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Bone marrow involvement is a frequent finding in
malignant lymphoma. Bone marrow biopsy of the
posterior iliac crest is routinely performed for staging. Abnormal magnetic resonance imaging (MRI)
signals of bone marrow was also reported to be
indicative of bone marrow involvement. This study
included 60 patients with malignant lymphoma.
Unilateral bone marrow biopsy of the posterior
iliac crest was performed. MRI of lumbar spine was
studied within 24 hours of bone marrow biopsy. 22
healthy controls were used for the detection of MRI
objectivity during visual evaluation. In 83% of
patients (50/60), biopsy and MRI results agreed
completely. In two patients, histologic sections
failed to show any evidence of bone marrow invol-

vement despite abnormal MRI signals suggestive
of involvement. In three patients, MRI was completely normal despite biopsy proven bone marrow
infiltration. False negativity (3/60) and false positivity (2/60) rates were very low. Negative biopsy
findings with positive or equivocal MRI results
should not exclude bone marrow involvement and
needs further evaluation with bilateral or guided
biopsy. Thus, we conclude that MRI of bone marrow is a fairly sensitive, noninvasive modality and
might be of potential value in detecting bone marrow infiltration in malignant lymphoid neoplasms
which can be utilized as a useful adjunct to standard staging procedures. (Pathology Oncology
Research Vol 5, No 2, 123 –128, 1999)
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Introduction
Malignant lymphomas are primary neoplasms of lymphoid tissues, with two different spectrum of diseases;
Hodgkin’s disease (HD) and non-Hodgkin lymphoma
(NHL). Staging in malignant lymphomas which has paramount importance includes physical examination, chest
X-ray, computed (CAT) scan of the abdomen and pelvis
and bone marrow biopsy.1,2
Unilateral blind biopsy of bone marrow of the posterior iliac crest is routinely performed during bone marrow
evaluation.3-5 It is recommended to perform bone marrow
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biopsy for all patients with NHL1 and for patients with
stage IIIA or greater in HD.2 25–40% of patients with
NHL6 and 5–15% of patients with HD7,8 have bone marrow involvement. Accurate documentation of the bone
marrow status is critical in choosing the appropriate therapeutic strategy. A means of improving the detection of
marrow infiltration would therefore have important therapeutic implications.
In order to detect and evaluate the extent of bone marrow infiltration in malignant lymphoma there are some
other diagnostic tests such as bone marrow scintigraphy,9,10 flow cytometric analysis of marrow aspirate
(FC)11 and magnetic resonance imaging (MRI) of bone
marrow.12-14 MRI is an especially promising method in
exploring relatively large volumes of marrow non-invasively. It is well suited for examining soft tissues on the
basis of different proton densities15-17 and T1 and T2
relaxation times.18,19
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Table 1. Definitions used for bone marrow biopsy and
MRI evaluations
Findings at bone
marrow biopsy

Normal
Diffuse – all hematopoietic cells were
displaced by malignant cells
Nodular – malignant cells in groups,
normal hematopoietic cells disappeared in areas of infiltration
Interstitial – neoplastic infiltration in
the interstitium with normal hematopoietic cells

Findings at MRI

Negative – completely normal
Positive – Diffuse or patchy decreases
in intensity in all lumbar vertebras;
highly suggestive of infiltration
Equivocal – Subtle intensity changes or
involvement in only a few vertebra;
suspicious for tumoral infiltration.

