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19.1 Epiphyseal and Osteochondral 
Injuries 

19.1.1 Osteochondritis Dissecans 

 
Osteochondritis dissecans (OCD) was first described in 1888 

by Franz Konig [1] as a cause of loose bodies within the joint. 

Historically, juvenile and adult-onset OCD were felt to 

represent the same process but with a better prognosis in 

skeletally immature patients. While the pathogenesis and 

natural history of juvenile OCD (JOCD) remain uncertain, 

most agree that it is acquired likely due to repetitive trauma 

and that it is distinct from osteochondral lesions seen in 

adults. The term JOCD should be reserved for patients with 

open physes, typically between the ages of 10 and 15 years. 

Surgical versus conservative management remains contro- 

versial due to the ambiguity around etiology and prognosis. 

Juvenile OCD of the lower extremity is most frequently 

encountered in the femoral condyles and the talar dome. 

Several reports including those from the multi-institutional 

Research in Osteochondritis dissecans of the Knee (ROCK) 

Group [2] suggest that the lesion originates within the unos- 
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sified epiphyseal cartilage with subsequent involvement of 

the subchondral bone and potentially the articular cartilage 

[3]. Radiographic findings may include subchondral lucency, 

marginal sclerosis, and osteochondral bony sequestrum 

partially or fully separated from the parent bone (Fig. 19.1a). 

Numerous MR imaging classifications, most notably the 

De Smet classification [4], exist with the aim of assessing 

stability of the OCD. These have primarily focused on breach 

of the articular cartilage and fluid insinuating between the 

parent bone and the bony progeny as signs of instability. 

More recently, high-resolution MR with detailed description 

of the lesion is being used to assess healing and prognosis. 

The chondral “fragment” is better termed the progeny of the 

parent bone, and ossification of the progeny is a sign of 

healing. Fluid signal intensity sandwiched between the 

parent bone and unossified epiphyseal cartilage, linear 

vertical low signal intensity in the overlying articular 

cartilage, and full-thickness defects are poor prognostic signs 

(Fig. 19.1b). 

Normal developmental ossification of the femoral 

condyles may be confused with OCD, though it is typically 

seen in children. Radiographically the femoral condylar 

ossification centers may appear irregular, fragmented, and 

spiculated. MR imaging features of developmental 

ossification rather than OCD include location in the posterior 

condyle as opposed to the intercondylar notch, accessory 

ossification centers, a large amount of residual epiphyseal 

cartilage, and lack of bone marrow edema [5] (Fig. 19.2). 

Additionally, disruption of the trilaminar secondary 

ossification center (SOC) physis overlying chondral 

abnormality, best seen on fat-suppressed fluid-sensitive 

sequences, is indicative of JOCD 

[6] (Figs. 19.1 and 19.2). This finding is most helpful in 

young children with substantial residual epiphyseal cartilage. 

In children less than 6 years of age, physiologic T2 hyper- 

intensity will be seen in the posterior epiphyseal cartilage of 

both medial and lateral femoral condyles, likely related to 

advancing ossification within the cartilaginous epiphysis. 
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To recognize unique injuries of the pediatric mus- 

culoskeleton commonly associated with athletic 

activity. 

To differentiate these pathologic entities from imag- 

ing features associated with normal growth and 

development. 
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Fig. 19.1 (a, b) Osteochondritis dissecans in a 10-year-old male soc- 

cer player with knee pain. The frontal radiograph (a) shows subchon- 

dral lucent lesion with marginal sclerosis involving the weight-bearing, 

intercondylar notch region of the medial femoral condyle (white arrow). 

