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ARTICLE INFO ABSTRACT
Am‘c!e history: Objectives: To test the performance of a single 3D IR T2-Weighted sequence compared to a Whole-body
Received 2 August 2016 MRI protocol including DWI, T1-Weighted and STIR 3D IR (35} in a pediatric population.
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Methods: Two radiologists (15 and 30 years of expetience),reviewed WBMRIs: first the STIR alone and 2
Accepted 17 January 2017

weeks [ater the 35 protocol. The indications were variable. Only positive findings were explicitly reported.
A third reader compared the results to gold standard {GS} exams specific for the pathology. Agreement
between the two readers, sensitivity and positive predictive value of STIR were calculated.

Results: fifty-four WEMRIs were included {16 suspected child abuse, 8 chronic recurrent multifecal
osteomyelitis (CRMO). 11 lymphomas, 4 osteosarcomas, 9 neuroblastomas, & histiocytosis). The mean
age was 6 years 10 months, range: 1 month to 15 years.

Agreement between readers was of 0.87 [0 82-0.91] for 3D STIR, and 0.89 [0.83-0,93] for the 35 pro-
tocol, For reader 1 sensitivity of 3D STIR was 81,6% and of 35 81.0%. For reader 2 it was 74.1% for 3D STIR
and 74.7% for 35. For both readers and for both protocels, the positive predictive value (PPV) depended on
the type of disease {for example 100% histocytosis and osteosarcomas, >90% for child abuse, >85% CRMO
but <70% for lymphoma and neuroblastoma).

Conclusions: Sensitivities were not different between the 2 protocols, for each reader and were different
between the 2 readers for each protocol.

Keywords

Children

Whole-budy magnetic resonance imaging
3D short tau inversion-recovery sequence
Accuracy

© 2017 Elsevier B.V, All rights reserved.

1. Introduction but also overall costs. The most frequently used single sequence

for a fast study in current practice is the 2D fast turbo short tau

Whole-body magnetic resonance imaging (WB-MRI) is widely
used as a non-radiating screening exam in a variety of paediatric
diseases including malignancies [1-8| due to the many inherent
advantages compared to other imaging modalities, such as the
absence of ionizing radiation |9,10} and its high tissue contrast.
However, there are some obstacles for its practical application and
ameng them is the relatively long study time. Many papers in the
recent literature suggest to find abbreviated MRI protocol with the
same accuracy as multi-sequence ones in order to reduce the study
time and increase patient comfort even in adults |1 1-14|. This is
even more nacessary in children: reduction of the sedation time
in younger patients will not only decrease sedation-related risks,
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inversion-recovery (STIR) coronai sequence | 15-18|. According to
the literature, this sequence is reported as fast and highly sensi-
tive for the detection of lesions in multiple diseases but insufficient
in detecting lung metastasis | 17| as well as lesions in other areas
such as ribs and scapula [8,19]. Most institutions use additional
sequences such as diffusion-weighted imaging with fat suppression
(DWI} [2,20-22] and T1-weighted saquences which is considered
as the cornerstone of bone marrow imaging both in cancer and
rheumatologic disorders | 23.24].

Since 2010, in our departiment we have been using a whole-
body MRI protocol that includes three sequences: T1-weighted,
IR DWI and, to replace the widely used 2D STIR sequence by a
3D T2-weighted inversion-recovery sequence {3D STIR), The latter
combines properties of fat-saturated T2-weighted images with a
better spatial resolution of lesions due to a large anatomical cover-
age as well as the ability to slice through the volume of interestand a
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Table 1

