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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 injuri

Injury rate and severity increases with age
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Injuries on the rise

Starting younger
Training at higher intensity
Specializing at one sport too early
Yearround participation prevents cross training
More overuse patterns(1/2 of all injuries)
Pressure to perform
. Pro scouts targeting younger kids, scholarships etc.
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Impact: kidsvs adults
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. Less coordination and fine motor skills
Lower BMD

Periods of rapid bone growth
- Muscle length discrepancy
Growth plates are relative zones of weakness
- Overuse injuriesphyses apophysitis avulsion fractures
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Imaging Technigque

3-4mm thickness
Sequences:

AX T2 FS CorPDFS

Sag T2FS
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Imaging Technigque:Field of view

Child: Preteen: Adolescent:

A4 A4 A4
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Pitfall: Hematopoietic marrow

A Metaphyseal regions

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




Pitfall: Epiphyseal vascular channels in young child
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A Radiating
A Spokelike
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Outline:

Ligamentous Injury
Meniscal injury
Osteochondral
Patellar dislocation
Extensor mechanism
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Anterior Cruciate Ligament

Skeletally immature sl
MRI accuracy lower compared to adolescents . \|R| Primary Signs:

Parti:al tears more common . _ __ _ | _ . Discontinuityzfibers ortibial spine
4 AT A Ol 1 TE OOEEI o II Ol Addrel course

Difficult to distinguish high grade vs complete Abnormal signal

Secondary Signs:
Increased angle
Vertical PCL
Anterior tibial translation
Uncovered PHLM
Kissing contusions




9 yo girl with soccer injury
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— - Similar to adult ACL mechanisrfurced flexion & internal rotation,decel, hyperext

Anterior tibial spine most common beforephysealclosure
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Meyers &McKeever

Type |: nonrdisplaced

Type II: hinged, possible meniscal Potential anterior hornmeniscal

or intrameniscallig entrapment -

entrapment 2604
Type lll: displaced and usually i
rotated 65%

Gait.aidi.udel.edu
Kocher et al 2003 AndSportsMed
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Kissing contusions & Intact ACL

Peds 28% have intact ACL
with bone bruise pattern

Adults: 100% have torn ACL
when bone bruises present
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- ACL: Associ

ated Injury

- Tibialspine avulsion

- Segondfracture

- Arcuatefracture

- Subchondralimpaction LFC
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Teen girl after awkward landing in gymnastics

PCL avulsion

Femoral attachment reported as more common thatbial
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MCL avulsion: 14 year old hockey player
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LCL avulsion
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Outline:

Ligamentous Injury
Meniscal injury
Osteochondral
Patellar dislocation
Extensor mechanism
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Meniscalinjury

Infrequent in younger children
Discoid morphology

Accounts for most injuries <10yr
Suspect DLM with isolated lateraheniscalinjury
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 &
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Coronal:
> 1315mm
2mm greater than MM
Ratio meniscus to tibia >=20%

More than 50% compartment
width

Silverman Radiology 1989
SamotoMRI 2002
Shiehet al. Am J Sports Med 2013
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Miffuse high S| extending to surface
%0-80% tear

Alinear high Sl extending to surface
A-100% tear

DeSmetAJR 2012

Torn with posteriorly displaced fragment
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Pitfall: Peripheralvascularity

Peripheral location
No extension tomeniscalsurface

Meniscus fullywascularizedat
birth but regresses over time to
peripheral third




Types of Meniscus Tears

Parrot beak tear Radial Tear

Flap Tear Horizontal Tear Bucket Handle Tear

https://kah.au/meniscugearsknee



Meniscal extrusion

Superior (top) view of the right knee

Posterior (back of knee)

Posterior cruciate

Fibul ligamen ;
l 'f:_a |ga. St , Articular surface

/" of tibia

Lateral collateral

ligament »— Medial collateral

ligament
Lateral meniscus —
) Medial meniscus
Redzone ~
Whitezone ~

Anterior cruciate
ligament

X Tibia

Anterior (front of knee)

https://www.osmifw.com/orthopedic-diseasesdisorders/kneeinjuriesdisorders/kneeanatomy/
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Outline:

Ligamentous Injury
Meniscal injury
Osteochondral
Patellar dislocation
Extensor mechanism
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OsteochondritisDessicangOCD)

Acquired lesion ofsubchondralbone + articular cartilage

Etiologies:repetitive trauma, inflammation, ischemia

Repeat Ioading» stressmicrofracture » subchondralbone necrosis
Loss of support for the overlying cartilage

Juvenile form carries better prognosis for healing
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OCD

