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Abstract

Resumo

Objective: The purpose of this study was to determine whether chemical-shift magnetic resonance imaging (MRI) could be useful in
the diagnosis of osteoid osteoma when clinical and radiological tumor features are inconclusive.

Materials and Methods: This retrospective study included 17 patients who underwent chemical-shift MRI for the evaluation of
osteoid osteoma. For all patients, two musculoskeletal radiologists independently recorded signal intensities on in-phase and out-
of-phase images in the nidus of the tumor, in abnormal-intensity bone marrow surrounding the lesion, and in normal-appearing bone
marrow. For each region, relative signal intensity ratios were calculated by dividing out-of-phase by in-phase values. Relative ratios
> 1 were considered indicative of neoplastic lesions. Statistical analysis was carried out to analyze the sample. Inter-observer and
intra-observer agreement for each imaging method were assessed using intraclass correlation coefficients according to the Fleiss
method and a value > 0.65 was considered to indicate substantial agreement.

Results: The mean relative signal intensity ratios were 1.2 (range, 0.9-1.4) for the nidus and 0.35 (range, 0.11-0.66) for the surround-
ing tissue; these values differed significantly from the relative signal-intensity ratios for normal-appearing bone marrow (p < 0.05).
Conclusion: Chemical-shift MRI is useful for the diagnosis and evaluation of osteoid osteoma.
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Objetivo: O objetivo deste estudo foi determinar se a sequéncia T1 em fase e fora de fase da ressonancia magnética (RM) poderia
ser (til no diagnéstico de osteoma osteoide em situagoes nas quais caracteristicas clinicas e radiologicas sao indefinidas.
Materiais e Métodos: Este estudo retrospectivo incluiu 17 pacientes submetidos a RM para avaliagdo do osteoma osteoide. Em
todos os pacientes, dois radiologistas musculoesqueléticos registraram, independentemente, as intensidades de sinal em imagens
em fase e fora de fase no nidus do tumor, na medula éssea de intensidade anormal ao redor da lesdao e na medula 6ssea de as-
pecto normal. Para cada regiao, as relacdes de intensidade de sinal relativas foram calculadas dividindo os valores na sequéncia
fora de fase pelos valores em fase. Razoes relativas > 1 foram consideradas indicativas de lesdes neoplasicas. A analise estatistica
foi realizada para analisar a amostra. A concordancia interobservador e intraobservador para cada método de imagem foi avaliada
por meio dos coeficientes de correlacao intraclasse, segundo o método de Fleiss, e considerou-se um valor > 0,65 para indicar
concordancia substancial.

Resultados: As razoes de intensidade de sinal relativa média foram 1,2 (variacao: 0,9-1,4) para o nidus e 0,35 (variagao: 0,11~
0,66) para o tecido circundante. Estes valores diferiram significativamente das relacoes de sinal-intensidade relativa da medula
6ssea com aspecto normal (p < 0,05).

Conclusao: A sequéncia em fase e fora de fase da RM mostrou-se (til para o diagnostico e avaliacao do osteoma osteoide.

Unitermos: Osteoma osteoide; Ressonancia magnética; Neoplasias de tecido 6sseo.

INTRODUCTION

Study conducted at the Clinica de Diagnéstico Por Imagem (CDPI), Rio de Ja-
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Osteoid osteoma is the third most common primary
benign skeletal neoplasm; it occurs frequently in young
patients and shows a predilection for males". Most pa-
tients experience pain that worsens at night and is relieved
by the administration of nonsteroidal anti-inflammatory
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drugs. Osteoid osteoma is an osteolytic defect with sharp
margins and a vacularized nidus, which may be surrounded
by marginal sclerosis and cortical thickening®",

The primary purpose of the diagnostic investigation is
detection of the nidus, by modern methods if necessary,
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to avoid inappropriate treatment®. The imaging features
of osteoid osteoma are frequently confused with those of
Ewing’s sarcoma or chronic osteomyelitis, especially Bro-
die’s abscess, because of the extensive periosteal reaction,
cortical thickening, and sclerosis®. In most cases, the
nidus can be identified on computed tomography (CT),
although CT has been associated with disadvantages such
as a high radiation dose'®'V. Although magnetic reso-
nance imaging (MRI) can also be used for this purpose,
it does not enable a conclusive diagnosis in the majority
of cases!!*12-10),