Sensitivities.
Disease (N =46) Reader § Reader 2

3D STIR 35 3D STIR 38

Child abuse s. (N=13) 62.2% (28{45) G2.2% (2B/45) 44.4% (20/45) 51.1% (23745}
CMRO(N=8) 89.7% (44/49) B5.7% (42/49) 71.5% (38/49) 71.4%(35/49}
Histiocytosis (N =4) 100% (6/6) 100% (6/6} 100% (6/G) 100% (6/6)
Lymphoma (N=11) B6.2% (25/29) B6.2% (25/29) B6.2% (2529) B6.6% (26/29)
Neuroblastoma (N =6) 91.8% (34/37) 94,5% (35/37) 94.5% (35/37) 97.2% (36/37)
Osteasarcoma(Ne=4) 62.5% (5/8) 62.5%(5/8) 62 5% (5/8} 50%{4/8)
Total B1.6%(1421174) B1.0%(141/174) 74.1%(129/174} 74.7%(130/174)

Comparisen of Sensitivities between 3D STIR sequence and the whole protacol (3S) per Reader and per disease. The fiest number in bracket is the number of lesions recognized
by the reader with the protocol and the second is the number of lesions recognized by the gold standard.

sufficiently high resolution (isotropic voxel size =0.9-1mm3) [25].
Moreover, the possibility to perform axial reconstruction could
increase recognition of flat bone lesions {8,19].

However, a study including all these sequences may take
45{70 min, quite long for children and requires a long sedation for
younger children while older children are requested to tolerate and
hold still for long MR studies.

The aim of our study was to investigate if the 3D STIR alone is
not inferior to the complete protocol including all three sequences
(3S). tf this is the case, we would be able to propaose a faster 20-min
study, with significant increase in patient comfort and decrease in
sedation time, which is highly desirable in paediatric practice.

2. Material and methods

The institutional review board {CER:13-073R) approved this ret-
rospective study and waived the need to obtain informed consent.

We reviewed clinical charts of children who underwent WB-
MRI in the paediatric radiology unit between March 2013 and
March 2015. We only included patients for whom diagnos-
tic techniques validated by the literature as the gold standard
(GS) for the specific disease were performed and in whom a
clinical follow-up was available. We thus considered: neuroblas-
toma cases who had undergone '3'[-meta-iodobenzylguanidine
(MIBG) scintigraphy; lymphoma and osteosarcoma patients who
had 18F-fluoro-2-deoxy-p-giucose positron emission tomogra-
phy (FDG-PET)/computed tomography (CT), chronic recurrent
multifocal osteomyelitis {CRMO) cases with technetium-99m
scintigraphy, and cases of child abuse who had a skeletal X-ray sur-
vey, abdominal andfor soft tissues ultrasound; and for histiocytosis,
patients with skeletal X-ray survey or technetium-99 m scintigra-
phy. We did not include patients with incomplete GS, forexamgple if
bone scintigraphies, MIBGs or PETs did not include the entire lower
limbs.

G5 exams were performed within an interval of 1-10 days for all
diseases except for patients with suspected child abuse in whom
all exams were performed the sarme day as WB-MRI.

2.1. MRI protocol

All studies were performed on a 1.5T Avanto MR scanner
(Siemens, Erlangen, Germany). The patients were imaged with a
phased array coil, from head to heels, under free-breathing. None
of the patients had contrast or antiperistaltic agent injection. All
children under the age of 6 years underwent sedation.

Body coverage was achieved usually with two or three stations.

The following sequences wete performed:

1) Coronal 3D STIR (SPACE): TR 2000 TE 174/284 ms, Tl 160ms,
Turbofactor 85, BW 446kHz, FOV 448 x 448 mm, matrix size
300 x 320, parallel acceleration factor 2, variable flip angles
along the echo train, slice thickness 1.3 mm, N° signals averaged

1. For each patient, thin Maximum Intensity Projection (MIP)
and multiplanar reconstruction were performed. The average
time was 20 min and the range was 6/26 min depending on the
number of body stations which varies according to the child size.

