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Abstract

Introduction As the average age of society increases, so does the number of cases of fragility fractures of the pelvis (FFP).
Magnetic resonance imaging (MRI) can visualise associated oedema and is thus the gold standard for diagnosing such
fractures. MRI, however, is costly, not always available, and involves certain exclusion criteria. Dual-energy computed
tomography (DECT) appears to be a promising alternative. It is unclear, however, whether it could be used for diagnosing
FFP with similar sensitivity/specificity. The aim of our study was thus to compare conventional CT and DECT with MRI
in cases of suspected FFP.

Materials and methods A total of 46 patients with suspected FFP underwent MRI, CT and DECT scans. There were three
comparison groups for each of these patients: conventional CT image analysis without dual-energy modification (Arm 1),
DECT analysis (Arm 2) and MRI as the gold standard (Arm 3). Diagnosis and FFP classification were performed by a
radiologist in random order and without clinical information. The sensitivity and specificity of conventional CT and DECT
were calculated in comparison with MRI as the reference standard.

Results With 100% sensitivity and specificity, DECT is on par with MRI when it comes to diagnosing fragility fractures of
the pelvis and is superior to conventional CT (90.3% sensitivity, 100% specificity). In terms of classification as well, there
were no differences between DECT and MRI. On conventional CT, on the other hand, 16 patients were classified differently
than they were on MRI.

Conclusions Our study shows DECT to be reliable and superior to conventional CT in terms of oedema detection and specific
fracture classification in FFP. DECT thus combines the advantages of conventional CT (good visualisation of bone matter)
and MRI (medullary cavity and visualisation of occult fractures).
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Fragility fractures or insufficiency fractures are defined by
the World Health Organisation (WHO) as fractures caused
by injury that would be insufficient to fracture normal bone
[1]. Bone density gradually decreases throughout life. This
is a physiological process that is accelerated especially by
osteoporosis [1-3]. With demographic change and an age-
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ing population, we can thus expect an increase in the inci-
dence of fragility fractures [1, 4-7]. Apart from fragility
fractures of the pelvis (FFP), pelvic injuries are primarily
seen in connection with high-energy trauma (e.g., road
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accidents) in young patients. These differ in many respects
from pelvic fractures caused by low-energy trauma, such as
fragility fractures [1, 3, 6]. With age, however, bone strength
decreases and the ligaments are eventually more stable than
the cancellous bone. In contrast to pelvic ring fractures that
are the result of high-energy trauma in young patients, pelvic
fragility fractures in the elderly often leave the ligaments
intact while the bone is unable to withstand the strain and
breaks [3, 7, 8]. This also explains why bilateral sacral frac-
tures occur relatively often in the geriatric patient collective,
while in young patients they indicate a very severe injury
mechanism [6].

Classification of pelvic ring fractures

The system used by the Orthopaedic Trauma Association
(OTA) to classify pelvic fractures covers fracture types A,
B and C and is based on the Tile classification method [9].
However, because of the particularities in geriatric patients,
this classification does not provide a true picture of the
severity of injury. Realising the need for a classification
system specifically for fragility fractures of the pelvis, P. M.
Rommens and A. Hofmann developed a new system [3, 4].
This established classification system distinguishes between
four main groups (I-IV) based on specific anatomical fea-
tures and increasing degree of instability.

Diagnosing insufficiency fractures

Patients with geriatric pelvic ring fractures usually complain
of pain that is exacerbated by movement [1, 3, 8]. In many
cases, the patient’s history of falls or trauma is not very
instructive or the patient cannot remember it (result of minor
trauma, dementia). Accurate diagnosis may be delayed as a
result. There have even been cases where operations to treat
back pain (e.g., lumbar decompression surgery) have been
performed unnecessarily, with a sacral fracture later being
identified as the primary source of the pain [10].
Conventional CT and MRI are the main established meth-
ods used to diagnose fragility fractures of the pelvis. While
bony structures and, most importantly, cortical fracture lines
can be clearly imaged with CT, MRI has the great advan-
tage that it can clearly visualise the medullary cavity (bone
marrow alterations like oedema/ bone bruise). A further
advantage of MRI is that it does not expose the patient to
radiation. MRI currently has the highest sensitivity when it
comes to visualising bone marrow oedema in fluid-sensitive
sequences. Fracture lines as a sign of cancellous fractures
are easy to detect in native T1 sequences [5]. MRI has
repeatedly been proven to have greater sensitivity (100%)
than CT (65-75%) when it comes to visualising occult bone
marrow alterations of the pelvis [11-14]. Nevertheless, for
economic reasons (MRI takes longer and patients are often