The aim of this study was to assess the ability of MRI
to document bone marrow involvement in patients with
malignant lymphoma. This study was also undertaken to
compare the efficacy of MRI with bone marrow biopsy in
the evaluation of bone marrow infiltration.
Materials and Methods
Sixty patients with malignant lymphoma were studied.
The patients ranged in age from 19 to 73 (median, 52 years).
There were 33 men and 27 women. Six had Hodgkin’s disease, and 54 had non-Hodgkin’s lymphoma (low grade, n =
12; intermediate grade, n = 22; high grade, n = 20).
Classification of non-Hodgkin’s lymphoma was based on

Working Formulation.20 Patients were evaluated prior to initiation of treatment. All patients had received chemotherapy. None of the patients had received radiotherapy.
Unilateral blind bone marrow biopsy of the posterior
iliac crest was performed, followed by fixation in formalin, sectioning, and staining of the biopsy specimen. The
biopsy specimens were evaluated at the Department of
Pathology and were classified as normal, diffuse infiltration, nodular infiltration, and interstitial infiltration (Table 1,
Figure1).
MRI examinations of lumbar spine were performed on
a 1.0 Tesla imager (Siemens Magnetom Impact) within 24
hours of bone marrow biopsy in all patients. The images
were acquired in the sagittal plane using a turbo spin-echo
T1 weighted sequence (Repetition time: 600 msec, Echo
time:12 msec ). The acquisition matrix was 156x256, and
the field of view was 163x260mm. Acquisition was 4. The
images were evaluated by two radiologists, each blinded
to the biopsy results as well as the other radiologist’s findings. MRI results were based on the comparison of vertebral body and disc intensities and grouped into three, as
negative (normal MRI) (Figure 2), positive (diffuse infiltration) (Figure 3) and equivocal (Table 1).
In order to test the objectivity of visual evaluation of
the bone marrow, the images of the patients were mixed up
with those of 22 healthy age-adjusted volunteers with a
median age of 50 years (range, 21–69). When the diagnoses of the two radiologists were controversial, the imaTable 2. Definitions for the comparison of MRI and
biopsy results

MRI (+)
MRI (–)

BM (+)

BM (–)

TP
FN

FP
TN

BM (+) = Positive bone marrow biopsy; BM (–) = Negative
bone marrow biopsy. MRI (+) = MRI highly suggestive for
tumoral infiltration; MRI (–) = normal MRI. TP = true positive,
FP = false positive, TN = true negative, FN = false negative

Table 3. Correlation of MRI results with bone marrow
biopsy

MRI (+) n
MRI (–) n
MRI (E) n
Total n

Figure 1. Bone marrow biopsy showing atypical mononuclear
cell infiltration in non-Hodgkin’s lymphoma. x400

BM (+) n

BM (–) n

Total n

19
3
1
23

2
31
4
37

21
34
5
60

n = Number of patients; MRI (+) = MRI highly suggestive for
tumoral infiltration; MRI (–) = MRI negative for tumoral
infiltration; MRI (E) = MRI equivocal for infiltration; BM (+)
= Biopsy positive for malignancy; BM (–) = Biopsy negative
for malignancy
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With the exception of these patients with equivocal
findings, in 90% of patients (50/55), the results of MRI
and biopsy agreed completely. Five patients had discordant results between biopsy and MRI. Three patients had
negative MRI results despite morphologic involvement of
the bone marrow. In contrast, biopsy results of two patients with positive MRI were negative for tumoral infiltration (Table 3). Further statistical analysis was performed
with the exclusion of equivocal patients. The sensitivity,
specificity, positive and negative predictive values of MRI
were found to be 90%, 94%, 90% and 91%, respectively.
In 23 patients with positive biopsy results, there was not
any correlation between infiltration type and MRI results
as seen in Table 5. Five with positive, one with equivocal
and one with negative MRI results had diffuse bone marrow infiltration. Another six patients with positive and two
patients with negative MRI results had nodular type infiltration. Eight patients with negative MRI interpretation
were also found to have interstitial type bone marrow infiltration.
There are only six patients with HD evaluated. Table 6
shows that half of the patients (3/6) had positive MRI and
biopsy results (cases 4,5,6). MRI was negative in another

Figure 2. Normal MR findings of bone marrow on T1-weighted images.

