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ABSTRACT

The anterolateral knee represents a complex anatom-
ic area including osseous, fatty, tendinous and liga-
mentous structures. Disorders afflicting this anatom-
ic area include acute trauma, which usually involves
more than one structures, repetitive trauma, degen-
eration, inflammation and tumours and tumour-like
lesions. A detailed understanding of the anatomy, bi-
omechanics and pathology of the anterolateral knee is
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1. Introduction

The anterolateral knee (ALk) represents a complex ana-
tomic area consisting of osseous, tendinous, ligamentous
and fatty structures. This includes the patella, quadri-
ceps and patellar tendons, lateral patellofemoral liga-
ment (LPFL), fat pads and the anterior horn and body of
the lateral meniscus. Although not thoroughly studied,
ALk is biomechanically important regarding stability [1,
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essential for proper imaging interpretation and treat-
ment management. Magnetic resonance (MR) imag-
ing has been established as the method of choice,
showing high accuracy in diagnosing painful knees.
The present review aims to explore the role of MR im-
aging in diagnosing the various disorders located in
this anatomic area and to present representative cas-
es derived from a single center.

MR imaging/diagnosis; knee joint; anterolateral knee/anatomy;
anterolateral knee/pathology

2]. A wide spectrum of disorders may be seen in the ALk,
including tumours and tumour-like disorders. Trauma
usually involves more than one of the above structures.
Repetitive trauma is demonstrated with tendinopathy,
fat pad oedema, bone marrow oedema (BME) and oste-
ochondral injuries. It has been shown that severe an-
terolateral instability may result in early osteoarthri-
tis in young athletes [3]. Knowledge of the anatomy and
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Table 1. Static and dynamic stabilisers of the anterolateral knee with their corresponding restraint action.

Stabilisers anterolateral knee ~ Primary  Secondary Stabilising action - restraint
Anterolateral capsule + Rotatory knee laxity
Anterior laxity
Internal rotation of the tibia at knee flexion angles
Anterolateral ligament + + >35°
Anterior tibial translation
Iliotibial band/superficial + Internal tibial rotation with knee flexion angles >60°
Internal tibial rotation with knee flexion angles
s s . + >60°-90°
Iiotibial ba:irgi/ middle and In ACL deficiency:
p + + Tibial internal rotation from 30° to 90° of flexion

Anterior translation lateral tibial plateau

pathology of this area will help radiologists to arrive to
a correct diagnosis. The present pictorial essay aims at
showing the role of MR imaging in diagnosing the vari-
ous disorders located in the ALk, with cases derived from
a single center.

2. Anatomy and biomechanics

The functional complex of iliotibial band (ITB), liga-
ments, lateral meniscus and capsule in the ALk pro-
vides rotatory knee stability [1, 4, 5]. The patella is the
largest sesamoid bone in the body and its ossification
centers appear between 3 and 6 years and fuse at puber-
ty. It is triangular in shape with a superior base and in-
ferior apex. The posterior surface is smooth, composed
of articular cartilage, and is divided into medial and lat-
eral facets. Anatomic variants include the Wiberg Il and
11T morphology which predispose to sub/dislocation [6].
Patellar instability may result from other variations such
as trochlear dysplasia, patella alta and tibial tuberosi-
ty-trochlear groove distance greater than 20 mm [7]. The
quadriceps femoris tendon (QFt) inserts on to the superior
pole and the patellar tendon (Pt) originates from the infe-
rior pole. The lateral retinaculum consists of the superfi-
cial, oblique and transverse layers [8]. The LPFL and the
lateral patellotibial ligament in the deep transverse layer
are the two main lateral retinacular structures that sta-
bilise the patella. The LPFL is a palpable thickening of the
joint capsule, connects the patella to the femoral epicon-
dyle and its width ranges from 3 to 10 mm [9]. The ITB is
abroad fascial structure originating at the iliac crest and
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terminating at the Gerdy’s tubercle at the anterolater-
al upper end of tibia. It runs down the lateral thigh and
knee and passes over the lateral femoral epicondyle. It
acts as a hip stabiliser during hip abduction [10]. Due to
multiple attachments, including the proximal and distal
Kaplan fibers, representing the deep layers, movements
like increased femoral abduction and knee internal rota-
tion lead to increased strain and tension on the ITB. The
anterolateral capsule is composed by the superficial-fi-
brous and the deep-synovial lamina [11]. It has attach-
ments to the lateral meniscus forming two ligaments, the
meniscofemoral and meniscotibial.