The sagittal T2-weighted image with fat suppression (b) shows 

increased signal in the overlying epiphyseal cartilage, disruption of the 

overlying secondary physis (white dashed arrow), and subchondral 

marrow edema. Hyperintense T2 signal at the bone-cartilage interface 

(black arrow) and subchondral fibrovascular foci are further signs of 

JOCD and likely indicate poorer prognosis 

 
 

 
 

Fig. 19.2 (a, b) Normal developmental ossification in a 12-year-old 

baseball player with anterior knee pain after sliding into base. The fron- 

tal radiograph (a) and sagittal T2-weighted image with fat suppression 

(b) show osteochondral irregularity in the non-weight-bearing, poste- 

rior aspects of the medial and lateral femoral condyles. The MR fea- 

tures which favor developmental ossification rather than JOCD include 

posterior location, intact overlying secondary physis (arrow), and mini- 

mal subchondral marrow edema 

 b 
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Fig. 19.3 Normal MR signal variation in a 7-year-old boy. Sagittal T2-

weighted image with fat suppression shows the normal trilaminar 

primary and secondary (SOC) physes. Low signal intensity in the 

weight-bearing epiphyseal cartilage is thought to be due to desiccation 

of free water, while higher signal in the posterior cartilage relates to the 

metabolically active ossification front. The image also shows the nor- 

mal hyperintense metaphyseal stripe reflecting vascular tissue between 

the periosteum and subchondral bone. Axially, this structure is circum- 

ferential and has the appearance of a metaphyseal ring or collar (not 

shown) 

 

 

In these young children, low signal intensity is normally seen 

in the inferior aspect of the cartilaginous epiphysis, 

presumably due to weight-bearing [7]. This normal 

maturation process should not be confused with 

osteochondral injury (Fig. 19.3). Additionally, physiologic 

focal increased fluid signal intensity in the epiphyseal 

cartilage is common just prior to ossification and has been 

termed the “pre-ossifi cation center” [8]. Misinterpretation of 

developmental variants as OCD may, in part, account for the 

higher rate of spontaneous resolution of juvenile OCD 

compared to the adult form. 

 

19.1.2 Acute Osteochondral Fractures 

 
Acute traumatic chondral injuries are significantly more 

common than meniscal and anterior cruciate ligament 

injuries in the immature knee. In patients with open physes, 

femoral condylar injuries are more common than patellar and 

femoral trochlea [9]. Low-grade chondral injuries can be 

subtle with chondral thickening and abnormal signal 

intensity. MR has a higher sensitivity for the detection of 

more severe lesions with full-thickness chondral or 

osteochondral fracture. Subchondral bone marrow edema, 

best seen on fat- suppressed fluid-sensitive sequences, should 

alert the radiologist to scrutinize the overlying articular 

cartilage for associated injury (Fig. 19.4). The images should 

be scrutinized for free intra-articular fragments. In contrast 

to OCD, these acute injuries always involve the articular 

cartilage with or without extension to the epiphyseal 

cartilage and subchondral bone. As a reminder, T2 

hyperintensity in the femoral condylar epiphyseal cartilage 

posteriorly in young children represents normal signal 

variation associated with the advancing ossification front 

[10] and should not be mis- interpreted as chondral injury. 

 
 

19.2 Avulsion Injuries 
 

Avulsion injuries in children are most frequent during 

puberty and adolescence, when the physis is the weakest 

region of the musculoskeleton. In this age group, acute 

apophyseal avulsion fractures are more common than 

ligament and tendon injury. Unlike epiphyses, apophyses are 

growth centers which do not contribute to linear growth and 

are sites of tendon or ligament attachment. Acute, displaced 

apophyseal avulsion fractures may result from sudden, 

forceful muscle contraction. In contrast, myotendinous 

forces applied to the apophysis due to repetitive activity may 

lead to micro avulsion at the interface between the bony 

apophysis and adjacent cartilaginous physis. Associated 

inflammation identified on MR imaging as increased fluid 

signal in the apophysis, physis, and soft tissues is termed 

traction apophysitis [11]. Acute and repetitive overuse 

apophyseal injuries are most common in the pelvis but are 

also commonly seen at the knee and ankle. 

Acute patellar sleeve fractures, named for the sleeve of 

unossified cartilage which surrounds the osseous patella, are 

avulsion injuries at the inferior and rarely superior poles of 

the patella at the sites of patellar and quadriceps tendon 

attachment which occur with forceful quadriceps contraction 

against resistance, usually with a flexed knee. Radiographic 

features of the much more common inferior patellar sleeve 

 

 

MRI features suggestive of normal variant, 

not OCD 

Posterior location (not intercondylar). 