@ Springer

unable to lie still, limited availability/capacity, and higher
cost), CT scans are usually performed first and MRI is only
ordered if symptoms persist when an attempt is made to
mobilise the patient and the results of the CT scan are nor-
mal. In routine clinical practice, however, the decision to
order MRI depends very much on the treatment concept, and
opinions on the use of MRI in cases of fragility fractures of
the pelvis vary [5].

Conventional X-ray examinations today do not play an
important role in diagnosing fragility fractures of the pelvis
as significant dislocations, which would be visible on X-ray,
are not common in this type of fracture [8, 15].

In the past, bone scintigraphy was described in some
publications as a possible technique for diagnosing fragility
structures of the pelvic ring [16]. Despite the high sensitivity
of bone scintigraphy, however, the consensus today is that
MRI is preferable [5, 9, 17].

We believe that dual-energy CT represents another diag-
nostic method for visualising bone marrow oedema as effec-
tively as with MRI. Dual-energy CT is currently used, for
example, to identify gouty tophi, to analyse urinary stones,
and for metal artefact reduction [5].

The dual-energy CT method

With the Somatom Force CT scanner (Siemens, Erlangen,
Germany), a modern DECT system approved for routine
diagnostic procedures, we can visualise oedema with two
tubes and rows of detectors that are offset at approximately
90° from each other. That way, two different energy spectra
(e.g., 80 and 150 kV) can be acquired in one scan. How these
two datasets are created varies depending on the equipment
manufacturer. Owing to different degrees of X-ray attenua-
tion of the different elements, the materials of the examined
tissue can be decomposed and thus individual substances
distinguished. With the virtual non-calcium (VNCa) tech-
nique, calcium is identified and then removed from corti-
cal and cancellous bone in the image, making it possible
to assess bone marrow oedema. Radiation exposure from
DECT and scan duration are not higher with the new equip-
ment than with conventional CT [5, 18].

Problem

It is unclear whether DECT could be used for diagnosing
FFP (bone marrow alterations) with a sensitivity/specificity
similar to that of MRI, and whether it is superior to estab-
lished conventional CT. The aim of our retrospective clinical
study was to compare, for the first time, DECT and con-
ventional CT with MRI in terms of oedema detection and
classification in patients with suspected FFP.
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Material and methods
Study collective and inclusion/exclusion criteria

This retrospective pilot study included 46 patients (40
female, 6 male, 79.7 +£9.2 years) who had presented in our
clinic between 1 December 2015 and 1 June 2018 with a
suspected fragility fracture of the pelvic ring. All patients
underwent diagnostic DECT and MRI of the pelvis, the rou-
tine diagnostic method used in our clinic in the event of
suspected insufficiency fracture of the pelvis. Inclusion and
exclusion criteria are summarised in Table 1.

Study arms and evaluation of results

We generated three comparison groups for each patient. Arm
1 constituted CT images without computerised dual-energy
modification, i.e., conventional CT examination. Additional
CT scans and associated radiation exposure could thus be
avoided. In Arm 2, the images from the DECT examination
were modified with the virtual non-calcium (VNCa) tech-
nique to show bone marrow oedema. Arm 3 constituted MRI
as the current gold standard for detecting oedema.

