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Abstract
Objective To correlate dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) features to clinical and com-
puted tomography (CT) morphological features of osteoid os-
teoma (OO).
Materials and methods Our institutional review board ap-
proved this retrospective study, waiving the need for informed
consent. We included the 102 patients treated with interstitial
laser ablation for histologically documented OO at our insti-
tution in 2008–2013. DCE-MRI variables were the time-
enhancement pattern and rising slope (Sloperise) and CT var-
iables were the bone and segment involved (OObone and
OOsegment, respectively), OO location relative to the native
cortex (OOcortex), nidus surface area, vessel sign, and largest
neighboring-vessel diameter (Dmaxvessel). Descriptive statis-
tics and correlations linking DCE-MRI findings to clinical and
CT characteristics were computed.
Results DCE-MRI showed early arterial peak enhancement in
95 (93%) cases, with a mean Sloperise of 9.30 ± 8.10. CT

visualized a vessel sign in 84 (82%) cases with a mean
Dmaxvessel of 1.10 ± 0.60 mm. By univariate analysis,
Sloperise correlated significantly with pain duration and
Dmaxvessel (r = 0.30, P = 0.003; and r = 0.22, P = 0.03; re-
spectively). Analysis of variance showed that Sloperise corre-
lated significantly with OObone (P < 0.001), with a steeper
slope for OOs located in short or flat bones.
Conclusion This study suggests more abundant vasculariza-
tion of OOs with long-lasting pain and location on short or flat
bones.

Keywords Osteoid osteoma . Dynamic contrast-enhanced
MRI . Vessel sign . Vascular groove sign . Pain

Abbreviations
CT computed tomography
DCE dynamic contrast-enhanced
ILA interstitial laser ablation
MR magnetic resonance
MRI magnetic resonance imaging
OO osteoid osteoma
ROI region of interest

Introduction

Osteoid osteomas (OOs) are benign bone-forming tumors
characterized by small size, limited growth potential, and dis-
proportionate pain [1]. They occur chiefly between 7 and
25 years of age [2]. Histology shows a central nidus composed
of variably calcified osteoid islands and a capillary network
[3]. The nidus has a prominent arterial and arteriolar blood
supply [3]. The sclerotic bone surrounding the nidus has also
been described as hypervascular [3].
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The radiographic and computed tomography (CT) diagno-
sis of OO is based on visualization of the nidus as a small,
round or oval, radiolucency with a variable amount of miner-
alization, surrounded by reactive sclerotic bone [4]. In most
cases, these structural features readily differentiate OO from
other lesions such as intracortical or intramedullary abscess,
eosinophilic granuloma, herniation pit, intraosseous ganglion
cyst, chondroma, chondroblastoma, osteoblastoma, and stress
fracture. However, in challenging cases [5], demonstrating a
hypervascularity of the nidus can provide crucial diagnostic
assistance.

Various imaging techniques have been used to demon-
strate the characteristic increase in blood flow within the ni-
dus. In a dynamic magnetic resonance imaging (MRI) study
of vascular kinetics, reported in 2003, 9 (82%) of 11 OOs
exhibited early peak enhancement at the arterial phase follow-
ed by early partial washout [6]. Subsequently, several small
studies confirmed that cross-sectional imaging to assess vas-
cular kinetics helped to rule out differential diagnoses and to
detect posttreatment recurrences [7–9]. Furthermore, CT of-
ten showed a main vessel feeding the nidus (the vessel sign)
or grooves extending from the bone surface to the nidus and
believed to indicate large feeding arterioles encased in the
hyperostotic reaction (vascular groove sign). These findings
were highly specific of OO [10, 11]. However, little informa-
tion is available on potential links between OO vasculariza-
tion and other characteristics such as natural history of the
tumor, age and gender of the patient, bone involved and site
of involvement in the bone, and morphologic characteristics
of the nidus.

The objective of this study was to correlate DCE-MRI fea-
tures to clinical and CT morphological features of OO.

Material and methods

Study population

Our institutional review board approved the study and waived
the need for patient informed consent, in compliance with
French law on retrospective studies. From January 2008 to
November 2013, 259 patients with clinically and radiological-
ly diagnosed OO underwent interstitial laser ablation (ILA) at
our institution. Among them, we included those meeting the
following criteria: histological documentation of the diagnosis
of OO based on a biopsy taken immediately before ILA, avail-
ability of medical records, no previous treatment that might
have affected nidus mineralization, and dynamic contrast-
enhanced DCE-MRI and CT performed at our institution be-
fore ILA and stored in our central database.

