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MR Imaging Characteristics of Cranial Bone
Marrow in Adult Patients with Underlying
Systemic Disorders Compared with Healthy

Control Subjects

Laurie A. Loevner, Jennifer D. Tobey, David M. Yousem, Adina I. Sonners, and Wendy C. Hsu

BACKGROUND AND PURPOSE: In young adults, hematopoietic bone marrow has usually

converted to fatty marrow. Fat hyperintensity on T1-weighted MR images facilitates the
evaluation of marrow abnormalities. Our purpose was to compare cranial marrow signal
intensity patterns in adults with systemic disorders and in healthy subjects.

METHODS: MR images in 25 adults with underlying systemic disorders (chronic anemia,
lymphoma, leukemia, or other infiltrative processes) and 44 healthy aged-matched individuals
were retrospectively reviewed. Calvarial and clival marrow signal intensity on sagittal T1-
weighted images was graded relative to that of orbital fat, white matter (WM), and gray matter
(GM). Marrow was classified as homogeneous (uniformly isointense), diffusely heterogeneous
(mottled), or focally heterogeneous (generally isointense with a focal lesion).

RESULTS: In 84% of the control subjects, bone marrow was iso- or hyperintense relative to
WM. Patients had abnormal diploic (n = 22) or clival (n = 17) marrow; 22 had calvarial
marrow that was hypointense relative to WM compared with that in seven healthy subjects (P <
.001). Marrow hypointensity relative to WM was a sensitive (93%) and specific (86%) marker
of pathologic abnormality. Although marrow hypointensity relative to GM was specific (96%),
it was not sensitive (67%). Calvarial and clival marrow patterns, respectively, were homoge-
neous in 8§1% and 64% of control subjects and 76% and 60% of patients. Clival marrow intensity
varied more than did calvarial intensity; therefore, clival criteria were less sensitive and

accurate in systemic disease detection.

CONCLUSION: Homogeneous diploic marrow hypointense relative to WM on non-contrast-
enhanced T1-weighted images suggests an underlying systemic or hematologic disorder and
requires appropriate clinical correlation and evaluation.

MR imaging is particularly well suited for the study of
bone marrow, because it can be used to differentiate
fat from other tissues. Signal intensity is directly re-
lated to relative amounts of fat, water, and cells in the
marrow. Hematopoietic (red) marrow is composed of
approximately 40% fat, 40% water, and 20% protein
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compared with inactive fatty (yellow) marrow, which
contains approximately 80% fat, 10-15% water, and 5%
protein (1). On non-contrast-enhanced T1-weighted
images, yellow marrow has high signal intensity relative
to that of muscle; it approaches the intensity of subcu-
taneous fat. Cellular red marrow has an intermediate
signal intensity, which may be isointense or slightly hy-
perintense relative to muscle, depending on the cell-to-
fat ratio.

Marrow conversion represents a normal process in
which yellow marrow gradually replaces red marrow.
At birth, marrow is predominantly red in both the
appendicular and axial skeletons. In the appendicular
skeleton, most of the marrow has undergone conversion
by the time an individual is aged 25 years. Residual red
marrow is found in the proximal metaphyses of the
femurs and humeri. In the axial skeleton, a larger
portion of the marrow in adults remains hematopoi-
etic compared with the appendicular skeleton (2).
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A spectrum of processes may affect bone marrow,
causing a change in the proportion of marrow con-
stituents. When demand for hematopoeisis is in-
creased in response to systemic stresses such as
chronic anemia, heart failure, or heavy smoking (3),
reconversion of fatty marrow to cellular marrow may
occur in an anatomic pattern opposite to that of
conversion (2). In addition, cellular replacement of
bone marrow may occur in hematologic malignancies,
infiltrative processes such as granulomatous disease,
and polycythemia vera.

