
Jennifer Stimec, MD
Pediatric MSK Radiologist

MSK Section Head, Hospital for Sick Children

Assistant Prof, University of Toronto



Objectives

·Describe common sports knee injury patterns unique to the 
pediatric population

·Recognize important pitfalls in pediatric knee imaging



Statistics

·30 million children participate in sports in US

·2 million injuries/ yr by high school athletes

·Knee injuries account for up to 60% of injuries

· Injury rate and severity increases with age



Injuries on the rise
·Starting younger

·Training at higher intensity

·Specializing at one sport too early

·Year-round participation prevents cross training

·More overuse patterns (1/2 of all injuries)

·Pressure to perform

·Pro scouts targeting younger kids, scholarships etc.



Impact: kids vsadults

·+ÉÄÓ ÁÒÅ ÓÔÉÌÌ ÇÒÏ×ÉÎÇȣȢÉÎÃÒÅÁÓÅÄ ÓÕÓÃÅÐÔÉÂÉÌÉÔÙ ÔÏ ÉÎÊÕÒÙ

· Less coordination and fine motor skills

·Lower BMD

·Periods of rapid bone growth

·Muscle length discrepancy

·Growth plates are relative zones of weakness

·Overuse injuries: physes, apophysitis, avulsion fractures



Imaging Technique
·3-4mm thickness
·Sequences:

Sag T2FS Sag PD Ax T2 FS Cor PDFS



Imaging Technique:  Field of view

·Child: 

10cm

7cm

11cm

8cm

16cm

12cm

·Pre-teen: ·Adolescent: 

Sag PD



Pitfall: Hematopoietic marrow

Å Metaphyseal regions
Å May simulate malignancy, contusion
Å Should NEVER be darker than muscle signal on T1
Å Red marrow will enhance and be bright on T2



Pitfall: Epiphyseal vascular channels in young child

Å Radiating
Å Spoke-like



Outline:

·Ligamentous injury

·Meniscal injury

·Osteochondral

·Patellar dislocation

·Extensor mechanism



Anterior Cruciate Ligament

· Skeletally immature
· MRI accuracy lower  compared to adolescents

· Partial tears more common

· 4ÅÎÄ ÔÏ ÌÏÏË ȰÔÈÉÎȱ ÎÏÒÍÁÌÌÙ

· Difficult to distinguish high grade vs complete

·MRI Primary Signs:
· Discontinuity ɀfibers or tibial spine

· Altered course

· Abnormal signal

· Secondary Signs:
· Increased angle

· Vertical PCL

· Anterior tibial translation

· Uncovered PHLM

· Kissing contusions



9 yo girl with soccer injury



·Similar to adult ACL mechanism: forced flexion & internal rotation, decel, hyperext

·Anterior tibial spine most common before physeal closure



·Meyers & McKeever:
·Type I: non-displaced

·Type II: hinged, possible meniscal 
entrapment

·Type III: displaced and usually 
rotated

Gait.aidi.udel.edu
Kocher et al 2003 Am JSports Med

Potential anterior horn meniscal, 
or intrameniscal lig entrapment -
26%

65%



Kissing contusions & Intact ACL

·Peds: 28% have intact ACL 
with bone bruise pattern

·Adults: 100% have torn ACL 
when bone bruises present



ACL: Associated Injury

·Tibial spine avulsion

·Segond fracture

·Arcuate fracture

·Subchondral impaction LFC



PCL avulsion

Femoral attachment reported as more common than tibial

Teen girl after awkward landing in gymnastics



MCL avulsion: 14 year old hockey player



LCL avulsion



Outline:

·Ligamentous injury

·Meniscal injury

·Osteochondral

·Patellar dislocation

·Extensor mechanism



Meniscal injury

· Infrequent in younger children 

· Discoid morphology
· Accounts for most injuries <10yr

· Suspect DLM with isolated lateral meniscal injury

· Once skeletally mature
· Similar to adult pattern injury

· Higher association with ligament tears

·Diagnostic criteria:
· Sagittal:  continuity of ant and 

post horns on 3+ images (4-5 
ÍÍ ÔÈÉÃËɊ ȰÂÏ×-ÔÉÅȱ ÓÉÇÎ

· Coronal:  

· > 13 -15mm

· 2mm greater than MM

· Ratio meniscus to tibia >=20%

· More than 50% compartment 
width

Silverman Radiology 1989
Samoto MRI 2002
Shieh et al. Am J Sports Med 2013



DLM: ΩÙÒ ÂÏÙ ×ÉÔÈ ȰÃÌÕÎËÉÎÇȱ

Torn with posteriorly displaced fragment

ÅDiffuse high SI extending to surface

Å60-80% tear
ÅLinear high SI extending to surface

Å~100% tear

De Smet AJR 2012



Pitfall:  Peripheral vascularity

·Peripheral location

·No extension to meniscal surface

·Meniscus fully vascularized at 
birth but regresses over time to 
peripheral third



https://kah.au/meniscus-tears-knee



https://www.osmifw.com/orthopedic-diseases-disorders/knee-injuries-disorders/knee-anatomy/

Meniscal extrusion

Root tear



Outline:

·Ligamentous injury

·Meniscal injury

·Osteochondral

·Patellar dislocation

·Extensor mechanism



Osteochondritis Dessicans (OCD)

·Acquired lesion of subchondral bone +- articular cartilage

·Etiologies: repetitive trauma, inflammation, ischemia

· Repeat loading            stress microfracture             subchondral bone necrosis