Of the 259 patients, 102 met our selection criteria. Reasons
for non-inclusion were negative or noncontributive histologi-
cal findings (n = 88), missing clinical data (n = 23), MRI

without DCE (n = 34), DCE-MRI motion artifacts precluding
assessment of enhancement kinetics (n = 4), and missing im-
aging data (n = 8). Of the 102 study patients, 69 were also
included in another study by our group [12].

There were 63 males and 39 females with a mean age of
22.6 ± 10.3 years (range, 9–50 years; median, 18 years). Mean
pain duration was 16.0 ± 11.2 months (range, 3–62 months;
med i an , 12 mon th s ) . Mean pa in du r a t i on was
16.0 ± 11.2 months (range, 3–62months; median, 12months).

Clinical parameters

The data were abstracted from reports of the pre-ILA evalua-
tions performed by five musculoskeletal radiologists (35, 18,
24, 20, and 10 years of experience, respectively) and from
reports written by senior rheumatologists in the department
of patient admission for ILA. The following were collected:
gender, age, and pain duration (based on patient-reported
month and year of onset and on the date of the first analgesic
prescription) [12]. Data were anonymized for the statistical
analysis.

Magnetic resonance imaging (MRI)

Image acquisition

A 1.5-T MR system was used (Avanto, Magnetom, Siemens,
Erlangen, Germany). T1-weighted turbo spin-echo (SE)
(TR = 450–700 ms; TE = 10–12 ms) and T2-weighted fast
SE (TR = 3000–4500 ms; TE = 60–80 ms) with fat saturation
images were acquired in axial and vertical planes, with a slice
thickness of 3 mm. Thereby, the nidus within bone oedema
was located.

For the dynamic contrast enhanced study, axial T1-
weighted images (TR = 4.52 ms/TE = 1.63 ms) were obtained
using a three-dimensional (3D) fast spoiled gradient echo se-
quence with fat saturation. A bolus of gadoteric acid
(Dotarem®, Guerbet, Aulnay, France), 0.15 mmoL/kg, was
injected into an antecubital vein at about 2 mL/s via an elec-
trically powered infusion pump. DCE-MRI scanning was
started simultaneously with the injection and continued for
300 s. Temporal resolution was 30 s from January 2008 to
December 2012 (to replicate a previous protocol [6]) and 4 s
from January 2013 to November 2013. Flip angle was 30°,
matrix 256·256, bandwidth 250, number of excitations 1, ac-
quisition time 30 s, number of sections 10–15, and section
thickness 3 to 4 mm. Field of view ranged from 160 to
400 mm.

Seven consecutive dynamic acquisitions with a temporal
resolution of 30 s (4 s in 6 cases) were used to establish a
time-signal intensity curve.
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Image analysis

Interobserver variability was assessed by having two radiolo-
gists (PP and ES, respectively 7 and 10 years of experience
with MRI interpretation) calculate Sloperise for 60 randomly
selected scans. Both readers were blinded to clinical and mor-
phological CT data.

DCE-MRI data were analyzed on a commercially available
workstation using dedicated software (Multi Workstation
MMWP, DynamicMRI application, Siemens, Erlangen,
Germany). Time-signal intensity curves for the entire dynamic
MRI acquisition (300 s) were plotted within regions of interest
(ROI) in the nidus, an artery, the adjacent bone marrow (free
of edema), and muscle. The nidus was identified on the con-
ventional sequences and seven consecutive dynamic acquisi-
tions. Then, an ovoid ROI including as much of the enhanced
nidus as possible but excluding the surrounding rim of sclero-
sis was drawn (Fig. 1). The curve of the arterial blood vessel
served as a control for adequate injection technique and as a
reference for a typical pattern of arterial enhancement [13].

Qualitative DCE-MRI parameters For qualitative analyses,
curve morphology was analyzed according to the classifica-
tion developed by van Rijswijk et al. [14]: type I, flat curve;
type II, progressive enhancement with no enhancement peak;
type III, enhancement peak followed by a plateau; type IV,
enhancement peak followed bywashout; and type V, enhance-
ment peak followed by progressive enhancement.

