Qualitative Comparison of
Conventional and Oblique MRI for
Detection of Herniated Spinal Discs




Outline

e Review of the problem presented in the paper: “A
comparison of angled sagittal MRI and
conventional MRI in the diagnosis of herniated disc
and stenosis in the cervical foramen” (Authors:
Shim JH, Park CK, Lee JH, et. al)

® Approach to solve this problem
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Review of Problem

e Difficult to identify
herniated discs and

spinal stenosis using
conventional (2D) MRI

techniques
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Orientation of Images




Timeline

Week 1 (4/11-4/16)
Work on developing MR imaging protocols and sequences

° Recruit volunteers (~4-5 volunteers)

Week 2 (4/17-4/23)
Continue developing imaging sequences and begin data acquisition at the MRI facility

° Assisted by Dr. Deoni
Week 38&4 (4/24-5/7)

Continue developing and testing sequence
4/27/2011: Acquisition of first subject
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Pulse Sequences
(Imaging Protocol)

The following imaging sequences were developed on the MR scanner (used in Shim, Lee,
Park, et al):

e Fast Spin Echo Sequence:

e Sagittal T4 weighted images: ®  Sagittal T2 weighted images: e  Axial T2 weighted images:
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Pulse Sequence
(Continued)
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i “
Image Taken From: http://bitc.ome.emory.edu/seq_dia.html

Spin Echo Signal Equation:
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Pulse Sequences
(Continued)

In addition to the Fast Spin Echo Sequences,
3-dimensional (3D) volumetric data was also
acquired

However, to acquire a full volume requires a
fast imaging technique such as a gradient
echo sequence.

To acquire the 3D volumetric data we used a
spoiled gradient sequence (SPGR) as well as
a Steady State Free Precession (SSFP) pulse | SPGR Images
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Pulse Sequences
(Continued)

® |n addition to the Fast Spin Echo Sequences,
3-dimensional (3D) volumetric data was also |
acquired B

e However, to acquire a full volume requires a : * AT
fast imaging technique such as a gradient $5),0 |
echo sequence.

® To acquire the 3D volumetric data we used a
spoiled gradient sequence (SPGR) as well as
a Steady State Free Precession (SSFP) pulse SPGR Images

sequence.
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Pulse Sequences
(Continued)

SPGR Signal Equation:

— TR
Mp(1l —e Tt )sina
SSPGR = ——
1l —e 71 cos«

SSFP Signal Equation:

— TR
g i Mp(l —e Tt )sina General SSFP Pulse Squence Diagram
oo S A LR e R LR, Image From: http:/radiology.rsna.org/content/
[ S e 241/2/338 full

« represents the flip angle of the magnetization, M
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Quantitative Imaging and
‘Synthetic Imaging”

Quantitative imaging, in contrast to qualitative
imaging, provides a way to map T1and T2 of a
volume.

This mapping provides the optimal tissue
contrast as well as allowing for synthetic
image generation.

Synthetic images are images that are
artificially generated from known T+, T2 and

other _t|m|ng parameters generally used inMR Examples of '|'1 and T2 maps [Deonl et al. ]
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Recruitment

e 5 adults were recruited
® Age range: 35-54

e 2-3 of them have had either back pain or other
back problems in the past

° Scans were scheduled at Brown University’s
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Data Acquisition

e Data acquisition with these
particular sequences take a very
long time. Unable to acquire a full
volume of data because of this.
Instead, slices were acquired that
covered the desired region of

interest (cervical spine).
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Results

e 5 Sets of Data from 5 participants was collected

e T1Weighted Sagittal

e T2 Weighted Axial

e T2 Weighted Sagittal

e T>Weighted Sagittal (Oblique)

e Volumetric Acquisition (SPGR and SSFP acquisitions)
e QOsiriX and FSL were used to analyze images
e Contours of ROIs were provided by Dr. Marco Dirks and Dr. Lucy Mathews. Further
evaluations with Dr. Glenn Tung will be planned for future work on this project. Timing
was an issue for not being able to schedule this.

Intervertebral Foramina
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Image Comparisons

* As done in the paper, the T2 Weighted Sagittal Acquisitions were
used to compare which technique (conventional or oblique) could be
used to better detect the inter-vertebrae formina.

* Both medical professionals viewed and provided contours of the
neural foramina when possible.
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Participant 3: Side by Side Comparison #1
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Participant 3: Side by Side Comparison #2
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5 X 70 px Y: 167 px Yalue: 5.00
A 770 mmY: 61.98 mm Z 16.65 mm

Participant 4: Side by Side Comparison #1
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Participant 4: Side by Side Comparison ;
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Participant 5: Side by Side Comparison #1
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Participant 5: Side by Side Comparison #2
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Comparison with Volumetric
Data

e With a volume of data, we can “slice” any direction we desire
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Comparison with Volumetric
Data
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Additional Images
(Interesting Findings)




Discussion

e Both doctors agreed that detection of the neural foramen in the oblique sagittal

T2 weighted images was much better (and possible) than in the conventional T2 weighted
sagittal images. Statistically, 75% foramina was detected in the cervical spine, with the
with a 98% improvement of detection when compared with the conventional techniques

e The acquisition of the two types of images is almost identical (only difference was the
FOV and ETL parameters). However, the doctors also agreed that the oblique sagittal
images took some time getting used to. This may be a reason why these types of
Images are not generally used in practice.

e Although the oblique images made it easier to detect neural foramen, one doctor thought
that conventional images provided better images for looking at the vertebrae, discs and
spinal cord.

e The doctors commented that the partial volume effects were greater in the oblique
sagittal images due to the orientation of the slices (this also could be a result of the
smaller FOV for the oblique sagittal images, causing the SNR to decrease)

e They also thought that being able to slice through a volume at any direction could be
more helpful than just having a stack of 2D images. However, the quality (SNR, partial
volume effects) of the images would would need to be improved for better use for
diagnosis.
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Tuesday, May 17, 2011

Conclusions

Acquiring sagittal slices at an oblique angle (perpendicular to the
direction of the foramen) can be used for better detection of the
neural foramina

This better visualization can be helpful with the diagnosis of
foramina narrowing (stenosis)
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- may provide an alternative method to visualizingand
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Future Work

Have additional doctors (Dr. Glenn Tung) evaluate the data
to get more opinions, and further develop the statistics in
comparing these techniques

Quantitatively determine T1and T2 maps from the SPGR
and SSFP datasets using Dr. Deoni’s mapping technique.
This can in turn be used to “create” synthetic images and
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Appendix of Images

. Mean: 11,471 SDev: 2 026 Sum; 1560
Min; 5.000 Max: 15.000
Length: 2.665 cm
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Participant 2: Side by Side Comparison ;
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Axial Contours of Foramen
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Additional Images (as video)
Participant A
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Additional Images (as video)
Participant A




Additional Images (as video
Participant B
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Additional Images (as video)
Participant B




Additional Images (as video)
Participant C
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Additional Images (as video)
Participant D




Additional Images (as video)
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Additional Images (as video)
Participant D
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