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Bone marrow is a complex organ containing
undifferentiated cells from which the various
constituents of blood originate. Under the control
of hormones, cytokines and growth factors, normal
marrow is susceptible to proliferation or
suppression secondary to multiple influences, to
include infection, medications, radiation, toxins,
neoplasms, and nutritional deficiencies, among
others." While histopathologic examination is the
primary means for evaluating bone marrow,
detection of marrow abnormality often occurs
during medical imaging.

In part | of our review, the normal MRI
appearance of bone marrow and its pattern of
maturation from birth to adulthood will be
discussed. We will then discuss disease processes
characterized by marrow depletion, followed by a
discussion of treatment-related marrow changes
and marrow conditions which are not otherwise
easily categorized. In part Il of our review, bone
marrow edema, myeloproliferative disease, marrow
infiltration and replacement, and marrow ischemia
will be covered in detail.

Normal Marrow

Normal bone marrow is composed of variable
proportions of hematopoietic cells and fat. The
proportion of each fluctuates over time depending
on age and homeostatic requirements. These cells
are set upon a framework of trabecular bone,
perfused by a rich sinusoidal network of capillaries,
and innervated by a neuroreticular complex of
myelinated and unmyelinated neural fibers. The
complex and dynamic process of bone remodeling is
the result of a delicate balance of osteoblast and
osteoclast activity. These processes are further
supported by a cadre of reticuloendothelial cells,
stromal cells, macrophages, lymphocytes, and
plasma cells.”?

The natural progression from birth to adulthood
is a gradual shift from predominantly cellular or

“red marrow,” to a mixture of predominantly fatty
or “yellow marrow,” a process termed “marrow
conversion.” With aging, there is a concomitant
decline in the number of trabeculae. The shift
toward predominantly fatty marrow follows a
predictable pattern, occurring first in the
appendicular skeleton followed by the axial
skeleton. The process is usually completed by 25
years of age.

MRI evaluation of bone marrow exploits
compositional differences between red and yellow
marrow. Hematopoietically active red marrow
contains 40% water, 40% fat, and 20% protein,
while yellow marrow contains 15% water, 80% fat,
and 5% protein.> Because of the greater fat
content, yellow marrow has hyperintense signal
intensity on T1 and fast spin-echo T2-weighted
sequences, intermediate signal on spin-echo T2
sequences, and signal drop out on fat suppressed
sequences.4 While red marrow contains some fat,
its higher cellular content results in relative
hypointense signal compared to yellow marrow on
T1 weighted images (but higher signal intensity than
muscle), and intermediate to slightly hyperintense
signal relative to yellow marrow on fluid sensitive
MR sequences.” Because MRI has such exquisite
sensitivity in discerning the differences in marrow
composition, the fatty component of marrow is
often detected earlier in younger patients than
would be expected by macroscopic histologic
inspection.>®

Marrow Conversion in the Appendicular
Skeleton

The conversion of red to yellow marrow is a
dynamic phenomenon that occurs in a predictable,
orderly, symmetrical and centripetal pattern.>*’™!
Marrow conversion begins in the distal aspect of
the extremities (hands and feet) and extends
proximally to involve the long bones of the
extremities. Within individual long bones, marrow
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conversion follows a centrifugal pattern with
replacement of red marrow by fatty marrow
beginning in the shafts of long bones before
progressing to the ends of bone. Marrow
conversion in the long bones of the forearm and
lower leg can lag slightly behind the femora and
humeri.”®® Many authors characterize the
progression of marrow conversion into four distinct
stages: infantile, childhood, adolescent, and adult
patterns;z“"g'11 however, variation has been
observed with marrow conversion in the femur
occurring earlier than expected in some subjects."

Infantile marrow (newborn up to one year):

Normal marrow in late fetal and early infant life
is characterized by a high concentration of red
marrow throughout the axial and appendicular
skeleton. Thus, the diaphyses and metaphyses of
long bones on MRI have low T1 signal, while
unossified epiphyses and apophyses composed
predominantly of cartilage exhibit intermediate
signal on T1 weighted images (figs. 1 and 2).>"
Later, when epiphyses and apophyses ossify, yellow
marrow becomes evident within the ossification
centers as areas of hyperintense T1 signal.

Figure 1. Schematic diagram of the infantile marrow (just after
birth) showing global distribution of red marrow . (Red areas
represent red marrow and black areas represent cartilage).

