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ABSTRACT

Anterior knee pain is common in the paediatric pop-
ulation due to the nature of the immature skeleton and
the effects of increased physical activity. Particularly in
the growing paediatric knee, there are a wide variety
of pathologies and normal variants which can make ra-
diological assessment challenging. Thus, the underlying
cause of anterior knee pain is important to identify as
it impacts on quality of life. Due to the increased reli-

WO

ance on radiology and technological advancements, we
discover more pathology contributing to anterior knee
pain. Radiological assessment is the mainstay for inves-
tigating causes of knee pain, particularly, plain film, MRI
and ultrasound. The purpose of this article is to review
the anatomy of the normal knee to demonstrate the
structures that are likely to be involved and to illustrate
the causes of anterior knee pain in this population.
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Introduction

This pictorial review aims to disambiguate the paedi-
atric knee and will be presented by pathology according
to the surgical compartment. This will be prefaced with
a brief overview of anatomy and normal variants.

Normal Anatomy of the Knee

The normal paediatric knee consists of the patellofem-
oral and medial and lateral tibiofemoral articulations.
The joint is stabilised by the surrounding ligamentous,
tendinous, muscular structures, bursae and menisci
which absorb shock and axial loading forces. Patholo-
gy can arise at any of these sites with resultant anteri-
or knee pain. Assessment of patella height and patella
translation are demonstrated in Figure 1 which high-
lights measurements used in the assessment of patella
instability.

Congenital

Bipartite patella

Bipartite patella is a normal variant that results from
the failure of fusion of the secondary ossification centre
of the patella with the main ossification centre and most
commonly involves the superolateral pole [1]. Bipartite
patella is an uncommon cause of anterior knee pain in
the paediatric population and it is usually asymptom-
atic [2]. Plain film radiography is sufficient to make a
diagnosis with the presence of a well-corticated bony
fragment usually at the superolateral pole of the patella,
best seen in the frontal radiograph. Although the major-
ity of patients are asymptomatic, knee pain may be the
result of mechanical instability, stress reaction or injury
resulting in disruption of the fibrocartilage between the
accessory bone and the main patella ossification cen-
tre. For patients with anterior knee pain and a bipartite
patella, fluid-sensitive MRI sequences may show bone
marrow oedema within the ossicles, indicating it as the
cause of knee pain (Fig. 2). The differential diagnosis
includes patella fracture, however, in bipartite patella
there is continuous cartilage signal across the synchon-
drosis [1].

Discoid meniscus

Meniscal tears particularly in young athletes con-
tribute to significant morbidity and menisci are there-
fore key structures to review in paediatric knee MRI. A
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discoid lateral meniscus is by far more common than a
discoid medial meniscus with an incidence of 0.4% to
17% [3]. Its characteristic features include a body width
of 15mm or more on coronal images and the classical
‘bow-tie sign’ with continuous meniscus on 3 more sag-
ittal slices [4]. While a discoid meniscus may be an in-
cidental finding, it can often be associated with an in-
sidious onset of pain unrelated to trauma [3] and can
predispose to degeneration and subsequent tearing of
the lateral meniscus. The unstable “Wrisberg variant”
is a discoid lateral meniscus associated with a tear or
deficiency of the posterior meniscocapsular ligaments
with only an attachment with the meniscofemoral liga-
ment of Wrisberg. This can be associated with classical
“snapping knee” if unstable. Discoid menisci can easily
be appreciated on MR, particularly on coronal sequenc-
es. A ratio of the minimal meniscal width to the maximal
tibial width of more than 20% is particularly useful for
diagnosis with a sensitivity of 95% [3]. These criteria are
particularly useful in paediatric populations where ab-
solute meniscal body measurements can be misleading.