Increased marrow cellularity, whether from patho-
logic replacement or physiologic stress, may be detect-
able on MR images (4, 5). To detect such abnormalities,
an understanding of normal marrow characteristics on
MR images is necessary. An alteration in the normal
signal intensity may be the earliest, and occasionally the
only, sign of an underlying systemic disorder. Normal
and abnormal marrow signal intensity on MR images
has been previously studied in the vertebrae (4-9), fe-
mur (3, 6, 10), and pelvis (4-6). Findings from a few
studies of the MR imaging appearance of calvarial
and clival marrows in normal and diseased states have
been reported (6, 11, 12). A consensus exists that, with
increasing age, the normal conversion of red marrow to
yellow marrow is detectable as progressive hyperinten-
sity on non-contrast-enhanced T1-weighted MR im-
ages. However, results regarding the rate at which this
occurs differ. In the calvarium, uniform hyperintensity
on T1-weighted images has been reported in more than
80% of healthy subjects by the time they are aged 15
years (12). Another study (11) also revealed that this
pattern was most common in subjects older than 20
years (11). However, to our knowledge, the MR imaging
appearance of diploic marrow in patients with systemic
disease has not been extensively investigated.

The purpose of this study was to determine if par-
ticular signal intensity patterns in the cranial marrow
were suggestive of an underlying systemic disorder.
We evaluated the MR signal intensity characteristics
of calvarial and clival marrow in patients with known
systemic disorders and compared them with those of
healthy control subjects.

Methods

Sagittal non—contrast-enhanced T1-weighted brain MR im-
ages in 25 consecutive patients with known systemic disorders,
who were examined over a 3-month period, were mixed with
those of 44 healthy control subjects. Two blinded neuroradi-
ologists (L.A.L., D.M.L.) retrospectively reviewed the images;
they were unaware of the source of the images, that is, patient
or control subject. In the 25 patients (12 men, 13 women),
systemic disorders included chronic anemia, with serum hemo-
globin levels of 6.8-11.2 mg/dL (n = 10); hematologic malig-
nancies (lymphoma, leukemia, myeloma) (n = 7); bone mar-
row transplants (n = 2); and a single case each of sarcoid,
metastatic breast cancer, renal osteodystrophy, myelodysplastic
syndrome, and transient thrombocytopenic purpura. Subjects
younger than 21 years were excluded from the study to ensure
that all those participating were old enough to have adult
marrow conversion. The ages of the patients at the time of their
MR studies ranged from 27 to 78 years (mean, 51 years).

MR images were obtained in 44 age-matched healthy con-
trol subjects (18 men, 26 women; age range, 21-78 years; mean,
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52 years). These subjects were being examined for reasons
unrelated to bone marrow (eg, headache, dizziness, memory
loss). Before their inclusion in the study, the medical history of
all control subjects was reviewed by using their medical records
to exclude individuals with systemic illnesses or abnormal he-
moglobin levels (all control subjects had normal hemoglobin
levels within 3 weeks of their MR examinations).

All MR examinations were performed with a 1.5-T system
(Signa; GE Medical Systems, Milwaukee, WI) by using a
quadrature head coil. The imaging protocol included standard
spin-echo sagittal T1-weighted imaging (600-700/11-17[TR/
TE]) of the whole brain. Other imaging parameters included a
section thickness of 5 mm, one or two excitations, a 22-cm field
of view, and a 256 X 192 matrix.

The calvarial and clival bone marrow signal intensities were
graded relative to that of orbital fat, white matter (WM), and
cortical gray matter (GM). In addition, each reviewer gave a
subjective indication as to whether they thought the calvarial
and clival marrows were normal or abnormal. Calvarial and
clival marrow were also classified as homogeneous (uniformly
isointense), diffusely heterogeneous (mottled), or focally het-
erogeneous (generally isointense with a focal lesion).

The medical records of all patients and control subjects,
including serum hemoglobin values, were reviewed within 3
weeks of their MR examinations. The sensitivity, specificity,
and accuracy of MR imaging in the evaluation of calvarial and
clival marrow were determined. The assessment of interob-
server agreement regarding image interpretation was based on
54 analysis. The data were statistically analyzed with a Fischer
exact test; P values of less than .05 were considered to repre-
sent a significant difference between the results in patients and
those in control subjects.

Results

The observers agreed in 131 of 138 readings (anal-
ysis of calvarial and clival marrows in 25 patients and
44 control subjects resulted in 138 interpretations)
and resolved findings in seven cases by consensus
(54 = 0.96). In 37 (84%) control subjects, diploic
marrow was iso- or hyperintense relative to WM (Figs
1 and 2); 9% had marrow that was hypointense rela-
tive to WM but iso- or hyperintense relative to GM;
and in 7% of cases, the calvarial marrow was hypo-
intense relative to GM (Table 1). The MR signal char-
acteristics of clival marrow in healthy control subjects
(Fig 2) showed that 91% had marrow that was predom-
inantly iso- or hyperintense relative to WM (Table 2).

