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Objectives

A Anatomy and physiology of the growth plate

A Pathology

I Trauma
AAcute
ARepetitive

I Infection
I Potpourri



Types of Bone Growth

A Membranous
I Increases diameter of long bones

I Flat bones

AScapula
ASkull
AMost of the pelvis and clavicle

A Endochondral



Endochondral bone formation

ACartilaginous templates established

ABone formation ensues from
ossification centers that form in the S . :
center of long bones and proceed as a S e ST Hypertrophic zong
wave extending toward the two ends AAFAL )

ABegins in the primary ossification centers
during embryonic development

ARecapitulated during postatal skeletal
growth at the epiphyseal growth plates

Aour zones
AResting/undifferentiated:

Kupplies bone with chondrocytes|{Ss
formed in perichondrium "

Mroliferative:
A Sy3aidK LINRPJARS
appearance to chondrocytes
Adypertrophic:

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

KOssification

Ossification zone



Endochondral bone

i Resting zone

fo rm atl O n o Proliferating zone

Aviaturing chondrocytes secrete a L oo sng
matrix 3 il

AChondroitinsulfate B0 CUNR T RIS L —
proteoglycans | kR

Atype Il collagen

AOther matrix components
ACells hypertrophy and
subsequently express type X |
collagen and alkaline phosphatase
AApoptosis as matrix is mineralizec
and replaced by trabecular bone



Ad ¢ KS
tA1S
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Bone Growth

A Primary physis
I longitudinal growth of the tubular bones
I newest bone forms the metaphysis

A Secondary physis surrounds the secondary
center of ossification

I responsible for its spherical growth diameter of
tubular bones

A Juxtaphyseal metaphyses

I enlarges by means of intramembranous bone
deposition from the surrounding periosteum

I Physeal enlargement from the perichondrium



A Normal trilaminar
appearance on fluidj
sensitive sequence:
I Hyperintense physis
I Hypointense zone o

orovisional
calcification

I Hyperintense
primary spongiosa




T2 Anatomy
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T2 Anatomy
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T2 Anatomy
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T2 Anatomy
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T2 Anatomy




T2 Anatomy

A

Vascular primary spongiosa




Physis

A Long bones have a primary
ohysis (length) and second? 1/ ’ \
bhysis (epiphyseal growth) \
A Central disc of uniform \ W

thickness ] \.;

I Thickening indicates disruptic
of endochondral ossification

iLy2adz2NE Oy Ol
physeal cartilage into
metaphysis
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Physis

A Relative barrier to pathology

A Skeletal maturation causes uniform thinning
and eventually closure

At KéaSlf aaOFNE Aa NB)
provisional calcification and should parallel
the articular surface

A Discontinuity can indicate prior injury



Physeal vascularity

A Dual blood supply

A Metaphyseal vessels provide
calcium and Vitamin D via ser
and phosphates via RBC

T aid in the calcification of the
matrix

I removal of degenerate cells
I deposition of lamellar bone

A Epiphyseal vessels nourish th
reproductive cells of the physi JEEEEE




Metaphysis

A Primary spongiosa is
most newly formed

portion . S e
A Highly vascular with *

slow flow venous |

lakes L

i Predispose to seeding =\

from infection,
leukemia, or
metastasis




Metaphyseal Vascularity

A Densely enhancing primary
spongiosa

A Separate blood supply from
the epiphysis in children

A Infants can have transphysea
vessels

I Close from 8.8 months of
age

I Osteomyelitis of metaphysis
can lead to septic arthritis




Vascularity

A Nutrient foramina of the
long bones enter In
diaphysis

A Clinicians may mistake for
fx lines




Cortical Layers

A Periosteal attachment to cortex is loose along shaft and tight at
physis
I Easily elevated by blood, pus, tumor

A Cortex

A Subperiosteal cuff is separated from cortex by layer of fibrovascular

tissue
A{SSy |G YSOGlILKeaArAa 2F t2y3 o2ySa I ]
A High T2 signal and dense enhancement

A Membranous ossification
/.
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Metaphysis and
Equivalents

