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ABSTR ACT

INTRODUCTION

Background: Advanced imaging techniques as magnetic
resonance imaging (MRI) are increasingly performed in the
diagnostic workup of patients. Incidentally, diffuse signal
alterations of the bone marrow are detected because MRI
visualises various components of the bone marrow. The
clinical significance of these signal alterations is unknown.
Objective: The main goal of this study was to determine
the diagnostic value of a bone marrow biopsy in patients
with incidentally found diffuse signal alterations of the
bone marrow.
Methods: We retrospectively examined all bone marrow
biopsies performed from 1 January 2007 to 31 December
2013 (n = 1947). Patients were included when the biopsy was
obtained following an MRI with a diffuse abnormal bone
marrow signal. Patients who underwent MRI for suspected
malignancy were excluded. Histological and cytological
results of the bone marrow examinations were analysed.
Results: 15 of the 1947 bone marrow biopsies (0.77%) were
performed because of diffuse signal alterations on MRI. In
seven of these 15 bone marrow biopsies (47%) a clinically
important haematological disorder was found. Eight
patients had a normal bone marrow evaluation.
Conclusion: Based on this retrospective study, a bone
marrow examination in patients with incidentally detected
diffuse signal alterations should be considered to exclude
haematological pathology. Prospective studies have to
be performed to further investigate the best diagnostic
strategy.

Advanced imaging techniques as magnetic resonance
imaging (MRI) are increasingly performed in the
diagnostic workup of patients. As a consequence,
unintentionally the bone marrow is also visualised on
MRI. Bone marrow contains osseous trabeculae and a
cellular component. This cellular component consists
of haematopoietic cells (red marrow), fat tissue
(yellow marrow) and reticulum cells. The difference
in composition of yellow and red marrow, the latter
containing more water and less fat, explains the
appearance of the bone marrow on MRI. Changes in
this composition can thus be noticed and might be the
first sign of disease.1-3 Incidental abnormalities in signal
intensity of the bone marrow are frequently observed in
routine imaging. Several patterns of marrow change are
recognised, including marrow depletion, infiltration and
replacement. Another important change in distribution is
the reconversion from fatty to cellular marrow. 4,5
Throughout childhood, a physiological conversion
from haematopoietic to fatty marrow is seen. This
conversion occurs in a predictable pattern ending in
the proximal humeral and femoral metaphyses in early
adulthood.6-9 Bone marrow reconversion, when yellow
marrow is replaced with active red marrow, also known
as haematopoietic hyperplasia, could be noticed in several
conditions, such as anaemia and marrow replacement
disorders. Smoking, obesity, obstructive sleep apnoea
syndrome and endurance sports are also identified as
factors that are associated with reconversion.10-15
The clinical significance of incidentally detected signal
alterations of the bone marrow on MRI is unknown.
There are no studies available on the diagnostic value of
modern MRI for the detection of haematological diseases
and there is a growing need for data to develop guidelines.
The main goal of this study was therefore to determine the
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diagnostic value of a bone marrow examination in patients
with incidentally found diffuse signal alterations on MRI.
Furthermore, we aimed to define a diagnostic strategy for
patients with these incidental abnormal findings of the
bone marrow on MRI.

Figure 1. Flow chart of patient inclusion

MATERIAL AND METHODS
We retrospectively identified all patients who underwent
a bone marrow examination in Maxima Medical Center
Eindhoven/Veldhoven, a large teaching hospital in
the south of the Netherlands, from 1 January 2007
to 31 December 2013. The files of all these patients
were examined. Patients were included when the bone
marrow examination was obtained following an MRI
with an abnormal bone marrow signal. All MRIs were
performed because of musculoskeletal symptoms.
There was no clinical suspicion of a haematological
disorder. An abnormal bone marrow signal on MRI
was defined by the radiologist and included complete
and diffuse reconversion of the yellow bone marrow
to haematopoietic (red) bone marrow, haematopoietic
hyperplasia, recognised by a diffusely T1-weighted
hypointense signal and a hyperintense signal relative
to muscle on short inversion time inversion recovery
and fat-suppressed T2-weighted images.16 Patients who
underwent MRI for a suspected malignancy and patients
with a known haematological disorder or malignancy
were excluded. All bone marrow examinations were
performed within two months after the MRI. At the
same time the following laboratory tests were done:
erythrocyte sedimentation rare (ESR), C-reactive protein
(CRP), haemoglobin, leucocytes, differentiation and
platelets. Histological and cytological results of the bone
marrow biopsy were analysed.

Bone marrow examination
2007-2013 (n =1947)

Exclusion (n = 1927)
No MRI before biopsy

Inclusion (n = 20)
Biopsy after MRI

Exclusion (n = 5)
Indication for MRI: suspected
or known malignancy or
haematological disease

Inclusion (n = 15)

Table 1. Patient characteristics
Patient characteristics (n = 15)
Age – years
Median (range)

48 (22 to 76)

Male sex – no. (%)

8 (53)

Caucasian – no. (%)

13 (87)

MRI – no. (%)
Spine
Shoulder
Pelvis
Knee

10 (67)
2 (13)
2 (13)
1 (7)

Abnormal peripheral blood – no. (%)

12 (80)

BMI – kg/m2
Median (range)

26.7 (19.6-29.9)

Smoking – no. (%)

4 (26)