Plica syndromes (Suprapatellar plica)

Plicae are a common incidental finding on imaging
and arthroscopy secondary to incomplete resorption
of embryonic septae during normal development [5],
and as such may be evident within the normal paediat-
ric knee, the vast majority of which are asymptomatic.
However, when symptomatic, plica syndromes are an
important consideration in the diagnosis of anterior
knee pain and may result in traumatic injury and im-
pingement and subsequent chondral damage [6].

Trauma: overuse injuries, apophysitis and fractures

Extensor mechanism injury

The extensor mechanism of the knee comprises the
quadriceps muscle, quadriceps tendon, patella and pa-
tellar tendon. In the paediatric population, injuries to
the extensor mechanism are common and usually sec-
ondary to trauma or overuse.

Patellar tendinopathy, as a result of chronic overuse
injury, is often referred to as “jumper’s knee” due to its
association with sports that involve repetitive stress on
the patellofemoral joint such as jumping, running and
changing direction. Patients usually refer with pain
typically felt below the patella-and coincident with any
activity that involves knee extension. On MRI, this man-
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Figure la & 1b: Figure 1a demonstrates the assessment
of patella height using the Insall-Salvati ratio (A/B) which
measures the patella tendon length over the patella length.
An alternative assessment includes the Caton-Deschamps in-
dex (C/D) which measures the distance between the anterior
angle of the tibial plateau to the most inferior aspect of the
articular surface of the patella, over the length of the patel-
lar articular surface. Figure 1b demonstrates tibial tuber-
cle-trochlear groove (TT-TG) distance which is used to assess
patella translation and instability.

Figure 3: Sagittal PD MR of the left knee demonstrates a
well-corticated bone fragment anterior to the tibia as a se-
quelae of Osgood-Schlatter disease (thin arrow) with hyper-
trophy of the tibial tuberosity with irregular cortical margins
and marrow oedema. The patellar tendon appears thickened
at its tibial insertion but remains intact (filled arrow).

ifests as a thickening and oedema-like signal in the prox-
imal third of the patellar tendon with lesions typically
occurring in the deep posterior portion of the proximal
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Figure 2: Proton density fat-suppressed (PDFS) axial MR
image of the left knee demonstrates a bipartite patella-with
acute marrow oedema at the site of the synchondrosis sug-
gestive of marrow stress reaction (arrow). No features of in-
stability are identified.

Figure 4: PD-FS sagittal image confirms Sinding-Larsen
disease showing thickening of the proximal and posterior
part of the patellar tendon with high T2 signal (thin arrow)
and adjacent high T2 signal at the inferior pole of the patella
(filled arrow).

patellar tendon [7]. Increased signal on fluid-sensitive
sequences may also be seen in the inferior patellar pole
and adjacent Hoffa’s fat pad.
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Figure 5a & 5b: Sagittal (Figure 5a) and axial (Figure 5b) PDFS showing a partial tear of the quadriceps mechanism at the

musculotendinous junction, confined to the vastus medialis portion of the tendon.

TE: 37
AC: 2

3. pd_tse_fs_tra_384 v

Figure 6: PD-FS axial MR images of the right knee demon-

strate an osteochondral abnormality of the dorsal patella
with adjacent bone marrow oedema (thin arrow).

Lateral Patellar Dislocation

During lateral patella dislocation, the medial patella
impacts the lateral femoral condyle and usually, there
is a subsequent medial patellofemoral retinaculum inju-
ry, particularly at its femoral condylar insertion. Softer
features include high signals within Hoffa’s fat pad and
loose bodies [8]. Patella alta, trochlear dysplasia and
increased tibial tubercle-trochlear groove distance pre-
dispose children to lateral patellar dislocation [9, 10].
Lateral trochlear tilt is used for assessing the trochlea

Figure 7: Lateral PD-FS sequence demonstrating irregular-

ity at the inferior patellar pole (thin arrow) in keeping with a
sleeve avulsion at the origin of the patellar tendon. The sleeve
avulsion tracks anteriorly with oedema tracking adjacent to
the anterior patella and into the medial aspect of the distal
quadriceps tendon (thick arrow).

