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Abstract 
Bone marrow edema (BME) is defined as an excess of fluids that builds up in the bone marrow (BM), commonly found because of 
osteoporosis, trauma, infections, ischemia or neoplasia. Histologically, BME is characterized by accumulation of extracellular eosinophilic 
fluid. Magnetic Resonance Imaging (MRI) is the only method that highlights the presence of BME caused by various diseases, including 
the one associated with hematological malignancies. The classic MRI protocol for the study of BM and BME includes T1- and T2-weighted 
sequences, the STIR sequence, and in some cases, the administration of intravenous contrast agents in T1-weighted sequences. Fifty-four 
patients were investigated; there were identified 30 patients with MRI features of BME. Out of the 30 patients with BME, 24 were known to 
have a malignant hematological disease (multiple myeloma, leukemia, lymphoma); for the remaining subjects, imagistic findings and other 
laboratory investigations led to multiple myeloma diagnosis. Of the 30 patients, six showed characteristic lesions of the underlying disease 
as well as BME; four patients had only BME. BM is a structure that is commonly investigated using MRI scans, regardless of the examined 
bone segment. T1-weighted images and T2-weighted with fat suppression are essential for BME evaluation. Moreover, MRI allows monitoring 
disease progression and treatment response in patients with malignant hemopathies. 
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 Introduction 

Bone marrow edema (BME) represents an increase of 
interstitial water content. Therefore, some authors prefer 
the name of “BME-like” signal or anomaly, a term first 
used by Wilson et al. in 1988 [1]. BME can be a constant 
sign in osteoarthritis, rheumatoid arthritis or osteoporosis 
[2–4]. 

The physiopathology of BME is still unclear [1, 5–7] 
and depends of the pathological condition that determines 
it. It was suggested that local vascular changes are a 
trigger [1, 6–9]. It is widely acknowledged that the hyper-
perfusion phenomenon in bone marrow (BM) contributes 
to its formation [4]. Cytokines play an important role in 
BME [3]. This may explain the link between BME and 
the occurrence of pain in the segment [10], and the effect 
of cortisone treatment or anti-tumor necrosis factor-α 
(anti-TNF-α) [3]. The peri-tumoral edema is correlated 
at the prostaglandins level with the expression of the 
cyclooxygenase-2, which is involved in the synthesis of 
prostaglandins [3]. 

Histologically, BME is characterized by accumulation 
of extracellular eosinophilic fluid and the presence of 
inflated fat cells that begin to disintegrate [7]. BME is in 
most cases the debut component of histological anomalies. 

Magnetic Resonance Imaging (MRI) is the method 
of choice for BM disease [11–13], including the presence 

of BME. MRI is a non-invasive technique [10, 12–15] 
complementary to bone biopsy, allowing simultaneous 
multi-segment investigation [5, 16, 17], that can determine 
the concentration of fat and water at this level as well as 
bone vascularization and metabolism [8, 14, 16, 18]. 
The information is used in the diagnosis and staging of 
disease as well as monitoring response to treatment [2, 
10, 14, 16, 19]. 

BME is a nonspecific MRI change commonly found 
because of osteoporosis, trauma, infections, ischemia or 
neoplasia [1, 3, 9, 20]. Thus, MRI can detect BME pattern 
associated in algodystrophy with microfractures in the 
trabecular bone and simultaneous damage of the joint 
and periarticular soft tissue, and in osteoarthritis with 
fibrosis, hyperemia, necrosis and the presence of sub-
chondral cysts, as well as ligament injuries or synovial 
inflammation [1, 3, 4, 9, 11]. 

 Materials and Methods 

A total of 54 patients were MRI investigated between 
2010 and 2014. 

Classical MRI protocol for studying BM and BME 
include T1- and T2-weighted sequences, STIR sequence, 
in some cases, administration contrast media in T1-
weighted sequence [12]. 
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Patients who showed at least one edematous bone 
lesion were included in the study. 

Bone marrow biopsies (BMB) with histological and 
immunohistochemical (IHC) examinations were performed 
for the patients diagnosed with lymphoma, also for the 
patients without a hematological malignancies. 

MRI protocol 

T1-weighted sequences 

In T1-weighted sequences, fat has a short relaxation 
time (will appear bright white), and the water has a long 
T1 relaxation time (signal intensity is lower than fat). 
Therefore, BME has a reduced signal compared to the 
rest of normal BM and muscle structures. Difficulties in 
diagnosis appear when the edema is diffuse or when 
examining young patients, that still have a high amount 
of hematopoietic marrow [3, 8, 10, 12, 13, 15, 17, 18] 
(Figure 1). 

