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Abstract Objective: To determine
the prevalence and diagnostic signif-
icance of fluid-fluid levels (FFLs)
in focal bone lesions. Design and
patients: Clinical and radiological
details of 738 consecutive patients
referred with focal lesions of bone
and who had undergone MRI were
reviewed. FFLs were identified in 83
(11.2%). The proportion of the lesion
occupied by FFLs was estimated,
based on imaging in all available
planes, as <1/3, 1/3–2/3, >2/3 but not
the entire lesion, and complete. The
degree of FFL change in each lesion
was correlated with the final diagno-
sis, which was either histological
(n=80) or clinicoradiological (n=3).
There were 31 female and 52 male
patients, mean age 25.5 years (range
5–83 years). Results: Histology re-
vealed 46 benign, 32 malignant and 2
non-neoplastic lesions. A clinicora-
diological diagnosis was made in the
3 lesions without histology: 2 were

benign (simple bone cyst and intra-
osseous lipoma) and 1 malignant (a
metastasis). Malignant neoplasms
commonly showed FFLs which oc-
cupied <1/3 of the entire lesion
(n=22/32, 68.8%), and 50% of all the
lesions in this group were conven-
tional intramedullary osteosarcomas
(n=16). With increasing FFL change,
malignancy became less frequent:
with >2/3 (but incomplete) FFL
change, 81% (n=13/16) of tumours
were benign. If the entire tumour
showed FFL change, the histology
was benign in 100% (n=11).
Conclusions: The extent of FFLs
within a focal bone lesion appears to
be inversely related to the degree of
malignancy. If at least 2/3 of the le-
sion shows FFL change, 89% of di-
agnoses are benign.
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Introduction

Fluid-fluid levels (FFLs) in bone lesions were initially
described as a feature of an aneurysmal bone cyst (ABC)
and then telangiectatic osteosarcoma, using X-ray CT [1,
2]. Subsequently, they were reported in an ABC using
MRI [3], and comparison of the signal characteristics and
relaxation times with a sample of anticoagulated blood
showed similar characteristics. FFLs have since been
demonstrated in a large number of both benign [4, 5, 6, 7,
8, 9, 10, 11] and malignant [11, 12, 13] bone lesions,
leading some authors to conclude that they are a non-

specific finding in bone and soft-tissue tumours [11, 13].
Secondary ABC formation within a primary lesion, which
occurs with a frequency of 0–35% in several large series
[14, 15, 16, 17, 18], may be the cause. The presence of
FFLs may also be due to necrosis within the tumour,
which may follow chemotherapy or radiotherapy [19].

The current study was performed to determine the
prevalence and clinical relevance of FFLs demonstrated
by MRI, and to correlate the extent of FFL change with
final diagnosis.



331

Patients and methods

Between September 1998 and July 2002, clinical and radiological
data from 1021 consecutive bone lesions were collected. These
patients were referred to the London Bone and Soft Tissue Tumour
Service for further management of suspected primary bone tu-

mours. Only new referrals were included in the analysis, excluding
treated or recurrent tumours.

Demographic and imaging details were entered onto a database
as the patient was being investigated and treated, resulting in a
prospective archive of a large number of bone lesions.

We reviewed 742 patients who were further investigated using
MRI, either at the referring hospital or our unit. Four patients were
excluded, as neither the MRI nor clinical details could be obtained
for complete review, leaving 738 patients. A wide range of MRI
scanners and protocols were used. However, a long axis (sagittal or
coronal) or axial T2-weighted fast spin-echo (W FSE) or short T1
inversion recovery (STIR) sequence was available in all cases. All
738 examinations were evaluated prospectively for the presence of
FFLs by a single experienced musculoskeletal radiologist (AS),
who had no knowledge of the lesion histology. The proportion of
the lesion occupied by FFLs was estimated from the MRI scan
using a combination of long axis and transverse images, and results