Chemical-shift MRI, also known as in-phase/out-of-
phase imaging, has been found to be helpful in the evalu-
ation of neoplastic lesions""’~'%)., Signal intensity is derived
from the sum of signals from lipid and water spins on in-
phase images and from the difference between those sig-
nals on out-of-phase images'®!?). Because the majority of
tumors tend to replace the fatty and hematopoietic mar-
row components completely, these lesions show a persis-
tence of signal intensity on out-of-phase images compared
with in-phase images"!%2?),
intensity on out-of-phase images compared with in-phase
images indicates the presence of fat and water in bone
marrow, rendering a neoplasm less likely'®,

Some authors have described the use of relative ra-
tios to evaluate chemical-shift MRI findings"®. The rela-
tive ratio is calculated by dividing the out-of-phase signal

Therefore, decreased signal

intensity by the in-phase signal intensity. For the detec-
tion of neoplasms, a relative ratio cut-off value of 0.81
has shown a sensitivity of approximately 90%, whereas a
relative ratio cut-off value of 1.2 has shown a specificity
of approximately 90%"'7~'%). The purpose of this study was
to determine the usefulness of chemical-shift MRI in the
diagnosis of osteoid osteoma by evaluating its ability to
detect the nidus and surrounding inflammatory tissue.

MATERIALS AND METHODS
Study group

This retrospective study was approved by our institu-
tional review board. The study group included 17 patients
(11 males and 6 females), with a mean age of 18 years
(range, 9—37 years), who had histologically confirmed os-
teoid osteoma, having been treated between January 2010
and February 2012. The mean duration of pain was 9
months (range, 4—12 months). Only one patient reported
pain that was exacerbated at night and relieved by nonste-
roidal anti-inflammatory drugs. Tumors were detected in
the hip joint area in 11 patients (in the femoral head, in 7,
and in the femoral diaphysis, in 4); in the tibial diaphysis,
in 4; in the patellae, in 1; and in the humeral head, in 1.

Imaging techniques

For nidus identification, all patients underwent CT,
standard MRI sequences, and chemical-shift MRI, as part
of our department’s standard protocol. The CT examina-
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tions were performed in a a 64-channel multislice scanner
(Brilliance; Philips Medical Systems, Cleveland, OH, USA)
with a field of view, matrix size, and slice thickness depen-
dent on the specific site under study. The MRI scans—in-
cluding T1-weighted spin-echo sequences, with a repeti-
tion time/echo time (TR/TE) of 443/15 ms; T2-weighted
spin-echo sequences, with a TR/TE of 4390/109 ms;
and fast multiplanar inversion recovery sequences, with
a TR/TE of 4780/24 ms—were acquired in a 1.5 T scan-
ner (Magnetom Avanto; Siemens, Erlangen, Germany).
Fat-suppressed T1-weighted spin-echo sequences were
also acquired before and after gadolinium administration
(dynamic contrast-enhanced imaging). The field of view,
matrix size, slice thickness, and choice of coils depended
on the specific site under study. Fast multiplanar spoiled
gradient-echo sequences, comprising in-phase images (TR/
TE, 185/4.6 ms; flip angle, 90°) and out-of-phase images
(TR/TE, 185/2.4 ms; flip angle, 70°), were also obtained
for each patient.

Chemical-shift MRI analyses

Signal intensities on in-phase and out-of-phase im-
ages were recorded using three circular regions of interest
(ROIs) in each patient: the nidus of the tumor, identified
as the nodular area inside the lesion, with low signal inten-
sity on in-phase images and high signal intensity on out-of-
phase images; bone marrow surrounding the lesion, with
abnormal signal intensity; and normal-appearing bone
marrow adjacent to the lesion. The ROIs were placed in
identical locations on in-phase and out-of-phase images,
and values were recorded three times each by two of the
authors (FC and CC), with 15 and 5 years of experience,
respectively, in musculoskeletal imaging. The mean value
of the three measurements was considered to be the fi-
nal value for each region studied. To assess intra-observer
agreement, both radiologists performed a second reading
of signal intensity values after a 6-week interval.