· Loss of support for the overlying cartilage

· Juvenile form carries better prognosis for healing



OCD

·Classic location: 
· lateral aspect of MFC

·Other sites: 
· LFC

· Femoral trochlea

· patella



OCD:  MRI Instability Criteria



OCD:  MRI Instability Criteria
Juvenile Adult

·Defect

·Cartilage breech

·Subchondral bone plate disruption

·Cysts: multiple or >5mm dia

·High T2 signal rim = fluid intensity

·      sens/spec when T2 sig rim had:

· Fluid intensity

· Multiple breaks in subchondral 
bone plate

· 2nd outer rim of LOW T2 intensity

·Defect

·Cartilage breech

·Subchondral bone plate disruption

·Cyst present

·High T2 signal rim

Kijowski et al. Radiology 2008



Unstable OCD

ÅSubchondral bone plate disruption
ÅHyaline cartilage fissuring

ÅFluid signal at interface
ÅDark outer rim



Unstable: displaced fragment
9 year old soccer player



Stable OCD

· Small single cyst

·Minimal marrow edema

· Intact bone & cartilage



Trochlear OCD: unstable

Multiple cysts
Fluid signal interface & dark rim

Cartilage disruption

12 year old athlete



Stable OCD



Pitfall: Normal Irregular Ossification

·Due to enchondral ossification
· Multiple small foci will merge

·Frequently bilateral 

·Not always symmetrical

·Posterior femoral condyle

·Tends to be smaller



Pitfall: Normal Irregular Ossification
·No bone marrow edema

· Intact overlying cartilage

·Thick cartilage



Outline:

·Ligamentous injury

·Meniscal injury

·Osteochondral

·Patellar dislocation

·Extensor mechanism



Transient patellar dislocation

·Most common 13-18 yo

·Mechanism:
· Internal rotn with twisting force w flexed knee

· Direct force

· Often not suspected at initial presentation

· Lateral

· Predisposition:
· Genu valgum

· Shallow, dysplastic femoral trochlea

· Ligamentous laxity

·MRI findings:
· Joint effusion

· Osseous contusions

· Osteochondral fractures

· Medial stabilizer injury

Dysplastic trochlea Normal



TPD: kissing contusions

Elias et al. Rad 2002

Med patella edema: 61% LFC edema: 80%



TPD: impaction injury

·44% concave impaction of 
medial patella

Elias et al. Rad 2002

14 yo girl 

High specificity:
Concave inferomedial patellar border



TPD: avulsion injury

Skyline view  abnormal in 54%

Black et al. CARJ 2002



&ÅÌÔ ËÎÅÅ ȰÇÉÖÅ ×ÁÙȱ ×ÈÉÌÅ ÐÌÁÙÉÎÇ ÓÏÃÃÅÒ





TPD: LFC chondral injury

·Joint effusion

·OC injury or contusion anterolateral 
femoral condyle + medial patella



TPD: patellar chondral injury

·70% had OC injury 
medial patella



TPD: MPFL injury ɀseen in 50%

·76% medial retinacular injury at 
patellar insertion

·48% multiple sites of medial 
stabilizer injury

·Edema/ hemorrhage inferior 
VMO

Elias et al. Rad 2002



TPD: MPFL injury vs normal



MPFL injury

· VMO edema in 56%

Seeley et al. J Ped Orthop. 2012



Pitfall: Dorsal defect of the patella

·Variant of normal ossification

·<1% population

·Superolateral patella

·Overlying cartilage usually intact



Pitfall: Bipartite patella

·Unfused secondary ossification center (2% population)

·Superolateral (75%)

·Painful with motion across synchondrosis

·MRI: BME around synchondrosis

·Most have intact overlying cartilage (unless trauma)



Outline:

·Ligamentous injury

·Meniscal injury

·Osteochondral

·Patellar dislocation

·Extensor mechanism



Sudden pain after jump in basketball



Periosteal sleeve avulsion #
·Small fragment of bone with large portion of unossified bone

·Increasing frequency in young athletes (8-12 yo)

·Forceful quads contraction on flexed knee

·Plain film may underestimate degree of injury
· High riding patella

· hemarthrosis

·MRI better evaluation of small osteochondral fracture

·Complications:

·Patella alta

·Significant patellar enlargement or duplication



Periosteal sleeve avulsion #



Osgood-Schlatter Syndrome
15 year old boy, plays basketball with anterior knee pain



Osgood-Schlatter Syndrome

·Traction apophysitis of the tibial 
tubercle

·Age 10 -15 years

·More common in boys

·Up to 50% bilateral

·Jumping sports
·Basketball, gymnastics, football, soccer, ballet



Osgood-Schlatter Syndrome
·Diagnosis?

·Almost always clinical

·Pain reproduced by resisted knee extension



Contrast with Normal 

¾ Plain film

·Fragmentary tuberosity

·ST thickening

·)ÎÃÒÅÁÓÅÄ (ÏÆÆÁȭÓ ÆÁÔ ÐÁÄ 
density

·Obscured visibility of 
patellar tendon



MRI

·Exclude other pathology

·Infection, malignancy

·Patients unresponsive to standard tx



12 yo boy Τ ÙÅÁÒÓ ÌÁÔÅÒȣ

·1/3 develop an ossicle in patellar tendon

·Tubercle fragmentation = more likely to have residual 
prominence



Pitfall: Normal variant

·No soft tissue swelling

·No tenderness

·2o ossification center is 
NOT displaced



Sinding-Larsen-Johansson 
14 yo basketball player



Sinding-Larsen-Johansson
3 years later



Osgood-Schlatterȟ *ÕÍÐÅÒȭÓ ËÎÅÅȟ 3ÉÎÄÉÎÇ-Larsen-Johansson 

·may represent spectrum of 
same process

·Occurs in same population
·Same treatment
·Difference may be more 

historical than clinical