ges of that patient were re-evaluated together to reach a
final decision.
The definitions underlying the comparison of MRI
findings and biopsy results are presented in table 2. Sensitivity, specificity, positive and negative predictive values
of MRI in detecting bone marrow infiltration were analyzed. Patients with equivocal results in MRI were excluded
during statistical evaluation.
Results
All control cases were correctly diagnosed as negative.
None of the patients in the control group showed pathologic signal intensity, demonstrating the objectivity of the
two radiologists during visual examination of MRI studies. Table 3. presents the correlation of findings at MRI
with those at unilateral blind biopsy. Analysis of the
results were based on the assumption that the unilateral
blind biopsy results were accurate.
In 8% of patients (5/60), MRI findings were evaluated
as equivocal (suspicious), as a final decision by two radiologists. Bone marrow biopsies in this group were found to
be negative in four patients and positive in one patient
(Table 4).
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Figure 3. Diffuse signal intensity decrease on T1-weighted images due to diffuse bone marrow infiltration in non-Hodgkin’s
lymphoma.
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Table 4. Details of MRI with “equivocal” results
Cases

Diagnosis

Bone marrow biopsy

1
2
3
4
5

Hodgkin’s disease
Hodgkin’s disease
Intermediate grade NHL
Intermediate grade NHL
High grade NHL

Negative
Negative
Negative
Diffuse infiltration
Negative

Table 5. Correlation of patterns of bone marrow infiltration with MRI
Diffuse type
infiltration
MRI positive
MRI negative
MRI equivocal

5
1
1

Nodular type Interstitial type
infiltration
infiltration
6
2
–

8
–
–

Table 6. Summary of results of MRI and bone marrow
biopsy in Hodgkin’s disease.
Cases

Bone marrow
infiltration

Type
of infiltration

MRI results

1
2
3
4
5
6

Negative
Negative
Negative
Positive
Positive
Positive

–
–
–
Diffuse
Diffuse
Nodular

Equivocal
Equivocal
Negative
Positive
Positive
Positive

patient with a negative biopsy (case 3). However, two
patients had equivocal MRI results despite negative bone
marrow biopsy (cases 1 and 2). Considering the equivocal
MRI results, 2 of 5 patients with equivocal MRI had HD
(cases 1 and 2) (Table 4).
Discussion
Bone marrow infiltration in malignant lymphoma may
be diffuse or focal, often associated with fibrosis, especially in Hodgkin’s disease.6,8,21 There are several diagnostic methods that can be used for the investigation of bone
marrow. Bone marrow involvement can be discovered
readily by unilateral blind bone marrow biopsy of the posterior iliac crest, performed with a Jamshidi type needle.22
This invasive procedure removes a small core of marrow
and is subject to sampling errors, particularly in HD that
may affect the marrow focally.8,21 In studies with bilateral
biopsies it was shown that positive findings were unilateral in 10–40% of patients.6,7 Bone marrow involvement can
only rarely be demonstrated by the usual marrow aspirate