Fig. 2 Group 2 (1/3–2/3 FFLs): 12-year-old boy, histological di-
agnosis of conventional intramedullary osteosarcoma. Axial fat-
suppressed T2W MR image showing FFLs occupying between 1/3
and 2/3 of the lesion

Fig. 4 Group 4 (complete FFLs): 13-year-old boy, histological
diagnosis of ABC. Axial T2W MR image showing that the entire
lesion contains FFLs, with no solid component

Fig. 1 Group 1 (<1/3 FFLs): 7-year-old boy, histological diagnosis
of conventional intramedullary osteosarcoma. Axial fat-suppressed
T2W MR image showing FFLs occupying less than 1/3 of the
tumour

Fig. 3 Group 3 (>2/3 FFLs): 28 year-old man, histological diag-
nosis of giant cell tumour. Axial fat-suppressed T2W MR image
showing FFLs occupying more than 2/3 of the lesion
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recorded under one of the following four headings: group 1, <1/3,
where FFLs occupied less than one-third of the total volume of the
lesion; group 2, 1/3–2/3, where FFLs occupied between one- and
two-thirds of the volume of the lesion; group 3, >2/3 but incom-
plete, where FFLs occupied over two-thirds of the volume of the
lesion, but there was adjacent solid tumour; and group 4, complete,
where the entire lesion showed FFLs, with no additional solid
component. Examples from these groups are shown in Figs. 1, 2, 3
and 4. The degree of FFL change was correlated with both final
diagnostic category (benign, malignant or non-neoplastic) and
eventual diagnosis, which was again either histological (n=80) or
clinicoradiological (n=3).

Results

Of the 738 cases, the histological (n=624) or clinical
(n=114) diagnosis (made using a combination of radiol-
ogy and clinical follow-up) is recorded in Tables 1, 2 and
3. A total of 83 lesions (11.2%) contained FFLs. Of the 83
patients who showed FFLs on MRI, 31 were female and
52 male. Their mean age was 25.5 years, with a range of
5–83 years. All of these lesions were intramedullary with
the exception of 2: 1 intracortical and 1 surface ABC.
Multiple FFLs were the norm, occurring in 75 cases, with
a single FFL noted in only 8.

Table 1 Diagnoses of benign tumours (n=241) and proportion of
each diagnostic group showing FFLs (ABC aneurysmal bone cysts,
BFH benign fibrous histiocytoma, NOF non-ossifying fibroma,
BPOP bizarre parosteal osteochondromatous proliferation, GCTTS
giant cell tumour of tendon sheath)

Diagnosis Number % with FFL

Giant cell tumour 37 16.2
Fibrous dysplasia 32 18.8
Osteochondroma 27
ABC 23 87.0
Chondroblastoma 16 25.0
Benign fibrous histiocytoma 15 33.3
Simple bone cyst 14 35.7
Osteoid osteoma 12
Enchondroma 11 9.1
Non-ossifying fibroma 8
Osteofibrous dysplasia 7
Haemangioma 5
Intraosseous lipoma 5 20.0
Langerhans cell histiocytosis 5
Chondroma 4
Osteoblastoma 4
Desmoplastic fibroma 2
Osteoma 2
Periosteal chondroma 2
BFH/GCT 1
BFH/NOF 1
BPOP 1
Chondromyxoid fibroma 1
Fibrous cortical defect 1
GCTTS 1
Leiomyoma 1
Myxopapillary ependymoma 1
Neurofibroma 1
No diagnosis 1

Table 2 Diagnoses of malignant tumours (n=374) and proportion
of each diagnostic group showing FFLs (GCT giant cell tumour,
MFH malignant fibrous histiocytoma, MPNST malignant peripheral
nerve sheath tumour, MRCT malignant round cell tumour, sarcoma
NOS sarcoma not otherwise specified, PNET primitive neuroecto-
dermal tumour)