(a)   (b)   (c)  

Figure 1 – Aspect of BME: (a) T1-weighted sequence; 
(b) T2-weighted sequences; (c) STIR sequences. 

T2-weighted sequences 

In T2-weighted sequences, the difference between fat 
and water signal intensity is reduced; the consequence is 
a poor differentiation between normal BM signal, the fatty 
marrow and BME. However, in circumscribed lesions 
an increased signal of BME lesions may be observed 
compared to the rest of the normal BM [3, 8, 10, 12, 13, 
18] (Figure 1). 

STIR (short-time-inversion-recovery) 

STIR sequence emphasizes the difference between 
water and fat signal, canceling the fat signal. Thus, the 
identification of BME is clearer compared to standard 
sequences. STIR images are complementary to T1- and 
T2-weighted sequences. In BME, the signal is more 
intense than that of red BM, because the concentration 
of water and fat is higher in case of edema [3, 8, 10, 12, 
13, 15, 18, 19] (Figure 1). 

T1-weighted sequence with intravenous contrast 
media 

The area of BME is loaded with contrast substance 
differentiated according to the cause of the change. It 
will present in time and under treatment variations in 
concentration, respectively in the intensity of charging 
signal. It can therefore become an indicator of treatment 
response in malignant hemopathies [3, 8, 10, 13, 15, 18]. 

Post-contrast images increase the cost and duration 
of the MRI examination and should be used only in 

cases in which it is assumed the existence of small 
circumscribed BM lesions [9], that are hidden by BME 
or to quantify BME, as well as in cases of uncertain 
injuries in diagnosis. 

Histological and IHC protocols 

BMB (>1 cm length) was prelevated from postero-
superior iliac crest, after local anesthesia. After fixation 
in 10% buffered formalin, BM sample was decalcified 
for 3–4 hours in EDTA disodium salt, processed and 
paraffin embedded. The sections of 4 μm were stained 
with Hematoxylin–Eosin (HE). IHC staining was carried 
out on paraffin-wax sections using MaxPolymer Novolink 
(Leica, UK), in accordance with the manufacturer’s 
instructions. Hodgkin’s lymphoma panel included: Reed–
Sternberg cells marker CD30 (clone 1G12, dilution 1:40, 
Novocastra, Leica, UK); Reed–Sternberg cell marker 
CD15 (clone MMA, dilution 1:80, Cell Marque, USA); 
B-cell marker CD20 (clone L25, dilution 1:250, Novo-
castra, Leica, UK), B-cell marker PAX5 (clone SP34, 
dilution 1:300, Cell Marque, USA), and T-cell marker 
CD3 (clone LN10, dilution 1:400, Novocastra, Leica, 
UK). The panel for multiple myeloma (MM) included: 
plasma cell marker CD38 (clone SPC32, dilution 1:80, 
Novocastra, Leica, UK); kappa light chain (polyclonal, 
dilution 1:750, Novocastra, Leica, UK); lambda light 
chain (polyclonal, 1:1500, Novocastra, Leica, UK), and 
B-cell marker CD20 (clone L25, dilution 1:250, Novo-
castra, Leica, UK). 

 Results 

There were investigated with MRI a total of 54 
patients, who were aged between 26 and 79-year-old, 
with a mean age of 52.5 and female/male ratio of 6.5/1. 
After MRI examination, it was noted that 24 (44.4%) 
patients showed no signs of BME. Those were excluded 
from the study. The remaining 30 (55.6%) patients showed 
at least one edematous bone lesion, this representing the 
group of interest for the study. 

The regions investigated by MRI in the study group 
were: cervical spine in six (20%) cases, thoracic spine in 
six (20%) cases, lumbar spine in 16 (53.4%) cases and 
knee in two (6.6%) cases (Table 1). 

Of the total examinations, eight (26.6%) exams were 
completed using T1-weighted sequences with intravenous 
contrast administration, the rest (73.4%) were native 
exams (Table 2). 

Of the 30 cases, 24 (80%) patients were noted as 
having a malignant hematological disease, while six 
(20%) patients were subsequently diagnosed as having 
multiple myeloma (MM). 

From those diagnosed with malignant hemopathy, two 
(6.7%) subjects were diagnosed with classical Hodgkin’s 
lymphoma, 20 (66.6%) with MM and two (6.7%) subjects 
showed a form of leukemia (Table 3). 

In the study group, four (13.3%) patients had only 
BME, six (20%) showing the rest of the lesions charact-
eristic of the underlying disease (Figure 2) (Table 4). 

