
of July 20, 2025.
This information is current as

Learning Pseudo-CT Estimated MR Images
Both Motion-Corrected and Automated Deep 
MR Cranial Bone Imaging: Evaluation of

Manu S. Goyal, Hongyu An and Kamlesh B. Patel
Paul K. Commean, Corinne M. Merrill, Jennifer M. Strahle,
Boroojeni, Cihat Eldeniz, Yasheng Chen, Gary B. Skolnick, 
Andrew D. Linkugel, Tongyao Wang, Parna Eshraghi

http://www.ajnr.org/content/early/2024/07/11/ajnr.A8335
 published online 11 July 2024AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/early/2024/07/11/ajnr.A8335


ORIGINAL RESEARCH
PEDIATRIC NEUROIMAGING

MR Cranial Bone Imaging: Evaluation of Both
Motion-Corrected and Automated Deep Learning

Pseudo-CT Estimated MR Images
Andrew D. Linkugel, Tongyao Wang, Parna Eshraghi Boroojeni, Cihat Eldeniz, Yasheng Chen, Gary B. Skolnick,
Paul K. Commean, Corinne M. Merrill, Jennifer M. Strahle, Manu S. Goyal, Hongyu An, and Kamlesh B. Patel

ABSTRACT

BACKGROUND AND PURPOSE: CT imaging exposes patients to ionizing radiation. MR imaging is radiation free but previously has
not been able to produce diagnostic-quality images of bone on a timeline suitable for clinical use. We developed automated
motion correction and use deep learning to generate pseudo-CT images from MR images. We aim to evaluate whether motion-cor-
rected pseudo-CT produces cranial images that have potential to be acceptable for clinical use.

MATERIALS AND METHODS: Patients younger than age 18 who underwent CT imaging of the head for either trauma or evaluation
of cranial suture patency were recruited. Subjects underwent a 5-minute golden-angle stack-of-stars radial volumetric interpolated
breath-hold MR image. Motion correction was applied to the MR imaging followed by a deep learning-based method to generate
pseudo-CT images. CT and pseudo-CT images were evaluated and, based on indication for imaging, either presence of skull fracture
or cranial suture patency was first recorded while viewing the MR imaging–based pseudo-CT and then recorded while viewing the
clinical CT.

RESULTS: A total of 12 patients underwent CT and MR imaging to evaluate suture patency, and 60 patients underwent CT and MR
imaging for evaluation of head trauma. For cranial suture patency, pseudo-CT had 100% specificity and 100% sensitivity for the
identification of suture closure. For identification of skull fractures, pseudo-CT had 100% specificity and 90% sensitivity.

CONCLUSIONS: Our early results show that automated motion-corrected and deep learning–generated pseudo-CT images of
the pediatric skull have potential for clinical use and offer a high level of diagnostic accuracy when compared with standard
CT scans.

ABBREVIATIONS: AO ¼ AO Foundation; BB ¼ black bone; GA-VIBE ¼ golden-angle stack-of-stars radial volumetric interpolated breath-hold examination;
GRE ¼ gradient-echo; ResUNet ¼ residual U-Net; UTE ¼ ultrashort echo; ZTE ¼ zero-echo time

CT quickly generates high-resolution clinical images and has
become an indispensable tool for the evaluation of head

trauma and craniofacial surgical planning. Approximately 2.2
million CT scans of the head are performed annually on patients
younger than 15 years old in the United States.1 All CT imaging

exposes patients to ionizing radiation, and these 2.2 million
head CT scans might result in an estimated 1210 additional
future cases of cancer each year.1 MR imaging can also produce
high-resolution images with no exposure to ionizing radiation.
However, MR imaging generally involves a longer duration of
imaging, sensitivity to motion, and susceptibility to artifacts.2

Commonly used MR imaging protocols provide superior soft-
tissue image quality but limited bone image quality.

