plate on MRI is 
demonstrated through increased signal intensity 
in both sagittal and coronal planes on proton 
density- weighted and T2-weighted fat- suppressed 
images. Tears of the plantar plate usually occur at 
the distal insertion into the base of the proximal 
phalanx. This is best seen on the coronal plane 
MR image, as sagittal images may not be well 
aligned with the longitudinal axis of the metatar-
sal axis, while the sagittal sequences are valuable 
in demonstrating retraction of a tear to the plantar 
plate [ 22 ] (Fig.  2.3 ).

   The diagnostic accuracy of MRI of the plantar 
plate is varied. Gregg et al. [ 23 ] reported a sensitiv-
ity of 87 % and an accuracy of 71 % at diagnosing 
full-thickness tears of the plantar plate insertion; 
however, accuracy for diagnosing partial- thickness 
tears was 25 % in this series. Employing an anatomic 
grading system, Coughlin et al. [ 24 ] demonstrated 

a 96 % sensitivity and accuracy of 89 % with MRI 
and confi rmed with arthroscopy. In this system, a 
grade 0 lesion corresponds to attenuation of the 
plantar plate. Grade 1 lesions are transverse distal 
tears of the plate with less than 50 % involvement. 
Grade 2 lesions are transverse distal tears greater 
than 50 % of the plate. Grade 3 lesions are exten-
sive transverse or longitudinal tears which may 
involve collateral ligaments. Grade 4 is a tear with 
dislocation. When employing an anatomic grading 
system, the diagnostic accuracy of MRI of the 
plantar plate improves.  

    Osteochondral Injuries 
of the First MT Head 

 While osteochondral injuries to the talus are far 
more common, osteochondral injuries do occur 
in the foot [ 25 ]. Athletes sustaining forced 
hyperextension injures to the fi rst MTP joint such 
as in disruption of the plantar plate can also dislo-
cate and cause a traumatic chondral lesion to the 
fi rst MT head. This may be suggested by a shadow-
ing within the subchondral region of the MT head 
on plane radiographs, but is best diagnosed on MRI 
similar to elsewhere in the body. T2-weighted 
images are evaluated for the presence of a rim of 
increased signal surrounding the lesion, which may 
indicate the lesion is unstable. The presence of a 
cyst beneath an osteochondral lesion usually repre-
sents an unstable lesion as well. T2-weighted 
images in unstable lesions may demonstrate bony 
edema surrounding the lesion (Fig.  2.4a–d ) [ 26 ].

  Fig. 2.3    Series of MRI sequences demonstrating disruption of the plantar plate       
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       Sesamoid Injuries 

 The sesamoid bones of the hallux function to 
absorb contact and weight-bearing forces as well 
as protect the fl exor hallucis longus tendon, and 
increase the mechanical force of fl exor hallucis 
brevis. Injuries to the sesamoids are more com-
mon in athletic events (gymnastics, basketball) 
which overload the plantar aspect of the fi rst 
MPT joint and can be an acute event or resulting 
from repetitive trauma. Injury to the sesamoids is 
responsible for nearly 4 % of all overuse injuries 
to the foot and includes stress fractures, sesa-
moiditis, avascular necrosis, and infl ammation of 
the synchondrosis of a bipartite sesamoid [ 27 ]. 
The tibial sesamoid is more commonly involved 
as it is larger and more affected by weight- 
bearing. MRI is valuable in evaluating both the 
plantar plate and the structures which intimately 
surround the sesamoid bones [ 14 ]. 

 Stress response and stress fractures of the ses-
amoids on MRI most commonly show low 
T1-weighted signal intensity with increased sig-
nal intensity on T2 and STIR images (Fig.  2.5 ). 
On the other hand, sesamoiditis usually has a 
normal T1-weighted signal with an increased 
STIR signal intensity. It is important to realize 
that there is some overlap in these conditions. It 
is also important to note that almost 10 % of the 
population has a bipartite tibial sesamoid and 
25 % of these are bilateral. Bipartite sesamoids 
can be distinguished from fracture by the smooth 
break in the cortices on imaging [ 14 ,  17 ].