R
.

l'l‘

Figure 2. Sagittal T1 weighted image of the knee in a 18 day old
male (A) shows hypointense red marrow in the proximal tibial
(and distal femoral) metadiaphyses (white arrow) and
intermediate signal (isointense to muscle) in the cartilaginous
epiphyses (black arrow). Coronal T1 weighted image of the
pelvis in an 8 month old male (B) shows hypointense red
marrow throughout the proximal femurs and pelvis.

Childhood marrow (one year to 10 years):

Near the end of the first year of life, marrow
conversion begins in the phalanges of the hands
and feet and is complete by 1 year of age.
Additionally, marrow conversion in the femoral
diaphyses commences by 12 months of age,
sometimes seen as early as 3 months of age.'® After
the first year of life, yellow marrow replaces red
marrow in the diaphyses, while red marrow remains
within the metaphyses. This results in relatively
hyperintense signal in the diaphyses and low to
intermediate signal intensity in the metaphyses on
T1 weighted sequences (figs. 3 and 4).2

Figure 3. Schematic diagram of childhood marrow (1-10 years)
showing yellow marrow distributed in apophyses, epiphyses,
and the diaphysis and red marrow situated in the proximal and
distal metaphyses. (Red areas denote red marrow, yellow areas
denote yellow marrow, and black areas denote cartilage).
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Figure 4. Coronal T1 weighted image of the pelvis in a 20 month
old male. Note hyperintense yellow marrow within the
ossification centers of the femoral and tibial epiphyses (white
arrows), intermediate to hypointense signal of the unossified
cartilaginous epiphyses (black arrow), and the intermediate to
low marrow signal of red marrow in the metaphyses (red
arrow).

Adolescent marrow (10 years to 25 years):

In the second decade of life, continued
conversion of predominantly red marrow to
predominantly yellow marrow in the diaphyses of
long bones is accompanied by recession of red
marrow from the distal metaphyses. Thus, there is a
slightly greater proportion of yellow marrow in the
distal metaphyses, resulting in progressively
increasing hyperintense signal on T1 weighted
images (figs. 5 and 6).

Figure 5. Schematic diagram of adolescent marrow (10-20
years) showing recession of red marrow from the distal
metaphysis and replacement of yellow marrow in the diaphysis
and distal metaphysis. (Red areas denote regions of red
marrow and yellow areas denote regions of yellow marrow).

Figure 6. Coronal T1 weighted image of the pelvis in an 18-year-
old female. Note hyperintense yellow marrow within the
femoral epiphyses and diaphyses (white arrows) and
intermediate to low marrow signal of red marrow in the
proximal femoral metaphysis.

Adult marrow (over 25 years):

By the middle of the third decade, the mature or
adult pattern of marrow is achieved with yellow
marrow predominating throughout the
appendicular skeleton, except for the proximal
metaphyses of the femora and humeri (figs. 7 and
8). In the proximal femur, marrow conversion has
been further characterized by Ricci’s group who
reported 4 distinct patterns with progressive loss of
red marrow from the medial femoral neck, a
phenomenon they proposed was related to
mechanical stress.® Eventually, complete recession
of red marrow from the proximal femoral
metaphyses develops later in life, occurring as early
as 35 years of age in men and 55 years of age in
women.” This results in a near homogeneous
hyperintense signal on T1 weighted images (fig. 8).

Figure 7. Schematic diagram of adult distribution of marrow
(over 25 years) showing yellow marrow throughout the femur
except for the proximal metaphysis. (Red areas denote red
marrow and yellow areas denote yellow marrow)
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Figure 8. Coronal T1 image in a 28-year-old male (A) shows
areas of red marrow in the proximal femoral metaphyses (red
arrows) and pelvis and fatty marrow in the epiphyses and
trochanters (white arrows). Coronal T1 image in a 91-year-old
male (B) shows diffuse yellow marrow.

Marrow Conversion in the Axial Skeleton

The axial skeleton includes the spine, ribs,
sternum, skull, and pelvis. It serves as a repository
of red marrow throughout life, with marrow
conversion occurring much slower and to a lesser
extent than in the appendicular skeleton.

In the spine, the pattern of marrow conversion
often is less predictable. Ricci’s group described 4
patterns of marrow in the spine among varying age
groups. In their study, the majority of subjects in
the youngest group (ages less than 20)
demonstrated a pattern of diffuse homogenously
hypointense T1 signal within the vertebral bodies
with linear hyperintense signal along the upper and
lower margins of the basivertebral veins.®
Therefore, early in life, widespread red marrow
results in lower signal intensity than adjacent
intervertebral discs on T1 weighted images (Fig. 9).