The anterolateral ligament (ALL) is a distinct ligamen-
tous structure at the anterolateral aspect of the human
knee. It was first described by the French surgeon Segond
as a “pearly, resistant, fibrous band” along the anterolat-
eral aspect of the knee. The ligament originates on the
prominence of the lateral femoral epicondyle, courses
obliquely in the anteroinferior direction and inserts at
the proximal tibia between Gerdy’s tubercle and the fib-
ular head [12-15]. Along its course, it encases the lateral
inferior genicular artery and attaches to the peripheral
rim of the lateral meniscus. Routine MR imaging proto-
cols are not capable of depicting the ALL in all individu-
als [16]. Its primary function is to provide anterolateral
stability to the knee joint, preventing the proximal tibia
from anterior translation [17]. It is also an important sta-
biliser of internal rotation at flexion, exceeding 35°[18].
Primary and secondary stabilisers in the anterolateral
knee are shown in Table 1.
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Fig. 1. A 42-year-old male builder with anterior knee pain and swelling

following overuse. Sagittal fat suppressed PD-w (A) and axial T2-w (B)

MR images show prepatellar bursitis (open arrows).

The infrapatellar fat pad of Hoffa is one of the three fat
pads located in the anterior knee. The others are the an-
terior suprapatellar (SPFP) and the posterior suprapetellar
(prefemoral-PFFP). Hoffa’s fat pad is bounded superior-
ly by the inferior pole of the patella, inferiorly by the an-
terior tibia, intermeniscal ligament, meniscal horns and
infrapatellar bursa, anteriorly by the patellar tendon and
posteriorly by the femoral condyles and the intercondy-
lar notch [19]. Lying intra-articularly but extra-synovi-
ally and occupying the whole anterior part of the knee
joint, it consists of a central main body with medial and
lateral extensions, along with a superior tag, which is
not always present. The anterior horn and body of the later-
almeniscus are located between the corresponding femo-
ral condyle and tibial plateau and are rarely injured. The
osseous structures involved in ALk pathology include the
patella, the anterolateral femoral condyle and the ante-
rolateral tibial condyle.

3. Pathology

3.1 Prepatellar space

The prepatellar bursa is a potential subcutaneous space,
present in all individuals. Prepatellar bursitis represents
fluid accumulation as a result of repetitive trauma, also
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called “housemaid’s” knee, acute trauma following a di-
rect fall onto the patella or inflammatory disorders
such as rheumatoid arthritis. The most common clini-
cal features are pain, swelling with or without redness
and difficulty in kneeling and walking. On MR imaging,

prepatellar bursitis appears as a fluid-signal-intensi-
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Fig. 2. Axial fat suppressed PD-w MR image in a

21-year-old-female elite volley ball player, shows
a Morel-Lavallee lesion anterolaterally (open ar-
rows) following a bad landing. Joint effusion is also
obvious.

ty lesion between the subcutaneous tissue and the pa-
tella (Fig. 1) [20]. Ultrasound is an alternative method
for accurate diagnosis. Treatment is usually conserva-
tive. Not all fluid accumulations are symptomatic. Lo-
cal tenderness clinically and wall enhancement on MR
imaging are signs and findings suggesting symptomatic
bursitis. A Morel-Lavallee lesion is a closed internal de-
gloving injury. The mechanism is usually a blunt shear-
ing force, where the hypodermis is separated from the
underlying fascia and the formed cavity is filled with
blood and lymph [21]. A fibrous capsule of variable
thickness may be formed and may prevent resolution of
the effusion. There are two clinical subtypes: the acute
and the chronic lesion. Right after or some days after
the injury, the lesion is usually large and patients pres-
ent with a soft-tissue swelling, palpable bulge, bruises
and local hypaesthesia [21]. Months after injury, the le-
sion becomes chronic, is small and firm and clinically
may simulate a tumour. A chronic lesion may be com-
plicated with infection. MR imaging is the method of
choice for diagnosis, demonstrating signal patterns of
haemorrhage depending upon the age of lesion (Fig. 2)
[21-24]. Treatment depends on the duration, size and
capsule thickness of the lesion [25]. Small acute lesions
without significant capsule formation require conserv-
ative therapy or aspiration. Large and persistent ones
with capsule are treated with sclerodesis or surgical
debridement and drainage. History and diffuse rather
than centrally located effusions favour the diagnosis
over the prepatellar bursitis.
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Fig. 3 (left). Coronal T1-w MR images in two patients, show-
ing bipartite (A) and tripartite (B) morphology of the patella
(open arrows).