Absent bone marrow edema. 

Accessory ossification centers and spiculated corti- 

cal margins. 

Intact secondary ossification center physis. 

Young age; large amount of epiphyseal cartilage. 
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Fig. 19.4 (a, b) Acute osteochondral fracture in an 11-year-old boy 

who fell onto his knee playing soccer. Sagittal proton density WI (a) 

and T2-weighted image with fat suppression (b) reveal a large osteo- 

chondral defect (margins marked by arrowheads) in the anterior medial 

femoral condyle. The displaced osteochondral fracture fragment is in 

the anterior joint, sitting atop the tibial plateau (arrow). Note the absence 

of subchondral marrow edema related to normally limited epiphyseal 

vascularity 

 

 
fracture include patella alta, a sliver-like patellar fracture 

fragment, joint effusion, and soft tissue swelling (Fig. 19.5a, 

b). MRI maybe performed to confirm the integrity of the 

patellar tendon and will also show the chondral component 

of the fracture, which if large is an indicator of operative 

fixation. Chronic avulsive stress at the same location results 

in inferior patellar traction apophysitis, called Sinding- 

Larsen-Johansson disease. The MR and radiographic 

appearances can be similar to a nondisplaced patellar sleeve 

fracture; however, there is no history of an acute traumatic 

event (Fig. 19.5c, d). 

Apophyseal injury at the opposite end of the patellar 

tendon, the tibial tubercle insertion, can also be acute leading 

to a Salter-Harris type II or III fracture through the tubercle 

physis or chronic resulting in Osgood-Schlatter traction 

apophysitis (Fig. 19.5e). Radiographs show soft tissue 

swelling overlying the tibial tubercle, while MR images 

show marrow edema in the tibial tubercle and fluid signal in 

the distal patellar tendon and infrapatellar bursa. 

Fragmentation of the tubercle often reflects normal 

developmental ossifica tion and should not be used to make 

the diagnosis of Osgood- Schlatter. The term “jumper’s knee,” 

used to describe patellar 

 
tendon pathology, should be reserved for skeletally mature 

patients with fused physes. 

Traction apophysitis at the Achilles tendon calcaneal 

insertion is termed Sever’s disease. Calcaneal apophyseal 

sclerosis is a manifestation of physiologic stress associated 

with weight-bearing and is not an indication of apophysitis. 

As with Osgood-Schlatter, MR imaging features include fluid 

in the distal Achilles tendon and the adjacent retrocalcaneal 

bursa, overlying soft tissue swelling, and marrow edema 

within the apophysis. 

While the incidence of anterior cruciate ligament (ACL) 

tears in adolescent athletes, especially females, has increased 

dramatically in the last two decades, acute avulsion fracture 

of the tibial eminence ACL attachment is common in younger 

skeletally immature children, especially boys ages 8–14 years 

old, when the intercondylar eminence is incompletely ossi- 

fied [12]. The Meyers and McKeever classification is most 

commonly used to describe the epiphyseal osteochondral 

displacement: type I, nondisplaced; type II, posteriorly 

hinged attachment with elevation of the anterior margin of 

the fragment; type III, completely displaced; and type IV, 

comminuted or rotated fragment [13]. MR images should be 
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Fig. 19.5 (a, b) Acute patellar sleeve frature: Lateral radiograph (a) 

and sagittal T2-weighted image with fat suppression (b) in 11 y.o. 

boy with acute anterior knee pain after landing on his flexed knee when 

tackled from behind in football show a thin inferior patellar fracture 

fragment (arrow) and associated marrow and soft tissue. The patellar 

tendon is intact. (c, d) Proximal patellar tendon traction apophysitis, 

Sinding-Larsen-Johansson: Lateral radiograph (c) and sagittal T2-

weighted image with fat suppression (d) in a 9 y.o. female ice skater 

with months of inferior patellar pain show fragmentation 

 
and marrow edema in the inferior patella and as well as subtle edema in 

the proximal patellar tendon and in the superior aspect of Hoffa fat pad. 