technique and examination of marrow smears. Many
physicians now include flow cytometric immunophenotyping of bone marrow aspirates in the assessment of
patients.11,23 In a series of 273 patients with NHL,
Naughton et al.11 reported that FC was positive in one morphologically negative and in two morphologically suspicious case, thereby adding to the sensitivity in 3 of 273
cases. It was clear in Naughton’s study that FC has a very
limited role in the staging of malignant lymphoma.
Bone marrow scintigraphy is another, noninvasive way
of investigating marrow. It has the potential to show an
expansion of hemopoietically active bone marrow or local
defects due to displacement by other infiltrating tissues.9
However, this method has a low spatial resolution and
poor specificity.10,13
MR imaging is an alternative and non-invasive method,
which allows large volumes of marrow to be examined.
Adult hematopoietic bone marrow is composed of approximately 30% fat, contained within adipocytes, and 70%
water, contained primarily within blood-forming cellular
elements.24 The balance between the proportions of cellular and fatty elements may alter in the presence of disease.25 The presence of these two populations of protons in
water and fat makes red marrow uniquely suited to MRI.26
Compared to bone marrow scintigraphy MRI is more sensitive to changes in marrow fat, and gives superior
anatomic detail.
Using MRI, bone marrow imaging has been investigated with promising results in aplastic anemia,27 multiple
myeloma,28,29 acute leukemia13,27 and malignant lymphomas.12,13,30 In malignant lymphoma, MRI has been
investigated with promising results.12-14,30 In a prospective
study of 107 patients with malignant lymphoma, Linden et
al. compared bone marrow biopsy with MRI and scintigraphy. It was found that MRI was superior to scintigraphy
and combination of MRI plus biopsy was superior to biopsy alone.13
MR imaging with its high sensitivity for detecting bone
marrow lesions, has rapidly become the preferred imaging
technique for determining the presence of these types of
lesions. However, a consensus has not been reached on
which MR sequences are best suited for this purpose. Some
authors have achieved very satisfactory results with conventional spin echo T1 and T2 weighted sequences,12,19,31,32
whereas others suggest that sequences that use some form
of fat suppression such as short T1 inversion recovery
(STIR) or fat saturated T2 weighted imaging are more sensitive.33 However, as seen in the study of Mirowitz et al.
which compares all of these sequences, qualitatively there
are no significant differences between T1 weighted and fat
suppressed images in lesion detection.34 The same study
also shows that T1 weighted images had fewer motion artifacts, better image uniformity and better overall image
quality. Moreover optimal results with fat saturation
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require high-field strength systems which may not be
accessible everywhere. In our experience we think that
T1weighted spin echo imaging is much more simple, practical and as sensitive as these sequences.
In our study, as well as in Linden’s study,13 all healthy
controls were diagnosed correctly with only visual evaluation of images, showing the accuracy of the method used.
Differential diagnosis of diffuse low intensity replacement
of higher signal intensity marrow fat includes hemolytic
anemias and some rare pathologies such as thalassemia,
leukemia, lipid storage diseases like gaucher disease, and
histiocytic proliferative disease.35 However, in the context
of this study, we think that in a population with known
malignant lymphoma, diffuse signal intensity changes can
be attributed to involvement of the bone marrow; and that
increasing the cost of the examination would not add much
to the sensitivity..
Our results indicate that MRI was found to have a high
specificity (94%) and sensitivity (90%) in detecting bone
marrow infiltration. One of the major problems in our
study was the establishment of the true state of the bone
marrow, as unilateral blind biopsy is subject to substantial
sampling errors and all our analyses were based on the
bone marrow status. False negativity of MRI (3/55) was
observed in three patients (Table 3). There is some data
that diffuse infiltration can not be detected on MRI.13
However, two patients had interstitial infiltration and one
patient had nodular infiltration of NHL. False positive
results of MRI in two patients (2/55) might be due to nonhomogeneous tumor involvement resulting in false negativity at biopsy or nonmalignant bone marrow changes
such as osteomyelosclerosis simulating infiltration at
MRI. To evaluate the contribution of false negative findings at biopsy to these results, bilateral biopsy, and even
guided biopsy have to be performed. None of the patients
in our study had bilateral biopsy, which might have
increased the sensitivity and decreased the false positivity
of MRI. The same is true for equivocal MRI results (Table
4). Four out of 5 patients with equivocal MRI findings had
negative biopsy results and need further evaluation. Two
of these 5 patients had primary diagnoses of HD, that may
affect the marrow focally. Bilateral biopsy is essential in
these suspected cases.
Although it may be criticised that the biopsy sites and
imaging sites were different from each other, high concordance of the results between biopsy and MRI suggest that
in the group of patients with inhomogenous involvement
unilateral blind biopsy of the iliac crest, which is routinely used in the staging of malignant lymphoma, bnt is less
sensitive than MR imaging, with which more than one
region can be evaluated.
In this study, it might be more feasible in selected cases
with discordant results to perform bilateral biopsy and
even MRI guided biopsy to confirm our results. With the
Vol 5, No 2, 1999
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available data, we can conclude that MRI of lumbar spine
is a non-invasive way of demonstrating bone marrow infiltration, which has to be used as an adjunct to unilateral
blind bone marrow biopsy.
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