The images were evaluated using a set procedure. After
the CT and MRI data sets had been acquired, they were
assessed by a radiologist specialised in musculoskeletal inju-
ries, in randomised order, blinded and without clinical infor-
mation. The sensitivity and specificity of conventional CT
and DECT were calculated by comparing results with those
of MRI as the reference standard, using fourfold tables. In
all three series, the FFP classification was used whenever a
bone marrow alteration was detected to also examine dif-
ferences in fracture classification: FFP Type I are isolated
anterior pelvic ring fractures. FFP Type II lesions are non-
displaced dorsal pelvic ring injuries, while FFP Type III
are displaced unilateral and FFP IV are displaced bilateral
dorsal pelvic ring injuries. The remaining degree of stability
therefore decreases from I to I'V. Each fracture type also has
a sub-classification.

Three different MRI scanners were used for diagnostics
in our clinic during the study period: the Magnetom Aera
1.5 T (Siemens, Erlangen, Germany), the Magnetom Har-
mony 1.0 T (Siemens, Erlangen, Germany), and the Achieva
3 T TX (Philips, Hamburg, Germany). The extent of oedema
was examined with fluid-sensitive fat-saturated sequences
(STIR/TIRM, PDw fatsat) and sometimes with additional
T1w and T2w sequences.

Study registration and statistics

The study was approved by the Ethics Committee of
Ulm (application no. 343/16) and registered in the German
Clinical Trials Register (Trial ID: DRKS00010552). The
calculations were made with Excel (Microsoft Office 2016)
and QuickCalc (Graphpad Software). Sensitivity and speci-
ficity were calculated as the percentage of patients identi-
fied by each technique based on the standard of reference
(MRI) with a confidence interval (CI) of 95%. For statistical
comparisons of diagnostic ability between DECT and con-
ventional CT, the sensitivity and specificity were compared
using a paired proportion test (the McNemar test). A CI of
5% was used here.

Results

Comparison of conventional and dual-energy CT
with MRl in terms of detection of FFP

In 31 of the 46 (67.4%) patients, at least one bone mar-
row alteration or fracture of the pelvis was found on MRI.
Accordingly, no pelvic alteration was found in 15 patients
(32.6%). In the 31 patients with a pathology, a total of 77
bone marrow alteration sites were identified on MRI. These
were distributed as follows: 45.5% (35) were alterations
of the sacrum, 27.3% (21) were alterations of the superior
pubic ramus, and 27.3% (21) were alterations of the inferior
pubic ramus.

Table 1 Inclusion and exclusion
criteria

Inclusion criteria

Exclusion criteria

Age >55 years

Low-energy trauma or no memory of trauma
DECT examination of the pelvis available
MRI examination of the pelvis available
Time between examinations: < 14 days

Age <55 years

High-energy trauma

No DECT examination of the pelvis available
No MRI examination of the pelvis available
Time between the examinations: > 14 days
Bone marrow disease

Metastasis in the pelvis

Metal implant in the pelvis

Pregnancy
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Fig. 1 Number of patients with or without fracture on conventional
computed tomography (CT), dual-energy computed tomography
(DECT) and magnetic resonance imaging (MRI)
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Fig.2 Number and localisation of pelvic ring fractures on conven-
tional computed tomography (CT), dual-energy computed tomogra-
phy (DECT) and magnetic resonance imaging (MRI)

In the DECT scan too, at least one alteration was found
in 31 patients and no alteration was found in 15 patients.
The results were also the same in terms of the total num-
ber of bone marrow alteration sites and their distribution,
with exactly the same number of pathologies identified in
the dorsal pelvic ring, in the superior pubic ramus and in the
inferior pubic ramus as on MRI. This means that a total of
77 pathologies were diagnosed both on MRI and on DECT.

On conventional CT, at least one pelvic pathology was
found in 28 patients (60.9%), and no alteration was found
in 18 of the 46 patients (39.1%). A total of 59 bone marrow
alterations were identified with this examination method. Of
these, 28.8% (n=17) were in the dorsal pelvic ring, 35.6%
(n=21) in the superior pubic ramus, and 35.6% (n=21) in
the inferior pubic ramus (Figs. 1 and 2).