       Distal Peroneal Injuries 

 The peroneus longus muscle arises from the poste-
rior and lateral aspects of the fi bula and passes pos-
teriorly to the lateral malleolus, below the peroneal 

  Fig. 2.4     (a – c)  T1- and T2-weighted MRI sequences of 
an osteochondral defect of the fi rst metatarsal head showing 
increased signal on T2-weighted images surrounding the 

lesion suggesting that it may be unstable.  (d)  Intraoperative 
photograph demonstrating an unstable OCD lesion of the 
fi rst metatarsal head       
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tubercle of the calcaneus, through a fi bro-osseous 
sheath beneath the cuboid, crossing the midfoot to 
insert at the base of the medial cuneiform and fi rst 
metatarsal [ 28 ]. There is a watershed area for the 
vascular supply of the tendon which is also the most 
common area of injury and is located within the 
fi bro-osseous tunnel as the tendon passes beneath 
the cuboid [ 29 ]. In athletes, there exists a wide vari-
ety of peroneus longus tendon pathology including 
acute infl ammation of the tendon, tendon tears or 
ruptures, and dislocation or sublaxtion which may 
all present as lateral ankle pain. Additionally an os 
peroneum (accessory sesamoid bone which is 
found within the peroneus longus tendon at the 
level of the calcaneo-cuboid joint) can be a stress 
point within the lateral foot in the athlete. Like the 
metatarsal sesamoid this can be prone to overuse 
sesamoiditis (called painful os peroneum syndrome 
or POPS) (Fig.  2.6 ), or fracture which subsequently 
results in rupture of the peroneus longus tendon. 
This is seen in athletes who require recurrent push 
off utilizing their fi rst ray (the peroneus longus is 
the primary plantar fl exor of the fi rst ray) such as 
baseball pitches. Moreover, several anatomic vari-
ants such as an os peroneum also may attribute to 
foot pain and can confuse the clinical scenario.

   Distal injuries to the peroneus longus tendon 
are less common in athletes than injuries in other 
locations of the tendon (retrofi bular region) but 
do occur [ 30 ]. Rademaker et al. suggest several 
possible causes for midfoot tears of the peroneus 
longus tendon. First, they propose attritional tears 
may occur as the result of stress from the tendon 
sliding under the cuboid bone. Alternatively, 
patients with a hypertrophied peroneal tubercle 
have been implicated in predisposing patients to 
injury of the tendon [ 31 ]. 

 MRI evaluation of distal peroneus longus inju-
ries includes T1 and fat-suppressed T2-weighted 
images in all planes. Distal complete tears gener-
ally occur at the fi bro-osseous tunnel of the 
cuboid. MRI images will demonstrate discontinu-
ity of the tendon with an empty sheath sign at this 
level with retraction of the tendon [ 31 ]. Further, 
distal tears are best visualized on the oblique cor-
onal plane. Associated fi ndings on MRI of a com-
plete distal tear include edema of the lateral wall 
of the calcaneus, fl uid within the tendon sheath, 
and a disrupted anterior talofi bular ligament. It is 
still unclear whether the presence of an os pero-
neum predisposes patients to risk of rupture of the 
peroneus longus [ 31 ]. 

  Fig. 2.5    MRI demonstrating increased signal intensity on T2-weighted imaging within the tibial sesamoid in a patient 
with tibial sesamoiditis       
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  Fig. 2.6    MRI sequences of a young athlete with lateral foot pain with activity. Imaging revealed the presence of an os 
peroneum on both T1- and T2-weighted sequences with corresponding increased signal intensity on T2 imaging       
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 Interstitial tears are defi ned as intermediate 
signal density seen within the tendon both on T1- 
and T2-weighted images. Infl ammation and 
swelling within the sheath are best appreciated 
by increased signal intensity circumferentially on 
T2-weighted images demonstrating fl uid collec-
tion (Fig.  2.6 ). Injuries to the superfi cial peroneal 
retinaculum have been defi ned by Oden [ 32 ] and 
include elevation of the SPR at the fi bular groove 
(type 1), complete tear of the SPR attachment to 
the distal fi bula (type 2), avulsion of the SPR at 
its attachment (type 3), or lastly tears of the pos-
terior attachment of the SPR (type 4). In addition, 
MRI may reveal the presence of a peroneus quar-
tus muscle. 

