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Abstract —— =

With its excellent spatial and contrast resolution and ability to separate hematopoietic
(red) marrow from fatty (vellow) marrow, magnetic resonance (MR) imaging is a sensitive
modality for noninvasively evaluating physiological and pathological conditions of bone ma-
rrow. During skeletal maturation, hematopoietic marrow is converted to fatty marrow.
Knowledge of the normal conversion patlerns is important if marrow abnormalilies are to be
identified.

The T1-weighted spin echo sequence remains a fundamental technique in MR imaging
of the bone marrow. The short T1 of fatty marrow produces excellent contrast on these
sequences compared with red marrow and most pathologic processes that target bone
marrow. Allerations in bone marrow signal occur in a variety of disorders, including marrow
hyperplasia, tumor infiltration, myeloid depletion, edema, and ischemia. Although MR
imaging is sensitive in the detection of areas of abnormal marrow, it cannot provide
accurate characterization of tissue histology at present.

The following discussion reviews physiological conversion of hematopoietic marrow,
the techniques of bone marrow MR imaging, normal MR appearances of bone marrow, and

MR findings of common marrow disorders in children.
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Fig. 2 Normal adult pattern of red and yellow
marrow distribution
Macroscopic red marrow resides in the axial
skeleton, skull, proximal humerus, and prox-
imal femur. The remainder of the skeleton
contains predominantly vellow marrow.
(Adapted from reference 1.)

Fig. 1 Normal macroscopic

conversion of hemato-

poietic to fatty marrow
Diagram shows percentage
cellularity of red marrow with
age at different anatomic sites.
The conversion of red to yellow
marrow occurs earlier and
more rapidly in the long bones
of the appendicular skeleton
than in the axial skeleton. By
25 years of age, the percentage
cellularity of red marrow in the
shafts of the femur and tibia
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Fig. 3 Normal appearance of lumbar spine of a 7-month-old infant

a : Sagittal Tlaweighted image (400/15) demonstrales the early conversion of vertebral body
marrow signal to a hyperintense appearance. The end plates are of intermediate signal
intensity with central linear hypointensity that represents the intervertebral disk.

b : Sagittal T2-weighted image (4500/90) in the same 7-month-old infant. The vertebral body
is much easier to identified on the T2-weighted image because of its overall hypointense
appearance. The intervertebral disk is noted to be hyperintense and clearly separable
from the end plates.

Fig. 4 Normal vertebral marrow in a 15-year-old
adolescent boy
Sagittal Tl-weighted image (400/20) shows
heterogencous low-signal-intensity marrow, which
reflects the predominance of hematopoietic marrow.
High-signal-intensity fatty marrow is seen confined
o the central areas along the basivertebral vein.

27



LIG AN ROy 2 i

L, EOR, WTHS A, R, IR
HBOHCIIAE AT+ 59, Lo L, hi

AW U T I AR A M T b
), NI T T L A T e 1) 5 A G
g, ¥F-ld, BESLEEENE L FH%
HESHMEERTIEAE0,
3. KRR

1 LL B CE AT o il (A i3k sl ¢ o
B o4, TIHMSER T EHIKETME LT
A bENhb, 1~5 i Cu i e i
Ol & 258, 72 REHEA L W -HIZIE
EAEIMERTHS. NliTid3idiE clolit
fifif L, @SS &84, 6~10a012 i
FIEEAEIBIGE U, Ry S 2 il i bk &
LGl ohsd, @it kUMt & 7
AR - TH O, NI ELING 4R
(Fig. 5). 11~ 15 Tt (Vg i i bl 1y
BEESERTES B A, RN
SIS A S MEfi il €, 20~244%
FTICREESLEEY, RATI, ERW®
it & AR OO SR AT G A L T L
AR TR OGS4, STIR(S: Tld b4 7 (c
A R SR I W L b A A R

10RELL Lo M & 721820
il ARG C st (VT i S 0P 2 IG5 Yk A ity
ZUP0E . ORI PPl F 2 kR ik
WO WHEMEA DS
4, EREE

SRS 1AL F T TURS R TG A
T BH, 2~T U RIAO GG 2y ko
(2% %, Bt~ otz otk giliire . %
K OWITI58 F TSR & EG e 58,
Lo L, 15688 T & EH TRk It +
LU 220 RO RS S PSR OIS
OB ENBE T LB D, —HHINWI L
VPR T &0 IR Ol h i,

FhEBHEEBOMRIFTR

MRITTHG & a2 1d, ko 5 204 7
T B S, 1THIO TPind#reconversion,
2V 2 A 3 AR, 4) e

28

Fig. 5 Distribution of normal femoral bone
marrow in an 8-year-old girl

Coronal Tl-weighted image (500/20) shows
intermediate increased-signal-intensity red
marrow in the proximal metaphysis, and
predominantly increased-signal-intensity
vellow marrow in the distal metaphysis of the
femur. The greater trochanter, proximal and
distal epiphysis contain yellow marrow.
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Fig. 6 Reconversmn of yellow to red marrow in an 18-year old female with severe iron
deficiency anemia
a : Coronal Tl-weighted image (400/20) shows diffuse decreased-signal-intensity change
extending distally from the proximal metaphysis of the femurs bilaterally.
b : STIR image (1600/150/20) demonstrates homogeneous increased-signal-intensity through
out the bone marrow. Simillar high-signal-intensity red marrow is seen in the acetabulum.
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Fig. 7 Acute myeloid leukemia in a 19-year-old female patient
a : Coronal Tl-weighted image (400/20) of the lumbar spine shows diffuse abnormal
hypointense signal change throughout the bone marrow of the vertebral bodies as a
result of leukemic infiltration.
Iy : STIR image {1600/150/20) shows diffuse increased signal intensily within the entire
vertebral bodies of the lumbar spine.
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Fig. 8 Gaucher disease involving the femurin a

4-year-old girl
Coronal Tl-weighted image (500/15) demonstrates
abnormal decreased signal in the entire marrow of
the bilateral femurs, which reflects nearly total
infiltration by glucocerebroside-laden cells. Note
the characteristic Erlenmeyer flask deformity of the
distal femur.

: Coronal T2-weighted image (2000/80) shows

heterogeneous signal intensity in the bilateral
femoral marrow.

: T2-weighted SE image (2000/80) obtained during

episode of painful crisis. There is a homogeneous
high-signal-intensity area in the bone marrow of the
left proximal femur, which corresponds to
increased water content in the area of edema or
hemorrhage associated with acute infarction.
(Courtesy of Fulcuda K, MD and Irie T, MD, The Jikei University)
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Fig. 11 Bone infarction associated with

Fig. 9 Myeloid depletion in an 18-year-old 5"{""9 ce‘ll anertia
female patient with aplastic anemia Coronal Tl-weighted image (500/20) of
T1-weighted sagittal image (400/20) of the the knee demonstrates sharply demarcated
lumbar spine shows predominantly high signal areas with irregular rims of low signal inten-
intensity, indicating hypoplastic fatty marrow, fﬂw m_the proximal tibia, suggesting bone
Some spotly areas of intermediate signal infarction.

intensity, which may represent hematopoietic
foci, are noted within the vertebral bodies.

a 1 3 1 t i
Fig. 10 Bone marrow edema in a 19-year-old male with transient osteoporosis of hip
a : Coronal Tl-weighted image (600/20) shows decreased signal intensity in the right femoral
head and neck, indicating bone marrow edema.
b : T2-weighted image (2000/80) shows increased signal intensity in the same area and a joint
effusion.
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