Using fourfold tables, for the dual-energy CT scans we
calculated a sensitivity of 100% (CI 89.0-100%), because
all 31 patients with a pathology were identified as such.
There were no false-positive diagnoses (100% specificity,
CI 79.6-100%).
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Conventional CT achieved a sensitivity of 90.3% (CI
75.1-96.7%) when compared with MRI, as no pathology
was identified in three patients who had been diagnosed
with one on MRI. Conventional CT achieved a specificity of
100% (CI 82.4-100%).The p value for the McNemar test was
0.2482, showing that DECT had no significantly enhanced
sensitivity for finding pathologies compared with CT.

The results of both conventional CT and DECT were the
same as those of MRI when it came to detecting ventral
pelvic ring alterations (100% sensitivity and specificity in
the “ventral pelvic ring fractures” subgroup).

In diagnosing dorsal pelvic ring injuries, conventional
CT had a sensitivity of 68.0% (CI 48.4-82.8%). Eight out
of 25 diagnoses were false negatives (32%), i.e., pathologies
were not detected. Specificity remained unchanged at 100%
(CI 84.5-100%).

Evaluation of DECT data also showed 100% sensitivity
(CI86.7-100%) when it came to detecting dorsal pelvic ring
alterations. All 25 patients diagnosed with dorsal pelvic ring
pathology on MRI were also diagnosed with these altera-
tion on DECT. DECT also achieved the same specificity of
100% as MRI in this subgroup (CI 84.5-100%). The p value
for the McNemar test was 0.0133, showing that DECT had
significantly enhanced sensitivity when it came to dorsal
pelvic ring alterations compared with CT.

Comparison of conventional and dual-energy CT
with MRI in terms of correct classification of FFP

Classification of the bone marrow alterations detected on
MRI revealed the following distribution pattern: There were
six unilateral ventral pelvic ring pathologies (Type Ia) in
our series (19.4%). No bilateral ventral pelvic ring altera-
tion (Type Ib) was found. Type Ila, an isolated dorsal injury,
was detected two times in our study (6.5%). A compression
injury of the ventral lateral mass of the sacrum and accom-
panying instability of the ventral pelvic ring (Type IIb)
occurred six times (19.4%). A non-displaced total fracture of
the sacrum or ilium or a sacroiliac injury with accompanying
instability of the ventral pelvic ring is classified as Type Ilc
and was diagnosed four times in our series (12.9%). Non-dis-
placed lesions of the dorsal pelvic ring (Type II) were thus
the most common pathologies in this study (12/31=38.7%).
FFP Types Illa (displaced ilium fracture) and IIIb (displaced
unilateral sacroiliac disruption) were not observed in our
series. Type Illc (displaced unilateral sacral fracture) was
diagnosed only three times in this group (9.7%). Displaced
bilateral dorsal pelvic ring injuries (Type IV) were diag-
nosed a total of ten times in this series (10/31=32.2%).
There were no bilateral iliac fractures or sacroiliac disrup-
tions (FFP type IVa). Type IVb, a spinopelvic dissociation
containing a bilateral vertical injury of the lateral mass of
the sacrum with a horizontal component that connects them
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(H-shaped fracture), was diagnosed eight times (25.8%). A
combination of different dislocated instabilities in the dorsal
pelvic ring is classified as Type IVc and was diagnosed two
times in our series (6.5%).

The results of the comparison of conventional CT with
MRI as the gold standard in terms of classification are shown
in Fig. 3. A total of 16 patients (34.8%) were classified dif-
ferently based on conventional CT than they were based on
MRI. Fracture classification based on DECT, on the other
hand, was identical to the results of MRI (Fig. 4).

Discussion

The aim of our retrospective clinical study was to examine
dual-energy CT as a potential new method for diagnosing
fragility fractures of the pelvic ring. To this end, we com-
pared dual-energy CT with MRI as the gold standard in
terms of detecting bone marrow oedema. To examine pos-
sible advantages of DECT over conventional CT, the latter
was also compared with MRI.

We were able to show that DECT (100% sensitivity when
examining the dorsal pelvic ring) is superior to conventional
CT (68% sensitivity when examining the dorsal pelvic ring)
when it comes to detecting sacral pathologies in geriatric
patients. The p value for the McNemar test was 0.0133,
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showing that DECT had significantly enhanced sensitivity
for finding sacral pathologies compared with CT.

