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Objectives

ÅAnatomy and physiology of the growth plate

ÅPathology

ïTrauma

ÅAcute

ÅRepetitive

ïInfection

ïPotpourri



Types of Bone Growth

ÅMembranous

ïIncreases diameter of long bones

ïFlat bones

ÅScapula

ÅSkull

ÅMost of the pelvis and clavicle

ÅEndochondral



Endochondral bone formation

ÅCartilaginous templates established

ÅBone formation ensues from 
ossification centers that form in the 
center of long bones and proceed as a 
wave extending toward the two ends 

ÅBegins in the primary ossification centers 
during embryonic development 

ÅRecapitulated during post-natal skeletal 
growth at the epiphyseal growth plates

ÅFour zones

ÅResting/undifferentiated: 

Åsupplies bone with chondrocytes 
formed in perichondrium

ÅProliferative:  

ÅƭŜƴƎǘƘ ǇǊƻǾƛŘŜŘ άǎǘŀŎƪ ƻŦ Ŏƻƛƴǎέ 
appearance to chondrocytes

ÅHypertrophic: 

ÅChondrocytes swell and 
eventually die (weakest zone 
secondary to diminished 
chondroid matrix)

ÅOssification



Endochondral bone 
formation

ÅMaturing chondrocytes secrete a 
matrix 
ÅChondroitin-sulfate 
proteoglycans 
ÅType II collagen
ÅOther matrix components

ÅCells hypertrophy and 
subsequently express type X 
collagen and alkaline phosphatase
ÅApoptosis as matrix is mineralized 
and replaced by trabecular bone



PHYSIS
Åά¢ƘŜ ǇƘȅǎƛǎ ƛǎ ǘƘŜ ŀǊŜŀ ŦǊƻƳ ǿƘƛŎƘ ŀƭƭ ƎǊƻǿǎΣ ƛǘΩǎ 
ƭƛƪŜ ǘƘŜ CƻǊŎŜέ 5ǿŜƪ

Å"Life creates it, makes it grow. Its energy 
ǎǳǊǊƻǳƴŘǎ ǳǎ ŀƴŘ ōƛƴŘǎ ǳǎέ ¸ƻŘŀ

??



Bone Growth

ÅPrimary physis 
ïlongitudinal growth of the tubular bones
ïnewest bone forms the metaphysis

ÅSecondary physis surrounds the secondary 
center of ossification
ïresponsible for its spherical growth diameter of 

tubular bones

ÅJuxtaphyseal metaphyses 
ïenlarges by means of intramembranous bone 

deposition from the surrounding periosteum
ïPhyseal enlargement from the perichondrium



Normal physis on MRI

ÅNormal trilaminar 
appearance on fluid 
sensitive sequences

ïHyperintense physis

ïHypointense zone of 
provisional 
calcification

ïHyperintense 
primary spongiosa



T2 Anatomy

Physis of distal femur
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T2 Anatomy

Physis of distal femur

Zone of provisional calcification

Vascular primary spongiosa

Highly organized articular cartilage
Secondary physis

Unossified epiphyseal cartilage



Physis

ÅLong bones have a primary 
physis (length) and secondary 
physis (epiphyseal growth)

ÅCentral disc of uniform 
thickness

ïThickening indicates disruption 
of endochondral ossification 

ïLƴƧǳǊȅ Ŏŀƴ ŎŀǳǎŜ άǘƻƴƎǳŜέ ƻŦ 
physeal cartilage into 
metaphysis



Physis

ÅRelative barrier to pathology 

ÅSkeletal maturation causes uniform thinning 
and eventually closure

ÅtƘȅǎŜŀƭ άǎŎŀǊέ ƛǎ ǊŜƳƴŀƴǘ ƻŦ ȊƻƴŜ ƻŦ 
provisional calcification and should parallel 
the articular surface