Fig. 4. MR imaging in a 15-year-old male, with anterosuper-
olateral knee joint pain. Fat suppressed sagittal (A), axial (B)
PD-w and coronal STIR (C) images, show the sychondrosis (thin
arrows) of the unfused ossification center superolaterally and
the bone marrow oedema (open arrows).

3.2. Patella
In 1-2% of the population, patella develops as two un-

fused ossification centers connected by thick fibrous
tissue, which define the bipartite patella, affecting men
more than women [26]. This variant is often located su-
pero-laterally and is symptomatic in about 1-2% of cases
because of mobility at the synchondrosis [27]. These var-
iants are classified by location (supero-lateral or lateral)
and number of fragments (bipartite, tripartite or multi-
partite). On radiographs, inexperience could lead to mis-
take the bipartite patella as a patellar fracture. The pres-
ence of sclerotic borders on both sides of the interface,
as opposed to the sharp fracture line, is diagnostic [26].
Computed tomography (CT) shows clearly the synchon-
drosis. Coronal T1-w MR images also show this variant
(Fig. 3). Fluid sensitive sequences are able to match the
presence of symptoms with a bipartite patella, by show-
ing BME on both sides of the synchondrosis (Fig. 4).

Trauma: Patella may sustain fractures from direct blow,
which are best evaluated with plain radiographs. Stress
injuries, including stress reactions and fractures, are
rare and occur in runners, track athletes and those in-
volved in jumping sports. Patellar stress injuries repre-
sent less than 1% of all stress injuries and are high risk
if left untreated [28]. They are the result of repetitive
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microtrauma [29] and are best shown with fluid sensi-
tive MR sequences, sharing the same imaging findings
with other stress injuries. The early phase of a stress in-
jury, a stress reaction, shows only BME (Fig. 5) and, if not
promptly recognised, may proceed to a stress fracture
showing a low signal intensity line surrounded by BME.
Differential diagnosis of a stress reaction should be made
from non-traumatic BME, which is rarely located in the
patella in the context of acute bone marrow oedema syn-
drome (aBMEs) (Fig. 6). This is primarily seen in middle
aged men with reports showing that underlying osteo-
paenia or osteoporosis is a common associated and possi-
bly predisposing factor [30]. Acute avulsion fractures rep-
resent an osteocartilaginous avulsion of the lower pole
of the patella in the growing skeleton, before it fully os-
sifies. It should be suspected in the paediatric knee if
symptoms arise after violent loading applied on a flexed
knee [31]. The fracture may be difficult to see on a radi-
ograph, especially when the fragment is small or absent
(Fig. 7a). Radiographs can sometimes demonstrate the
disrupted tendon, or more commonly, a patella alta with
infrapatellar soft-tissue swelling. Sonography can clear-
ly identify the periosteal avulsion. MR imaging is able to
show the extent of the injury, as well as injury of carti-
lage and ligaments (Fig. 7b, c). Avulsions may also oc-
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Fig. 5. MR imaging in a 24-year-old professional young football player (A) and a 12-year-old track athlete (B), without any histo-

ry of trauma. Fat suppressed sagittal (A) and axial (B) PD-w MR images showing bone marrow oedema in keeping with a stress

reaction (arrows). Hoffa’s fat pad oedema is also shown (open arrow).

Fig. 6. A 55-year-old male patient with migrating arthralgia

and a spinal DEXA suggesting osteoporosis. A. Coronal fat sup-
pressed PD-w MR image showing BME in the medial femoral
condyle (open arrow). B. Three months later, pain was remark-
ably reduced in keeping with resolution (thin arrow). New pain
appeared in the lateral femoral condyle in keeping with imag-
ing findings of BME (open arrow). C. Pain was reduced on im-
aging follow up 4 months after B. Sagittal fat suppressed PD-w
MR image showing resolution of oedema in the lateral femo-
ral condyle (thin arrows) and new BME in the patella (open ar-
rows). The findings are typical of regional migrating osteopo-
rosis (migrating acute bone marrow oedema syndrome).

cur in adolescents, in the distal patellar tendon inser-
tion upon the tibial tubercle. Pathognomonic for recent
and reduced lateral patellar dislocation is the presence
of BME at the medial patellar facet, with or without as-
sociated osteochondral injury, and at the anterolateral