In the blinded review of images in the 25 patients
with systemic disorders, 22 (88%) patients had abnor-
mal calvarial marrow, whereas 17 (68%) were be-
lieved to have abnormal clival marrow. When the
signal intensity of the calvarial marrow was compared
with that of orbital fat, WM, and GM, a significant
difference was found between patients and control
subjects (P < .001). Marrow signal intensity was
greater than or equal to that of WM in only three
(12%) of 25 patients, compared with 84% of healthy
subjects. Therefore, 22 (88%) patients with anemia or
other systemic illnesses had calvarial marrow that was
hypointense relative to WM (Figs 3-7). The criterion
that marrow hypointensity relative to WM is an indi-
cator of systemic disease had the best overall sensi-
tivity (93%), specificity (86%), and accuracy (88%)
(Table 3). The criterion that marrow is abnormal if it
is hypointense relative to fat was extremely sensitive
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Fic 1. Off-midline non-contrast-enhanced sagittal T1-weighted MR image (500/11/1 [TR/TE/excitations]) in a 25-year-old healthy man
shows the normal appearance of the diploic marrow in the calvarium. Usually by the time an individual is aged 21 years, conversion from

hematopoietic marrow to fatty marrow is completed. The fat content is responsible for the high signal intensity of the diploic marrow on
T1-weighted MR images (arrows). The area of hypointensity along the region of the frontal bone represents the neighboring suture.

Fic 2. Midline (A) and parasagittal (B) non—contrast-enhanced T1-weighted MR images (500/11/1) in a 73-year-old healthy woman
show the normal high signal intensity of the diploic space due to fat, the major constituent of adult marrow. The mild heterogeneity and
thickening of the diploic space is common in older patients. Also note the normal appearance of the clivus in A, which, in this case, is
homogeneously hyperintense.

TABLE 1: MR signal characteristics of calvarial marrow in healthy control subjects

Age (y)
21-30 31-40 41-50 51-60 61-70 71-78 All*
Signal Characteristic (m=11) m=3) (=4 @=5 ®m=14) m=7) (n=44)
Isointense to fat 1 1 1 0 1 6 (14)
Hypointense to fat and iso- or hyperintense to white matter 8 1 2 3 11 6 31 (70)
Hypointense to white matter and iso- or hyperintense to 2 1 1 0 0 4(9)
gray matter
Hypointense to gray matter 0 0 0 2 1 0 3(7)
* Data in parentheses are percentages.
TABLE 2: MR signal characteristics of clival marrow in healthy control subjects
Age (y)
21-30 31-40 41-50 51-60 61-70 71-78 All*
Signal Characteristic (n=11) (n=23) (n=4) (n=5) (n=14) (n="17 (n = 44)
Isointense to fat 2 0 0 1 11 4 18 (41)
Hypointense to fat and iso- or hyperintense to 7 3 4 4 1 3 22 (50)
white matter
Hypointense to white matter and iso- or 2 0 0 0 2 0 4(9)

hyperintense to gray matter

* Data in parentheses are percentages.

(100%), but it had low specificity (16%) and accuracy
(37%). The criterion that marrow is abnormal if it is
hypointense relative to GM was very specific (96%),
but it had low sensitivity (67%). Interestingly, subjec-
tive (visual) assessment of the marrow as being nor-
mal or abnormal without the use of the grading scale
yielded results identical to those with the criterion of
marrow hypointensity relative to WM; sensitivity,
specificity, and accuracy were 93%, 86%, and 88%,
respectively (Table 3).

The clival marrow intensity patterns were more
variable; therefore, in the clivus, the imaging criteria
were less sensitive, specific, and accurate in the de-
tection of systemic disease (Table 4). Both readers’
subjective indications (without use of the grading sys-

tem) about whether the clival marrow was normal or
abnormal were most accurate (85%). When clival
signal intensity was judged by using the grading sys-
tem (compared with the signal intensity of WM, GM,
or fat), accuracy was much lower and ranged from
58-81%. The finding of clival marrow hyperintensity
relative to WM but hypointensity relative to fat was
most sensitive (100%); however, this criterion had
low specificity (43%). Although the finding of clival
signal hypointensity relative to that of WM or GM or
determined on a subjective basis was very specific
(89%, 100%, and 91%, respectively), clival marrow
hypointense relative to WM and GM had low sensi-
tivity (60% and 7%, respectively).