According to our findings, dual-energy CT (100% sensi-
tivity, 100% specificity) achieves a result that is same to that
of MRI (current gold standard) when it comes to diagnosing
pathologies (ventral and dorsal) of the pelvis.

The methods commonly used in everyday clinical practice
to diagnose fragility fractures of the pelvis are conventional
CT and if the results of that are still ambiguous MRI, the lat-
ter being an effective method to detect oedema in FFP. While
CT can clearly visualise bony structures and, most impor-
tantly, cortical fracture lines, MRI has the major advantage
that it can be used to assess the medullary cavity [5].

Since ventral pelvic ring injuries are often accompanied
by a cortical disruption, such injuries are likely to be clearly
visible on conventional CT. Our study confirms this. Sen-
sitivity and specificity were both 100% when it came to
pathologies of the ventral pelvic ring. Assessing the dorsal
pelvic ring with conventional CT has its limits, however, as
fragility fractures of the sacrum often remain occult because
they are characterised not so much by cortical disruption but
rather by compression lines or bone oedema [17, 18]. This
explains the lower sensitivity of conventional CT (68%) in
our study when it came to assessing dorsal pathologies of
the pelvic ring, which other studies have confirmed [11-14].
Cabarrus et al. found out, that in 98% of their patients insuf-
ficiency fractures of the pelvis or proximal femur could be
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Fig.3 Comparison of FFP classification after magnetic resonance
imaging (MRI) grey columns with that after conventional computed
tomography (CT). Patients whose classification after CT was the
same as after MRI are shown in green. Those who were classified dif-

ferently on conventional CT are shown in the corresponding colours
(see arrow as an example: the three patients marked in striped tur-
quoise were classified as IIb on MRI, but as Ia on CT)
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Fig.4 Comparison of FFP classification after magnetic resonance imaging (MRI) grey columns with that after dual-energy computed tomogra-
phy (DECT). Patients whose classification after DECT was the same as after MRI are shown in green

detected with MRI, whereas with the CT this was possible
in 53% of the patients [11].

This is where the strength of MRI currently lies, as it
can visualise such occult fractures by visualising oedema
[5, 6, 8]. Therefore some colleagues perform MRI exami-
nations without CT when FFP was suspected. In some hos-
pitals, however, MRI is not the standard for this indication
because availability is limited, cost is relatively high, the
exam itself takes a long time and geriatric patients who are
in pain struggle to lie still for such long periods, and relative
and absolute contraindications (e.g., pacemaker) prohibit the
examination. Our working group has previously described
the importance of MRI on the basis of a recent survey of the
German expert group on pelvic surgery, the “AG Becken II1”
of the German Trauma Society as well as the advantages and
disadvantages of established imaging methods in relation to
FFP [5, 18].

But what is the meaning of a bone bruise detected on
MRI without a cortical disruption on CT? The bone bruise
represents a hemorrhagic zone in the bone. The histopatho-
logical correlate of this are microfractures of the spongy
bone as well as oedema and bleeding in the fatty marrow
[19, 20]. So bone bruise is a pathological situation. If the
regeneration processes of the bone stay overwhelmed, it
takes a few weeks until periosteal reactions or cortical inter-
ruption become visible in CT. If there is no cure, the fracture
becomes radiologically visible after 2—-3 weeks [21]. How-
ever, it is possible that a bone bruise heals without cortical
interruption if the underlying pathological factors (overload,
pathological bone metabolism) are corrected [22].
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Oedema in the bone is generally associated with pain
[23]. The painfulness under physical stress usually increases.
In our opinion, it is necessary to exclude a non-displaced
fracture or bone oedema as a potential precursor of a frac-
ture, even if there is no fracture diagnosed on conventional
CT. Spiegl et al. came to the same conclusion in their over-
view study about fragility fractures of the os sacrum [22].
Although the two papers cited outlined the potential of
DECT (established areas of application include the identi-
fication of gouty tophi, analysis of urinary stones and metal
artefact reduction) for diagnosing FFP, there has been no
clinical comparative study to compare conventional CT,
DECT, and MRI [5, 18].