The history differentiates this from patellar sleeve fracture. (e) Distal 

patellar tendon traction apopysitis, Osgood-Schlatter: The final 

sagittal T2-weighted image with fat suppression (E) in 13 y.o. hockey 

player with 6 weeks of tibial tubercle pain, tenderness to pal- pation, 

and recent growth spurt shows intense marrow edema within a 

hypertrophied tibial tubercle. Associated edema is present in the distal 

patellar tendon and inferior Hoffa fat pad 
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Fig. 19.5 (continued) 

 

 
scrutinized for impingement of the transverse intermeniscal 

ligament, anterior horn of the medial meniscus, or anterior 

horn of the lateral meniscus between the fracture fragment 

and the donor site, impediments to closed reduction (Fig. 

19.6). 

 
 

 
 

19.3 Physeal Fractures 
 

The physis, or growth plate, is an exclusively cartilaginous 

structure throughout growth. As such, it is the weakest 

component of the bone-joint unit in children. Mechanical 

forces which result in ligamentous or tendinous injury in 

adults tend to cause physeal fractures in children. This is 

especially true in early adolescence when the physis becomes 

wider due to increased metabolic activity associated with the  

physiologic growth spurt. Simultaneous increased athletic 

endeavors in many middle and upper school children further 

predisposes to growth plate fractures [8]. The Salter-Harris 

classification of growth plate fractures was initially described in 

1963 and remains widely used. Type I is a fracture confined 

to the physis. Type II involves the physis and metaphysis. 

Type III extends from the epiphysis into the epiphysis. Type 

IV is an obliquely oriented fracture which extends through 

both the metaphysis and epiphysis, traversing the physis. 

Type V is a crush injury of the physis [14]. More than 30% of 

pediatric long bone fractures involve the physis with 

approximately 15% going on to develop post-traumatic 

growth arrest [15]. The risk of growth disturbance is less 

related to the Salter-Harris type than to the specific physis 

with lower extremity locations and those with undulating 

physes most at risk. When the fracture plane separates the 

physis from the epiphysis and disrupts the blood supply, vas- 

cular communications between the epiphysis and metaphysis 

may develop allowing a bony bridge to form across the 

physis. Large, central bridges lead to limb shortening, while 

smaller, peripheral bridges lead to angular deformity. In the 

lower extremity, physeal fractures are most common in the 

distal tibia with up to a third resulting in growth arrest 

(Fig. 19.7). 

Distal femoral and proximal tibial physeal fractures are 

often radiographically occult, identified only when MR 

imaging is performed for persistent post-traumatic knee pain. 

These images should be scrutinized for widening and increased 

fluid signal within the physis and disruption of the 

perichondrium indicating nondisplaced fracture. Associated 

stripped perios- teum can become entrapped within the 

injured physis and be an impediment to closed reduction [16] 

(Fig. 19.8). 

 
 

19.4 Physeal Overuse Stress Injury 
 

Growth disturbance can also occur from chronic repetitive over- 

use trauma in young athletes. Physeal dysfunction without pre- 

mature transphyseal bone bridge formation occurs secondary to 

recurrent microtrauma leading to vascular compromise and dis- 

ruption of enchondral ossification. Unossified bands or tongues 

of hypertrophic physeal cartilage extend into the metaphysis. 

Radiographically, this appears as physeal widening and irregu- 

larity. MR images in these patients show focal or band-like phy- 

seal widening and T2 hyperintensity related to the excess 

unossified cartilage as well as edema. The normal trilaminar 

appearance of the physis is disrupted in the area of injury. The 

most well-described locations of these injuries are the distal 

radius and olecranon in gymnasts and the proximal humerus in 

pitchers; however, similar physeal stress injury occurs in the 

knees in child athletes involved in football, basketball, soccer, 

gymnastics, and tennis [17]. Similarly, MR images in these 

children with knee pain show focal bands of physeal cartilage 

signal 

 

 

 

Traction Apophysitis 

Patients must have open physes. 

MR shows edema in the apophysis and overlying 

soft tissues and fluid in the tendon at the apophyseal 

attachment. 