Calvarial and clival marrow were also classified as
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Fic 3. Parasagittal non—contrast-enhanced T1-weighted MR image (600/12/1) in a 35-year-old man with a history of thalassemia and
a chronic hemoglobin level of 7.7 mg/dL. The marrow in the diploic space is diffusely abnormal (arrows), because the normal fat has been
replaced by hematopoietic tissue, with resultant signal that is hypointense relative that of the adjacent WM and GM.

Fic 4. Off-midline non—contrast-enhanced sagittal T1-weighted MR image (600/12/1) in a 48-year-old woman with breast cancer who
presented with headache and fatigue. Overall, heterogeneous marrow is hypointense relative to WM. A subsequent bone scan was
diffusely abnormal. Pelvic marrow biopsy revealed metastatic adenocarcinoma. In this patient, alteration of the marrow signal intensity
on T1-weighted images was the first indication of metastatic disease.
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Fic 5. Nonenhanced sagittal T1-weighted MR image (500/11/1) in a 37-year-old woman with AIDS and chronic anemia (hemoglobin
level, 8.2 mg/dL) shows diffuse abnormal signal intensity in the calvarial marrow, which is markedly hypointense relative to WM.

Fic 6. Sagittal T1-weighted MR image (600/12/1) in a 70-year-old woman with sarcoid proved at calvarial marrow biopsy shows
diffusely abnormal calvarial marrow, which is hypointense relative to WM.

homogeneous, diffusely heterogeneous (mottled) (Fig
8), or focally heterogeneous. In the 44 control subjects,
calvarial and clival marrows were homogeneous in 36
(81%) and 28 (64%), respectively. These findings were
similar to those in patients in whom the calvarial and
clival marrows were homogeneous in 19 (76%) and 15
(60%), respectively.

Discussion

To detect marrow abnormalities on MR images, an
understanding of the normal temporal patterns of red
bone marrow and yellow bone marrow is important.

The composition of marrow varies both with age and
anatomic location. At birth and throughout early child-
hood, marrow is predominantly hematopoietic (red).
With aging, hematopoietic marrow is gradually con-
verted to fatty (yellow) marrow (2). Factors thought to
influence conversion include variations in local temper-
ature, vascular supply, and oxygen tension (2).

The largest transition from red marrow to yellow
marrow occurs in the first and second decades of life,
with a second shift occurring in the seventh decade of
life (2, 13, 14). Rates of conversion vary within par-
ticular regions of the axial or appendicular skeleton.
In addition, rates of conversion may differ within a
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Fic 7. Off-midline sagittal T1-weighted MR image (600/12/1) in a 63-year-old man with newly diagnosed non-Hodgkin lymphoma
shows diffusely abnormal diploic marrow. Lymphomatous cellular infiltration was found at bone marrow biopsy in the iliac crest.

Fic 8. Sagittal T1-weighted MR image (500/11/1) in a 74-year-old healthy woman shows heterogeneous clival (arrows) and diploic
marrow patterns. While the marrow is heterogeneous or mottled in character, its overall signal is relatively isointense to that of WM.

TABLE 3: Calvarial diploic marrow signal intensity relative to that
of fat, GM, and WM in patients with known systemic disorders

Hypointense ~ Hypointense Hypointense

Finding to Orbital Fat to WM to GM Subjective
Sensitivity (%) 100 93 67 93
Specificity (%) 16 86 96 86
Accuracy (%) 37 88 88 88

TABLE 4: Clival marrow signal intensity relative to that of fat, GM,
and WM in patients with known systemic disorders

Hypointense ~ Hypointense Hypointense

Finding to Orbital Fat to WM to GM Subjective
Sensitivity (%) 100 60 7 67
Specificity (%) 43 89 100 91
Accuracy (%) 58 81 76 85

single bone. The appendicular skeleton undergoes
conversion before the axial skeleton. Conversion be-
gins in the most peripheral tubular bones (the pha-
langes in the hands and feet) and progresses centrally
to the humeri and femurs. By 25 years of age, most of
the marrow has undergone conversion, with the ex-
ception of residual red marrow in the proximal me-
taphyses of the femurs and humeri. In the axial skel-
eton (vertebrae, sternum, pelvis, and ribs), regions of
hematopoietic marrow may persist well into adult-
hood (2). In pathologic studies of the iliac crest, three
stages of hematopoietic tissue have been identified
(14). In the first stage, which spans the first decade of
life, hematopoietic tissue accounts for approximately
80% of the marrow. In the second stage, the percent-
age of red marrow decreases to 50% by 30 years of
age and stays relatively constant until 60 years of age.
In the final stage, 30% of the marrow or less is
composed of hematopoietic tissue.