and if 1.2 on plain radiographs and >1.5 on MRI indicates
patella alta [8].
Osgood-Schlatter Disease

Another overuse injury involving the extensor mecha-
nism of the knee is Osgood Schlatter Disease, also known
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Figure 8a: Ultrasound of the left knee (Figure 8a) highlights a large joint effusion in the suprapatellar region (filled arrow)
with florid synovial thickening and hyperaemia (thin arrow). Figure 8b & 8c: Axial PD-FS (Figure 8b) and axial T1 FS post-con-
trast (Figure 8c) MR images of the left knee demonstrate a large knee joint effusion (filled arrow) with florid synovial hyper-
trophy which demonstrates post-contrast enhancement (thin arrows) most marked in the suprapatellar and patellofemoral
regions. Increased vascularity is demonstrated surrounding the knee joint postcontrast.

Figure 10a & 10b: Sagittal T1 pre-contrast (Figure 15a)
Figure 9a & 9b: T2 coronal and T1 DIXON post-contrast cor-  and T2* (Figure 15b) images show synovitis with enhance-

onal MR images of the left femur demonstrate extensive bone  ment of the synovial tissue. GRE images (Figure 15b) demon-

marrow oedema involving the left distal femur, knee and prox-  strate low signal within the synovial fronds (filled arrow)

imal tibia (thin arrow). Soft tissue swelling is seen to extend to  and T1 images (15a) show erosions in the central ridge of

involve the anterior compartment of the thigh, most prominently  patellar and trochlear apex (thin arrows).

involving the vastus intermedius. There is evidence of cortical

breach and marked periosteal reaction (unfilled arrows) with a

large knee joint effusion and post-contrast enhancement (filled

arrow). This appearance is consistent with septic arthritis of the

left knee with soft tissue extension and osteomyelitis within the

distal femur.

Figure 11: A 7-year-old male with a history of familial
diaphyseal aclasis presented with restricted movement and
knee pain. Coronal STIR sequences of the knees show multi-
ple osteochondromas of the femurs and tibiae (arrows). No
aggressive features. The peroneal nerve is in close proximity

to the proximal fibular osteochondroma.
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Figure 12a & 12b: Acute lymphocytic leukaemia in a 5-year-old with a 6-month history of left knee pain. The AP radiograph
(Figure 12a) demonstrates a pathological fracture of the left distal femur with cortical destruction and associated osteopenia.
Coronal STIR (Figure 12b) highlights diffusely heterogenous bone marrow signal (thin arrows).

Figure 13 a - e: Lateral radiograph (Figure 13a) of the left knee demonstrates heterogeneity and ectopic calcification poste-
rior to the patellar tendon in Hoffa’s fat pad (filled arrow). T1 weighted sagittal (Figure 13b) MR of the knee in the same patient,
post-contrast T1 fatsat axial (Figure 13c) and sagittal (Figure 13d), and sagittal PD-FS sequences (Figure 13e) show a lobulated
soft tissue mass 4cm (CC) x 4.4cm (T) x 3.6cm (AP) centred in the infrapatellar fat pad with heterogenous enhancement (thin

arrows). In Figure 13c, it infiltrates and extends beyond the medial patellofemoral retinaculum (unfilled arrow).

as tibial tubercle apophyseal injury or apophysitis. Like
patellar tendinopathy, it is a cause of anterior knee
pain in adolescents and is due to repeated traction on
the immature tibial tuberosity [11]. Avulsion fractures
may be seen alongside this, however fragmentation of
the tibial apophysis is a normal variant and special care
must be taken not to overcall these as disease. Usually,
soft tissue swelling on plain radiograph, if present, can
be helpful in supporting the diagnosis. However, clini-
cal history and correlation is important to diagnose this
condition. MRI can be helpful in detecting early disease
and for monitoring progression. MRI can show partial
avulsion of the secondary ossification centre which is
pulled proximally in early disease and completely sep-
arated in later stages (Fig. 3) [12].