 While MRI is highly sensitive and specifi c at 
detecting swelling and complete tears of the per-
oneus longus, its diagnostic value at diagnosing 
interstitial tears is less predictable. Park et al. 
reported 50 % sensitivity and 96 % specifi city 
with MRI in diagnosing interstitial tears and a 
100 % sensitivity and 96 % specifi city at detect-
ing swelling [ 33 ]. As a result, MRI is sensitive 
but not very specifi c for reporting negative fi nd-
ings when evaluating peroneus longus tendon 
injuries. The major diffi culty is related to the 
inability to image along the true longitudinal axis 
of the tendon and signal artifact which can occur 
from volume averaging [ 29 ]. 

 Originating from the lateral compartment and 
traveling within the peroneal groove anterior and 
medial to peroneus longus, the peroneus brevis 
tendon runs distally to the peroneal tubercle 
where it separates into its own sheath and fi nally 
inserts on the proximal base of the fi fth metatar-
sal. Injury to the peroneus brevis occurs com-
monly in athletes and usually occurs near the 
level of the ankle. Occasionally, athletes can sus-
tain injuries to peroneus brevis at its insertion. 
The mechanism is typically one of an inversion 
injury [ 34 ]. MRI fi ndings of a torn peroneus bre-
vis tendon result in a classic “C-shaped” appear-
ance, which encircles the longus tendon if the 
tear is retromalleolar. Insertional ruptures will 
reveal distal disruption of the normal hypo- 
intense signal on T1-weighted images and 
increased intra-substance signal on T2-weighted 
sequences at the insertion near the base of the 

fi fth metatarsal [ 29 ]. Lamm et al. [ 35 ] have 
reported fair diagnostic accuracy with respect to 
MRI of proximal, distal, and retromalleolar pero-
neus brevis injury. For all tears, they reported 
83 % sensitivity and 75 % specifi city compared 
to intraoperative fi ndings; however, Park et al. 
[ 33 ] reported a 44 % sensitivity and 99 % speci-
fi city at diagnosing interstitial tears of peroneus 
brevis when compared to operative fi ndings. 
Furthermore, Lamm et al. demonstrated that per-
oneus brevis pathology rarely occurs in isolation 
with MRI revealing a high number of coexisting 
conditions including low-lying muscle belly or 
peroneus quartus in 44 % of cases, rupture of the 
anterior talofi bular ligament in 50 %, a fl at or 
convex fi bular groove in 78 %, and increased sig-
nal within peroneus longus tendon in 53 % of 
cases [ 35 ]. It is important to realize that peroneus 
brevis pathology rarely occurs in isolation.  

    Flexor Hallucis Longus Injuries 

 The fl exor hallucis longus tendon originates 
posteriorly from the distal two-thirds of the fi b-
ula and runs posterior to the hindfoot as it 
courses through a fi bro-osseous tunnel between 
the posterolateral and posteromedial tubercles 
of the talus. It then runs underneath the susten-
taculum tali and dorsal to the neurovascular 
bundle and fl exor digitorum longus at the knot 
of Henry, courses between the sesamoids of the 
great toe until inserting on the plantar aspect of 
the distal phalanx. Impingement can occur 
along any of these sites and results in infl amma-
tion of the tendon [ 36 ]. Injuries to the FHL ten-
don are more common in athletes who perform 
activities in maximally plantar-fl exed position 
such as gymnasts and ballet dancers [ 37 ]. 
Physical examination may reveal pain along the 
course of the tendon, pain with fl exion of the 
interphalangeal joint, or pain with forceful plan-
tar fl exion. Triggering may occur if patients 
have formed a nodule secondary to chronic 
infl ammation. 

 MRI of the FHL tendon with infl ammatory 
changes can show thickening of the tendon and 
increased signal intensity on T2 and STIR; STIR 
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and T2-weighted images may also show a 
homogenous collection of fl uid around the ten-
don within the sheath indicating tenosynovitis 
(Fig.  2.7 ). Interestingly, the FHL sheath commu-
nicates with the ankle joint in almost 20 % of 
patients; therefore a joint effusion can mimic 
synovitis of the FHL tendon. In differentiating 
the two conditions, fl uid will be located more 
proximal to the talar fi bro-osseous tunnel if the 
increased signal is secondary to tenosynovitis. 
Additionally, absence of intra-articular fl uid 
within the ankle when the FHL sheath has fl uid 
signal is consistent with a synovitis.