In adults, reconversion of yellow marrow to red

marrow occurs with prolonged physiologic stress or
when substantial replacement of the normal marrow
occurs such that the demand for blood cell production
exceeds the ability of the marrow to meet these de-
mands (2, 15). Physiologic stress may be caused by a
variety of conditions, including chronic anemias such
as sickle cell disease, thalassemia, thrombotic throm-
bocytopenic purpura, heart failure, or anemia that
complicates systemic chemotherapy and radiation
treatment (2, 11). Infiltrative processes involving the
marrow include hematologic malignancies (leukemia,
lymphoma, and multiple myeloma), as well as meta-
static disease. Replacement of the marrow by nonma-
lignant processes may occur with sarcoid, polycythe-
mia vera, and myelodysplastic disorders (2, 15).

Marrow reconversion occurs in an orderly pattern
opposite to that of conversion; it begins centrally in
the axial skeleton and proceeds peripherally to the
appendicular skeleton (2). Flat bones in the axial
skeleton such as the sternum, spine, and scapula un-
dergo reconversion at a faster rate (2). Findings sug-
gest that adults younger than 40 years have an in-
creased capacity for marrow reconversion compared
with older adults; however, the reason for this is
unknown (3, 9, 15).

MR imaging, because of its superior contrast and
soft-tissue resolution, allows the distinction of fat
from other tissues. As a result, it is a choice imaging
technique in the examination of patients with sus-
pected marrow disorders (4, 5). MR imaging has also
been valuable in following the clinical course of many
marrow disorders, as well as in guiding the clinician in
selecting sites for marrow biopsy. Plain-film radiog-
raphy is insensitive in the detection of marrow disor-
ders in that it may not reveal an abnormality until
advanced replacement of the marrow has occurred.
Frequently, more than 50% of the trabecular bone
must be involved for an abnormality to be depicted on
plain radiographs. CT is the best imaging modality for
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the assessment of cortical bone; however, it cannot be
used to distinguish between normal and abnormal
marrow until large quantities of bone are involved.
Although radionuclide studies may be used to detect
aberrations in normal activity, they are not always
sensitive to the difference between normal and patho-
logic marrow (particularly in the setting of hemato-
logic malignancies), and they have less than optimal
anatomic resolution.

On spin-echo MR images, the signal from fat is
averaged with that of water to produce a composite
signal intensity. The contrast between fat and cellular
marrow is emphasized on T1-weighted images. As a
result of decreased T1 relaxation times, normal adult
yellow marrow has high signal intensity relative to
that of muscle; it approaches the intensity of subcu-
taneous or orbital fat (Figs 1 and 2). Cellular marrow
has an intermediate signal intensity that is the same as
or slightly higher than that of muscle. Age-related
changes in marrow composition lead to a progressive
decrease in T1 relaxation times that correspond to
increased signal intensity on MR images. The largest
decrease in T1 relaxation times in the vertebral bod-
ies occurs between the first and second decades of
life; this result is consistent with pathologic findings in
marrow composition (7, 13, 14). In addition to age,
sex may account for variability in marrow intensity. In
healthy subjects older than 50 years, women have
slightly greater T1 and T2 relaxation times in their
vertebral bodies relative to men; this finding is attrib-
uted to the more rapid and extensive demineraliza-
tion of bone associated with menopause (7).