Of the total of 30 cases, 10 (33.3%) patients showed 
specific post-treatment modifications (Figure 3) (Table 4). 

In 14 (46.6%) cases were found nonspecific compli-
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cations of fracture of the vertebral body with vertebral 
compaction (Figure 4) (Table 4). 

Table 1 – Investigated segments 

Segment type No. of examinations 

Cervical spine 6 

Thoracic spine 6 

Lumbar spine 16 

Knee 2 

Table 2 – Performed MRI investigations 

Examination type No. of examinations 

Native MRI 22 

MRI with contrast 8 

Table 3 – Patients’ batch 

Type of malignant hemopathy No. of patients 

Multiple myeloma 26 

Leukemia 2 

Hodgkin’s lymphoma 2 

Table 4 – Bone marrow edema – associations 

BM edema – associations No. of cases 

Without other associated lesions 4 
With the characteristic lesions of the  
underlying disease 

6 

With treatment-related lesions 10 

Associated with nonspecific changes 14 

MRI identified the presence of diffuse BME in 11 
(36.7%) cases and circumscribed lesions in 19 (63.3%) 
cases (Figure 5). 

(a)   (b)  

(c)   (d)  
Figure 2 – BME lesions associated with specific lesions 
of Hodgkin’s lymphoma: (a) T1-weighted sequence; 
(b) T2-weighted sequences; (c) STIR sequences;  
(d) T1 with contrast. 

(a)   (b)   (c)  

Figure 3 – BME associated with MM lesions after treat-
ment – fatty degeneration: (a) T1-weighted sequence; 
(b) T2-weighted sequences; (c) STIR sequences. 

(a)  

(b)  

Figure 4 – BME associated with cervical vertebral 
body fracture in a patient with MM: (a) T1-weighted 
sequence; (b) T1 with contrast. 

(a)   (b)   (c)   (d)  

Figure 5 – BME without any other associated damage 
in a patient with MM: (a) T1-weighted sequence;  
(b) T2-weighted sequences; (c) STIR sequences;  
(d) T1 with contrast. 

Histology and IHC 

BMB of Hodgkin’s lymphoma patients showed a 
compact polymorphous reactive infiltrate with small-sized 
lymphocytes, histiocytes, eosinophils and plasma cells 
(Figure 6) very few mononucleated tumor Hodgkin’s cells 
were detected (Figure 7). Tumor cells were CD15- and 
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CD30-positive (Figure 8), expressed PAX5 (Figure 9), 
but CD20- and CD3-negative; small peritumoral lympho-
cytes were T-cells, CD3-positive. The histology showed 
a BM-positive Hodgkin’s lymphoma, and the patients 
were stage IV of disease. 

For the remaining six patients without a diagnosed 
hematological disease, but with MRI showed at least 

one edematous bone lesion, BMB revealed a malignant 
plasma cells infiltrate (between 40% and 90% of the 
marrow cellularity) (Figure 10), CD38-positive (Figure 11) 
and CD20-negative, with a clonal nature: five cases with 
kappa light chain secretion (Figure 12) and one case with 
lambda light chain secretion. 
 

 

Figure 6 – BMB, Hodgkin’s lymphoma: hypercellular 
BM with polymorphous reactive infiltrate (HE staining, 
200×). 

Figure 7 – BMB, Hodgkin’s lymphoma: very few mono-
nucleated Hodgkin’s tumor cells (HE staining, 400×). 

 

Figure 8 – BMB, Hodgkin’s lymphoma: Hodgkin’s cells 
are nuclear positive for B-cell marker PAX5 (IHC 
staining for PAX5, 200×). 

Figure 9 – BMB, Hodgkin’s lymphoma: tumor cells were 
CD30-positive (IHC staining for CD30, 200×). 

 

Figure 10 – BMB, MM: tumor plasma cells infiltrate is 
positive for CD38 (IHC staining for CD38, 200×). 

Figure 11 – BMB, MM: diffuse tumor plasma cells 
infiltrate (HE staining, 200×). 
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Figure 12 – BMB, MM: clonal kappa light chain 
secretion for the tumor cells (IHC staining for kappa 
light chain, 200×). 

 Discussion 

MRI allows pertinent assessment of BME. The procedure 
is non-invasive, non-irradiating, but also brings the most 
information on the pathological entity. 