Fig. 7. A 8-year-old girl presented with anterolateral knee pain
and inability to extend her leg after stepping on a ball. A. Later-
al view of radiograph hardly shows the avulsed fracture (open
arrow). Sagittal fat suppressed PD-w MR images. B. BME and
irregular lower pole surface are shown in the patella (arrow).
Intra and extraarticular effusion are also shown. C. Lateral to
B image, showing the retracted patellar tendon (open arrow)
and the avulsed osseous fragment (arrow).

femoral condyle (Fig. 8) [32]. A careful investigation of
associated findings suggesting patella maltracking, such
as trochlear dysplasia, abnormal tibial tubercle-trochle-
ar groove distance and patella alta or Wiberg I1I patellar
shape, should be pefrormed [33]. Sulcus angle and depth,
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Fig. 9. Dorsal patellar defect in a 36-year-old male weekend

athlete. A. Axial T2-w MR image shows the incidentally found

osseous lesion in the lateral patellar facet (arrow). The axial fat
Fig. 8. A 14-year-old male athlete with a recent rotational inju- ~ suppressed T1-w MR arthrographic image (B) and the sagittal
ry. Lateral dislocation of the patella, which was reduced spon-  fat suppressed PD-w (C) MR image in a 21-year-old male elite
taneously. Fat suppressed coronal (A), sagittal (B) and axial (C,  tennis player with anterior knee pain show the defect (arrows)
D) PD-w MR images, showing the typical location of theBMEin  and the surrounding bone marrow oedema (open arrow). A lo-
the lateral femoral condyle (open arrows) and the lower medi-  cal swelling, in keeping with chondromalacia, is also seen in
al patella (arrow). the overlying articular cartilage, without any fissuring.

Fig. 10. A 38-year-old male with a few month anterior knee
pain. The sagittal T1-w (A), T2-w (B) and fat suppressed PD-w
(C) MR images show an osteolytic lesion in the lower pole of the
patella extending to the superior Hoffa’s fat pad (arrows) with
surrounding bone marrow oedema (open arrow). Histological-
ly the lesion turned out to be a giant cell tumour.

Fig. 11 (right). A. Elite 36-year-old male volleyball player with anterior suprapatellar pain. Sagittal fat suppressed PD-w MR image
showing quadriceps tendinopathy (arrows) and a partial tear (open arrow). B. Sagittal T2* MR image in a 62-year-old male patient
with known ankylosing spondylitis and acute-on-chronic anterior knee pain showing a compete tear-discontinuity of the quadricepts
tendon insertion (open arrows). Patellar tendinopathy is also shown (thin arrows). Sagittal (C) and axial (D) fat suppressed PD-w MR
images in a 34-year-old male who is professionally kneeling and a 60-year-old physician respectively, both with long standing ante-
rior knee pain, show suprapatellar fat pad oedema (arrows). Tendinopathy is shown on C (small arrows)
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Fig. 11. Sagittal (E) and axial (F)
fat suppressed PD-w MR images in
a 9-year-old female synchronised
swimmer with anterior knee pain
show prefemoral fat pad oedema
(open arrows), joint effusion (long
arrows), patella alta with elongat-
ed patellar tendon (arrowheads)
and tochlear dysplasia (*).

Fig. 12. A. “Jumper’s knee” in 17-year-old football player. Sagittal T2* MR image showing the abnormal signal intensity within
the posterior part of the thickened proximal patellar tendon (arrows). Sagittal fat suppressed PD-w MR images showing patellar
tendinopathy in a 42-year-old male skier (B) and tendinopathy with mucoid degeneration in a 33-year-old male runner (C) (ar-
rows). D. Unresolved Osgood Schlatter disease 37-year-old previously professional tennis player, with pain during acceleration and
deceleration. Sagittal fat suppressed contrast enhanced T1-w MR image showing abnormal enhancement in the proximal (white
thick arrow) and distal degenerated tendon (long white arrow), oedema surrounding the patellar tendon insertion (thin arrow)
and bone marrow oedema (open arrow). A retropatellar bursitis is also seen (short open arrow). E. Sagittal fat suppressed PD-w
MR image in a 13-year-old female athlete showing the findings of early Sinding-Larsen-Johansson’s disease with soft tissue infra-
patellar oedema (arrow) and bone marrow oedema in the lower pole of the patella (open arrow) without fragmentation. F. Sagit-
tal fat suppressed PD-w MR image in a 30-year-old female with 1-year anterior knee pain showing superolateral infrapatellar fat
pad (Hoffa fat pad) oedema in keeping with impingement due to patellar maltracking (arrow).
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Fig. 13. Hoffa’s fat pad space occupying lesions. A. Axial T1-w MR image in a 50-year-old female patient with anterolateral swell-
ing showing a benign lipoma located in the anterolateral fat pad (white open arrow) and the subcutaneous fat (arrow). B. Sagittal
fat suppressed MR image in a 37-year-old male patient with knee joint swelling, showing a ganglion cyst (arrows). C. Sagittal fat
suppressed contrast enhanced T1-w MR image in a 17-year-old female patient showing an enhancing synovial haemangioma (ar-
rows). D. Axial fat suppressed contrast enhanced T1-w MR image in a 16-year-old male football athlete with previous steroid in-
Jjection and anterolateral knee pain showing fat necrosis (arrow). Nodular synovitis in a 30-year-old female showing a mass with