Diagnosis Number % with FFL

Osteosarcoma 106 22.6
Chondrosarcoma 91
Metastasis 74 5.4
MRCT 52 1.9

Lymphoma 19
Ewing’s sarcoma 27
PNET 4
Granulocytic sarcoma 1
Other 1

MFH 13 15.4
Paget’s sarcoma 7 14.3
Radiation-induced sarcoma 7
Plasmacytoma 6
Chordoma 5
Myeloma 5
Spindle cell sarcoma 3 33.3
GCT 1
Leiomyosarcoma 1
Liposarcoma 1
MPNST 1
Sarcoma NOS 1

Table 3 Diagnoses of non-neoplastic lesions (n=123): 2.9% (n=2)
of patients with osteomyelitis showed FFLs

Diagnosis Number

Infective Osteomyelitis 68
Septic arthritis 1

Traumatic Stress fracture 15
Avulsive defect 2
Cortical desmoid 2
Post-traumatic osteolysis 2
Fracture 1
Haematoma 1
Osteochondral defect/bone
bruise

1

Traumatic periostitis 1
Degenerative Intraosseous ganglion 2

Subchondral cyst 2
Degenerative cyst 1
Geode 1

Developmental Bifid rib 1
Dysplastic hip 1
Ischiopubic synchondrosis
ossification

1

Arachnoid cyst 1
Inflammatory Granulomatous inflammation 1

Rheumatoid erosion 1
Sacroiliitis 1
Seronegative arthritis 1

Miscellaneous Paget’s disease 3
Infarct 1

Reactive/non-specific Reactive 6
Osteitis condensans claviculi 2
No diagnosis 1
Non-specific 1
Pseudotumour 1
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Forty-eight patients had benign lesions, 33 malignant
and 2 non-neoplastic (osteomyelitis, n=2). Diagnoses
were confirmed histologically in 80 cases. Two benign
lesions were diagnosed using a combination of imaging
appearances and clinical follow-up: the first was a male
patient aged 20 years with a non-progressive lucency in
the femoral neck, unchanged in appearance for the pre-
ceding 4 years, diagnosed as a simple bone cyst. The
second was an intraosseous lipoma in a middle-aged man,
the diagnosis being made on MRI. One malignant lesion
was diagnosed clinicoradiologically, after a needle biopsy
of a mass in the bony pelvis under imaging guidance
yielded only necrotic tissue. The patient was an elderly

man with multiple pulmonary nodules, and the lesion was
assumed to be metastatic.

In 33 patients, FFLs occupied less than 1/3 of the le-
sion (group 1). Ten (30%) of these were benign (one
diagnosed radiologically as intraosseous lipoma); 22
(67%) were malignant, and 1 (3%) non-neoplastic. The
diagnoses of the benign and malignant lesions are shown
in Fig. 5, from which it is evident that half of the tumours
(n=16) were osteosarcomas. All of these were conven-
tional, intramedullary tumours. No ABCs or telangiectatic
osteosarcomas were seen in this group.

In 22 patients, FFLs occupied between 1/3 and 2/3 of
the lesion (group 2). Thirteen (59%) of these were benign,
8 (36%) were malignant (one diagnosed clinicoradiolog-

Fig. 5 Diagnoses of patients in
group 1 (BFH benign fibrous
histiocytoma, GCT giant cell
tumour, MFH malignant fibrous
histiocytoma, MRCT malignant
round cell tumour)

Fig. 6 Diagnoses of patients in
group 2
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Fig. 7 Diagnoses of patients in
group 3 (SBC simple bone cyst)

Fig. 8A–D A 20-year-old man, histological diagnosis of telangi-
ectatic osteosarcoma. AP radiograph (A) shows aggressive bone
destruction in the tibial diaphysis and a pathological fracture. Co-
ronal T1W (B) and STIR (C) MR images confirm a large, haem-
orrhagic, extraosseous mass. Axial fat-suppressed T2W images (D)
show most of the mass (estimated to be >2/3) to be occupied by
FFLs. Solid intramedullary tumour is also visible
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ically as metastatic disease), and 1 non-neoplastic (5%).
The diagnoses of the benign and malignant lesions are
shown in Fig. 6. Osteosarcoma was still the most common
tumour (n=6, all conventional, intramedullary tumours),
followed by ABC (n=5).