At the same time, the existence of bone marrow edema 
is not a specific modification. The semiological characters 
of BME do not allow primary specific diagnostic differ-
entiation between neoplastic and non-neoplastic lesions, 
the differentiation between the two groups of pathology 
is possible only through direct cooperation between the 
radiologist, which precisely locates the lesion and the 
pathologist, who can specify the exact nature of the lesion. 
They are more specific when monitoring lesions under 
treatment. Cyto-histological changes following therapy 
involves different behaviors of competitive activity of 
osteoclasts and osteoblasts with metabolic changes of 
osteocytes. This leads to changes in the imagistic behavior 
of the preexisting lesion to therapy, either to full disap-
pearance or to a different imagistic aspect in relation to 
the type of sequence. 

Initially, after treatment, it has been reported the 
presence of diffuse or circumscribed areas of BME [2, 8, 
10, 21], identified on MRI images as hyposignal areas in 
T1-weighted sequences, increased signal in T2-weighted 
sequences and STIR and intense contrast enhancement 
in T1-weighted sequences [2, 8, 18, 22, 23]. Afterwards, 
BM suffers fatty degeneration [2, 4, 8, 23, 24]. 

The extension of the lesions is dependent on specific 
protocols applied in chemotherapy and in radiotherapy, 
including the duration of applications [8, 21]. 

Chemotherapy causes BME through changes in the 
structure and vascularization of bone marrow [2, 21]. In 
the early stages of therapy BM sinuses become dilated 
and hyperpermeable, leading to edema [2, 10]. Full 
information of the radiologist prior to examination on the 
type of cure, as well as the administered dose, duration 
of treatment and the time intervals between cures, allow 
choosing the examination protocols depending on the 
above parameters, which will result in providing an 
accurate and complete imagistic information on the 
examined subject. Afterwards is observed a reduction in 
cellularity and fatty conversion of BM [2, 10, 13, 16, 23]. 

After treatment, the MRI aspect shows fatty degenerated 
areas in BM [2, 8, 10, 13, 23]. 

Radiotherapy induces also, through cytotoxic changes, 
a different cellular behavior in the bone metabolism of 
the irradiated aria. This will cause a number of imagistic 
changes required to report to the physician. Complications 
of radiotherapy applied in malignant hemopathies are 
fractures or avascular necrosis in irradiated bone [2, 8, 
10, 21]. Fractures are caused by reduced elasticity of the 
bone structure and can be identified through characteristic 
changes on MRI images [8, 10, 21]. Post-radiation aseptic 
necrosis is caused by microvascularization changes, due to 
fibrosis and endothelial proliferation, leading to ischemia 
[2] of the area and subsequent death of BM cells. 

In early stages, it is identified as areas of diffuse BME 
[8]. The same aspect is identified in patients treated with 
high doses of cortisone [8]. 

 Conclusions 

BME is a nonspecific MRI change. It can be analyzed 
for diagnostic purposes only in the context of other 
associated signs. The required sequences to highlight it 
are T1-weighted sequences and those with fat suppression. 
T2-weighted sequences do not have diagnostic and 
prognostic value. Consequence of treatment, BME occurs 
constantly. BME can occur also as a primary lesion of 
onset malignant hemopathies. 

References 
[1] Niall DM, Bobic V, Bone bruising and bone marrow edema 

syndromes: incidental radiological findings or harbingers of 
future joint degeneration?, International Society of Arthroscopy, 
Knee Surgery and Orthopaedic Sports Medicine (ISAKOS), 
Newsletter, Winter 2004, 22–25, Available at: https://www. 
isakos.com/innovations/niall.aspx. 

[2] Moulopoulos LA, Dimopoulos MA, Magnetic resonance imaging 
of the bone marrow in hematologic malignancies, Blood, 1997, 
90(6):2127–2147. 

[3] Blum A, Lecocq S, Loeuille D, Bone marrow edema aids 
diagnosis and prognosis, Rheumatology Network, 2010, 
Available at: http://www.rheumatologynetwork.com/articles/ 
bone-marrow-edema-aids-diagnosis-and-prognosis. 

[4] Kessler R, Campbell S, Wang D, Bui-Mansfield L, Magnetic 
resonance imaging of bone marrow: a review – Part II, J Am 
Osteopath Coll Radiol (JAOCR), 2012, 1(2):13–25. 

[5] Tsunoda S, Takagi S, Tanaka O, Miura Y, Clinical and 
prognostic significance of femoral marrow magnetic resonance 
imaging in patients with malignant lymphoma, Blood, 1997, 
89(1):286–290. 

[6] Aigner N, Petje G, Steinboeck G, Schneider W, Krasny C, 
Landsiedl F, Treatment of bone-marrow oedema of the talus 
with the prostacyclin analogue iloprost. An MRI-controlled 
investigation of a new method, J Bone Joint Surg Br, 2001, 
83(6):855–858. 