Fragmentation or irregularity of the apophysis can 

be normal. 

Acute apophyseal fractures may have a similar 

appearance and are distinguished by history of 

trauma. 
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Fig. 19.6 (a–c) Acute tibial eminence avulsion fracture. Lateral radio- 

graph (a), coronal T1-weighted image (b), and sagittal T2-weighted 

image with fat suppression (c) in a 12-year-old girl who crashed while 

ski racing. The tibial spine fracture plane is clearly delineated (arrows). 

The anterior cruciate ligament is intact and attached to the avulsed 

uplifted, displaced fragment (Meyers-McKeever type III). Note the 

transverse meniscal ligament interposed between the fracture fragment 

and donor site anteriorly (dashed arrow) 
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c d 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 19.7 (a–d) Salter-Harris II fracture with premature growth arrest. 

This 11-year-old girl landed on her inverted ankle when doing gymnas- 

tics on a trampoline. Lateral radiograph (a) at the time of injury shows 

the fracture plane through the physis anteriorly and extending through 

the metaphysis posteriorly. MR sagittal proton density (b) and 3D gra- 

dient echo steady state with fat suppression sagittal (c) and coronal (d) 

 
reformats 11 months after the fracture reveal a bone bridge with fatty 

marrow signal intensity (arrow, b) traversing the physis anteriorly, 

interrupting the normally high signal intensity physeal cartilage (* c, d). 

The growth recovering line (dashed arrow, b) tethered to the bone 

bridge indicates absent growth anteriorly and normal growth posteriorly 
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Fig. 19.8 (a, b) Radiographically occult proximal tibial fracture. AP 

radiograph (a) in a 13-year-old girl with lateral knee pain after colliding 

with another player in a soccer game shows no abnormality. MR sagit- 

tal T2-weighted image with fat suppression (b) obtained 1 week later 

for evaluation of persistent pain shows hyperintense fluid signal in the 

widened posterior physis (arrow) and marrow edema in the periphyseal 

epiphysis and metaphysis. Importantly, a low signal intensity linear 

structure within the posterior physis (dashed arrow) represents stripped 

periosteum which has become entrapped in the physis and may be an 

impediment to closed reduction 

 

extending into the distal femoral, proximal tibial, and proximal 

fibular metaphyses (Fig. 19.9). The abnormalities are medial or 

lateral depending upon the sport. The clinical symptoms and 

imaging findings of these chronic physeal stress injuries tend to 

resolve in 1 to 2 months with strict rest and/or immobilization. 

Continuation of athletic activity leads to persistent pain and 

growth disturbance with malalignment. Importantly, these 

abnormalities should not be confused with focal periphyseal 

edema (FOPE) zones commonly seen in the proximal tibia and 

distal femur in adolescence thought to be a manifestation of 

early physiologic physeal closure [18]. FOPE zones are predict- 

ably seen just prior to the normal physeal fusion, age range 

11–15 years (Fig. 19.10). While FOPE zones may be 

symptomatic, they do not require treatment, and they resolve 

as normal physeal fusion progresses. 

 
b 

 

 

Physeal Injuries 

Acute physeal fractures may lead to growth arrest 

with bony bridging across the open physis. 

Post-traumatic growth arrest is more dependent 

upon the specific anatomic location (distal femur, 

distal tibia, proximal tibia most common) than on 

the Salter-Harris type. 

Overuse or repetitive stress injury of the physis 

results in bands or tongues of unossified physeal 

cartilage extending into the metaphysis. 

Do not confuse normal physiologic FOPE zones 

with physeal injury. 
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c d 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 19.9 (a–d) Overuse physeal stress injury. A 14-year-old ice 

hockey player with 3 months of knee pain. AP radiograph (a) shows 

medial physeal widening in the distal femur and proximal tibia. Coronal 

PD fat-suppressed (b) and sagittal T2-weighted fat-suppressed (c) 

images show medial physeal widening and hyperintensity (arrows). 