2) Coronal T1 -Weighted FSE: TR/TE 554/11 ms, ETL 2, BW 150 kHz,
slice thickness 5mm with 1 mm gap, matrix 270 x 384, FOV
400 % 400 or in function of the patient size, angle 180, N° sig-
nals averaged 2. The average time was 10min and the range
was 6/16 min depending on the number of body stations.

3) Axial DWI{ STIR-EPI. TR/TE 8400{72 ms, Tl 160 ms, slice thick-
ness 4mm with multiple signal averages, slice gap 0, matrix
148 x 184, FOV 360 = 360 or in function of the patient size,

4} acquired on 3 orthogonal directions, ADC maps were calculated
in-line by the MRI scanner with b=0 and 600. Acquisition was
in the axial plane and then reformatted in the coronal plane
using b=600. The average time was 15min and the range was
12-20 min depending on the number of body stations which
varies according to the child size.

The number of coil stations and parameters were determined by
the radiologist to optimize the study for each patient. The average
study time for the three sequences was 50/70 min.

Seamless coronal whole-body images were obtained by merging
of separate acquired stations. DWI was displayed in inverted grey
scale intensity on a 20 mm coronal MIPs image {PET-like).

2.2. MRl interpretation

The first author {L.M.) anonymized all MRI studies, which were
coded and transferred to a dedicated computer station and stored
in random order, All studies were examined with OsiriX MD v 3.0.2
software (Geneva, Switzerland). Osirix can display coronal valu-
metric data and reformatted images in the axial and sagittal planes
and also rearient the dataset by rotation around the chosen points.

Two paediatric radiologists (5.F. and S.H., with 15 and 30 years
of paediatric radiology experience and MRI) and the first author
(L.M. 15 years of experience) performed a training session together
on 5 whole-body MRI studies, one normal and 4 with several
diseases (multimetastatic neuroblastoma, non accidental trauma,
neurofibromatosis type I, chronic recurrent multifocal osteomyeli-
tis) which were not included in the series, in order to agree on
assessment criteria for “lesions” of bone, soft tissues and solid
organs.

The two readers independently evaluated two separate sets in
a fixed order: first only 3D STIR images of all patients, on coronal,
axial and sagittal reconstructions and then, 2 weeks after the first
reading, the whole protocol {35) including the three sequences 3D
STIR, T1-W and fat sat DWI (35} for the same patients, They evalu-
ated the composed whole-body images but all native data were also
available if needed {non reconstructed). Readers were blinded for
all clinical and radiological data: in particular they were not aware
of the type of pathology or clinical indication. Each observer reg-
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Table 2

Paositive Predictive Value.
Dis:asc_ . Reader 1 Reader2 -

3D STIR 35 3D STIR 3s

Child abuse s.{N=13) 93.3(30/28) 93.3 (30/28) 90.9(22{20} 92.0(25/23)
CMRO(N=8) B6.3(51/44) 97.7 (43/42) 97.4(39/38) 92.1{38/35)
Histiocytosis (N = 4) 1000 (6/G} 100.0 (G/6) 100.0(6{6) 100.0 (6/6)
Lymphoma (N=11) 62.5 {40/25) 59,5 (42/25) 69.4 (36/25) 55.3 (4726}
Neurabtastoma (N=6) 68.0(50/34) 62.5 (56/35) 68.6(51/35) 62.1 {5836}
OsteosarcomalN =4} 100.0 (5/5) 1000 (5/5) 100.0(5/5) 1000 (5/5)
Total (N=4G) 78.0(70.9; 86.1) 77.5(G8., 872.1) 81.1(73.0:91.8) 73.0(62.7; B4.9}

Comparison of *ositive Predictive Value (PPV} between the 3D STIR sequence and the whole protocol ( 35) per Reader and per pathology. The first number inbrackets indicates
the lesions found by the reader and the second the "true lesions” among them confinmed by the gold standard,