[7] Vande Berg B, Lecouvet F, Koutaissoff S, Simoni R, 
Maldague B, Malghem J, Bone marrow edema of the femoral 
head, JBR–BTR, 2007, 90(5):350–357. 

[8] Daldrup-Link HE, Henning T, Link TM, MR imaging of therapy-
induced changes of bone marrow, Eur Radiol, 2007, 17(3): 
743–761. 

[9] Hayes CW, Conway WF, Daniel WW, MR imaging of bone 
marrow edema pattern: transient osteoporosis, transient bone 
marrow edema syndrome, or osteonecrosis, Radiographics, 
1993, 13(5):1001–1011; discussion 1012. 

[10] Focosi D, Magnetic resonance imaging of bone marrow, 
Molecular Medicine, 2001–2014, Available at: http://www. 
mm.interhealth.info. 

[11] Bratu AM, Edemul medular al capului femural – modificare 
IRM nespecifică în patologia şoldului, Imagistica Medicală, 
2008, 10:1–4. 



Iulia Alecsandra Sălcianu et al. 

 

1084 

[12] Salcianu IA, Bratu AM, Banos E, Bondari S, Zaharia C, 
Bondari A, MRI appearance of bone marrow, Curr Health 
Sci J, 2014, 40(1):32–35. 

[13] Turki MW, Maalej A, Guermazi Y, Fakhfakh K, Akid F, 
Haddar S, Fourati H, Mahfoudh KB, Mnif J, Bone marrow: 
normal and pathologic aspects in MRI, EPOS, Available at: 
www.myESR.org. 

[14] Hwang S, Panicek DM, Magnetic resonance imaging of bone 
marrow in oncology, Part 1, Skeletal Radiol, 2007, 36(10): 
913–920. 

[15] Zaharia C, Lupu A, Purcărea A, Efimov V, Mielomul multiplu 
– interferenţe, actualităţi, Ed. Universitară “Carol Davila”, 
Bucureşti, 2006, 45–51. 

[16] Casamassima F, Ruggiero C, Caramella D, Tinacci E, Villari N, 
Ruggiero M, Hematopoietic bone marrow recovery after 
radiation therapy: MRI evaluation, Blood, 1989, 73(6):1677–
1681. 

[17] Smith SR, Roberts N, Percy DF, Edwards RH, Detection of 
bone marrow abnormalities in patients with Hodgkin’s disease 
by T1 mapping of MR images of lumbar vertebral bone marrow, 
Br J Cancer, 1992, 65(2):246–251. 

[18] Shah LM, Hanrahan CJ, MRI of spinal bone marrow: part I, 
techniques and normal age-related appearances, AJR Am J 
Roentgenol, 2011, 197(6):1298–1308. 

[19] Mirowitz SA, Apicella P, Reinus WR, Hammerman AM, MR 
imaging of bone marrow lesions: relative conspicuousness on 
T1-weighted, fat-suppressed T2-weighted, and STIR images, 
AJR Am J Roentgenol, 1994, 162(1):215–221. 

[20] Feller JF, MRI of bone marrow, Advanced MRI – from head 
to toe, 2002, Available at: http://www.dzg.at/rad2rad/Advan 
cedMri/Downloads_PDF/30.pdf. 

[21] Hwang S, Panicek DM, Magnetic resonance imaging of bone 
marrow in oncology, Part 2, Skeletal Radiol, 2007, 36(11): 
1017–1027. 

[22] van der Lande BAE, van der Wolk S, Transient bone marrow 
edema syndrome of ankle, JBR–BTR, 2008, 91(3):120–121. 

[23] Silva JR Jr, Hayashi D, Yonenaga T, Fukuda K, Genant HK, 
Lin C, Rahmouni A, Guermazi A, MRI of bone marrow 
abnormalities in hematological malignancies, Diagn Interv 
Radiol, 2013, 19(5):393–399. 

[24] Takagi S, Tanaka O, Miura Y, Magnetic resonance imaging 
of femoral marrow in patients with myelodysplastic syndromes 
or leukemia, Blood, 1995, 86(1):316–322. 

 
 
 
 
 
 
Corresponding author 
Iulia Alecsandra Sălcianu, MD, Department of Radiology and Medical Imaging, “Colţea” Clinical Hospital, 1 Ion C. 
Brătianu Avenue, 030171 Bucharest, Romania; Phone +40766–524 703, e-mail: salcianu_iulia@yahoo.com 
 
 
 
 
 
 
Received: July 10, 2014 

Accepted: November 17, 2014 
 
 