The limitation of MR for imaging bone has been a persistent
problem since the technique was developed in the 1970s.3 The
gradient-echo black bone MR imaging sequence, first published
in 2012,4 was an initial attempt to address shortcomings of MR
imaging for bone imaging. This technique has not achieved wide-
spread clinical use in head trauma due to low sensitivity for the
diagnosis of skull fracture,5 though there has been a promising
report for use in craniosynostosis.6 Specific disadvantages for its
use in the pediatric population include sensitivity to motion,
poor image contrast between osseous tissue and the surrounding
soft tissues, and time-consuming and subjective manual image
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processing. The golden-angle stack-of-stars radial volumetric
interpolated breath-hold examination (GA-VIBE) MR imaging
sequence, which was originally developed for rapid abdominal
imaging, is more robust to motion compared with the gradient-
echo black bone MR imaging.4 We adopted this sequence and
demonstrated its feasibility in MR cranial bone imaging.7,8

However, a subset of scans in previous studies was excluded from
clinical review due to excessive motion artifacts. Moreover, a time-
consuming manual image processing ranging from 30minutes to
2 hours imposes difficulty in clinical adoption. Recently, motion
correction and deep learning–based techniques were developed
to transform MR imaging to pseudo-CT images automati-
cally.9,10 These prior publications focused on technical develop-
ments but have not yet included objective reviews for clinical
diagnosis and utility. In this study, we applied both techniques
to the GA-VIBE MR images to generate motion-corrected
pseudo-CT images. We sought to determine whether the
motion-corrected pseudo-CT MR images produce diagnostic
quality images for patients presenting after head trauma or for
evaluation for craniosynostosis.

METHODS
Study Design
Patients were recruited after institutional review board approval
was obtained. Patients younger than age 18 who underwent a CT
scan of the head as part of routine clinical care for either head
trauma or cranial suture patency were invited to participate, and
informed consent was obtained from their guardian before par-
ticipation. Enrolled patients underwent a 5-minute research MR
imaging, either as an add-on sequence to a clinically indicated
MR imaging (with or without sedation) or a stand-alone research
study (no sedation). Sedation was only used in patients who
were simultaneously undergoing a clinical MR imaging and the
research MR imaging. To mitigate the effects of growth and heal-
ing between the clinical and research scans, the research scan was
performed as soon as possible, and the MR imaging up to a desig-
nated timeframe after the clinical CT scan was allowed to increase
scheduling flexibility. For patients with head trauma and at least
1 skull fracture, the research MR imaging was performed up to
12weeks after their CT. For patients with head trauma and no

skull fracture, the research MR imaging was performed up to
6months. For patients undergoing evaluation of cranial suture
patency, the MR imaging was performed up to 1 year after their
CT. Patient demographic data, including age, sex, brief clinical
history, the time interval between CT and MR imaging, type of
MR imaging scanner, and use of sedation for the clinical scan(s),
were collected from the medical record.

Imaging
The research MR images were acquired by using a Prisma, Vida,
or Biograph mMR scanner (Siemens). A FLASH Golden-Angle
3D stack-of-stars radial VIBE sequence11 was used for radial
and Cartesian k-space sampling along the in-plane and section
directions, respectively. The imaging protocol was as follows:
TE/TR ¼ 2.47ms/4.84ms; bandwidth ¼ 410Hz/pixel; section
thickness ¼ 0.8mm; 224 slices per slab; transverse orientation;
flip angle ¼ 3–5°; acquisition matrix ¼ 320� 320; FOV ¼ 192
or 220mm (depending on head size), resulting in an in-plane
resolution of 0.6 � 0.6mm or 0.7 � 0.7mm, respectively; and
number of radial lines ¼ 400 for a scan duration of about
5minutes. During each scan, either a 64-channel, a 32-channel,
or a 20-channel head coil was used to acquire images.

A self-navigated MR motion correction method has been
developed.9 A brief description is provided below. The section
showing the largest intensity variation over time was chosen for
its sensitivity to motion, and its temporal signal was used for
motion detection. This temporal signal was filtered to remove
acquisition-related artifacts and was then parsed into different
motion frames by detecting the instances of motion. All frames were
registered onto a reference motion frame to obtain motion fields.
These motion fields were then used in a forward-modeled iterative
optimization scheme to obtain the motion-correctedMR image.

A preliminary version of a deep learning method was devel-
oped to convert MR imaging to pseudo-CT by using 3 residual
U-Net (ResUNet) models.10 In this study, a refined approach by
using a single ResUNet method was developed. CT images were
first trilinearly interpolated to 0.3� 0.3� 0.5 mm3, followed by a
K-means bone, soft tissue, and air segmentation (Matlab R2021b,
Mathworks). An edge-enhanced 3� 3 2D kernel was applied to
CT to increase bone and soft tissue contrast. The N4 bias-field

SUMMARY

PREVIOUS LITERATURE: There have been several attempts to develop MR imaging sequences for imaging bone, but none have
achieved widespread clinical use. Specific challenges include long image acquisition time relative to CT, sensitivity to motion,
and requirement for manual image processing to generate useful clinical images. Prior work by our group to develop a golden-
angle stack-of-stars radial volumetric interpolated breath-hold examination (GA-VIBE) MR imaging sequence with automated
processing by using a deep learning–based technique has shown the potential to ameliorate these issues.