Prevalence of haematological disorders
In seven patients (47%) clinically significant
haematological disorders were found. One patient was
diagnosed with acute myeloid leukaemia (AML), one
with myelodysplastic syndrome, one with multiple
myeloma, one with monoclonal gammopathy of unknown
significance, one with essential thrombocytosis (ET),
one with classical Hodgkin’s lymphoma and one with
congenital spherocytosis. In every case, the diagnostic
criteria formulated by the World Health Organisation
were met. Eight patients had normal bone marrow
histology and cytology. No differences in characteristics
were observed between the patients with or without a
haematological disorder (table 2). In the laboratory tests
in patients with no haematological disorder, six patients
had a mild leukocytosis, leukopenia, thrombopenia,
thrombocytosis, target cells or anaemia. In the patients
with a haematological disorder, in six patients a mildly
increased ESR and leukopenia (patient with AML), a mild

R ESULTS
Characteristics of the study population
From 1 January 2007 to 31 December 2013, a total of 1947
bone marrow examinations were obtained. In 20 patients
the biopsy was performed after detection of an abnormal
bone marrow signal on MRI. Five patients were excluded
because the indication for the preceding MRI was a
suspected malignant disease ( figure 1). Fifteen patients
(0.77%) were included for further analysis (table 1). Of
these 15 patients, eight were male (53%). The median
age was 51.6 years (range 22-76). Thirteen patients were
Caucasian (87%). The MRIs performed were of the
spine, shoulder, knee and pelvis. In 12 patients (80%)
abnormalities in the peripheral blood were seen.
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months, it was concluded that the abnormalities seen on
MRI were most likely benign.17 The difference in outcome
with our study can be explained in several ways. Firstly,
in our study data of the bone marrow were available in
all patients, in contrast with the study by Deutsch et al.,
suggesting that haematological disorders could have
been missed. Secondly, in our population more patients
had an abnormal blood count, which increases the prior
chance of a pathological outcome. However, we did not
find any differences in ESR, haemoglobin, leucocytes,
differentiation and platelets between patients with and
without haematological disorders. Furthermore, the signal
alterations detected in the study by Deutsch et al. might
not be completely comparable with the signal alterations
we detected, as the alterations in our patients were seen
on other locations than the knee and involved modern
MRI technology. Finally, our study design is different,
as we started to analyse bone marrow results instead of
MRI results. In this way, we were not able to allocate the
patients in our hospital who might have had an abnormal
signal of the bone marrow on MRI, but were not referred
to a haematologist or internist. As a large part of the
group had an abnormal blood count, this too might have
been decisive for the physician to perform a bone marrow
examination. Therefore, a selection bias in our study
increases the pre-test probability of finding haematological
abnormalities. The real incidence of haematological
disorders will be lower than 47%. However, of all 1927
other patients who underwent bone marrow examination
in the study period, not a single patient had a previous MRI
examination with signal alterations of the bone marrow. To
decrease the risk of any selection bias, a prospective study
should be performed. The value of MRI is increasingly
investigated in patients with haematological disorders.
MRI is very sensitive in the staging of lymphoma patients,
but it still requires bone marrow biopsy, although positron
emission tomography scan might replace bone marrow
biopsy for staging in the near future. In early stage
myeloma and monoclonal gammopathy of unknown
significance, findings on MRI correlate with earlier onset
of more aggressive disease, especially using dynamic
MRI techniques.18-21 Early detection of bone marrow
abnormalities might be important for determining
treatment strategies and improvement of prognosis and
outcome.

Table 2. Patient characteristics, with haematological
disorders and with normal bone marrow
Haematological
disorder

Normal bone
marrow

Total patients – no. (%)

7 (47)

8 (53)

Age – years
Median (range)

45 (22-67)

52 (31-76)

Male sex – no. (%)

3 (43)

5 (63)

Caucasian – no. (%)

7 (100)

6 (75)

BMI – kg/m
Median (range)

26.5 (19.6-28.9)

27 (22.2-29.9)

Smoking – no. (%)

2 (28)

2 (25)

MRI – no. (%)
Spine
Shoulder
Pelvis
Knee

3 (43)
1 (14)
2 (29)
1 (14)

7 (87)
1 (13)

6 (86)

6 (75)

2

Abnormal peripheral
blood – no. (%)

thrombocytosis and mildly increased haematocrit (patient
with ET), a mild anaemia or a mildly increased CRP
(patient with Hodgkin) was found. All abnormalities found
in the peripheral blood were mild and not disease specific.
Statistical analysis was not performed because of the small
patient population.

DISCUSSION
This retrospective study showed haematological disorders
in 47% of patients with incidentally detected diffuse
signal alterations of bone marrow on MRI. Remarkably,
there were no differences in baseline characteristics in the
two groups, especially concerning physical examination,
peripheral blood results, body weight or smoking, which
could have predicted the outcome. The haematological
disorders diagnosed are various and clinically relevant,
requiring follow-up or medical treatment. The signal
alterations of the bone marrow detected on MRI were
not characteristic for any specific disease and could
not distinguish between the patients with normal bone
marrow and with a haematological disorder.
Although we increasingly see patients with incidentally
detected diffuse signal alterations of the bone marrow on
MRI in clinical practice, no recent studies are available
in the literature. In 1989 Deutsch et al. reported ten
asymptomatic patients who received a routine MRI of the
knee that showed diffuse bone marrow abnormalities.
Based on peripheral blood results in nine patients and
bone marrow biopsy in five with a follow-up period of 4-15

CONCLUSION
In conclusion, 47% of patients with incidentally
detected diffuse signal alterations of bone marrow on
MRI were diagnosed with a haematological disorder.
Although physical examination and laboratory tests did
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not discriminate between patients with and without
haematological diseases, a thorough physical examination
and blood tests might increase the pre-odds likelihood
before a painful bone marrow biopsy is performed.
Until data of prospective studies are available, a bone
marrow examination in patients with incidentally detected
diffuse signal alterations should be considered to exclude
haematological pathology.
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