Sinding-Larson-Johansson Syndrome

Sinding-Larson-Johansson disease is another common
cause of anterior knee pain in the paediatric population,
particularly in children who have had rapid growth
spurts, most commonly aged 10 to 14 years. It is an os-
teochondrosis of the inferior pole of the patellar and of-
ten bilateral [13]. Incidence is unknown and aetiology
is believed to be related to overuse [14]. It is caused by
traction of the patellar tendon at its insertion on the in-
ferior pole of the patellar and can be differentiated from
patellar tendinopathy by the presence of bone marrow
oedema in the patellar on fluid sensitive MRI sequences
(Fig. 4) [11]. The absence of cartilaginous involvement
on MRI and the non-acute nature of presentation dis-
tinguishes this from patellar sleeve avulsion which can
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Figure 14a & 14b: Sagittal PD (Figure 14a) and PD-FS
(Figure 14b) MR images of the right knee highlight extensive
marrow oedema through the lateral femoral condyle with

a non-displaced subchondral fracture likely representing
osteonecrosis (thin arrows). There are multiple serpiginous
medullary lesions within the proximal patellar pole and femo-
ral shaft consistent with medullary infarcts (unfilled arrows).

have a similar radiographic appearance [13].

Quadriceps tendinopathy and rupture

Quadriceps tendinopathy is much less common than
patellar tendinopathy due to greater tensile strength,
mechanical advantage and better blood supply to the ten-
don [15]. In the paediatric age group, it is an uncommon
cause of anterior knee pain. When present, it can mani-
fest as pain at the proximal pole of the patella and can be
encountered with activities that involve jumping, climb-
ing, kicking or running. The most common site of injury
is at the distal attachment of the quadriceps tendon on
the patella (Fig. 5a) [11]. MRI offers the best definition
of the quadriceps tendon and its layers due to its supe-
rior soft tissue contrast resolution and fluid sensitive se-
quences can show tendon signal changes at the insertion
site or oedema within the distal attachment (Fig. 5b).

Fractures

Salter-Harris Fractures

Trauma in the paediatric population is variable and
can result in different patterns of injury, with Salt-
er-Harris fractures encompassing the fracture patterns
affecting the growth plates. Salter-Harris Type II frac-
tures represent the most common distal femoral phy-
seal fracture. Assessment of fracture extension to the
physis is particularly important, due to the potential
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Figure 15: Coronal image of the right knee demonstrates
an osteochondral fracture of the posteromedial femoral con-
dyle with adjacent bone marrow oedema (thin arrow) and a
loose body in the patellofemoral joint space (unfilled arrow).
There is associated contrecoup injury to the medial tibial
epiphysis with bone contusion and trabecular disruption

(filled arrow)

implications on further growth and bone development
and risk of entrapment of structures [16,17]. Salter-Har-
ris fractures of the proximal tibia are uncommon due
to the epiphysis being protected by the collateral liga-
ments which insert distal to the metaphysis [18]. Thus,
Salter-Harris fractures of the proximal tibia are usually
the result of significant trauma [19].

Stress fractures

The patella is the largest sesamoid bone in the body
and, although it does not contribute to the weight bear-
ing mechanism, stress fractures can develop with activ-
ities that involve repetitive high tensile forces, twisting
and bending and can occur in children with a predispo-
sition to fractures (Fig. 6). Such fractures can be easily
misdiagnosed and where they usually heal well, a de-
layed union may develop, or fragments can separate ne-
cessitating operative management [20]. The diagnosis
should be suspected after excluding other pathology.
On imaging, plain radiographs may be normal although
serial radiographs may show the presence of a longitu-
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dinal or transverse fracture.

Patellar sleeve avulsion fracture

These occur due to quadriceps muscle contraction
usually from jumping [21]. On plain film, fragments of
bone may be seen superior or inferior to the patella,
but this may not always be seen as, rather than a bone
avulsion, it is the periosteum of the patella which is de-
tached (Fig. 7) [22]. MRI more accurately can identify
this type of injury and can show the separation of the
patellar ligament [21,23].