   If clinical history and examination suggest 
disruption of the tendon either secondary to pen-
etrating trauma or forceful eccentric loading, 
MRI can be useful in evaluating the tendon’s 
integrity. Disruption of the normal tendon struc-
ture is best seen as a change from the typical 
homogenous low-signal intensity to increased 
signal and disruption of the tendon on 
T2-weighted or STIR images along the tendon’s 
course. Additionally an enlarged sheath fi lled 
with fl uid and the absence of a tendon can be seen 
if the tendon is torn and retracted [ 37 ,  38 ].  

    Extensor Hallucis Longus 
and Extensor Digitorum 
Longus Injuries 

 Originating along the fi bula and interosseous 
membrane anteriorly and innervated by the deep 
peroneal nerve, both the extensor hallucis longus 
and extensor digitorum longus travel deep to the 
superior and inferior extensor retinacula before 
inserting along the dorsal base of their respective 
toes. Injury to these tendons will result in a loss 
of toe extension and some loss in ankle dorsifl ex-
ion. As these tendons run superfi cially they are 
susceptible to laceration with penetrating trauma 
[ 39 ]. Closed ruptures of the extensor tendons are 
rare. When these do occur they typically are a 
result of a highenergy eccentric contraction but 
may be the result of attritional rupture in patients 
with repetitive microtrauma or prior steroid use. 
MRI of these conditions is straightforward and 
will show fl uid signal within the tendon sheath on 
T2-weighted and STIR images with discontinuity 
of the tendon itself along its course [ 40 ]. 

 Overuse injury can occur to the EHL tendon 
resulting in tenosynovitis. As with other tendon 

  Fig. 2.7    T2-weighted sagittal MRI sequence of a female athlete with fl exor hallucis tenosynovitis. Notice the presence 
of fl uid within the sheath       
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injuries, MRI can demonstrate thickening of the 
tendon and increase signal intensity on T2-weighted 
and STIR images with a homogenous collection 
of fl uid around the tendon within the sheath. 
Tenosynovitis of the EHL tendon has been impli-
cated as a causative factor in anterior ankle 
impingement in athletes such as, skiers, soccer 
players, or runners where the infl ammation from 
tenosynovitis of the tendon or an anterior osteo-
phyte from the tibia can irritate or compress the 
deep peroneal nerve as it passes within the exten-
sor retinaculum. If this diagnosis is suspected, 
MRI is the modality of choice as it will reveal 
tenosynovitis of extensor hallucis longus while 
radiographs may only demonstrate an anterior 
osteophyte on the tibia [ 40 ,  41 ].  

    Tibialis Anterior Injuries 

 Originating along the tibial shaft and interosseous 
membrane, passing under the extensor retinacula 
and inserting on the medial cuneiform and base of 
the fi rst metatarsal, the tibialis anterior is the pri-
mary dorsifl exor of the foot and inverts the subtalar 
and transverse tarsal joints. The superfi cial location 
of this tendon makes susceptible to laceration. 
Acute, closed ruptures are painful with the patient 
reporting a popping sensation. They typically occur 
through a forceful eccentric contraction to a posi-
tion of dorsifl exion from a plantar-fl exed foot. 
Attritional ruptures are more common than acute 
ruptures and tend to occur in older individuals, and 
additionally have been reported in patients with 
diabetes, steroid usage, or infl ammatory arthritis. 
Patients with a tibialis anterior rupture can present 
with a steppage gait, pain along the tendon, weak-
ness in dorsifl exion, or an absence of a palpable 
tendon during resisted dorsifl exion. 

 MRI of a ruptured tibialis anterior tendon will 
demonstrate increased fl uid signal within the ten-
don sheath on T2-weighted and STIR imaging 
(Fig.  2.8 ). Additionally, sagittal imaging should be 
carefully reviewed and may show an empty sheath 
revealing discontinuity of the tendon [ 42 ]. The 
tendon usually retracts and may be seen as a balled 
up mass at the discontinued end of the tendon on 

the sagittal imaging. The retracted end is usually 
seen more proximally at the ankle level where it is 
get trapped at the superior extensor retinaculum.