In our study, we were able to show for the first time that
DECT is a very suitable method for detecting bone mar-
row oedemas of the pelvis. With a sensitivity and specificity
of 100%, a DECT scan on its own is enough to diagnose
pathologies of the pelvic ring. It combines the advantages of
both MRI and CT with radiation exposure that is no greater
than that of conventional CT—with the same scan dura-
tion. DECT is superior to the latter in particular in terms
of assessing the biomechanically relevant dorsal pelvic ring
(Fig. 5 a, b, ¢).

One disadvantage of DECT worth noting, however, is the
fact that it does not differentiate between oedematous bone
marrow and haematopoietic bone marrow. In the “blood-
rich” marrow of a young patient collective in particular, this
can lead to false positives on DECT. The patient collec-
tive should thus be carefully selected to achieve conclusive
results. The ideal conditions for DECT are inherent in the
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Fig.5 a A fracture of the left lateral mass is visible on conventional
computed tomography (CT). b On dual-energy computed tomography
(DECT), bone marrow oedema (green) is now visible in the right and
left lateral mass, with a transverse component (H sign). ¢ On mag-
netic resonance imaging (MRI), the bone marrow oedema in the right
and left lateral mass is visible, too

osteoporotic bone of an elderly person with extensive bone
marrow adiposity and as such are usually present in fragil-
ity fractures [5]. This is why we decided to choose a patient
collective with a minimum age of 55 and cannot recom-
mend using the method in young people. This limitation of

dual-energy CT is not clinically relevant, however, because
pelvic fractures in young patients are mainly the result of
high-speed trauma, in which case both dorsal and ventral
pelvic ring fractures appear as cortical step-off with accom-
panying tissue damage and can therefore be detected with
conventional CT.

We believe it is remarkable that DECT not only is effec-
tive in detecting fractures but also has significant advantages
over conventional CT when it comes to correct fracture clas-
sification. After all, classification based on DECT assess-
ment was identical to MRI classification results.

On conventional CT, on the other hand, the pathologies
of 16 patients were classified differently than they were
on MRI (34.8%), primarily in the area of the dorsal pelvic
ring, as previously discussed. Bilateral sacral abnormities
in particular were either diagnosed as a unilateral fracture
(6/8=75%) or not at all (2/8=25%). With isolated unilateral
dorsal pelvic fractures (Type Ila) as well, O of 2 fractures
were identified correctly on conventional CT. These obser-
vations are especially significant because geriatric patients
in particular sustain bilateral dorsal pelvic ring injuries more
frequently than young people. There is also the risk of incor-
rect treatment decisions being made as a result of incorrect
classification [24].

Regarding the difference between bone bruise/ oedema
and fractures another limitation of our retrospective and non-
prospective study is that Rommens and Hofmann did not use
MRI but conventional CT to establish the FFP classifica-
tion [3, 4]. In our study, however, we decided to use MRI
as a standard of comparison as it is proven to have a higher
sensitivity than conventional CT [11-14]. What is more, the
distribution pattern of the fracture types is comparable to
that found by Rommens and Hofmann. Thus, we can assume
that our patient collective is representative of the expected
FFP distribution pattern.

As a consequence, DECT signal alterations in this study
led to changes in the FFP classification, which, however, is
based on CT and which describes fractures, which are vis-
ible in conventional CT scans, only. From our point of view,
it is therefore much more important to mention that in FFP
injuries, bone marrow alterations may be detected with same
accuracy by both DECT and MRI, which may correspond to
an occult fracture or oedema, which is possible to develop
into a more unstable fracture type.

In summary, DECT appears to be a promising diagnostic
method for assessing FFP. This retrospective analysis con-
firms the positive experience in our hospital, where DECT
has since replaced the combination of conventional CD
and additional MRI scans where required. For our working
group, the major advantages are that we can now diagnose
an FFP with a single scan instead of possibly two, with the
same availability and level of radiation exposure as conven-
tional CT yet the same 100% sensitivity and specificity of
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MRI, even outside of regular MRI operating hours. The next
step should be a prospective study to verify our results.
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