Inflammatory

Juvenile idiopathic arthritis (JIA)

JIA represents one of the most common paediatric
arthritis presenting with persistent joint symptoms for
more than 6 weeks. The most frequent symptoms of a hot
painful joint may be easily mistaken for a variety of pa-
thologies and therefore MR is the mainstay imaging, not
only for diagnosis but monitoring disease progression
and treatment response. Imaging findings of joint effu-
sion, synovial proliferation, and the formation of pannus
are often visualised (Fig. 8) with the knee being the most
typically affected joint with specific features of patellar
tendon enthesitis, infrapatellar fat pad enhancement and
flexion contracture in longstanding disease [6,24].

Infrapatellar bursitis

Mechanical overuse and the repetitive placement of
excessive compressive strain on the extensor mechanism
structures may result in bursitis, particularly seen in
young athletes. Little or no prepatellar fluid is usually seen
in the normal paediatric knee joint and thus the accumu-
lation of fluid, synovitis and bursal thickening should alert
the radiologist [6]. Features may be particularly dramatic
in chronic cases with a mass-like structure extending be-
yond the patellar margins. However, the findings may be
difficult to distinguish from infection [25,26].

Infectious

Septic Arthritis

Septic arthritis requires prompt clinical diagnosis
with confirmation through fluid aspiration and culture.
It usually relates to haematogenous spread, local exten-
sion from soft tissues or osseous infection, or secondary
to penetrating injury and reaction secondary to foreign
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bodies, especially in the paediatric population [6]. On
MR, low T1 signal in the subchondral bone is noted, with
corresponding high T2 signal indicative of subchondral
oedema; pericapsular oedema can also be seen (Fig. 9a).
Post contrast, T1 shows synovial enhancement second-
ary to synovitis and pericapsular enhancement (Fig. 9b).

Benign Neoplasms

Many benign tumours are seen within the paediatric
knee including non-ossifying fibromas which predom-
inate as benign bone lesions [27], however, only a few
can cause anterior knee pain.

Most of the anterior knee is lined with synovium,
therefore the neoplasm that most commonly causes
anterior knee pain in the paediatric population is teno-
synovial giant cell tumour, which affects the synovium
and tendon sheaths [28]. Initially, it presents as swelling,
and as it expands, joint pain and restricted movement
follow [29]. This condition can be evaluated with a plain
film which can show a soft tissue mass, joint effusion,
or in advanced stages, bone erosion [30]. MRI remains
the gold standard for evaluation of this tumour. MRI
features include proliferation of the synovium, joint
effusion and haemosiderin deposition [31]. The tumour
displays low signal on T1 and T2 weighted sequences
and variable enhancement (Fig. 10) [30]. Gradient echo
is diagnostic as it shows a blooming artefact which is
secondary to haemosiderin deposition by the tumour
and is a classic feature.

Osteochondromas, being the commonest benign tu-
mour overall representing 20-50% of all benign bone
tumors, can also cause knee pain [32]. They can be in
multiple, suggesting the syndrome hereditary multiple
exostoses. The complications of osteochondromas in-
clude fractures, compression of local structures, bursi-
tis or malignant transformation [33]. Plain film remains
ideal for diagnosing the presence of an osteochondro-
ma. However, MRI provides the highest yield in identi-
fying complications associated with osteochondromas,
and delineation of the cartilage cap, oedema, and in-
volvement of local structures (Fig. 11) [33].