A Growth plate equivalents
include flat bones with
adjacent cartilage

I bone adjacent to the triradiate
cartilage

i ischiopubicsynchondrosis | 7' "

I Bone adjacent to the sacroiliac e
joints

I Periphery of the round bones
of the hands and feet

I Patella

I Sternum




Equivalants

A Osteomyelitis

A Periphyseasolitary
bone tumors

I Chondroblastoma
and chondroid
tumors

I GCT
I UBC
I etc

LR .
] round cell

lesions

fibrous dysplasia

chondromyxoid solitary bone
fibroma cyst

non-ossifying
fibroma
osteosarcoma

giant cell
tumor

physis —

chondroblastoma enchondroma

gure after @ Madewell, et al 1981



Osteomyelitis

A Predominance of vascularity and slow flow cause
seeding of metaphyseal and equivalent areas of
bone

A MRI can be used for early detection (findings at
24-48 hours after symptoms,-¥0 d forxray)




Metaphysis

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

I Should parallel physis
A Relative slowing of cartilage transformation to

bone but continued mineralization of the
developing metaphysedtabeculae



Metaphyseal lines

A Dense:

I exuberant calcification of the zone of provisional
calcification, a normal variant

A Seen in normal children, especially following sunlight
exposure after winter

| heavy metal poisoning

I hypervitaminosiD

I healing stages of leukemia, rickets, and scurvy
|

|

I Chemotherapy
I TORCH infections
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Lead poisoning

Lines are most prominent at the
QEES

I Also at wrist, any other long bone
metaphysis, and in the axial skeleto

Late manifestation

Lead deposition is a minor factor for
Increased attenuation

Primary cause is increased calcium
deposition

I Impaired remodeling
T Thicker and more numerous ’_’ -
trabeculae =

Fibula (and ulna) can help
differentiate from normal bone
growths




Metaphyseal lines

A Lucent:

Leukemia/Lymphoma

Severe systemic illness

Trauma/fracture

Neuroblastoma

Rickets

Scurvy

Infection (Syphilis)

Normal Variant

I After age 2 generalized metaphyseal
lucenciesare nearly always secondary
to leukemia

I Focal metlucenciesare usually from
Infection ormets

T> T T o To To o T



Epiphysis

A Secondary ossification center

A Responsible for spherical
growth

A Subjacent to articular cartilage




Epiphysis

A Infant epiphyseal cartilage
I contains few cells

I matrix rich inglycosaminoglycan
and collagen

I homogeneous intermediate Sl c
T1l-weighted images

I relatively low Sl on water
sensitive images

A? strong binding of water to
macromolecules in the cartilage




Eplphyseal cartllage




Figure 12:  Preossification. Sagittal fat-sup-
pressad T2-weighted MR image (2350/88) of
medial distal humerus In2V2-year-old boy shows
focalarea of high S1 (arrow)where the trochlear
ossification center will form.

Epiphysis

a. h.
Figure 11:  Distal femoral epiphyseal changes on sagittal fat- suppw”w-ﬂd plnw ho --wmqhtud ME
ps (3000/64). {a) Knee In 15-month-old girl. Parichondrium (arrow) Is se sho
om metaphysis to P[Il[lhy\l S ot ( uﬂlaumnl is distal femoral eplph
(b) Knee In 5-ye: -:. ; rcartilaginous distal ferno Lin'vsis..
like hyperintense foc 3508 Il'IdPIQ'IIIIl]l[iLIIU ossification. Jlnnqtnwhvlqht
bearing portion ofthe |_ondy|e|5 (stralght solld arrow). Artic uhndmhq high (arrowhead)
nd easily distinguishable from unossified epiphyseal ¢ 0
high (curved amrow) adjacent to low S of the zone of pro




Epiphysis

A Ossification of the epiphysis from the secondary physis
I Single ossification center as in distal femur

I Numerous small foci that will eventually coalesce with
underlying bone as in humerabchlea

A When irregular can be confused witisteochondritis
dissecans

A Problematic along the ossifying margin of the distal
femoralcondyle

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



Images of Irregular ossification versus
OCD