In 16 patients, FFLs occupied over 2/3 but not the
entire lesion (group 3). Thirteen (81%) of these were
benign and 3 malignant (19%). The diagnoses are shown
in Fig. 7. The most common lesion was ABC (n=7, 44%
of patients in group 3). The only malignant tumours
showing this degree of FFL change were telangiectatic
osteosarcomas (n=2, Fig. 8) and a necrotic metastasis
(n=1).

In 12 patients, the entire lesion showed FFL change
(group 4), and all of these tumours were benign (including
one simple bone cyst diagnosed radiologically). The di-
agnoses are shown in Fig. 9.

Combining the results from groups 3 and 4, if at least
2/3 of the lesion is occupied by FFLs, 89% (n=25/28) of
the diagnoses are benign.

Discussion

Since the initial observation of FFLs on CT and MR
images of ABCs, they have been identified in many dif-
ferent types of tumour. Although still classically associ-
ated with ABCs, the presence of FFLs has consequently
become a non-specific observation. To our knowledge, no
previous studies have addressed the degree of FFL change
within individual lesions with a view to aiding diagnosis.
The results of this study suggest that the extent of FFL
change may be of assistance in differentiating benign
from malignant tumours.

As the proportion of the lesion occupied by FFLs in-
creases, so does the frequency of benign diagnoses. Some

81% of diagnoses in group 3 and 100% of those in group
4 were benign. This may be valuable in eliminating the
need for diagnostic biopsy prior to surgery in lesions that
are completely occupied by FFLs.

Conversely, if only a small proportion (<1/3) of the
lesion is occupied by FFLs (group 1), the majority (67%)
of diagnoses are malignant. Conventional intramedullary
osteosarcoma shows this degree of FFL change particu-
larly commonly.

Three high-grade malignant lesions were seen in group
3, demonstrating FFL change in over 2/3 of the mass.
These lesions also possessed a small solid component, but
similar MR imaging features were also seen in ABCs,
which was the most common tumour in this group.
Therefore, although usually suggesting a benign pathol-
ogy, FFLs filling the majority of the mass can also be seen
in aggressive, predominantly necrotic malignant tumours.
In particular, differentiation of telangiectatic osteosarco-
ma and ABC based on visualization of FFLs either on CT
or MRI can be problematic, as has been noted previously
[19]. The plain radiograph may help to differentiate here,
demonstrating the rate of growth of the lesion more ac-
curately than MRI. FFLs tend to occur in the mid- and
late stages of development of ABCs, and not the incipient
(‘permeative’) stage [19], and radiographic appearances
should therefore show more indolent features. However,
radiographic features may be non-specific [20], either due
to rapid growth of an ABC, or slow growth of an osteo-
sarcoma. Sundaram et al. [21] reported the imaging
findings in four cases of pseudocystic osteosarcoma,
whose radiographic appearances were most in keeping
with ABC or simple bone cyst. One of these, an osteo-
clast-rich osteosarcoma of the navicular, showed sec-
ondary ABC formation and multiple FFLs on MRI. It
should therefore be remembered that malignant lesions

Fig. 9 Diagnoses of patients in
group 4
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may on occasion be predominantly cystic with multiple
FFLs.

In summary, 11.2% of a cohort of 738 consecutive
focal bone lesions showed FFLs on MRI. Sixty-seven
percent of the lesions showing less than 1/3 of the tumour
to be occupied by FFLs were malignant, and half of these
were conventional intramedullary osteosarcomas. If at
least 2/3 of the lesion showed FFL change, the diagnosis

was benign in 89% of cases. We conclude that, in the
majority of cases, extensive FFLs are associated with
benign disease, with the caveat that necrosis within a
malignant lesion may result in a similar appearance.
Clinical features and radiographs should be used in these
instances to differentiate ABC from telangiectatic osteo-
sarcoma or metastasis, which are the most likely malig-
nant diagnoses.