Semi-quantitative DCE-MRI parameters Rising slope
(Sloperise) was computed based on a time-signal intensity
(SI) curve (Fig. 1). Baseline SI (SIbase) was defined as the
mean SI on the non-contrast-enhanced T1-weighted images
andmaximum SI (SImax) as the maximum value of the ascend-
ing limb of the curve [15, 16]. The contrast enhancement rise
time, Trise, was defined as the time from SIbase to SImax.
Sloperise was computed for each ROI as (SImax- SIbase)/Trise.

CT imaging

Image acquisition

CTwas performed before ILA procedure, to select the percu-
taneous approach. A 64-row CT scanner (Sensation 64,
Somatom, Siemens, Erlangen, Germany) was used, with the
following acquisition parameters: 120 kV, rotation time 1 s,
section collimation 0.6 mm, pitch factor 0.90, matrix 512·512,
field of view 8–10 cm as appropriate for each location, and
120–150 mA. CT images were reconstructed with 1-mm sec-
tion thickness, 1.0-mm interval, and a medium sharp recon-
struction algorithm (B50 kernel).

Image analysis

CT data were obtained from bone-window images (window
width, 3500 HU; window center, 400 HU) with multiplanar
reconstruction on a Vue PACS workstation (version 11.3,
Carestream Health, Rochester, NY).

The following morphological variables were assessed for
each OO: (a) The bone involved (OObone); (b) for long bones,
the segment involved, i.e., the diaphysis, metaphysis, or
epiphysis (OOsegment); (c) the location of the nidus center rel-
ative to the native cortex (OOcortex), which was used to clas-
sify OOs as subperiosteal, intracortical, endosteal, or within
the cancellous bone; (d) intra- or extraarticular location
(OOarticular); and (e) nidus surface area (mm2) in two perpen-
dicular planes, after using the mouse to delineate the nidus
contours on bone-windowCT images. The largest surface area
(Nidusarea) was recorded (Fig. 2).

Vessel sign or vascular groove sign

One radiologist (PP, 7 years of experience interpreting CT
images and 2 years of specialization in musculoskeletal imag-
ing) evaluated the blood vessels visible near the OO on CT
images. A blood vessel was defined as a radiolucent linear or
serpiginous groove extending from the cortex and periosteal
surface of the bone down to, or close to, the radiolucent nidus
(Fig. 3a). For each OO, the following were recorded: (a) pres-
ence or absence of a blood vessel on multiplanar reconstruc-
tions; (b) number of blood vessels (Nvessel); and (c) diameter
of each vessel (Dvessel, mm) measured using Image J software
(http://rsb.info.nih.gov/ij/) [17]. CT images were registered in
DICOM format. Figure 3b illustrates the steps performed to
measure Dvessel. First, the bone window was inverted to better
identify the cortical bone delimiting the vessel. Then, a line
was traced perpendicularly to the main axis of the vessel
selected to create the gray value profile. The profile was
associated with a coordinate system. The borders of the
groove were identified based on a dramatic change in the
pixel gray value along the profile. The vessel diameter was
obtained from the coordinates. For serpiginous vessels, Dvessel

was measured at the periosteal surface. When several vessels
were visible, Dvessel was determined for each. The largest
diameter for each OO (Dmaxvessel, in mm) was recorded and
used for the statistical analysis (Fig. 3c).

Interobserver variability was evaluated by having a
second radiologist (ES, with 15 years of experience
interpreting CT images and 5 years of specialization in
musculoskeletal imaging) record these three variables on
30 randomly selected CT scans, 2 months after the first
reader (PP).

Figure 4 recapitulates the variables determined by DCE-
MRI and CT.
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Statistical analysis

To assess agreement for quantitative variables (Sloperise,
Dmaxvessel), we computed Lin’s concordance correlation coeffi-
cient (ρc) [18]. The kappa coefficient (κ) was computed to evalu-
ate agreement for Nvessel. Each quantitative variable was described
as the mean, standard deviation, median, and range of values.