low signal on T1-w (E) and high signal on fat suppressed T2-w (F) MR images.

lateral patellar displacement and lateral patellofemoral
angle have shown to correlate with development of pa-
tellofemoral osteoarthritis [34]. Accelerated osteoarthritis
may occur secondary to chondromalacia and chondral
injury [35].

Dorsal defect of the patella (DDP) represents an osteo-
lytic lesion on the superolateral aspect of the patella, pri-
marily found in the second and third decades of life. Up to
25-33% of cases, DDP is bilateral. Although the aetiology
of DDP has not been fully clarified, it has been associated
with failure in the ossification process. Plain radiographs
typically show a round lytic lesion in the superolateral as-
pect of the patella with a peripheral sclerotic margin seen
in approximately 0.3-1% of the general population and is
often asymptomatic. On MR imaging, DDP is demonstrat-
ed as a focal contour abnormality (Fig. 9a) [36]. In elite
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athletes with patellar pain, in whom MR imaging does not
disclose the source of pain, MR or Cone Beam CT arthrog-
raphy may be indicated in order to skip unnecessary ar-
throscopy (Fig. 9b) [37]. Symptomatic DDP is related to
articular cartilage disruption by the underlying osseous
defect and non-operative treatment is initially recom-
mended with surgery reserved for persisting cases [38].
The presence of BME is suggestive of a symptomatic lesion
(Fig. 9c). The main differential diagnoses for DDP are os-
teochondritis dissecans (OCD) and chondroblastoma. OCD is
rare, occurs typically in males 15 to 20-year-old, the pres-
ence of an osseous fragment favours the diagnosis and the
presence of a high signal intensity interface between the
fragment and the host bone suggests instability. Giant cell
tumour and intraosseous gout are rarely located in the pa-
tella [39, 40] (Fig. 10).
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Fig. 14. Lateral knee joint pain. Coronal fat suppressed PD-w (A-C) and axial T2-w (D) MR images. A. Soft tissue oedema is shown

between the lateral femoral epicondyle and the iliotibial band (open arrows) in this 22-year-old avid cyclist and runner with clin-

ically present iliotibial band syndrome. B. A 34-year-ol female, previously elite voleyball player, with lateral knee pain. Horizon-

tal lateral meniscus tear (arrow) and parameniscal cyst (open arrow) are shown. C. A 42-year-old female mountain trekker with

a history of rotational injury shows tear of the anterolateral ligament (open arrow). A minimally symptomatic medial meniscal

tear from an older injury is also shown (arrow). D. Impingement of the iliotibial band over a projecting screw. Oedema and fibro-

sis are shown between the lateral femoral condyle and the iliotibial band (open arrow) in this 42-year-old with 1-year anterolat-

eral knee pain following previous ACL reconstruction.