The high signal reflects unossified physeal cartilage that seems to 

extend into the metaphysis. The cartilage may be band-like, as in the 

femur, or more spiculated and tongue-like, as in the tibia. The AP radio- 

graph (d) obtained 3 months later after strict rest shows normalization 

of the physes 
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Fig. 19.10 (a–c) Focal periphyseal edema (FOPE) zones. Coronal PD 

fat-suppressed MR image (a) in a 13-year-old ballet dancer with medial 

knee pain shows marked bone marrow edema within the medial epiphy- 

sis and metaphysis centered around the fusing proximal tibial physis 

(arrow). Cor PD fat-suppressed MR image (b) in a 14-year-old female 

asymptomatic research volunteer shows similar but less intense edema 

around the fusing proximal tibial physis (arrow). One year later (c) the 

tibial physis has fused normally and the edema has resolved. A new 

FOPE zone is present in the distal femoral physis centrally (arrow). This 

is consistent with the normal growth pattern—the proximal tibial physis 

fuses approximately 1 year prior to distal femoral fusion. Periphyseal 

edema should only be ascribed to this phenomenon in ado- lescents with 

normally fusing physes 
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Fig. 19.11 (a, b) Tibial stress fracture. Sagittal T2 fat-suppressed MR 

image (a) in a 14-year-old boy with proximal tibial pain in the setting of 

increased lacrosse training shows metaphyseal marrow edema with a 

subtle low signal intensity oblique line centrally (arrow) and posterior 

periosteal fluid (dashed arrow). The coronal T1 fat-suppressed post- 

contrast MR image (b) more clearly identifies the medial cortical frac- 

ture line (arrow). Contrast is generally unnecessary for stress injury 

evaluation but, when administered, nicely outlines fracture lines 

 
 

 

19.5 Long Bone Stress Injuries 
 

Stress fractures and stress reactions in children, once 

considered rare, are seen with increasing frequency 

presumably related to increased participation in athletics. 

Stress is the force applied to a bone that arises from weight-

bearing and from muscular contractions. Lower muscle 

mass, decreased bone mineral density, and thinner cortices in 

addition to hormonal influences predispose the immature 

skeleton to stress injury. A 7-year prospective study of 6831 

adolescent girls found a nearly 4% incidence of stress 

fractures with high-impact activities (running, basketball, 

cheerleading, and gymnastics) as significant risk factors 

[19]. Almost 50% of all stress fractures in athletic children 

are tibial, with the remainder occurring in the fibula, femur, 

metatarsals, and tarsal bones. Unfortunately, the sensitivity 

of early radiographs is as low as 15% and delayed 

radiographs only reveal findings in 50% of patients. At MR 

imaging, STIR sequences and T2-weighted sequences with 

frequency selective fat saturation are exquisitely sensitive to 

the high signal intensity 

periosteal and marrow edema associated with stress 

reactions. A low signal intensity line within the high signal 

mar- row edema allows the lesion to be upgraded to a stress 

fracture (Fig. 19.11). This line allows the lesion to be confi- 

dently identified as a stress fracture. Multidector CT with 

long-axis reformations can also be very helpful in delineating 

the occult fracture lucency. 

 
 

19.6 Concluding Remarks 
 

With the increased participation of children in athletics, radi- 

ologists are more frequently asked to assist in the diagnosis 

and management of acute and chronic injury to the growing 

skeleton. Initial radiographic assessment is often sufficient. 

However, we are increasingly expected to accurately 

evaluate soft tissue, ligamentous, tendinous, and 

cartilaginous injuries in competitive child athletes. MRI is 

often required for evaluation of injury to these radiolucent 

structures. Familiarity with the normal MR appearance of 

the growing 

 b 
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musculoskeleton is essential to accurate interpretation of 

these imaging studies in young athletes. Accurate diagnosis 

and management are critical to mitigate the impact upon the 

growth mechanism and associated lifelong disability. 
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Take Home Messages 

MR depiction of normal musculoskeletal develop- 

ment must be differentiated from physeal and osteo- 

chondral injury. 

Overuse injuries in children are more common than 

previously realized. 

Growth disturbance associated with acute and over- 

use injuries can lead to lifelong morbidity. 
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