Fig. 2 Determination of the surface area of the nidus (Nidusarea): osteoid osteoma of the acetabulum in a 9-year-old girl (a, c) Transverse CT images and
(b, d) sagittal reformations. The nidus contours were delineated in both planes (c, d), and the greatest of the two values was recorded

�Fig. 1 Semi-quantitative DCE-MRI parameters: osteoid osteoma of
the calcaneus in a 12-year-old boy The four regions of interest con-
tain an artery (1), the tumor (2), non-edematous adjacent bone (3),
and soft tissue (4), respectively. Time-intensity curve with rising
slope (Sloperise) computed as (SImax-SIbase)/Trise. Sloperise, rising
slope; SImax, maximal signal intensity; SIbase, signal intensity at base-
line; Trise, contrast enhancement rise time; ART, arterial fraction; OO,
osteoid osteoma
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To look for relationships linking DCE-MRI parameters to
clinical and morphological CT features, we first performed
univariate analyses of all variables. Those variables associated
with P values <0.1 were then entered into a multivariate linear
regression model with a robust variance estimator, using a

manual backward procedure. Fractional polynomials were
computed to check linearity [19]. Relationships between clin-
ical and CT parameters were assessed using linear regression
(including categorical predictors) with a robust variance
estimator.

Fig. 3 3a Computed tomography appearance of a vessel feeding the
nidus: Four The CT data were analyzed on bone-windowed images (win-
dow width, 3500 HU; window center level, 400 HU) and multiplanar
reconstructions. A blood vessel (arrow) was seen as a radiolucent linear
or serpiginous groove extending from the cortex and periosteal surface of
the bone down to the radiolucent nidus. (a) 15-year-old boy: osteoid
osteoma of the femoral metaphysis with a large feeding vessel (b) 34-
year-old male: subperiosteal osteoid osteoma of the femoral diaphysis (c)
12-year-old boy: osteoid osteoma of the calcaneus with a single feeding
vessel (d) 38-year-old female: osteoid osteoma of the first metatarsal
bone. 3b Steps used to measure vessel diameter with ImageJ

Subperiosteal OO of the femoral diaphysis in a 12-year-old girl CT im-
ages are registered in DICOM format (a). The bone window is inverted to
better identify the bone delimiting the vessel (b); a line is drawn perpen-
dicularly to the main axis of the vessel (in yellow). Gray level intensity
(coordinate Y) and the corresponding coordinate along this line (X) are
used to determine the diameter of the vessel (c). In this example, vessel
diameter was 1.25 mm. 3c Determination of the largest vessel diameter
(Dmaxvessel) Subperiosteal OO of the femoral diaphysis in a 9-year-old
boy Three vessels feeding the nidus are visible. Their diameters (Dvessel)
are 1.01 mm, 1.01 mm, and 0.76 mm, respectively. Therefore,
Dmaxvessel = 1.01 mm
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Confidence intervals (CIs) were set at 95%.All statistical
analyses were performed using Stata software, version 12.0

(Stata, College Station, TX). P values less than 0.05 were
considered significant.

Fig. 3 (continued)
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Results

Interobserver agreement

Interobserver agreement between the two radiologists for
Sloperise measurement was very good (ρc = 0.987,
P < 0.001).

Regarding CT parameters, interobserver agreement
was perfect for identification of a vessel to the nidus,
with the lower boundary of the 95% CI at 87%; sub-
stantial for Nvessel (κ = 0.78; 95% CI, 0.39–1.17); and
very good for Dmaxvessel (ρc = 0.857, P < 0.001).

For the statistical analysis, only Dmaxvessel was
tested.

Fig. 3 (continued)

�Fig. 4 CT and DCE-MRI images in 2 patients. 4a 13-year-old boy:
intracortical OO of the femoral metaphysis with a vessel feeding the nidus
(arrow) (a). Corresponding axial T1-weighted sequence (b) and T2-
weighted sequence with fat saturation (c) showing marked edema of the
bone and surrounding soft tissue. Enhancement kinetics curve (d): early
enhancement peak followed by washout (Type IV according to van
Rijswijk et al.). 4b 37-year-old male: subperiosteal OO of the femoral
metaphysis with no visible feeding vessel (a). Corresponding axial T1-
weighted sequence (b) and T2-weighted sequence with fat saturation (c)
showing moderate bone edema. Axial T1-weighted images with dynamic
contrast enhancement (d) at the arterial/venous phase (75′) with the cor-
responding enhancement kinetics curve (e): gradual enhancement with a
delayed peak (type II according to van Rijswijk et al.) Art, arterial frac-
tion; OO, osteoid osteoma y axis represents signal intensity (SI)
measurements
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Descriptive analysis

DCE-MRI parameters

Enhancement kinetics were type IV in 62 (61%) patients, type
III in 33 (32%), and type II in 7 (7%). Thus, an early arterial

peak was observed in 95 (93%) patients. Overall mean
Sloperise was 9.3 ± 8.1 (range, 0.46–48.92; median, 7.10).