Classic location:
lateral aspect of MFC

Other sites:
LFC
Femoraltrochlea
patella
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OCD: MRI Instabllity Criteria
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OCD: MRI Instabllity Criteria

L

Juvenile

Defect
Cartilage breech
Subchondralbone plate disruption

Adult

Defect
Cartilage breech
Subchondralbone plate disruption

Cysts: multiple or >5mnalia

High T2 signal rim = fluid intensity -

Cyst present
High T2 signal rim

- 4 sendspec when T2 sig rim had:
Fluid intensity

Multiple breaks insubchondral
bone plate

20d outer rim of LOW T2 intensity

Kijowskiet al. Radiology 2008
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Unstable OCD
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ASubchondralbone plate disruption
Adyaline cartilage fissuring

Aluid signal at interface
Aark outer rim



U/
e

Unstable: displaced fragment

9 year old soccer player

Wt I




Stable OCD

Small single cyst
Minimal marrow edema
Intact bone & cartilage
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~ TrochlearOCD: unstable

12 year old athlete

Multiple cysts g' it :', .

Fluid signal interface & dark rim

Cartilage disruption



Stable OCD
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Pitfall: Normal Irregular Ossification

Due toenchondralossification
Multiple small foci will merge

Frequently bilateral

Not always symmetrical
Posterior femoralcondyle
Tends to be smaller
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No bone marrow edema
Intact overlying cartilage
Thick cartilage
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Outline:

Ligamentous Injury
Meniscal injury
Osteochondral
Patellar dislocation
Extensor mechanism
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Transient patellar dislocation

Most common 1318yo
Mechanism: MRI findings:

Internal rotn with twisting force w flexed knee
Direct force

Joint effusion
- Osseous contusions
Often not suspected at initial presentation . Osteochondralfractures

Lateral - Medial stabilizer injury

Predisposition:
Genuvalgum
Shallow, dysplastic femoratrochlea
Ligamentouslaxity

Dysplastic trochlea

Normal
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Med patella edema: 61% LFC edema: 80%

Elias et al. Rad 2002
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TPD: impaction injury

14yo girl

- 44% concave impaction of
medial patella

High specificity:
Concavenferomedial patellar border

Elias et al. Rad 2002
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TPD: avulsion Injury (e

Skyline view abnormal in 54%

Black et al. CARJ 2002



318VL-X
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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
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TPD: MPFL Iinjurgseen in 50%

L 76% medialetinacularinjury at
) patellar insertion
\( ~ - 48% multiple sites of medial
stabilizer injury
- Edema/ hemorrhage inferior
VMO
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Elias et al. Rad 2002
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TPD: MPFL Injurys normal




MPFL injury

VMO edema in 56%

Seeley et al. PedOrthop. 2012
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Pitfall: Dorsal defect of the patella

- Variant of normal ossification

- <1% population

- Superolateralpatella

- Overlying cartilage usually intact
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~—Pitfall: Bipartite patella

X

Unfused secondary ossification center (2% population)
Superolateral(75%)

Painful with motion acrosssynchondrosis

MRI: BME aroundynchondrosis

Most have intact overlying cartilage (unless trauma)
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Outline:

Ligamentous Injury
Meniscal injury
Osteochondral
Patellar dislocation
Extensor mechanism
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udden pain after jump in basketball
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Periosteal sleeve avulsion #

Small fragment of bone with large portion ofinossifiedbone
Increasing frequency in young athletes (82yo)
- Forceful quads contraction on flexed knee

Plain film mayunderestimatedegree of injury
High riding patella
hemarthrosis

MRI better evaluation of smalbsteochondralfracture

Complications:
- Patellaalta
- Significant patellar enlargement or duplication
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Periosteal sleeve avulsion #




- OsgoodSchlatter Syndrome
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OsgoodSchlatter Syndrome

Tractionapophysitisof the tibial
tubercle

Age 1015 years

More common in boys
Up to 50% bilateral
Jumping sports

- Basketball, gymnastics, football, soccer, ballet
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OsgooaSchlatter Syndrome
Diagnosis?
- Almost always clinical
- Pain reproduced by resisted knee extension
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Contrat with Normal
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MRI

Exclude other pathology
- Infection, malignancy

Patients unresponsive to standartk
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1/3 develop amssiclein patellar tendon

Tubercle fragmentation = more likely to have residual
prominence
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Pitfall: Normal variant

No soft tissue swelling
No tenderness

2° ossification center Is
NOT displaced
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- SindingLarsenJohansson

14yo basketball player
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~ SindingLarsenJohansson

3 years later
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OsgoodSchlatteh * Ol DA 08 O -LarseAlBhansik |

may represent spectrum of
same process

Occurs in same population
Same treatment

Difference may be more
historical than clinical



