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Abstract Objective: To evaluate by magnetic resonance imaging changes in bone marrow of patients undergoing treatment for type I Gaucher’s
disease.
Materials and Methods: Descriptive, cross-sectional study of Gaucher’s disease patients submitted to 3 T magnetic resonance imaging
of femurs and lumbar spine. The images were blindly reviewed and the findings were classified according to the semiquantitative bone
marrow burden (BMB) scoring system.
Results: All of the seven evaluated patients (three men and four women) presented signs of bone marrow infiltration. Osteonecrosis of
the femoral head was found in three patients, Erlenmeyer flask deformity in five, and no patient had vertebral body collapse. The mean
BMB score was 11, ranging from 9 to 14.
Conclusion: Magnetic resonance imaging is currently the method of choice for assessing bone involvement in Gaucher’s disease in adults
due to its high sensitivity to detect both focal and diffuse bone marrow changes, and the BMB score is a simplified method for semiquantitative
analysis, without depending on advanced sequences or sophisticated hardware, allowing for the classification of the disease extent and
assisting in the treatment monitoring.
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Resumo Objetivo: Avaliar, por meio de ressonância magnética, alterações da medular óssea de pacientes em tratamento para doença de Gaucher tipo I.
Materiais e Métodos: Estudo descritivo e transversal de pacientes com doença de Gaucher tipo I, com realização de ressonância
magnética de 3 T da coluna lombar e fêmures, analisada por meio do escore semiquantitativo denominado bone marrow burden (BMB),
sem conhecimento das informações clínicas.
Resultados: Dos sete pacientes avaliados (três homens e quatro mulheres), todos apresentaram sinais de infiltração da medula óssea.
Osteonecrose da cabeça femoral foi encontrada em três pacientes, deformidade em frasco de Erlenmeyer em cinco e nenhum paciente
apresentou colapso de corpo vertebral. A pontuação média do escore BMB total foi 11, variando de 9 a 14.
Conclusão: A ressonância magnética é, atualmente, o método de escolha em adultos para avaliar o envolvimento ósseo na doença de
Gaucher, em virtude da sua elevada sensibilidade na detecção de alterações tanto focais quanto difusas da medula óssea, sendo o
escore BMB um método simplificado de análise semiquantitativa, sem depender de sequências avançadas ou de hardware sofisticado,
permitindo classificar a extensão do acometimento da doença e ajudando no monitoramento do tratamento.
Unitermos: Doença de Gaucher; Ressonância magnética; Sistema musculoesquelético; Doenças hematológicas.

INTRODUCTION
Gaucher’s disease is a hereditary deficiency of the lysosomal glucocerebrosidase enzyme (or beta-glucosidase) which
* Study developed at Universidade Federal do Espírito Santo (UFES), Vitória, ES,
Brazil.
1. PhD, Associate Professor of Radiology, Universidade Federal do Espírito Santo
(UFES), Vitória, ES, Brazil.
2. Master, MD, Hematologist, Centro Capixaba de Oncologia (Cecon), Vitória, ES,
Brazil.
3. MD, Resident in Radiology, Universidade Federal do Espírito Santo (UFES),
Vitória, ES, Brazil.
Mailing Address: Dr. Ricardo Mello. Departamento de Clínica Médica/CCS/UFES.
Avenida Marechal Campos, 1468, Nazareth. Vitória, ES, Brazil, 29043-900. E-mail:
ricardoafmello@gmail.com.
Received July 18, 2014. Accepted after revision December 8, 2014.