3.3 Supra/retropatellar space

The supra/retropatellar space consists of the insertion of
the QFt onto the upper pole of the patella, the SPFP and
PFFP. Altered biomechanics or chronic tensile forces to
the QFt, such as in jumping sports, may lead to chron-
ic tendinosis of the tendon that clinically may present
as AKP. Acute QFt ruptures occur in sports injuries or
in older than 40-year-old patients with previous tendi-
nopathy or other underlying systemic disease, predis-
posing to tendon degeneration and tear [41]. Typically,
QFt tear occurs following eccentric loading with the knee
flexed. Injuries in the myotendinous junction are usual-

ly seen in athletes. MR imaging findings in tendinopathy
are the same as in other tendons, showing abnormal sig-
nal intensity in all pulse sequences, particularly on flu-
id sensitive ones, with or without tendon swelling (Fig.
11a, ¢). Partial or complete tear is shown with focal are-
as of high signal intensity or discontinuity (Fig. 11a, b).
Grade I myotendinous strain appears on MR images as
interstitial oedema at the myotendinous junction with
some extension to adjacent muscle. Grade Il injury usual-
ly demonstrates a haematoma at the myotendinous junc-
tion and in surrounding fascia on MR images. Grade III
injury results in muscle retraction and often in haemat-
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Fig. 15. A. A 21-year-old male with a history of an overextension injury 3 weeks prior to imaging. The plain radiographs were nor-
mal. A. The coronal fat suppressed PD-w TSE MR image shows extensive bone marrow oedema-like pattern (arrows), more prom-
inent in the tibia and an occult fracture of the lateral tibial plateau with cortical disruption and 2-mm depression (open arrow).
B. Sagittal fat suppressed PD-w MR image in a 9-year-old football player without injury, presenting with anterolateral knee pain
improving at rest, shows bone marrow oedema in keeping with a stress reaction in anterolateral tibial epiphysis and the tibial tu-
bercle (open arrows). Oedema is shown in the Hoffa’ s fat pad. The clinical diagnosis suggested erroneously Osgood-Schlatter dis-
ease. C. A 24-year-old male with a history of motor vehicle accident 10 days prior to imaging. The coronal T1-w MR image shows a
Segond avulsion fracture (arrows). D. Transient bone marrow oedema (transient osteoporosis) in a 52-year-old male patient with
a 3-weeks lateral knee joint pain without any histrory of trauma. The coronal fat suppressed PD-w MR image shows extensive lat-
eral femoral condyle bone marrow oedema (arrows). The low signal intensity linear structures represent trabecular subchondral
insufficiency microfractures (thin arrow) without any irregularity in the overlying articular surface. There is also minor degree
of marrow oedema in the medial tibial epiphysis (open arrow). Regional migratory osteoporosis in a 35-year-old male with proven
Vit. D insufficiency. Coronal fat suppressed PD-w MR image (E) at 3 weeks from onset of medial knee joint pain shows bone mar-
row oedema (arrows). F. Patient presents with anterolateral knee pain 13 months later. Coronal fat suppressed T2-w MR image
shows complete resolution of bone marrow oedema in the medial femoral condyle and new marrow oedema in the lateral femoral
condyle (arrows). Spinal DEXA at this stage showed a T score of -3.3.

omas or oedema. Ultrasonography shows high accuracy
and clinical utility in assessing the QT disorders, whereas
is able to guide intervention for the treatment of tendi-
nopathy [42, 43].

The SPFP has a triangular shape and is the smallest of the
fat pads in the anterior knee, measuring 6-7 mm. It is sepa-
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rated posteriorly from the PFFP by the joint recess. Oedema
within the SPFP is seen in 4-14% of knee MR imaging exam-
inations and is more prevalent in young male patients [44-
46). Mass effect with convex appearance has been used as
a criterion for oedematous swelling of the SPFP [47]. SPFP
oedema correlation with AKP however is debatable. Accord-
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ing to a report, AKP occurs in about 5% of cases with SPFP
oedema and therefore careful matching of imaging find-
ings with clinical symptoms should precede the interpreta-
tion of images (Fig. 11 ¢, d) [46]. PFFP oedema rarely occurs
in the context of impingement of the QFt over the anterior
distal femoral bone and has been reported to occur often in
asymptomatic swimmers [48]. There are no major reports
regarding this disorder which is thought to be underdiag-
nosed. AKP and fat pad oedema on fluid sensitive MR im-
ages may be seen in association with extensor mechanism
dysplasia of any kind (Fig. 11e, f) [49].