Table3
Pairwise comparisons,
Reader 1 30 STIR Reader 1 35 Reader2 3D STIR Reader 2 35
Sensitivities: B81.6(70.7; 89.7) 81.0{70.0; 89.3) 74.1{60.0; 85.4) 74.7 (60.6; 85.8)
Differences between protocols 0 06(-4.1;22)
0 0.6(-8.6;8.5)
Differences between readers [H -74(-152;-1.2)
-63(~15.2; 0.0)

Pairwise comparisons of overall cstimations and 95% confidence interval of sensitivities between protocols for each rater, and between raters for each procedure, The non
inferiority in sensibilicy of 3D STIR alone compared with 3D protocal is proved for reader 1 {difference in sensibility null or inferior than 5%) but not for reader 2 {dilference

in sensibility more than 5%,

istered the reading time for the whole-body MRI data with the 3D
STIR protocol as well as for the whole protocol separately. Only pos-
itive findings were explicitly reported (free-response framework ).

Presence of abnormalities was recorded for the following pre-
defined categories:

Lymph nodes were considered as positive if their short-axis
diameter exceeded 10 mm.

Extranodal locations and solid organs were considered indepen-
dently of the size or pathological signification: as an example a
neuroblastoma was considered as "mass”,

Saft tissue involvement was considered as a lesion when isolated
and not when associated to fractures, osteomyelitis or other
abnormalities.

Joint effusion was considered as a lesion when it was more than
physiological, according to the reader's experience,

Two abnormalities (ex. metastasis} on the same anatomical
structure (ex. liver or bone) were considered as one lesion,

iR DWI were interpreted according to literature data |20.26]:
high signal intensity in brain, salivary glands, tonsils, spleen,
gallbladder, adrenal glands, prostate, testes penis, endometrium,
ovaries, spinal cord, peripheral nerves and bone marrow was con-
sidered as physiological. Apparent diffusion coefficient {ADC) maps
were performed but measurements were not used for disease
detection.

Then, the first author solved location or tagging problems and
asked the readers to better specify lesions when needed: for exam-
ple “radial lesion” indicated as “radial head lesion” or " sixth
thoracic vertebral body lesion” was in fact “seventh” due to the
difficulty to count vertebral bodies etc.

‘To measure the performance of 3D STIR in comparison to 35, the
third reader compared WB-MRI to the gold standard findings.

2.3, Statistical analyses

Statistical analyses were done with CRAN R version 3.2.0. Con-
cordance between readers was calculated for each protocol (3D

D loaded for Ano Y

STIR and 35) with the free-response kappa, which accounts for
the free-response framework by assuming that the number of pos-
sible abnormal ratings is very large tending to infinite [ 27|, This
free-response kappa was computed for all the ratings of 3D STIR
—sequences and 3S protocol irrespectively of the availability of a
gold-standard.

Clustering was accounted for to provide adequate 95% confi-
dence intervals. These intervals requiring a sufficient number of
patients and observations, 95% confidence intervals were therefore
only computed for the overall sensitivity and positive predictive
value. We used a bootstrap-procedure, where the 84 clusters were
sampled with replacements. The 95% confidence intervals are based
on the percentile 2.5 and 97.5 of 10000 bootstrapped samples.

To compare sensitivities of each reader and technique, difTer-
ences between sensitivities were computed from all bootstrapped
samples and a 95% confidence interval was computed for each
mean difference, between procedures for each reader, and between
readers for each procedure, The non-inferiority margin of 3D STIR
compared to 3D protocol was fixed at 5%.

3. Results

We retrieved 54 whole-body MRIs performed with the complete
protocol that could be compared to a complete imaging study con-
sidered as gold standard (GS) for the specific pathology as explained
inthe Methods section.(29 males and 25 females; mean age: 6 years
10 months, range: 1 month to 15 years). Ten children were sedated.
Sixteen were cases of suspected child abuse, 8 chronic recurrent
multifocal osteomyelitis (CRMO), 11 lymphomas, 4 ostensarcomas,
9 neuroblastomas, 6 Langerhans cell histiocytosis.