In older groups of patients, Ricci noted variable
distribution of the other 3 marrow patterns: (a)
peripheral band-like and triangular areas of
hyperintense signal adjacent to endplates and
involving the anterior and posterior vertebral body
corners; (b) punctate and/or patchy heterogeneous
hyperintense signal; or (c) a combination of these
two. These patterns varied from one region of the
spine to another. Nevertheless, the expected
pattern of marrow conversion in adulthood is from
predominantly red marrow to a greater proportion
of yellow marrow, resulting in hyperintense T1
marrow signal relative to adjacent intervertebral
discs (Fig. 10).2

Figure 9. Sagittal T1 weighted image of the thoracic spine in an
8-day-old male. Note the relative hypointensity of the
vertebral bodies (red arrow) compared to the slightly
hyperintense intervertebral discs (white arrow).

Figure 10. Sagittal T1 weighted image of the lumbar spine in a
76-year-old male shows near homogeneous hyperintense
marrow signal compatible with fatty marrow.

Like the spine, the pattern of marrow conversion
in the pelvis is less drastic than in the appendicular
skeleton. Through the second decade of life, the
pelvis is largely filled with red marrow,
homogeneous until the age of 1. Over time, islands
of yellow marrow arise in the acetabulum and
anterior ilium.* Ricci’s group reported 2 marrow
patterns in the pelvis, both of which were marked
by a predominant pattern of red marrow. One
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pattern is seen in younger patients with small areas
of yellow marrow in the acetabulum superior and
medial to the hip joint; the second pattern is seen in
older patients with additional areas of yellow
marrow in the ilium and adjacent to the sacroiliac
joints.® While the majority of the literature on
marrow conversion focuses on age related
differences, the sacrum is one area where gender
related differences were identified. Duda’s group
found higher fat content in the sacral lateral masses
in male subjects compared to females in a group of
subjects 17-42 years old."”

Marrow Reconversion

When the supply of blood cells is insufficient to
maintain homeostasis, the body is able to
upregulate blood cell production through marrow
reconversion. Reconversion refers to red marrow
proliferation or hyperplasia in areas where yellow
marrow had become the dominant component.
This pattern follows the reverse order as the
pattern observed in  marrow conversion.
Specifically, resurgence of red marrow occurs in an
overall centripetal manner, from the axial to the
appendicular skeleton. The appearance of red
marrow in individual long bones begins in the
proximal metaphyses, followed by the distal
metaphyses, and finally the diaphyses. The bones of
the hands and feet are last to undergo marrow
reconversion. Epiphyses may also be recruited for
hematopoiesis, though usually only when the
demand for blood cells is extreme.'*"’

Increased demand for blood cell production can
result in hyperplasia as a physiologic response in
patients with severe chronic anemia (sickle cell,
thalassemia, hereditary spherocytosis), patients
treated with granulocyte colony stimulating factor
during chemotherapy, overweight female smokers,
people living at high altitudes, and marathon
runners (Figs 11, 12, 13).*”'*%° Unfortunately,
marrow hyperplasia can also be seen in patients
with underlying marrow replacement disease, such
as lymphoma, leukemia, and metastases, which can
confound the evaluation. Because of this, the MR
characteristics of hyperplasic marrow can be
difficult to differentiate from pathologic infiltration
and vice versa.”!

Figure 11. Sagittal T1 (A) and fat suppressed T2 (B) images show
areas of red marrow in the distal femur in a 62 year old obese
female nonsmoker (red arrows). Note the signal intensity of
marrow is slightly hyperintense on T1 and T2 images compared
to adjacent muscle.

Figure 12. Sagittal T1 image of the foot/ankle (A) shows patchy
areas of hypointense marrow reconversion in a 22-year-old
female with sickle cell anemia. Coronal T1 image of the pelvis
(B) in the same patient reveals diffuse red marrow with the
exception of fatty marrow within the epiphyses and
trochanters. Crescentic regions of hypointense signal in the
femoral heads is consistent with avascular necrosis.

Figure 13. Coronal T1 (A) and T2 weighted with fat suppression
(B) images of the pelvis show diffuse hypointense T1 and
hyperintense T2 marrow reconversion in a 37-year-old female
treated with chemotherapy for breast cancer. Fatty marrow
remains within the epiphyses and trochanters (white arrows).
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A few useful discriminators favoring benign
marrow hyperplasia include symmetric
involvement, signal intensity of red marrow equal
to that of normal muscle on STIR and fat suppressed
T2 weighted images, and lack of aggressive features
such as cortical destruction."*® Reconverted
marrow will show intermediate signal on T1, T2,
and STIR sequences in a nonconfluent patchy
pattern.”?