3.4 Infra/retropatellar space

Patellar tendinopathy is the most common disorder of the
Pt and is a common cause of AKP (41). It is usually seen
in the proximal part of the Pt in young athletes involved
in running or jumping, also known as “jumper’s knee’.
MR imaging is diagnostic showing on fat suppressed im-
ages the thickening and abnormal signal of the proxi-
mal Pt, primarily affecting the posterior fibers (Fig. 12a)
[50]. Chronic cases are demonstrated on MR imaging with
diffuse Pt thickening showing low signal on all pulse se-
quences (Fig. 12b) whereas diffuse abnormal signal with-
in a thickened Pt represents mucoid degeneration (Fig.
12c¢) [51, 52]. Chronic traction of the Pt at the tibial tu-
bercle results in Osgood-Schlatter disease (0Sd) which rep-
resents an apophysitis in the growing skeleton [53]. The
diagnosis is clinical with imaging being reserved for atyp-
ical cases with AKP. MR imaging with fat suppressed im-
ages shows distal Pt abnormal signal and thickening, frag-
mentation of the tibial tubercle with BME extending also
in the anterior tibia, soft tissue oedema and occasional-
ly retropatellar bursitis. Symptomatic 0Sd in the adult-
hood, seen often in jumping sports, is called “unresolved
0Sd” (Fig. 12d). Sinding-Larsen-Johansson syndrome (SLJs)
is defined as “apophysitis of the distal pole of the patel-
la” and is the 0Sd equivalent osteochondrosis at the prox-
imal Pt insertion. SLJs primarily affects adolescents be-
tween 10 and 14 years of age, mainly boys, involved in
sports. MR imaging findings consist of superior Hoffa’s fat
pad oedema and inferior patellar pole BME, with or with-
out fragmentation depending upon the duration of symp-
toms (Fig. 12e). Partial or full thickness tear of the Pt repre-
sents the end stage of patellar tendinosis and results from
the cumulative effect of repetitive trauma and microtear-
ing. Bilateral rupture occurs in the setting of longstand-
ing systemic inflammatory disease, diabetes mellitus and
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chronic renal failure. MR imaging findings are similar to
those of the already described QFt tearing. The largest of
the peripatellar fat pads is the Hoffa’s fat pad (Hfp). This in-
tra-capsular, synovial-lined adipose tissue structure may
have a protective function and, although its main role has
not been fully clarified, it seems that resection alters the
biomechanics of the extensor mechanism [54]. Superolater-
al Hoffa fat pad (SLHFP) oedema is a common and non spe-
cific finding in routine MR imaging examinations of the
knee both in young athletic and middle aged individuals.
The SLHFP oedema may represent the imaging equivalent
of the clinical syndrome known as “patellofemoral fric-
tion syndrome” demonstrated with AKP and tenderness
at the lateral inferior pole of the patella [55]. Associated
pain exacerbation with hyperextension suggests patellar
maltracking [56-59]. Recent studies suggested that SLHFP
oedema may be a marker of structural damage of the pa-
tellofemoral joint in patients at risk for development of os-
teoarthritis [60, 61]. The diffuse inflammation of the Hfp is
called “Hoffa’s disease”. The disorder is the result of acute
or repetitive trauma. MR imaging is diagnostic by demon-
strating high signal intensity on fluid sensitive sequenc-
es. Hfp is the location of a wide spectrum of tumours and
tumour-like disorders and MR imaging is a powerful tool
for accurate diagnosis (Fig. 13) [62].

3.5 Lateral non-osseous space

The iliotibial band friction syndrome (ITBFs) is a non-trau-
matic overuse injury resulting in local irritation and in-
flammation of the iliotibial band on its distal part. It is
a common athletic injury, seen often in runners and cy-
clists who perform repetitive flexion and extension of
the knee. Typically it demonstrates with pain located at
the distal iliotibial band, between the lateral epicondyle
and the Gerdy’s tubercle, exacerbating with activity [63].
Athletes with limb length discrepancy, genu varum, foot
overpronation, hip adductor weakness and myofascial
restricion are at risk for developing ITBFs [64]. MR im-
aging findings consist of thickening of the distal ilioti-
bial band and soft tissue oedema over the femoral epi-
condyle (Fig. 14). According to our experinece (data not
published), a single steroid injection without image guid-
ance in the acute/subacute stage of presenting symp-
toms (less than 4 weeks duration) is beneficial. Rarely, a
malposition of a screw in patients who underwent ante-
rior cruciate ligament (ACL) reconstruction may result
in ITBFs (Fig. 14) [65]. Lateral meniscal tears are com-
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mon source of lateral knee joint pain, primarily seen in
young adults involved in sports [66-68]. Lateral menis-
cal tears, particularly the “bucket-handle” type, are rare
compared to the medial meniscus equivalent [67]. MR
imaging ability to depict lateral meniscus tears is limit-
ed, particularly if a discoid morphology coexists [69]. A
larger meniscal tear extending into the meniscocapsular
junction is more likely to be associated with the occur-
rence of a parameniscal cyst (Fig. 14) [70].