Heterogeneous marrow with foci of hypercellular-
ity due to hyperplasia can represent a normal varia-
tion. Physiologic heterogeneity has been associated
with smoking, menstruation, athletic training, and
obesity (3, 10, 15). Poulton et al (3) found foci of low
signal intensity on T1-weighted images in the metaph-
yses of the distal femur and in the proximal tibia in six
(28%) of 21 heavy smokers, two (20%) of 10 moder-
ate smokers, but only one (4%) of 25 nonsmokers.
Foci of hypointensity have been attributed to an in-
crease in the number of granulocytes and erythrocytes
at pathologic evaluation in smokers (16). In a study
performed to evaluate the marrow of marathon run-
ners, just fewer than 50% had hypointensity on T1-
weighted images in the distal femur, compared with
3% of healthy subjects (10).

Healthy and pathologic characteristics of marrow
on MR images have been evaluated in the vertebrae
(4-9), femur (3, 6, 10), and pelvis (4—-6). Studies have
shown that MR imaging is sensitive in the detection
of disorders and in the assessment of their pattern
and distribution; however, it has low specificity, be-
cause it cannot be used to distinguish among the
various infiltrative processes. Daffner et al (4) evalu-
ated MR images in a select group of patients with
known malignancies. Surveys of the lumbar spine,
pelvis, and hips revealed that the presence of marrow
infiltration correlated with hypointensity on T1-
weighted images. The MR findings were confirmed at
biopsy in the affected bones. Nyman et al (5) also
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compared MR imaging findings with histologic char-
acteristics in bone marrow aspirates from patients
with neoplastic disease, polycythemia vera, and reac-
tive marrow (nonspecific reaction to external stimuli
resulting in increased cellularity) (5). They found that
areas of high cellularity corresponded to areas of low
signal intensity on T1-weighted images. The T1 relax-
ation times were not significantly different regardless
of the histologic diagnosis in patients with similar
degrees of marrow cellularity.

Few studies have been performed to evaluate the
signal intensity characteristics of cranial marrow (6,
11, 12, 17). At histopathologic analysis, the amount of
active cranial bone marrow is about 25% at birth and
12% at 10 years of age (13). Calvarial marrow under-
goes conversion from red marrow to yellow marrow
by the time an individual is 20 years of age, before
conversion of the spine (13). Previous investigators
have described normal age-related patterns of MR
signal intensity. Okada et al (12) found three patterns
of calvarial signal intensity on T1-weighted images in
246 healthy subjects: uniformly low, uniformly high in
the frontal and occipital bones with more heteroge-
neity in the parietal bones, and uniformly high signal
intensity. Uniformly low signal intensity, which repre-
sents a predominance of red marrow, was observed in
more than 90% of infants younger than 1 year. This
pattern was no longer observed after 7 years of age.
By the time patients are aged 15 years, an adult
pattern of homogeneously hyperintense marrow is
present in more than 80% of the subjects. Using the
same imaging patterns, Ricci et al (6) also found that
the calvarial marrow was predominantly hypointense
in very young subjects, although a similar pattern
occurred in a small subset of subjects aged 41-50
years. After 20 years of age, homogeneously high
signal intensity was predominant.

We investigated if patterns of signal intensity in the
calvarium could reliably indicate the presence of an
underlying systemic disorder. Our results showed that
diploic marrow was diffusely hypointense relative to
WM on nonenhanced T1-weighted images in 88% of
patients with an underlying systemic disorder (Figs
3-7). Therefore, this finding warrants appropriate
workup, which, at our institution, begins with clinical
correlation and complete blood count analysis. How-
ever, this pattern may be a normal variant, as was the
case in 16% of the control subjects in our study.

In our study, the clival marrow had a signal inten-
sity pattern that was more variable than that of cal-
varial diploic marrow in both healthy and pathologic
states. Therefore, the distinction of normal and ab-
normal heterogeneous signal intensity in the clivus
may be problematic. Our results are similar to those
of Kimura et al (11). These investigators reviewed
T1-weighted MR images in 330 healthy adults aged
20-88 years and found a spectrum of heterogeneous
clival patterns with areas of hypointensity, as well as
hyperintensity, relative to WM. Only 34% of subjects,
by the time they were aged 30 years, had uniform
hyperintensity. Although healthy adults in our study
had predominantly hyperintense clival marrow, het-
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erogeneity with focal regions of hypointensity was
present in more than one third of the control subjects;
this finding was similar to those of patients with he-
matologic disorders (Fig 8). This differs from the
results of Okada et al, who found that the signal
intensity of clival marrow progressively changed from
uniformly low to uniformly high and that 95% of
subjects, by the time they were aged 24 years, had
uniformly high signal intensity. However, our results,
as well as those of other investigators, revealed that
the presence of homogeneously low signal intensity in
the clivus of an adult strongly suggests the presence of
an abnormality (11, 12, 17).