Among patients with lymphoma, 6 were investigated with
WB-MRI at presentation and 5 in the follow-up, 6 patients with
neuroblastoma had WB-MRI at presentation and 3 at follow-up. All
patients with osteosarcoma, CRMO and Langerhans cell histiocyto-
sis were investigated at presentation.

Among the 54 patients, 8 (3 suspected child abuse syndrome at
presentation, 2 hystiocitosis and 3 neuroblastoma during the follow
up) had no lesions shown by the GS technique or by WBMRL. In the
other 46 patients, GS exams showed 174 [esions.
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Fig. 1. Lymphoma WB-MRI.
Eleven year-old boy with lymphoma after the end of the treatment (chemotherapy): 3D STIR, T1 Weighted. and DWI show a lesion in the proximal metaphysis of the right
humerus (arrows) and other small metastasis on femoral meraphysis (arrowheads)

Fig. 2. a and b Lymphoma PET CT.

Same patient as in Fix,. 1.a) PET CT at onset one year earlier: a large retroperitoneal mass (white small arrows). the humeral metastasis ({white Jarge arrow) and the small
femoral metastasis (black arrows). b} PET CT performed at the same time as the WB-MRL shown in Fiz. 1: no lesions. The lesions persist on the WB-MRI longer thaa on PET
CT but they are not metabelically active and can not be considered as metastatic lesions.
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A

Fig. 3. Chronic Recurrent Multifocal osteomyelitis (CRMO).

t %

99mtc-HDP ?cintigraphy

3D STIR

Ten year-old girl at presentation for left foot pain. Scintigraphy and 3D STIR: dogsal vertebral lesion, left costal and left metatarsal lesions are shown by both techniques (long

white arrows)

The mean reading time for the whole-body MRI with 3D STIR
alone was 20 min for both readers. The mean recorded time for the
evaluation of the 35 protocol was 32 min for reader 1 and 28 min
for reader 2.

Regarding the agreement between readers, the free-response
kappa was 0.87 [0.82-0.91] for 3D STIR, and 0.89 [0.83-0.93] for
the 35 protocol. The difference of agreement for the two protocols
{3D STIR and 35} was calculated as 0.02 { -0.03;0.07).

lalile 1 illustrate the sensitivities per protocol per reader and
per disease.

Reader 1 identified 142 lesions out of 174 G5-based true lesions
with 3D STIR and 141 with 35, (Tabie 1) The missed lesions with 3D
STIR were: 16 metaphyseal and 5 rib fractures in 5 cases of child
abuse, 5 lung metastasis in lymphomas and esteosarcomas, 5 nodal
localizations of lymphoma with a size inferior to one centimeter
and one was a liver lesion in lymphoma, Reader 1 over diagnosed
(not recognized by the GS) 40 lesions with 3D STIR and 39 with
38 (Table 2). These lesions were bone lesions of lymphoma and
neurcblastoma (all on follow-up exams ) bone lesions of child abuse
and CRMO. In particular, reader 1 tended to over diagnose CRMO
lesions with 3D STIR alone.

Reader 2 correctly described 129 out of 174 lesions with 3D STIR
alone and 130 with 35 (Tahle 2a), The missed lesions were the same
30 as the reader 1 but she also missed more bone lesions on CRMO.
Reader 2 overdiagnosed (not recognized by GS) 30 lesions with 3D
STIRand 38 with 33, The overdiagnosed lesions were the same as for
reader 1 but reader 2 was slightly more precise for CRMO lesions.

PPV global estimations for 3D STIR was equivalent to 35 for
reader 1(78.0 vs 77.5) and higher {81.1) than 35 (73.0) for reader 2
even though it was not statistically compared.