KEY FINDINGS: The addition of self-navigated MR motion correction to the prior GA-VIBE sequence and refinement of the re-
sidual U-Net (ResUNet) deep learning method has produced cranial images in 72 pediatric patients with high sensitivity and spec-
ificity for trauma and suture patency evaluation.

KNOWLEDGE ADVANCEMENT: This work represents a significant step toward the goal of using MR imaging to evaluate bone in
pediatric patients as part of clinical workflows. We have also identified additional targets for improvement in our image acquisi-
tion and processing techniques.
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correction was applied to minimize MR imaging spatial inhomo-
geneity. Level-set segmentation was applied to CT and MR to
generate binary head masks. For each subject, MR was aligned to
CT by using the FMRIB Linear Image Registration Tool 12-
parameter affine registration (FLIRT; https://fsl.fmrib.ox.ac.uk/
fsl/fslwiki/FLIRT) with 10 times weights in cranial bone align-
ment between MR and CT.

A 3D patch-based ResUNet was employed to synthesize
pseudo-CT by using MR images.12 Before the ResUNet training,
signal intensity normalizations were performed for both CT and
MR images as normalized signal ¼ (signal � mean)/(2 � stand-
ard deviation). The mean and standard deviation of the CT
signal were obtained from all participants, whereas they were
computed from each individual participant’s MR imaging.

The ResUNet had 7 layers at both contraction and expanding
paths. It consisted of skip connections from the residual block to
feed outputs from 1 contraction layer to its counterpart in the
expanding path. Corresponding MR and CT patches with a size
of 96� 96� 96 voxels were randomly selected within the head
mask as training input and target, respectively. The 3D ResUNet
was trained by using the Adam optimizer with a batch size of 17.
The weights of the network were updated by minimizing L1 loss
between pseudo-CT and true CT. The learning rate was initial-
ized at 0.005 and empirically decreased by one-half after every
50,000 iterations. The trained network was applied to 96� 96 -
� 96 MR patches in moving windows with a step size of 24 voxels
in each direction. The center 48� 48� 48 voxels of patches were
used to synthesize pseudo-CT. Pseudo-CT signal was computed
as the mean value of the overlapped patches within a voxel. We
employed a 3-fold cross-validation procedure in ResUNet train-
ing (57%), validation (10%), and testing (33%). We repeated this
procedure 3 times to synthesize pseudo-CT for all data sets. The
training and validation processes take approximately 65 hours
on an NVIDIA H100 Tensor Core graphics processing unit
card. It takes about 2minutes to generate pseudo-CT images
for 1 participant.

Clinical Evaluation
Three reviewers rated the processed MR imaging (pseudo-CT)
and CT scans simultaneously in a consensus review. The
reviewers were presented with a brief clinical history, including
age and reason for imaging. First, for each patient, section-by-
section pseudo-CT images were reviewed by using axial, coro-
nal, and sagittal planes in addition to the 3D surface-rendered
images as clinically necessary. Only pseudo-CT images were
available to the reviewers for this study. Inverted MR images
were not utilized. Images were reviewed by using RadiAnt
DICOM viewer software (version 2020.2, Medixant). During the
pseudo-CT reviews, the reviewers were blinded to the CT diag-
nosis. For all pseudo-CT scans, acceptability for clinical use was
rated on a 4-point scale (1 ¼ inadequate; 2 ¼ sufficient; 3 ¼
good; 4 ¼ excellent). This rating was based on a holistic, subjec-
tive assessment by the reviewers of the usefulness of the avail-
able scan for clinical diagnosis. Confidence in diagnosis and no
need for a second scan were rated on a 5-point Likert scale (1 ¼
strongly disagree; 2 ¼ disagree; 3 ¼ neither agree nor disagree;
4 ¼ agree; 5 ¼ strongly agree). For evaluation of cranial sutures,