Conclusion

Homogeneous diploic or clival marrow that is hy-
pointense relative to WM on non-contrast-enhanced
T1-weighted images should suggest an underlying sys-
temic or hematologic disorder; however, in a small
subset of patients, this finding may represent a nor-
mal variation. Furthermore, alteration of the marrow
signal intensity on T1-weighted images may be the
first indication of an underlying systemic disorder.
The examination of patients with abnormal diploic
marrow should include close clinical correlation, as
well as a complete blood count analysis to assess the
white blood cell count, cell morphology, and hemo-
globin and hematocrit levels. If findings from these
initial studies are abnormal, further evaluation, in-
cluding bone marrow biopsy and careful correlation
of MR imaging findings with radionuclide bone scan
and plain radiographic findings, may be indicated.

References

1. Vogler JB, Murphy WA. Bone marrow imaging. Radiology 1988;
168:679-693

10.

11.

12.

13.

14.

15.

16.

17.

AJNR: 23, February 2002

. Kricun ME. Red-yellow marrow conversion: its effect on the loca-

tion of some solitary bone lesions. Skeletal Radiol 1985;14:10-19

. Poulton TB, Murphy WD, Duerk JL, Chapek CC, Feiglin DH.

Bone marrow reconversion in adults who are smokers: MR imaging
findings. AJR Am J Roenitgenol 1993;161:1217-1221

. Daffner RH, Lupetin AR, Dash N, Deeb ZL, Sefczek RJ, Schapiro

RL. MRI in the detection of malignant infiltration of bone marrow.
AJR Am J Roentgenol 1986;146:353-358

. Nyman R, Rehn S, Glimelius B, et al. Magnetic resonance imaging

in diffuse malignant bone marrow disease. Acta Radiol 1987;28:
199-205

. Ricci C, Cova M, Kang YS, et al. Normal age-related patterns of

cellular and fatty bone marrow distribution in the axial skeleton:
MR imaging study. Radiology 1990;177:83—-88

. Dooms GC, Fisher MR, Hricak H, Richardson M, Crooks LE,

Genant HK. Bone marrow imaging: magnetic resonance studies
relating to age and sex. Radiology 1985;155:429-432

. Casamassima F, Ruggiero C, Caramella D, Tinacci E, Villari N,

Ruggiero M. Hematopoietic bone marrow recovery after radiation
therapy: MRI evaluation. Blood 1989;73:1677-1680

. Stevens SK, Moore SG, Kaplan ID. Early and late bone marrow

changes after irradiation: MR evaluation. AJR Am J Roentgenol
1990;154:745-748

Shellock FG, Morris E, Deutsch AL, Mink JH, Kerr R, Boden SD.
Hematopoietic bone marrow hyperplasia: high prevalence on MR
images of the knee in asymptomatic marathon runners. A/JR Am J
Roentgenol 1992;158:335-338

Kimura F, Kim KS, Friedman H, Russell EJ, Breit R. MR imaging
of the normal and abnormal clivus. AJR Am J Roentgenol 1990;155:
1285-1291

Okada Y, Aoki S, Barkovich AJ, et al. Cranial bone marrow in
children: assessment of normal development with MR imaging.
Radiology 1989;171:161-164

Cristy M. Active bone marrow distribution as a function of age in
humans. Phys Med Biol 1981;3:389-400

Hartsock RJ, Smith EB, Petty CS. Normal variations with aging of
the amount of hematopoietic tissue in bone marrow from the
anterior iliac crest: a study made from 177 cases of sudden death
examined by necropsy. Am J Clin Pathol 1965;43:326-331

Steiner RM, Mitchell DG, Rao VM, Schweitzer ME. Magnetic
resonance imaging of diffuse bone marrow disease. Radiol Clinics
North Am 1993;31:383-409

Budde R, Schaefer HE. Smokers’ dysmyelopoiesis: bone marrow
alterations associated with cigarette smoking. Pathol Res Pract
1989;185:347-350

Eustace S, McGrath D, Albrecht M, Fogt F, Buff B, Longmaid HE.
Clival marrow changes in AIDS: findings at MR imaging. Radiology
1994;193:623-627