216
0100-3984 © Colégio Brasileiro de Radiologia e Diagnóstico por Imagem

hydrolizes the glucocerebroside glucosylceramide into glucose and ceramide. Such a deficiency leads to deposition of
that glycolipid and unleashes histological changes noticeable
particularly in the organs that are rich in elements of the
monocytic-phagocytic immune system (liver, spleen, lymph
nodes and bone marrow)(1).
Gaucher’s disease is classified into three types (I, II, and
III) based on the presence and severity of neurological involvement(1,2). Type I (non-neuropathic form) is the most
frequently found, corresponding to 95% of all cases, with an
incidence of 1:10,000 to 1:20,000(2,3).
Skeletal involvement is seen at radiography in almost
all patients, many of which are frequently asymptomatic. Bone
involvement severity and the progression rate vary considerRadiol Bras. 2015 Jul/Ago;48(4):216–219
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ably in Gaucher’s disease, but it is generally more aggressive in those patients who present with symptoms in their
childhood. Osteopenia, osteonecrosis, osteosclerosis, pathological fracture and vertebral collapse can be associated with
Gaucher’s disease(4).
Although the progression of many of these complications
may be interrupted or reversed by enzyme replacement
therapy, osteonecrosis, osteosclerosis and vertebral compression may be irreversible. Therefore, an early and routine
monitoring of the skeletal involvement is imperative(5–7).
Different techniques have been utilized with that purpose, including radiography, computed tomography (CT),
magnetic resonance imaging (MRI) and bone scintigraphy.
New qualitative techniques and quantitative applications are
being tried out in Gaucher’s disease, such as double-beam
x-ray absorptiometry, quantitative CT and quantitative MRI
techniques, such as spectroscopy(6,8).
MATERIALS AND METHODS
Images from both femora and lumbar spine were obtained from seven patients presenting with type I Gaucher’s
disease in a 3T Achieva MRI scanner (Philips Healthcare;
Best, The Netherlands), without intravenous administration
of paramagnetic contrast. The TSE T1- and T2-weighted sequences from the lumbar spine were acquired in the sagittal
plane, and the TSE T1- and T2-weighted sequences with fat
saturation were acquired from both femora in the coronal
plane.
The semiquantitative bone marrow burden (BMB) scoring system was utilized to evaluate the MRI studies(5). Such
a scoring system is a combination of scores from the peripheral skeleton (femora) and axial skeleton (lumbar spine),
based on two characteristics, as follows: signal intensity of
altered areas and sites of disease involvement. In the femora,
three involvement sites are considered: proximal epiphysis,
metaphysis and distal epiphysis (Table 1). In the spine, two
patterns are analyzed: patchy infiltration and diffuse infiltration, either with or without involvement of the fat surrounding the basivertebral vein (Table 2). The scores from the
lumbar spine and from both femora are summed up, resulting in a maximum total of 16 points (eight from the femora
and eight from the lumbar spine).
The images of each patient were evaluated by a radiologist experienced in osteoarticular radiology, who was blinded
to the clinical data, utilizing the modified BMB scoring system, with the purpose of determining the bone involvement
extent.
RESULTS
Bone marrow infiltration was found in all seven patients,
three men and four women, with ages ranging between 18
and 69 years (Figures 1, 2 and 3).
Femoral head osteonecrosis was found in three patients
(Figure 4) and bone marrow infarction was found in four patients. Erlenmayer flask deformity was observed in five cases,
Radiol Bras. 2015 Jul/Ago;48(4):216–219

Table 1—BMB scoring for the femora.
A: Signal intensity at MRI
Signal intensity*

Scoring

T2

Hyperintense

2

T2

Mildly hyperintense

1

T2

Isointense

0

T2

Mildly hypointense

1

T2

Hypointense

2

T2

Mixed type

3

T1

Mildly hyperintense or isointense

0

T1

Mildly hypointense

1

T1

Hypointense

2

MR sequence

B: Sites of involvement
Scoring

Extent
Diaphysis

1

Proximal epiphysis/apophysis

2

Distal epiphysis

3

* In relation to signal intensity from subcutaneous tissue.
Table 2—BMB score in the lumbar spine.
A: Signal intensity at MRI
Signal intensity*

Scoring

T2

Hyperintense

2

T2

Mildly hyperintense

1

T2

Isointense

0

T2

Mildly hypointense

1

T2

Hypointense

2

T1

Mildly hyperintense

0

T1

Isointense

1

T1

Mildly hypointense

2

T1

Hypointense

3

MR sequence

B: Sites of involvement
Patchy

Scoring

Sparse

1

Diffuse

2

Absence of fat in the region of the basivertebral vein

3

* In relation to signal intensity from a healthy intervertebral disc.
Obs.: A higher score means a more severe bone marrow involvement.