For both readers, the PPV depended on the type of disease: it
was 100%for histocytosis and osteosarcomas, superjor to 90% for
child abuse and superior to 85% for CRMO bur less satisfactory for
lymphomas and neuroblastomas (Table 2),

The difference of sensitivity between the 2 readers was signif-
icant with both protocols, being -7.4 (-15.2; -1.2) for 3D STIR;
-6.3(-15.2; 0.0} for 35 (Table 3).

The difference of sensitivity between the 2 protocols was close
to zero for both readers (Table 3) being respectively —0.6 (-4.1;
2.2) for reader 1 and 0.6 (—8.6; 8.5) for reader 2. Considering the
confidence interval, only for reader 1 there was less than the 5%
of non-inferiority margin for 3D STIR in comparison to 3S; for the
second reader it was more than 5% (Table 3).

4. Discussion

Our study investigated if the choice of a short protocol with
3D STIR alone changes the performance of WB-MRI compared to
a protocol including multiple sequences. If we could prove our
hypothesis we could achieve a significant reduction of the scanning
time in order to obviate technical problems related to sedation time
and lower compliance of paediatric patients.

Our findings indicate that the reading time of WB-MRI for both
readers was similar to data reported in the literature [4].

The inter reader agreement was similar for the two protocols
(0.87 for reader 1 and 0.89 for reader 2) and it could be considered
as very good. Our results showed a better concordance than the
ones reported by the only paper we found in the paediatric liter-
ature about inter observer agreement for whole-body MRI|4 /. The
reason of our better concordance might be that our readers were
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Fig. 4. Chronic Recurrent Multifocal Osteomyelitis (CRMOL

Same patient asin Fiz 1. 3D STIR {a and b} and DWI (c) show also multiple ribial and peroneal distal metaphyseal lesions not depicted by scintigraphy. These lesions became

visible on XRays one month later (d).

both experimented paediatric radiologists while one of the readers
in the cited study had 5 years of experience, We also used a dif-
ferent kappa statistic analysis suited to situations of free-response
assessments where only positive diagnoses are explicitly reported.
The free-response kappa offers a solution for the measurement of
agreerment in the free-response framework. It relies on Cohen's
kappa statistics and can be interpreted the same way, as agree-
ment beyond chance. This test should be used when one is assuming
that the number of potential abnormalities is important, tending to
infinite.

Analysis of the performance showed that sensitivity and PPV
was significantly different for the 2 readers (reader 1 had a better
sensitivity than reader 2 who had a better PPV) no matter which
protocol was used (3D STIR or 35). In other words, each reader made
the same number and type of errors with the two protocols,

When comparing the sensitivity of the two protocols, we found
no difference between 3D STIR and 3S for a given reader [Table 3).
However, the non inferiority of 3D STIR compared to 35 could be
only proved for the reader 1: in fact, for reader 1, the 95% confidence
interval was inferior to the upper limit we fixed to establish the
non inferiority of 3D STIR (5%) while for reader 2 the confidence of
interval was superior (Table 3).

Analysis ¢of the mistaken lesions (missed or over diagnosed in
comparison to a gold standard) by both readers shows that the
use of the 35 protocol does not increase the performance of the
detection when they have been missed or overdiagnosed at 3D
STIR alone. Therefore, the impact of the mistaken lesions {missed or
overdiagnosed) on the clinical management will be the same using
both protocols. This suggests that mistaken lesions are related to
the intrinsic limitation of the MR technique itself, in relationship
with the type of the pathology in concordance with data of the
literature, rather than to the type of protocol.

As an example, itis widely accepted that WB-MRI cannot replace
the skeletal survey in cases of child abuse syndrome because it is
insensitive in the detection of high specificity indicators of this con-

dition such as metaphyseal fractures | 25 |. On the same way, the fact
that both readers did not detect most of the lung metastasis was
nat surprising considering recent literature data [ 17].