CT parameters (Table 1)

OO locations are reported in Table 1 and Fig. 5. Most OOs
were extraarticular (82/102, 80.4%). Mean Nidusarea was
40.10 ± 28.84 mm2 (range, 7.5–174.66 mm2; median,
34.30 mm2). A vessel was visible in 84 (82.3%) patients; of
the 18OOswith no visible vessel, 14 were in long bones and 4
in flat bones (acetabulum and vertebrae, 2 cases each). Mean
Dmaxvessel was 1.10 ± 0.66 mm (range, 0.4–3.8 mm; median,
1.20 mm).

Univariate analysis

Relationships linking Sloperise to clinical and CT features
(Table 2)

Sloperise was neither significantly related to age (r = 0.16,
P = 0.116) nor significantly different between males and fe-
males (P = 0.380). Sloperise showed a significant positive cor-
relation with pain duration. Sloperise differed significantly be-
tween OOs on long vs. flat/short bones (OObone) but not with

Table 1 Location of the
102 osteoid osteomas Location N. of patients

Bone 102

Femur 51

Fibula 2

Tibia 21

Humerus 4

Ulna 1

Radius 1

Calcaneus 3

Metatarsus 1

Patella 1

Talus 1

Acetabulum 9

Ilium 3

Vertebrae 4

Fig. 5 Pie charts of the location of the 102 osteoid osteomas (OOs) regarding type of bone (OObone), segment involved on long bones (OOsegment),
position relative to the native cortex (OOcortex), and position relative to the nearest articulation (OOarticular)
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the segment involved on long bones (OOsegment), location rel-
ative to the native cortex (OOcortex), or intraarticular/
extraarticular location (OOarticular).

Sloperise, although not significantly related to Nidusarea,
showed a significant positive correlation with Dmaxvessel.

Relationships linking clinical to CT features (Table 3)

Age showed a significant negative correlation with
Dmaxvessel. Pain duration did not correlate significantly
with Dmaxvessel but showed a significant positive corre-
lation with Nidusarea. Pain duration was significantly
longer in short or flat bone OOs than in long bone
OOs. Nidusarea was significantly larger for metaphyseal
than for epiphyseal or diaphyseal OOs. Dmaxvessel in-
creased with Nidusarea.

Discussion

We described the DCE-MRI parameters and assessed their
associations with clinical and morphological CT features in
102 patients with histologically proven OO. We found clear
evidence of arterial and arteriolar blood supply to the OO
nidus, with arterial enhancement in all but 7 cases. These 7
OOs, six with 30 s and one with 6 s DCE-MRI temporal
resolution, exhibited gradual enhancement with no arterial
peak.

Earlier studies, which had smaller sample sizes, found sim-
ilarly high prevalences of arterial enhancement (82% [6],
89.5% [7], and 100% [20]). Thus, arterial enhancement
strongly suggests a diagnosis of OOwhen doubt exists regard-
ing osteomyelitis (Brodie’s abscess), which produces slow
enhancement with no arterial peak [21]. Arterial enhancement
may also help to diagnose recurrent OO after percutaneous

Table 2 Relation of Sloperise
with clinical and CT parameters Sloperise

Linear regression Analysis of variance

r p value mean (SD) p value

Clinical parameters Genre 0.380

Male – 9.9 (9.6)

Female 8.4 (4.8)

Age 0.16 0.116 –

PainD 0.30 0.003 –

CT parameters OOlocation – 0.003

Long bones 8 (5.2)

Flat/ Small bones 13.7 (13.6)

OOsegment – 0.646

diaphysis 8.1 (5.1)

epiphysis 6.4 (3.7)

metaphysis 8.1 (5)

OOcortex – 0.056

intra-cortical 7.8 (5.2)

medullary canal -endosteal 15 (16.1)

sub-periosteal 9.1 (6.2)