In contrast, pathologic marrow infiltration tends
to have hypointense T1 and hyperintense T2 signal
relative to muscle.”® Therefore, T1 signal intensity
less than or equal to that of muscle or
intervertebral discs should prompt the radiologist to
consider causes of abnormal marrow signal other
than hematopoietic marrow.”® Because non-
neoplastic hyperplastic marrow does not replace
normal marrow elements (namely fat) as is
expected with most neoplastic processes, opposed-
phase imaging may have some utility in
discriminating benign from pathologic marrow.”**
Lastly, in those that are equivocal, short interval
follow up with MRI or bone marrow biopsy are
reasonable approaches.>*

Marrow Depletion

When the body fails to upregulate hematopoiesis
to maintain homeostasis and the overall amount of
red marrow elements becomes depressed, this is
termed marrow depletion. Histologic evaluation of
marrow depletion reveals hypocellular or acellular
marrow on a background of diffuse fatty
replacement, or predominantly yellow marrow.
This pattern of abnormal marrow can be seen
following treatment with chemotherapy or
radiation, as well as with aplastic anemia of any
cause. While diagnosis of marrow depletion is
usually made with serological evaluation, medical
imaging is useful for evaluation of recurrent disease
or to evaluate response to therapy in the case of
aplastic anemia.

Aplastic Anemia:

The earliest description of aplastic anemia was
by Erlich in 1888 who published a case of a young
pregnant woman who presented with bleeding,
fever, and severe anemia. She was found to have
marrow largely devoid of blood-forming elements

at autopsy.” Aplastic anemia is a relatively rare
condition  characterized by anemia  with
pancytopenia on peripheral smear (decreased
circulating blood elements) and hypocellularity of
the bone marrow (decreased progenitor cells).
Aplastic anemia can be inherited (Fanconi anemia),
acquired, or idiopathic. While the majority of cases
are idiopathic, the list of acquired causes includes
toxins (benzene), medications (Chloramphenicol,
Carbamazepine, Phenytoin), infection (parvovirus
and viral hepatitis), and radiation and
chemotherapy treatment. Aplastic anemia has also
been associated with connective tissue disease
(systemic lupus erythematosus) and pregnancy.

On MRI, aplastic marrow tends to have diffusely
hyperintense T1 signal because of predominantly
fatty marrow. This is most conspicuous in areas
typically dominated by red marrow, such as the
spine and pelvis (Fig. 14). Occasionally, aplastic
marrow can appear heterogeneous on T1 weighted
sequences with areas of patchy low signal
corresponding to foci of fibrosis. During treatment,
myeloid elements may begin to return and T1
weighted images will show scattered small islands
of hypointense signal corresponding to foci of
resurgent red marrow.”® This appearance can be
confused with areas of fibrosis, neoplasm, or
myelodysplastic disease.

Figure 14. Coronal T1 and STIR images in a 39-year-old female
with aplastic anemia show diffuse fatty infiltration of the
marrow with patchy areas of low T1 signal. Note the crescentic
areas of low signal in the femoral epiphyses consistent with
avascular necrosis.

Radiation:
The medical uses of ionizing radiation include the
treatment of various cancers, such as multiple
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myeloma and metastatic disease. An anticipated
side effect of radiation therapy is marrow
suppression. Mpyeloid elements, being the more
sensitive component of marrow, are damaged and
destroyed before fatty or yellow marrow. The
degree of red marrow injury and its ability to
replenish damaged cells is dependent upon
radiation treatment dose, volume of marrow
treated, and treatment frequency.”’  Local
irradiation with doses in the range of 3-45 Gy result
in rapid bone marrow alteration which may persist
up to 2 years.28 Regeneration of bone marrow is
expected with local radiation doses below 30 Gy,
while doses above 50 Gy will result in marrow
ablation.”