patency of the metopic, sagittal, bilateral coronal, and bilateral
lambdoid sutures were recorded, for a total of 6 observations per
patient. For evaluation of head trauma, the presence or absence
of skull fractures in the cranial vault was noted. Any fractures
were classified based on AO Foundation (AO) guidelines.13 The
reviewers worked together to assess the scans by using this work-
flow. After consensus was reached between the reviewers on the
pseudo-CT diagnosis for a patient, the corresponding CT images
were reviewed in a similar fashion for the same patient, including
subjective assessment and reaching consensus on the diagnosis of
suture patency or fracture as applicable. Finally, post-CT review
acceptability for clinical use of the pseudo-CT was reassessed
and rated on the same 4-point scale. The pseudo-CT was
deemed inadequate if suture patency or fracture was misdiag-
nosed. Simultaneous consensus review was used in our protocol
because this mirrors the inter- and intradisciplinary review of
scans in the clinical workflow at our institution.

Statistical Analysis
Reviews were collected and tabulated by using Excel (Microsoft).
Excel was also used to calculate the sensitivity and specificity of the
pseudo-CT-based clinical diagnosis by using the CT images as the
ground truth. Qualitative assessments were compared by using the
Fisher exact test in R (Version 4.0.3, R Core Team, 2020) running
in RStudio.14 A 2-sided P value , .05 was considered statistically
significant.

RESULTS
A total of 72 patients were recruited and underwent CT and MR
imaging: 60 patients with head trauma and 12 patients presenting
for evaluation of cranial suture patency. Overall, patients ranged
from 6months to 17.8 years old at the time of the CT scan (mean
10.6 years old). Most patients (67%) were male. The preponder-
ance (89%) of the research MR imaging scans were performed
without sedation; the remainder were performed with sedation as
an add-on sequence to a sedated clinical MR imaging. All MR
imaging scans were performed on 3T scanners. For trauma, MR
imaging scans were performed between 4 and 168days (mean
45 days for all patients with trauma, 29 days for patients with a
fracture) after the corresponding CT scans. For suture patency,
MR imaging scans were performed between 0 and 302 days
(mean 65days) after the corresponding CT scans (Table 1).

Qualitative Assessment
Before full review for diagnosis, 56 of 72 (78%) of the MR imag-
ing–generated pseudo-CT scans were deemed “excellent”
whereas 1 (1%) was deemed “inadequate” for clinical use. On the
5-point Likert scale (1 ¼ strongly disagree to 5 ¼ strongly agree),
reviewers agreed (or strongly agreed) that they were confident in
their diagnosis by using the pseudo-CT scan in 69 of 72 (96%)
cases. The remaining 3 scans (4%) were rated “3 ¼ neither agree
nor disagree” for confidence in diagnosis. Reviewers agreed (or
strongly agreed) that the imaging was adequate and there was no
need for a second scan on 70 (97%) of the pseudo-CT scans. The
reviewers neither agreed nor disagreed that a second scan was
needed on the remaining 2 scans (3%).
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In comparison, all 72 (100%) of the CT scans were graded
“excellent” for clinical use. For 71 (99%) CT scans, reviewers
strongly agreed they were confident in their diagnosis and
strongly agreed that there was no need for a second scan on the
Likert scale. Differences between techniques did not reach statis-
tical significance in the level of confidence in diagnosis or the
need for a second scan; P¼ .300 for both (Table 2).

After both CT and pseudo-CT scans were reviewed, accept-
ability for clinical use of the pseudo-CT scan was reassessed. At
that time, reviewers graded 59 of the 72 (82%) scans as “excel-
lent,” 7 (10%) as “good,” 4 (6%) as “sufficient,” and 2 (3%) as
“inadequate.”

Clinical Diagnosis
For cranial suture patency, a total of 72 sutures were evaluated in
12 patients. The diagnosis was concordant between CT and
pseudo-CT for all sutures, with 51 patent, 2 partially fused, and
19 fully fused sutures. Thus, by using the CT as the reference
standard, pseudo-CT had 100% specificity and 100% sensitivity
for suture closure. Representative CT and pseudo-CT scans of a
patient evaluated for suture patency are shown in Fig 1. In the 60
patients evaluated for head trauma, fractures were identified on 9

subjects by using pseudo-CT. With the
CT available, an additional fracture was
identified in another patient. One
patient had multiple fractures. This was
correctly noted based on pseudo-CT as
well as CT. All fractures were nondis-
placed, and the type of fracture was also
correctly identified via the pseudo-CT
images. In sum, CT and pseudo-CT
produced concordant diagnosis in 59 of

60 (98%) patients with head trauma. With CT as the reference
standard, pseudo-CT had 100% specificity and 90% sensitivity for
diagnosis of skull fracture in patients with pediatric head trauma.
Representative pseudo-CT and CT scans for trauma are shown in
Fig 2. The patient whose fracture was identified on the CT, but
not the pseudo-CT, was 4 years old, and the interval between CT
scan and MR imaging was 9weeks (Fig 3).