ÅDiscontinuity can indicate prior injury



Physeal vascularity

ÅDual blood supply

ÅMetaphyseal vessels provide 
calcium and Vitamin D via serum 
and phosphates via RBC
ïaid in the calcification of the 

matrix

ïremoval of degenerate cells

ïdeposition of lamellar bone

Å Epiphyseal vessels nourish the 
reproductive cells of the physis 



Metaphysis

ÅPrimary spongiosa is 
most newly formed 
portion

ÅHighly vascular with 
slow flow venous 
lakes
ïPredispose to seeding 

from infection, 
leukemia,  or 
metastasis



Metaphyseal Vascularity

ÅDensely enhancing primary 
spongiosa

ÅSeparate blood supply from 
the epiphysis in children

ÅInfants can have transphyseal 
vessels 
ïClose from 8-18 months of 

age

ïOsteomyelitis of metaphysis 
can lead to septic arthritis



Vascularity

ÅNutrient foramina of the 
long bones enter in 
diaphysis

ÅClinicians may mistake for 
fx lines

Åά¢ƻ ǘƘŜ Ŝƭōƻǿ L ƎƻΣ ŦǊƻƳ 
ǘƘŜ ƪƴŜŜ L ŦƭŜŜέ



Cortical Layers
Å Periosteal attachment to cortex is loose along shaft and tight at 

physis
ïEasily elevated by blood, pus, tumor

Å Cortex
Å Subperiosteal cuff is separated from cortex by layer of fibrovascular 

tissue
Å{ŜŜƴ ŀǘ ƳŜǘŀǇƘȅǎƛǎ ƻŦ ƭƻƴƎ ōƻƴŜǎ ŀƪŀ άƳŜǘŀǇƘȅǎŜŀƭ ǎǘǊƛǇŜέ
ÅHigh T2 signal and dense enhancement
ÅMembranous ossification

Post gd T1 FS  JRA



Metaphysis and 
Equivalents

ÅGrowth plate equivalents 
include flat bones with 
adjacent cartilage
ïbone adjacent to the triradiate 

cartilage
ïischiopubicsynchondrosis
ïBone adjacent to the sacroiliac 

joints 
ïPeriphery of the round bones 

of the hands and feet
ïPatella
ïSternum



Equivalants

ÅOsteomyelitis 

ÅPeriphysealsolitary 
bone tumors
ïChondroblastoma

and chondroid 
tumors

ïGCT

ïUBC

ïetc



Osteomyelitis

ÅPredominance of vascularity and slow flow cause 
seeding of metaphyseal and equivalent areas of 
bone

ÅMRI can be used for early detection (findings at 
24-48 hours after symptoms, 7-10 d for xray)



Metaphysis

ÅGrowth recovery lines (arrest, Harris, Parks) 
result from local or systemic insult

ïShould parallel physis

ÅRelative slowing of cartilage transformation to 
bone but continued mineralization of the 
developing metaphyseal trabeculae



Metaphyseal lines

ÅDense:
ïexuberant calcification of the zone of provisional 

calcification, a normal variant
ÅSeen in normal children, especially following sunlight 

exposure after winter

ïheavy metal poisoning

ïhypervitaminosisD

ïhealing stages of leukemia, rickets, and scurvy

ïChemotherapy

ïTORCH infections



Lead poisoning

Å Lines are most prominent at the 
knees
ï Also at wrist, any other long bone 

metaphysis, and in the axial skeleton

Å Late manifestation
Å Lead deposition is a minor factor for 

increased attenuation
Å Primary cause is increased calcium 

deposition
ï Impaired remodeling
ï Thicker and more numerous 

trabeculae

Å Fibula (and ulna) can help 
differentiate from normal bone 
growth9



Metaphyseal lines

ÅLucent:
Å Leukemia/Lymphoma
Å Severe systemic illness
Å Trauma/fracture
Å Neuroblastoma
Å Rickets
Å Scurvy
Å Infection (Syphilis)
Å Normal Variant 

ïAfter age 2 generalized metaphyseal 
lucenciesare nearly always secondary 
to leukemia

ïFocal met. lucenciesare usually from 
infection or mets



Epiphysis

ÅSecondary ossification center

ÅResponsible for spherical 
growth

ÅSubjacent to articular cartilage



Epiphysis

ÅInfant epiphyseal cartilage 
ïcontains few cells

ïmatrix rich in glycosaminoglycans
and collagen

ïhomogeneous intermediate SI on 
T1-weighted images

ïrelatively low SI on water-
sensitive images
Å? strong binding of water to 

macromolecules in the cartilage



Epiphyseal cartilage



Epiphysis



Epiphysis

ÅOssification of the epiphysis from the secondary physis 
ïSingle ossification center as in distal femur

ïNumerous small foci that will eventually coalesce with 
underlying bone as in humeral trochlea

ÅWhen irregular can be confused with osteochondritis
dissecans

ÅProblematic along the ossifying margin of the distal 
femoral condyle

Å Lack of adjacent bone marrow edema within the 
adjacent epiphysis CAN help confirm that this is normal 
development



Images of Irregular ossification versus 
OCD