Following radiation, the earliest changes
detected by MRI have been observed within 3
weeks, and as early as eight days.’** MRI
demonstrates hyperintense signal on STIR images,
which is thought to reflect bone marrow edema,
hemorrhage, and possibly an influx of unirradiated
cells.** T1 weighted images in the first few days
appear normal. The pattern of increased signal on
STIR images decreases over time between the third
and sixth week after treatment. At this point
marrow signal on T1 weighted images increases,
corresponding to predominantly fatty marrow.
After the sixth week, the majority of affected
patients will have hyperintense T1 signal (fatty
marrow) that can last up to 2 years (Fig. 15).%***

In the spine, two “late” patterns of marrow
depletion following radiation have been described
on T1 sequences: (a) homogeneous pattern of
diffusely increased signal, and (b) “band” pattern
with a peripheral region of intermediate signal
intensity bordering a central zone of hyperintense
signal.®® Irradiated marrow typically has a
conspicuous appearance on Tl weighted images
with hyperintense fatty marrow confined to the
expected area of a radiation portal demarcated by a
sharp line. Marrow changes outside the radiation
portal have also been reported.***3*

Chemotherapy:
Similar to radiation, the goal of chemotherapy in

the treatment of marrow disease is marrow
ablation. Early after chemotherapy, marrow
appears hypointense on T1 weighted images and

hyperintense on fat-suppressed T2 and STIR images
owing to marrow congestion. Over time, with
destruction of the myeloid elements and increasing
fatty deposition, the marrow will show
hyperintense T1 signal. Failure to observe this
pattern can provide a clue to the radiologist that
there is treatment failure or disease relapse. If the
chemotherapy regimen includes granulocyte-colony
stimulating factor (G-CSF), fatty transformation can
be delayed or reflect a pattern of marrow
reconversion which can confound evaluation for
disease relapse or treatment efficacy.*

Figure 15. Sagittal T1 image of the sacrum in a 45-year-old
female post radiation and chemotherapy for rectal carcinoma
shows diffuse fatty marrow signal 8 months after radiation
therapy.

Other Marrow Diseases

While the majority of marrow conditions fall
within larger categories (marrow depletion,
proliferation, replacement, infiltration, edema and
ischemia), there are some conditions which are
difficult to categorize but deserve mention among
miscellaneous conditions.

Osteopetrosis:
Osteopetrosis is a hereditary skeletal dysplasia

characterized by abnormal osteoclastic activity,
resulting in a generalized pattern of diffusely
increased bone density. Four distinct subtypes have
been described: precocious or “infantile”
(autosomal recessive and lethal), delayed
(autosomal dominant and mild), intermediate
(autosomal recessive), and tubular acidosis type
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(with  characteristic cerebral calcifications).®
Abnormal osteoclastic activity affects bony
remodeling such that there is poor cortical and
medullary differentiation, leading to
undertubularization, metaphyseal widening, and
dense metaphyseal bands. Despite the increase in
density, bones are structurally weak and prone to
fracture. Classically, there is a “bone within a bone”
appearance, which in the spine has been described
as the “sandwich” vertebra sign. Abnormal
remodeling of cranial nerve foramina can result in
deafness and blindness.

On MRI, the typical appearance of osteopetrosis
is that of diffuse sclerotic bone with diffusely
hypointense signal on T1 and T2 weighted images
(Fig. 16). This appearance is nonspecific and can be
seen with hemosiderosis, diffuse blastic metastases,
or fibrosis.*’

Figure 16. Coronal T1 (A) and STIR (B) MR images through the
pelvis show marked cortical thickening with diffusely low signal
on the T1 weighted image and narrowing of the marrow space,
which contains relatively hyperintense red marrow on STIR (red
arrow).

Paget Disease:
Paget disease is commonly seen in men over 40

years of age and of European descent. Hallmark
radiographic features include bony expansion with
trabecular and cortical thickening. While its cause is
poorly understood, the disease is thought to be
related to an imbalance of osteoclastic and
osteoblastic activity. It is characterized by three
phases of the disease: (a) purely lytic, (b) mixed lytic
and blastic, and (c) purely blastic. While the
diagnosis of Paget disease is typically made on the
basis of the radiographic appearance, MRI can be
useful in the evaluation for complications of Paget

disease, to include osteomyelitis, sarcomatous
degeneration, giant cell tumor formation (skull),
and metastases to hypervascular Pagetic bone.

The MRI appearance is variable but thought to
reflect the state of the marrow as it is influenced by
the various phases of disease, which can occur
simultaneously. Early disease without significant
marrow disturbance will appear normal with the
exception of decreased size of the marrow space
due to cortical thickening. Between the lytic and
mixed phases (which are considered the more
active phases), the marrow space appears
heterogeneous on T1 and T2 weighted images (Fig.
17). This is likely related to deposition of
fibrovascular tissue, which appears hypointense on
T1 but hyperintense on T2 weighted images
because of granulation tissue and slow blood flow
through vascular channels.® Other foci of
hyperintense signal on T1 are possibly related to
areas of fatty filled marrow spaces.*® Unfortunately,
the MRI appearance can be nonspecific and
resemble that of infection or neoplasm.