DISCUSSION
The low proton attenuation and short T2* lead to low signal in
cranial bone on conventional MR images. Eley et al4 proposed a
black bone (BB) approach to separate bone from soft tissue by
using standard Cartesian gradient-echo (GRE) images. However,
it is challenging to separate bone from air in the BB GRE images.
Furthermore, the Cartesian k-space readout of BB-GRE is sensi-
tive to motion artifacts. More recently, ultrashort echo (UTE)
and zero-echo time (ZTE) MR have been explored for cranial
bone imaging.15,16 A subtraction between the first and second
echo of the dual-echo UTE have been used to separate bone, soft
tissue, and air. Conversely, 2 separate thresholds were used to
separate soft tissue and bone and air and bone on logarithmic
inverted ZTE. A recent study directly compared BB-GRE, a dual
radiofrequency dual-echo UTE, and ZTE in adult cranial bone
imaging.17 Though bone segmentations by 3 methods were com-
parable, UTE and ZTE showed better bone and air contrasts than
GRE. Due to insufficient bias field correction and the 2 signal
thresholds used in separating bone from air and soft tissue in
ZTE, bone classification was more challenging in ZTE than in
UTE. In contrast, the UTE method benefits from the self-normal-
ization in the dual-echo subtraction. However, UTE is not a ven-
dor-provided standard sequence and requires scanner-specific
gradient delay corrections.

Thus far, existing BB-GRE and UTE/ZTE methods primarily
relied on MR signal intensity to identify skull fractures or sutures
by using manual image processing without motion correc-
tion.5,6,18 Dremmen et al5 reported a sensitivity of 67% and a
specificity of 88% in identifying fractures. Kralik et al18 reported
an overall sensitivity of 83% and a specificity of 100% in fracture
detection; however, the sensitivity was decreased to 50% in
unsedated patients. To the best of our knowledge, our study is

Table 1: Patient demographics
Reason for Scan Age at MR Imaging (Years)* Number Male Sex Days from CT to MR* Number Unsedated

Trauma (n¼ 60) 12.2 6 4.2 38 (63%) 45 6 39 58 (97%)
Suture Patency (n¼ 12) 2.5 6 4.2 10 (83%) 65 6 92 6 (50%)
All (n¼ 72) 10.6 6 5.4 48 (67%) 49 6 51 64 (89%)

*Mean 6 standard deviation.

Table 2: Qualitative assessment Likert scales (all patients n= 72)

Confident in Diagnosis Need Another Scan

Pseudo-CT CT Pseudo-CT CT
Strongly disagree 0 0 58 71
Disagree 0 0 12 1
Neither agree nor disagree 3 0 2 0
Agree 11 1 0 0
Strongly agree 58 71 0 0
P value .300 .300

FIG 1. Representative CT (left) and pseudo-CT (right) scans for evalu-
ation of cranial suture patency. Arrows indicate prematurely fused
sagittal suture.
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the first study to incorporate both motion correction and deep
learning–generated pseudo-CT to evaluate cranial bone imaging
in pediatric patients with craniosynostosis and head trauma.
The radial VIBE sequence in our study allows self-navigated
motion correction. Moreover, ResUNet-generated pseudo-CT
overcomes signal overlap issues in threshold-based approaches.
Our proposed method reached 100% sensitivity and 100% speci-
ficity for cranial suture patency and 90% sensitivity and 100%
specificity for fractures. Of note, our deep learning pseudo-CT
approach can be extended to convert UTE and ZTE images to
pseudo-CT images.