Malignant neoplasms

Osteosarcoma, Ewing sarcoma, and rhabdomyosar-
coma are the most common malignant musculoskeletal
tumours in the paediatric population [34].
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Osteosarcoma presents commonly with pain and swell-
ing [35] and 50% occur around the knee. Radiographs
can identify permeative pattern of destruction and peri-
osteal reaction whilst MR can depict skip lesions, soft
tissue extent and if in close proximity to neurovascular
structures [36]. Ewing’s sarcoma can also present with
pain but is more highly susceptible to metastasis [37].
Rhabdomyosarcoma is the most common soft tissue sar-
coma in children (38). It usually demonstrates iso to hy-
perintense on T1 due to haemorrhage and necrosis and
heterogeneous enhancement post-contrast [39].

Other malignancies causing pain, most often affecting
the knee joint include leukaemias, particularly acute lym-
phocytic leukaemia [40]. Its clinical presentation is usual-
ly with fever, pallor and bone pain [41]. Furthermore, a
pathological fracture may even be the initial presentation
of leukaemias radiologically (Fig. 12a) [42]. Features of
bone infiltration are usually seen on plain film and MRI.
On plain film, this may appear as cortical irregularity,
permeative bone destruction and pathological fracture.
MRI more accurately demonstrates the infiltrative bone
spread with homogenous low T1 signal with no normal
fatty marrow, and a soft tissue mass (Fig. 12b) [43].

Synovial sarcomas usually present as a slow-growing
peri-articular or intra-articular mass which may even-
tually cause pain or joint contractures [44]. Frequently,
they affect joints of the lower limbs including the knee
joint [44,45]. Although MRI pre and post-contrast re-
mains the main imaging modality for diagnosis, plain
film is beneficial in initially identifying calcification or
bony remodelling (Fig. 13a-e).

Vascular

Avascular necrosis and osteonecrosis in sickle cell dis-
ease

Avascular necrosis occurs when there is an interrup-
tion of the blood supply to the subchondral bone and
tends to affect the epiphyses of long bones including
those around the knee [46]. Bone infarction refers to
diaphyseal or metaphysical osteonecrosis. Haemoglo-
binopathies such as sickle cell disease and thalassemia
are some of the conditions which may cause osteone-
crosis. Bone marrow changes, which are best seen on
MR, include a well-demarcated lesion on T1 which is
hypointense (Fig. 14a) and a serpiginous double line
sign on T2 which is described as an inner high T2 sig-
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nal line delineating granulation tissue and a low signal
outer line T2 (Fig. 14b) This line has been edited. This is
considered as pathognomonic [47]. Rim enhancement is
seen post-contrast.

Miscellaneous

Osteochondritis dissecans

Osteochondritis dissecans often presents insidiously
with a history of joint locking secondary to intra-articu-
lar loose bodies and knee pain on mobilisation. Its aetiol-
ogy in the paediatric population is thought to be due to
repetitive injury or trauma, subsequent osteochondral
fracture and subchondral avascular necrosis with the
formation of osteochondral defects and loose fragments
leading to instability (Fig. 15) [21]. Osteochondritis dis-
secans are usually present around the ages of 12 to 13
years and are often asymmetrical. A history of trauma is
found in more than 50% of cases [48]. As children have a
greater propensity to heal, a better prognosis is seen in
paediatric patients in comparison to adults [49]. How-
ever, awareness of the variants of normal ossification is
imperative to prevent misdiagnosis as osteochondritis
dissecans.

Conclusion

There is a wide variety of causes of anterior knee pain,
which ranges from normal variants of ossification, over-
use overuse-related injuries, to benign and malignant
conditions. Referred pain from hip joint pathology and
lumbar pain should importantly be taken into account
when assessing a child with anterior knee pain. Imag-
ing remains crucial in the diagnosis and deciphering of
the cause to ensure accurate diagnosis and management
of these processes in the paediatric population. Radio-
graphs are usually the initial imaging approach in the
diagnostic algorithm. However, many of the pathological
processes need further investigation with ultrasound or
MRI which yield better depiction of the structures and
compartments involved. Radiologists should be particu-
larly aware of the differential diagnosis, and along with
the clinical history, aid in the selection of the best modal-
ity of choice to arrive at the correct diagnosis. R
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