Relative signal intensity ratios were calculated for
all ROIs. Relative ratios > 1 were considered indicative
of neoplastic lesions, as described previously'¥). Relative
ratios < 1 were considered indicative of the presence of
lipid and water protons within the lesion and therefore of
non-neoplastic status.

Statistical analyses

The Mann-Whitney U test was used in order to stan-
dardize the sample. For each imaging method, inter- and
intra-observer agreement were assessed using intraclass
correlation coefficients (ICCs) according to the Fleiss
method®". An ICC > 0.65 was considered indicative of
substantial agreement, and values from only one reader
were used in subsequent analyses.

Means, ranges, and standard deviations of relative sig-
nal intensity ratios for the three ROIs were calculated for
each reader. The relative ratios of the nidus and abnormal-
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intensity surrounding bone marrow were compared with
those of normal-appearing bone marrow using Student’s
t-tests and Pearson’s correlation coefficient. Values of p <
0.05 were considered statistically significant.

RESULTS

The means, ranges, and standard deviations for each
ROI studied are presented in Table 1. No significant dif-
ference in relative signal intensity ratios due to patient

gender or age was observed according the Mann-Whitney
U test (p = 0.073). The relative ratios of the three ROls
showed substantial inter-observer agreement (nidus,
ICC = 0.65; abnormal-intensity bone marrow, ICC = 1;

normal-appearing bone marrow, ICC = 0.6) and intra-ob-
server agreement (nidus, ICC = 0.65; abnormal-intensity
bone marrow, ICC = 1; normal-appearing bone marrow,
ICC = 0.65).

Areas of variable signal intensity were observed on fast
multiplanar inversion recovery sequences (Figures 1A and
2A). Gadolinium-enhanced T1-weighted images with fat
saturation showed variable enhancement of the lesions
and adjacent bone marrow. In all cases, nodular persis-
tence of the signal intensity of the lesion was observed
on out-of-phase images (Figures 1C and 2C) compared
with in-phase images (Figures 1B and 2B). The mean rela-
tive signal intensity ratio in the nidus ROI was 1.2 (range,

Figure 1. Osteoid osteoma in an 18-year-old
male patient presenting with pain in the right
hip. A: Coronal short inversion-time inversion
recovery MRI sequence showing the high sig-
nal intensity of the lesion (arrows) and cortical
thickening (open arrow). Coronal in-phase and
out-of-phase spoiled gradient-echo MRI se-
quences (B and C, respectively) showing high
signal intensity of a portion of the lesion (open
arrow) on out-of-phase images, predicting the
tumor nidus. Note the low signal intensity of the
surrounding bone marrow (arrows), correspond-
ing to inflammatory tissue. D: Reformatted axial
computed tomographic image showing cortical
thickening (arrow) and the nidus (open arrow),
confirming the diagnosis of osteoid osteoma. A,
acetabulum; F, femur.
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Figure 2. Osteoid osteoma in a 16-year-old male patient presenting with pain in the left hip. A: Axial short inversion-time inversion recovery MRI showing the high
signal intensity of the lesion (arrow). Axial in-phase and out-of-phase spoiled gradient-echo MRI sequences (B and C, respectively) showing high signal intensity
of the central portion of the lesion (open arrow) on out-of-phase image, predicting the tumor nidus. Note the low signal intensity of the surrounding bone marrow
(arrows), corresponding to inflammatory tissue. D: Reformatted axial computed tomographic image showing the nidus (open arrow), confirming the diagnosis of

osteoid osteoma.

0.9-1.4), predicting a neoplastic lesion. The relative ratios
of the nidus were significantly higher than were those of
normal-appearing bone marrow (p < 0.05).