The MR imaging protocols in this
study generated CT-like images of bone
from a diverse set of pediatric patients.
In 71 of 72 patients, the pseudo-CT led
to a concordant diagnosis with the CT
scan, and in 96% of the cases, reviewers
agreed or strongly agreed that they
were confident in the diagnosis. Of the
72 patients imaged in this study, there
was a single case of discordant diagno-
sis between the CT and pseudo-CT.
Sedation was not used for this MR
imaging. In this case, a 4-year-old
patient had no fracture identified on
pseudo-CT but had an occipital bone
fracture present on the reference-
standard CT. These scans were per-
formed 9weeks apart, again within the
inclusion criteria of this study. Pediatric
skull fractures show wide variability in
time to radiographic healing, ranging
from 2 to 18weeks in 1 study of patients
younger than 24months old with skull
fractures.19 Based on their overall simi-
lar appearance and clearly visible
lambdoid sutures on both the CT and
pseudo-CT, it is reasonable to assume
radiographic healing may have occurred
in the 9-week interval between the scans
in this young patient (Fig 3).

There were other shortcomings
identified in the pseudo-CT scans that
did not result in discordant diagnosis.
In some cases, muscle, such as the tem-
poralis, was rendered similar to bone in
the pseudo-CT. In addition, the auto-
mated image processing anecdotally
performed more poorly in highly aer-
ated areas of the skull with thin over-
lying bone, such as the frontal and
mastoid sinuses. By design, the neural
network will improve over time with
more exposure to data. A significant
limitation in the present study is the
time interval between CT and MR
imaging for some of the included

patients. In our initial study design, the relatively high and het-
erogeneous maximum time intervals between CT and MR
imaging scans were used to facilitate patient recruitment. Of
note, to increase the number of eligible patients in this pilot
study, the suture patency group included some children older
than the typical age for primary evaluation of craniosynostosis.
In future validation of this technique for suture patency, we
aim to narrow the eligibility to patients younger than 1 year of
age. In addition, we will restrict MR imaging to within 4 weeks
of the CT imaging to avoid further cases of discordant diagno-
sis. In this study, MR images were acquired from 64-, 32-, and

FIG 2. Representative CT (left) and pseudo-CT (right) scans for head trauma in 2 patients. Arrows
indicate left occipital bone fracture in the first patient and fracture of the left temporal, parietal,
and frontal bones in the second patient.

FIG 3. Discordant diagnosis of skull fracture. Left arrow indicates occipital bone fracture present
on CT, with interval healing on pseudo-CT (right arrow).
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20-channel head coils. Due to the spatial sensitivity of the coils,
the SNR ratio and signal spatial heterogeneity varied greatly in
the data. The 20-channel coil images have a much lower SNR
than 32- and 64-channel data. Moreover, 64-channel data had
more spatial signal heterogeneity with high signal in the corti-
cal region compared with 20- and 32-channel data. Despite
these differences, the ResUNet-generated pseudo-CT provides
comparable clinical evaluations, suggesting its robustness to
various SNR and signal spatial heterogeneity. Future work may
further evaluate its performance in data acquired by using dif-
ferent imaging parameters or with a shorter acquisition time.

Though the pseudo-CT images are useful for evaluating cra-
nial bone for fracture and suture patency, the source MR images
produced by this sequence are also useful for evaluating any
underlying brain parenchymal injury (Fig 4). Artifacts, possibly
produced by the vasculature on the source MR images, can be
propagated through the pseudo-CT processing, resulting in
apparent hyperattenuations in the CSF space. Further study will
be necessary to determine which clinical applications are most
appropriate for use of MR for cranial bone imaging versus CT
cranial bone imaging.

Overall, the pseudo-CT images in this study represent the
early evolution of the training process for automated creation of
pseudo-CT images from MR imaging scans. It must be empha-
sized that this MR image is an experimental protocol that
requires further improvement and validation before integration
into clinical workflows. After continued iterative improvement to
the MR images used in this study, final clinical validation will
include multicenter studies with real-time MR acquisition and
analysis as part of clinical care. If integrated into MR imaging
scanners already present in hospitals, an MR imaging protocol
with short scan duration, no requirement for sedation, and

reliable automated image processing would have tremendous
clinical use for bone imaging in both children and adults. In addi-
tion, this technology could be applied to the development of simi-
lar protocols for MR imaging of the facial skeleton, another area
where CT images are currently vital.

CONCLUSIONS
GA-VIBE MR cranial images with motion correction and pseudo-
CT processing have the potential to replace many of the CT scans
performed to evaluate the cranial vault in pediatric patients.
Further improvement in scan duration, motion correction, and
image processing techniques will continue to advance bone MR
imaging toward the ultimate goal of clinical utility.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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