Other aspects of our findings are less well reported in the litera-
ture: for example, our study indicated that many overrated lesions
were long or flat bone lesions on follow-up exams in children with
lymphoma or neuroblastoma after treatment with chemo or radi-
ation therapy. Such bone abnormalities, in presence of complete
normalization of the MIBG scan or PET/CT after chemotherapy do
not necessarily indicate persistence of disease but may be due to
delayed normalization which can be as long as more than 2 years
after the end of chemotherapy [29-31], (Figs. | and 2). However,
once again it has to be pointed out that the same lesions were
overrated both by 3D STIR alone and 3S.

Other mistaken lesions were metaphyseal lesions of CRMO,
eften overrated because of the proximity to the physis that can
be sometitnes irregular and has the same hyperintense signal as
lesions on STIR [32,33]. {Figs 3 and 4).

However, once again it has to be pointed out that the same
lesions were overrated both by 3D STiR alone and 3S.

Our study seems to indicate that the addition of DWI to con-
ventional whole-body MRI sequences does not enhance lesion
conspicuity, in contradiction with recently published results in
oncological adults and children [ 20,22,34]. This could be related to a
statistical limitation due to the small number of patients affected by
neoplastic or hematologic disease and to the heterogenicity of this
group, while the studies in the literature are highly homogenous
mostly concerning lymphomas at initial diagnosis. Moreover, it is
also possible that the efficacy of DWI is reduced in children versus
adults for constitutional factors such as the low bady weight and
scarcity of body fat.

On the other hand other recent studies do not confirm that DWI
improves the performance of whole-body MRI | 1.4, However it is
known that DWI can be particularly difficult to interpret in children
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Fig. 5. Neuroblastoma.

— A A 4l mawe

Four year-old boy at presentation, 3D STIR onty showed the primary mass in the left abdomen {white arrowheds) and no bone metastasis. DWI showed multiple bone lesions
(black arrows) that were not confirmed on MIBG where only the abdominal mass was visible [black arrowheads),

due to the inhomogeneous or patchy signal of bone marrow, evenin
perfectly healthy subjects and can be a confusing factor [35] (Fig. 5).

We did not use ADC measurements of lesions on the DWI
sequences, which could have increased the performance of the
3S protocol, particulary in oncological cases. However, ADC mea-
surements have not yet been shown to discriminate, for example,
between pathological and physiological lymphonodes with the
same size |3G].

There seems thus to be a controversy in paediatric literature
concerning the utility of diffusion imaging and WBMRI. It would
therefore be more cautious to suggest adding DWI to 3D STIR
protocols for older children {not requiring sedation) for oncologic
indications, until further studies confirm it's diagnostic yield based
on more homogeneous populations.

Our study has other limitations: it includes patients with
heterogeneous diseases {inflammatory, traumatic, neoplastic and
hematological, both at enset and during the follow-up) and each
group of disease has a low number of patients. Moreover, due to the
small number of patients it was not possible to stratify our study
group by patients weight and age, to evaluate their influence on
diagnostic accuracy [17].

We do not have histological confirmation of lesions, because it
was ethically impaossible or simply not feasible in most cases,

Concerning the statistical analysis it has to be pointed out that
only sensitivity and paositive predictive value of the sequence are
reported to quantify the diagnostic performance of 3D STIR. This
is due to the fact that only positive findings can be enumerated
exhaustively{free-response paradigm)while true negative findings
are potentially infinite and thus impossible to consider in order to
calculate specificity and negative predictive value.

5. Conclusions

Our findings raise many questions and suggest the need of
further prospective studies. We found that WB-MRI performance

depends on the pediatric radiology experience no matter which
protocol was used (short or conventional), In conclusion, for a given
radiologist, a short protocol does not seem to imply lower diagnos-
tic performance. This is paramount for younger children in order to
reduce sedation time and patient discomfort. Analysis of our data
suggests that the non inferiority of 3D STIR should be confirmed by
future studies stratifiying patients by pathology, weight and age.
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