Figure 17. Coronal T1 (A), coronal fat suppressed T2 (B), and
axial proton density (C) weighted images of the pelvis in a 49-
year-old man with Paget disease. Note the bony expansion and
coarsened trabecular thickening of the left femur.
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Gaucher Disease:

The most common of the lysosomal storage
diseases, Gaucher disease is characterized by a
deficiency of glucocerebrosidase, which results in
abnormally high levels of glucocerebroside that is
taken up by histiocytes (termed Gaucher cells).*
Proliferation of Gaucher cells ensues with
accumulation of glycolipids throughout the
reticuloendothelial system. Within the marrow, this
ultimately leads to cellular necrosis, fibrous
proliferation, and loss of spongy trabeculae.®
Expansion of the marrow space by lipid-laden
Gaucher cells results in the Erlenmeyer flask
deformity of the femora. Additionally, there is
generalized  osteoporosis  with progressive
weakening of subchondral bone, predisposing
affected patients to fracture. Vertebral fractures
may manifest as vertebra plana or an H-shaped
vertebra, similar to that seen in sickle cell
disease.*®* Elsewhere, weakening of the bone and
osteonecrosis can be a nonspecific finding
indistinguishable from other causes of avascular
necrosis.

On MRI, Gaucher disease is nonspecific with
patchy heterogeneous hypointense signal on T1 and
T2 weighted images, similar to that seen in marrow
infiltrative disease. With osteonecrosis, there may
be areas of hyperintense T2 signal acutely which
later become hypointense when necrosis is chronic
(Fig. 18).

Figure 18. Coronal T1 (A) and STIR (B) images of the pelvis in a
middle-aged female with Gaucher disease. Note the
heterogeneous marrow pattern with areas of low signal in the
proximal femora on the T1 weighted image (red arrows - A) and
the areas of bone marrow infarction in the left ilium on the fat
suppressed T2 weighted image (white arrow - B).

Iron Storage Disease:

Deposition of iron in marrow occurs in conditions
where there is increased breakdown of erythrocytes
(such as sickle cell anemia or thallassemia), iron
overload (as in those who are on chronic blood
transfusion therapy), or when there is overall
abnormal absorption (such as in primary
hemochromatosis). Common to all is a diffuse
pattern of marked hypointense marrow signal on
both T1 and T2 weighted images with blooming
artifact on T2 gradient echo imaging.

Figure 19. Axial T1 (A) and fat suppressed T2 (B) images of the
pelvis in a young adult female with anorexia nervosa show
diffusely hypointense T1 and hyperintense T2 marrow signal
intensity, consistent with serous atrophy of bone marrow.
Note how marrow signal follows the signal intensity of urine.
Images courtesy of Ryan Fajardo, MD.

Serous Atrophy or Gelatinous Transformation:

In patients with profound loss of body fat stores,
as in patients who have severe cachexia, anorexia
nervosa, or acquired immunodeficiency syndrome,
a phenomenon known as serous atrophy or
gelatinous transformation of the bone marrow can
occur. Histologic descriptions of the marrow in
these patients show a gray-pink gelatinous or
serous marrow that contains atrophied fat and
hematopoietic cells set on a matrix rich in
hyaluronic acid.* This watery matrix results in
marked hyperintense signal intensity on T2
weighted images with hypointense signal on T1
weighted images (Fig. 19). The process may be
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focal or diffuse.* Furthermore, the progression of
disease mimics the pattern observed with normal
marrow conversion, namely transformation begins
in the hands and feet, followed by the long bones of
the distal arms and legs, before finally affecting the
spine and pelvis.

Summary

In conclusion, interpretation of marrow on MRI
requires an understanding of the normal pattern of
marrow maturation or conversion, as well as an
understanding of how the hematopoietic and fatty
constituents of marrow contribute to the normal
MRI appearance. Knowledge of the normal
appearance of marrow allows for recognition of
pathologic marrow processes. In part | of this
review, we discussed marrow conversion and
reconversion, as well as disorders of marrow
depletion and important but miscellaneous
processes which are otherwise difficult to
categorize. In part Il of our review, additional
marrow conditions such as bone marrow edema,
infiltration, and replacement; myeloproliferative
disease; and marrow ischemia will be discussed.

The views expressed in this material are those of the
author, and do not reflect the official policy or position of
the U.S. Government, the Department of Defense, or the
Department of the Air Force.
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