OOarticular – 0.416

intra-articular 7.1 (5.5)

extra-articular 9.5 (6.45)

OOvessel – 0.149

Present 9.9 (8.7)

Absent 6.7 (3.2)

Dmaxvessel 0.22 0.031

Nidusarea 0.15 0.149

Sloperise: The slope of the DCE-MRI time intensity curve during enhancement of the osteoid osteoma

Dmaxvessel in mm; Nidusarea in mm2 ; PainD in months

r Pearson correlation coefficient

Skeletal Radiol (2017) 46:935–948 945



treatment [20], as it contrasts with the delayed gradual en-
hancement or absence of enhancement seen in successfully
treated patients.

The rate of contrast uptake by the nidus (Sloperise) was
independent from age and gender but increased significantly
with pain duration. To our knowledge, this finding has not
been reported previously. It suggests gradual development
over time of the arterial blood supply to the nidus of painful
OOs. In our experience, many patients report initial moderate
pain with mechanical characteristics followed by progression
to severe intense inflammatory pain. This time course sug-
gests that expansion of the arterial blood supply may be asso-
ciated with the development of a nerve supply [3] and with
increasing prostaglandin release [22] in the nidus, resulting in
increasingly severe and inflammatory pain. Importantly, OOs
can be painless or resolve spontaneously with resolution of
the initial pain [23]. However, only patients with pain were
included in our study.

A new finding from our study is the faster contrast uptake
by the nidus in flat and short bones than in long bones.
Anecdotal case-reports have established that OOs in flat or
short bones receive an arterial blood supply (wrist [24], hand
and vertebrae [25], and scaphoid [26]). The more abundant
vascularization of OOs in flat and short bones is consistent
with the longer pain duration in this tumor-location group.
The contrast uptake rate by the nidus tended to be higher in
medullary and endosteal OOs than in intracortical and
subperiosteal OOs. Conceivably, the vessels from the marrow
and endosteummay penetrate the nidus more easily compared
to vessels from the periosteum. Also, the more vigorous bone
formation in intracortical and subperiosteal OOs compared to
medullary and endosteal OOs may create an obstacle to the
penetration of vessels into the nidus.

Most of our patients had one or more visible vessels
feeding the nidus, in keeping with earlier data from
smaller studies (79.6% [10] and 75% [11]). The contrast
uptake rate increased significantly with the diameter of
the largest feeding vessel, suggesting that this vessel
carried arterial blood, in agreement with previous angio-
graphic [24, 25] and histologic [3] data. That nidus
surface area increased significantly with the diameter
of the largest feeding vessel also supports an active role
of this vessel in providing arterial blood. Hypotheses
regarding the pathogenesis of OO include neoplasia
[27], a possibility challenged by the limited growth po-
tential of these tumors [28]; inflammation [23]; and
vascular malformation [29, 30]. OOs share several fea-
tures with intracortical hemangioma [31] and have been
reported in association with the vascular malformation
blue rubber-bleb nevus syndrome [32].

Limitations of our study include the low temporal resolu-
tion of only 30 s of DCE-MRI inmost patients (n = 96), which
may have been suboptimal for determining Sloperise. ThisT
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resolution was chosen to allow comparisons with data from an
earlier study [6]. The Nyquist limit was markedly lower with
the temporal resolution of 4 s used during the last study year
than with the 30s resolution used previously. To eliminate the
Nyquist limit, a temporal resolution of 3 s would be required.
Second, vessel number and diameter are challenging to mea-
sure by CT, given the limited spatial resolution of the images
compared to actual vessel size. Therefore, vessel diameter
may have been overestimated in our study. Third, enhance-
ment by DCE-MRI varies with several parameters [33] such
as microvessel density, perfusion rate, permeability, and pres-
sures within the nidus. However, we focused on qualitative
and semi-quantitative parameters, without computing quanti-
tative parameters.

Conclusion

The early arterial peak enhancement in 93% of cases and
significant positive correlation between the rate of contrast
uptake by DCE-MRI and the diameter of the nidus feeding
vessel by CT indicate that the OO nidus receives arterial
blood. We found that this supply was more prominent in pa-
tients with a long history of pain and in those with involve-
ment of a flat or short bone.
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