       Infections 

 Both osteomyelitis and soft-tissue infections can 
occur in the athlete, and MRI can be useful at aid-
ing in the correct diagnosis. This is most fre-
quently seen following a penetrating injury 
through the sole of an athletic shoe, such as step-
ping on an old nail left on the sports fi eld. Soft- 
tissue abscess have central areas of low-signal 
intensity on T1-weighted imagines with increased 
surrounding signal on T2-weight sequences as 
well as evidence of infl ammation in adjacent soft 
tissue and skin. Additionally, the thick irregular 
wall of an abscess will enhance with the adminis-
tration of gadolinium contrast [ 43 ]. A tract or for-
eign body may be seen on the MR image. 
Additionally septic tenosynovitis may be seen as 
high intensity fl uid signal on T2 sequencing, tra-
versing the fl exor tendon sheath originating from 
the site of the infection. 

 MRI is extremely sensitive and is the imaging 
modality of choice for diagnosis of osteomyelitis. 

  Fig. 2.8    Sagittal T2-weighted MRI sequences of a rup-
tured tibialis anterior tendon demonstrating increased fl uid 
signal within the tendon sheath and retraction of the tendon       
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In adults, MRI of osteomyelitis demonstrates loss 
in the fatty signal of bone marrow on T1-weighted 
sequence and T2-weighted and STIR images 
which show focal increased signal intensity at the 
site of infection of the marrow space [ 44 ]. 
Additional indicators of osteomyelitis compared 
to other diagnosis such as neuroarthropathy may 
be the presence of a sinus tract, overlying ulcer, 
location of the signal in weight- bearing regions, 
involvement of only one bone, and absence of 
deformity [ 45 ]. While contrast may demonstrate 
enhancement in osteomyelitis, it does not appear 
to improve the diagnostic accuracy in MRI [ 44 ].  

    Accessory Navicular 

 Accessory ossicles are common in the foot with 
an accessory navicular present in over 10 % of 
patients. Most patients are asymptomatic; how-
ever, an accessory navicular can be a source of 
medial foot pain in athletes [ 46 ]. Hypothesized 
by Kidner in 1929, certain types of accessory 
navicular bones may alter the biomechanics of 
the posterior tibialis tendon and thus unbalance 
the foot resulting in injury or deformity [ 47 ]. 

There are three types of accessory navicular with 
Type 2 being the most commonly symptomatic. 
Type 1 is a sesamoid bone within the posterior 
tibialis tendon. Type 2 is an ossifi cation center 
which is connected to the navicular via a thin 
synchondrosis. Type 3 is a complete fusion of the 
accessory os with the navicular resulting in a 
prominent navicular tuberosity. 

 Clinical history is medial foot pain exacer-
bated with activity and cleat wear. There may be 
a fl at-foot examination with tenderness over the 
navicular tuberosity. Radiographic examination 
will reveal the presence of an os. In some 
instances it is diffi cult to discern whether the 
accessory navicular is the exact source of pain. 
In these patients with suspected symptomatic 
accessory navicular, MRI can be utilized to help 
differentiate. T2-weighted and STIR sequences 
may demonstrate bone marrow edema within 
the accessory os and may show edema within the 
navicular as well (Fig.  2.9 ). Further, the syn-
chondrosis may show increased signal intensity 
representing injury to the area. MRI is useful in 
demonstrating the effect of the accessory os on 
the insertion of the posterior tibialis tendon as 
well as its integrity [ 48 – 51 ].

  Fig. 2.9    T2- and T1-weighted MRI sequences in a male 
soccer player complaining of medial foot pain. Imaging 
demonstrated the presence of an accessory os navicular 

and T2-weighted images demonstrated bone marrow 
edema within the accessory os and navicular       
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        Summary 

 MRI can be a very valuable diagnostic tool when 
evaluating athletic injuries of the foot. It should 
not be utilized as a screening tool; rather, as a 
modality ordered to answer a specifi c question 
based of a thorough history and clinical exami-
nation. It is vital that the evaluator of the MRI 
has an extensive understanding of the normal 
anatomy (and its variants) of the foot and their 
appearance on MR imaging [ 52 ,  53 ]. We also 
recommend that the treating physician person-
ally reviews the MRI fi lms in all cases and 
ensures that their interpretation is supported by 
the clinical fi ndings and correspond to those of 
the radiologist offi cial report. As technology 
continues to improve so will the quality of the 
images produced; yet it is unclear how the cur-
rent climate of healthcare will affect the utiliza-
tion of MRI in the future.     
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