and none of the patients presented with vertebral collapse or
pathologic femoral fracture. The mean total BMB score
(femora and lumbar spine) was 11, ranging from 9 to 14.
DISCUSSION
The MRI evaluation of the musculoskeletal system has
been the subject of a series of recent publications in the Brazilian radiological literature(9–17). In Gaucher’s disease, the
bone involvement may not reflect the disease in other organs, with progressive and severe skeletal disease occurring
in patients with minor or even absent visceral and hematologic involvement(18–20).
The evaluation and monitoring of bone compromising
constitute an important element in the management of
217
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Figure 2. MRI of a female, 22-year-old patient recently diagnosed with Gaucher’s
disease. Sagittal T1-weighted (A) and T2-weighted (B) images of the lumbar spine
demonstrate lower signal from the bone marrow in relation to intervertebral discs
and presacral fat, including, in this case, replacement of fat surrounding the basivertebral veins (compare with Figure 1, images A and B) resulting in a score of
4 for signal intensity and 3 for distribution, with a total score of 7 for the lumbar
spine.

Figure 1. MRI of a male, 28-year-old patient presenting with Gaucher’s disease.
T1-weighted (A) and T2-weighted (B) images of the lumbar spine demonstrate
lower signal of the bone marrow in relation to intervertebral discs and presacral
fat. The signal intensity score was 4 and for distribution the score was 2, as the
fat surrounding basivertebral veins was not replaced, leading to a BMB score of
6 for the lumbar spine. Coronal T1-weighted (C) and T2-weighted (D) images of
the femora were classified as score 3 for signal intensity and 1 for involvement
extent, as epiphyseal infiltration was not detected, resulting in a femoral BMB
score of 4.

Gaucher’s disease, with the objective of instituting a treatment before the onset of irreversible complications such as
infarction and avascular necrosis(11). It has been shown that
the risk of infarction and avascular necrosis is reduced in
patients who start enzyme replacement therapy within two
years after diagnosis, as compared with those who experience delays of more than two years between diagnosis and
treatment(19,20).
MRI is the method of choice to evaluate the skeleton in
Gaucher’s disease in adults, due to its high sensitivity for
detecting both focal and diffuse lesions, such as acute bone
infarction, trauma, avascular necrosis, infection and infiltration of bone marrow by Gaucher’s cells(5,6).
As Gaucher’s cells infiltrate into the bone marrow, the
affected areas will present with hypointense signal at MRI
T1- and T2-weighted sequences, due to the replacement of
the bone marrow fatty content(3,5,6,8). The pattern of bone
infiltration by Gaucher’s cells also provides data on the dis218

Figure 3. MRI images of a 63-year-old woman with Gaucher’s disease. Coronal
T1-weighted (A) and T2-weighted (B) sequences from both femora were classified as score 5 for signal intensity and 3 for involvement extent, considering the
presence of proximal and distal epiphyseal infiltration resulting in a total femoral
BMB score of 8.

ease severity; and areas where the signal intensity is not homogeneously decreased are associated with a higher degree
of disease irreversibility as compared with areas where the
signal intensity is homogeneously decreased(9,10). In studies
using MRI, several semiquantitative and quantitative evaluation methods of Gaucher’s disease have been described; and
currently the most utilized method is the BMB scoring system, for its simple application in the routine clinical practice(5,6,8).
CONCLUSION
The BMB scoring system is a widely available, simplified method for semiquantitative evaluation of bone involvement in patients presenting with Gaucher’s disease, relying
Radiol Bras. 2015 Jul/Ago;48(4):216–219
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Figure 4. MRI of the same patient on Figure 3. Coronal T1-weighted (A), T2-weighted SPAIR (B) and sagittal T2-weighted SPAIR (C) images of the left hip showing
extensive avascular necrosis of the femoral head, with advanced secondary degenerative arthritis.

only on images from the lumbar spine and femora and based
on conventional MRI sequences, not depending upon sophisticated hardware and special softwares.
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