The ALL is widely accepted as a distinct component of
the anterolateral capsule of the knee joint with consist-
ent origin, rather variant distal insertion and a restraint
action to internal rotation of the knee with increasing
degrees of flexion [71]. This may explain the persistent
anterolateral rotational instability in 10-30% of patients
who underwent ACL reconstruction [72]. MR imaging in
the coronal plane is the best means of ALL depiction [16,
73, 74]. Studies reported that MRI shows high detection
rates of ALL, both in the non injured and injured knee,
particularly in combination with ACL tears [75, 76]. Other
studies showed that MRI is not a reliable tool to diagnose
injury in the setting of concurrent ACL rupture [77-79].
According to recent reported studies, clinical correlation
remains essential and thus decision to reconstruct the
ALL should not be based on MR imaging alone [79].

3.6 Lateral osseous space

Trauma: MR imaging in bone bruises shows a diffuse or lo-
calised decreased signal intensity on T1-w and increased
signal intensity on fluid sensitive sequences. This appear-
ance is thought to represent areas of haemorrhage, oede-
ma or infarction secondary to trabecular microfractures
that may all contribute to marrow signal alterations. The
distribution of bone contusion-related BME on MR im-
aging represents a footprint of the mechanism of injury,
and could predict and confirm the presence of capsule
ligamentous injuries [80]. Bone bruise located in the lat-
eral femoral condyle has been already discussed as sug-
gesting previous recent lateral patellar dislocation (Fig.
8). The pivot shift injury results in BME located at the pos-
terior lateral tibial epiphysis and at the mid-portion of
the lateral femoral condyle. The dashboard injury results
in BME located at the anterolateral tibia, whereas a hy-
perextension injury in BME located at a “kissing” pattern
in the anterior femoral condyle and anterior tibial epi-
physis. The clip, which is a contact injury, results in BME
located at the lateral femoral condyle secondary to the
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direct blow. MR imaging shows lateral tibial plateau frac-
tures and stress reactions (Fig. 15 a, b) or Segond frac-
tures, also seen on radiographs and CT (Fig. 15¢) [81, 82].

Tumours: MR imaging has a complementary role to ra-
diographs and CT in the holistic diagnostic approach of
knee joint neoplasias [83].

BME in the knee is a common non specific finding and
has already been discussed in the context of acute or re-
petitive trauma (Fig. 5, 8, 15a, b) [84]. Osteoarthritis is
often associated with subchondral bone marrow lesions,
including BME [85]. Extensive BME without previous trau-
ma has been a matter of debate for many years as mis-
leading terminology including “spontaneous osteonecro-
sis”, “early osteonecrosis”, and “chronic regional pain
syndrome”, has been applied. Currently, the presence of
non-traumatic BME is called transient osteoporosis or even
more accurately aBMEs with a single location or a “mi-
gratory” pattern. Typically, aBMEs is seen in middle-aged
men or elderly women. On fluid sensitive MR images it ap-
pears as an ill-defined high signal intensity lesion in the
bone marrow, extending to the articular surface, with or
without demonstration of a thin subarticular low signal in-
tensity lesion, which is thought to represent microtrabec-
ular insuffiency fracture (Fig. 15d) [30]. Articular collapse
may complicate this entity, related to the low bone miner-
al density as shown with spinal DEXA, increased duration
of symptoms before diagnosis and weight bearing protec-
tion, previous osteoarthritis, female sex and increased age
[30]. Migration of the BME within the joint (Fig. 6, 15e, f),
to the contralateral joint or to the ipsilateral hip or foot
may occur within a period of few months, is seen almost
exclusively in middle aged men and is almost always re-
lated to reduced bone mineral density on spine DEXA [86].

4. Conclusion

ALk represents a complex anatomic area including osse-
ous, fatty, tendinous and ligamentous structures. This area
is vulnerable to injuries and is the location of a broad group
of disorders, afflicting the soft tissues and the osseous struc-
tures. Pathology is highly depended upon the age and sex of
the patients. MR imaging is a powerful tool for accurate di-
agnosis. In certain disorders, correlation with clinical his-
tory and physical examination findings is of paramount im-
portance in order to arrive to a correct diagnosis. R
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