Substantially reduced signal intensity of the abnor-
mal-surrounding tissue was also observed on all out-of-

phase images, and relative signal-intensity ratios of these

regions were significantly higher than were those of nor-
mal-appearing bone marrow (p < 0.05). The mean relative
signal intensity ratio for the surrounding tissue was 0.35
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(range, 0.11-0.66), predicting a non-neoplastic lesion,
probably of inflammatory origin.

DISCUSSION

The radiology literature of Brazil has recently focused
on the role of MRI in the diagnosis of musculoskeletal
diseases'®*3%. The assessment of osteoid osteoma with
MRI could be helpful. However, as confirmed in our study,
this tumor exhibits variable signal intensity and contrast
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Table 1—Mean relative signal intensity ratios of normal-appearing bone mar-
row, abnormal-intensity bone marrow surrounding the lesion, and the nidus, on
in-phase and out-of-phase images.

Relative ratio

ROI Mean + SD Range
Normal bone marrow 0.93 £ 0.07 0.8-1.0
Abnormal bone marrow 0.35+0.19 0.11-0.66
Nidus of the tumor 1.2+0.1 0.9-1.4

SD, standard deviation.

enhancement on standard MRI sequences. Chemical-
shift MRI, first described by Wismer et al. in 1985, allows
rapid interpretation of images by visual assessment and
adds at most 4—5 min to the total imaging time®". The
acquisition of in-phase and out-of-phase images allows
the detection of fat in lesions and might thus be predic-
tive of whether abnormal signal intensity in bone marrow
is caused by a neoplastic or non-neoplastic lesion'®). Fat
replacement due to the neoplastic process results in simi-
lar signal intensities on in-phase and out-of-phase images,
yielding relative ratios exceeding 0.81 and 1.2, respectively,
as described previously?°33).

In our study, the relative ratios for the osteoid osteoma
nidus were > 1 in all patients, allowing confirmation of the
neoplastic origin of the lesions. In addition, substantially
reduced signal intensities of surrounding tissue on out-
of-phase images were demonstrated in all patients (mean
relative ratio, 0.35), confirming the non-neoplastic origin
of abnormal bone marrow signal intensity, which probably
represented inflammatory tissue typically surrounding the
tumor nidus, which replaces the normal hematopoietic
marrow.

Although CT remains the technique of choice for ni-
dus identification, we believe that chemical-shift MRI is
an important sequence that aids this effort and contributes
to the diagnosis of osteoid osteoma, because it is a radia-
tion-free imaging modality. Dynamic contrast-enhanced
perfusion MRI has also been used for nidus identification.
Most osteoid osteomas show arterial phase enhancement
and rapid partial washout as a result of hypervascularity
of the nidus. Chemical-shift MRI does not requires gado-
linium administration and can be used in patients with
contraindications to contrast use. However, it should be
borne in mind that many benign marrow lesions present
a signal loss of < 20% on chemical-shift MRI, overlapping
that of malignancy. In such cases, bone biopsy is neces-
sary on order to make an accurate diagnosis®*3%., At our
facility, chemical-shift MRI is part of the protocol for the
evaluation of osteoid osteoma, facilitating its diagnosis, es-
pecially when gadolinium cannot be administered.

As already described, the MRI features of osteoid os-
teoma can be misleading because bone marrow and soft-
tissue changes associated with the tumor are sometimes
be extensive. These features often lead to a diagnosis of
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osteomyelitis, stress fracture, or a more aggressive bone
tumor®. Chemical-shift MRI has shown potential for ap-
plication in the differential diagnosis between these le-
sions, because it allows the detection of the nidus.

We acknowledge that the small number of patients in-
cluded in this analysis constitutes a limitation of our study.
Another important limitation is the lack of any subjects
presenting with diagnoses other than osteoid osteoma.
Therefore, further studies are needed in order to confirm
our preliminary results.

CONCLUSION

Chemical-shift MRI, a widely available technique
that allows rapid interpretation of images by visual assess-
ment, is useful for the diagnosis and evaluation of osteoid
osteoma.
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