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Chronic spinal cord compression is the most common cause of spinal cord impairment in
patients with nontraumatic spinal cord damage. Conventional magnetic resonance imaging
(MRI) plays an important role in both confirming the diagnosis and evaluating the degree of
compression. However, the anatomical detail provided by conventional MRI is not sufficient
to accurately estimate neuronal damage and/or assess the possibility of neuronal recovery in
chronic spinal cord compression patients. In contrast, diffusion tensor imaging (DTI) can
provide quantitative results according to the detection of water molecule diffusion in tissues.
In the present study, we develop a methodological framework to illustrate the application of
DTI in chronic spinal cord compression disease. DTl fractional anisotropy (FA), apparent
diffusion coefficients (ADCs), and eigenvector values are useful for visualizing microstructural
pathological changes in the spinal cord. Decreased FA and increases in ADCs and eigenvector
values were observed in chronic spinal cord compression patients compared to healthy
controls. DTl could help surgeons understand spinal cord injury severity and provide important
information regarding prognosis and neural functional recovery. In conclusion, this protocol
provides a sensitive, detailed, and noninvasive tool to evaluate spinal cord compression.

INTRODUCTION:

Chronic spinal cord compression is the most common cause of spinal cord impairment?. This
condition can be due to posterior longitudinal ligament ossification, hematoma, cervical disc
herniation, vertebral degeneration, or intraspinal tumors?3. Chronic spinal cord compression
can lead to various degrees of functional deficits; however, there are clinical cases with serious
spinal cord compression without any neurological symptoms and signs, as well as patients
with mild spinal cord compression but serious neurological deficits*. Under these
circumstances, sensitive imaging is essential to evaluate compression severity and identify the
range of damage.

Conventional MRI plays a significant role in elucidating spinal cord anatomy. This technique is
usually utilized to evaluate the compression degree because of its sensitivity to soft tissues®.
Many parameters can be measured from MRI, such as MR signal intensity, cord morphology,
and spinal canal area. However, MRI has some limitations and only provides qualitative
information rather than quantitative results®. Patients with chronic spinal cord compression
often have abnormal signal changes of MRI intensity. However, discrepancies between clinical
symptoms and MRI intensity changes make it hard to diagnose a functional condition based
solely on MRI characteristics’. Previous studies highlight this controversy in terms of the
prognostic value of MRI T2 hyperintensity in the spinal cord®. Two groups reported that T2
hyperintensity of the spinal cord is a poor prognostic parameter after surgery for chronic
spinal cord compression®°. In contrast, some authors found no significant association
between T2 signal changes and prognosis®®. Chen et al. and Vedantam et al. divided MRI T2
hyperintensities into two categories corresponding to different prognostic outcomes!®!?, Type
1 showed faint, fuzzy, indistinct borders, and this category demonstrated reversible histologic
changes. Type 2 images presented intense, well-defined borders, which corresponded to
irreversible pathologic damage. Conventional T1/T2 MRI techniques do not provide adequate
information to identify these two categories and evaluate patient prognosis. By contrast, DTI,
a more sophisticated imaging technique, may help obtain more specific prognostic
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information by quantitatively detecting microstructural changes in tissues via water molecule
diffusion.

In recent years, DTl has garnered increasing attention due to its ability to describe spinal cord
microarchitecture. DTl can measure the direction and magnitude of water molecule diffusion
in tissues. DTl parameters can quantitatively evaluate neural damage in patients with chronic
spinal cord compression. FA and the ADC are the most commonly applied parameters during
spinal cord evaluation. The FA value reveals the degree of anisotropy to orientate surrounding
axonal fibers and describe anatomic boundaries'?'3, The ADC value provides information on
the characteristics of molecular motion in many directions in a three-dimensional space and
reveals the mean of diffusivities along the three principal axes®!?. Changes in these
parameters are associated with microstructural alterations that influence water molecule
diffusion. Therefore, surgeons can utilize/measure DTl parameters to identify spinal cord
pathology. The present study provides DTI methods and processes that provide more detailed
prognostic information to treat patients with chronic spinal cord compression.

PROTOCOL:

The study was approved by the local Medical Ethics Committee in Guangzhou First People’s
Hospital in China. Signed informed consent forms were received from healthy volunteers and
participants prior to participation. All of the studies were conducted in accordance with the
World Medical Association Declaration of Helsinki.

1. Subject preparation

1.1. Ensure that each participant meets the following criteria for chronic spinal cord
compression: a) a history of loss of significant neurological function, b) a positive myelopathy
physical examination, and c) MRI evidence of cervical cord compression.

NOTE: The exclusion criteria are a) incapability of providing written consent and b) inability
to obtain DTI parameters of artifacts. For controls, inclusion criteria are a) no history of
significant back or neck injuries, neurological disorders, or spine surgeries; b) no MRl evidence
of cervical cord compression.

1.2. Ask each participant to complete and sign a consent form that lists MRI safety guidelines
and the imaging protocol. Specifically, patients with chronic spinal cord compression are
examined by MRI preoperatively and 1 year postoperatively.

1.3. Provide earplugs for each participant. Place them in a supine position with a head/neck
coil enclosing the cervical region, and a landmark at the thyroid cartilage level. Ensure that
each participant is in a comfortable position that effectively reduces movement.

2. Structural MRI parameters

NOTE: Anatomical T1-weighted (T1 W) images, T2-weighted (T2 W) images, and DTl acquired
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on a 3 Tesla MRI scanner with a 16-channel head coil.

2.1. Use fast perturbation gradient echo (FPGR) for localization scanning to obtain axial,
sagittal, and coronal position maps.

2.2. Position the sagittal positioning line with the coronal position maps to ensure that the
positioning baseline is parallel to the spinal canal (spinal cord); first locate the sagittal plane
T2 W, then copy and paste the sagittal T1 W positioning line to the T2 W positioning line.

2.2.1. Use the following imaging parameters for T1 W and T2 W sagittal imaging: field of view
(FOV) = 240 mm x 240 mm, voxel size = 1.0 mm x 0.8 mm x 3.0 mm, slice gap = 0.3 mm, slice
thickness = 3 mm, number of excitation (NEX) = 2, fold-over direction = feet/head (FH), and
time of echo (TE)/time of repetition (TR) = 10/700 ms (T1 W) and 101/2,500 ms (T2 W). Obtain
nine sagittal images covering the entire cervical spinal cord.

2.3. Position the axial positioning line on the sagittal T2 W image and cover the intervertebral
disc from C2/3 to C6/7, centering on the anteroposterior diameter of the intervertebral space.
Use the following imaging parameters: FOV = 180 mm x 180 mm, voxel size = 0.7 mm x 0.6
mm x 3.0 mm, slice thickness = 3 mm, fold-over direction = anterior/posterior (AP), NEX = 2,
and TE/TR = 120/3,000 ms.

2.4. Position the axial positioning line on the sagittal T2 W image, centering on the
anteroposterior diameter of the intervertebral space, with 45 slices covering the cervical
spinal cord from C1 to C7.

2.4.1. Obtain DTI via the following sequence: single-shot spin-echo echo-planar imaging (SE-
EPI) with 20 orthogonal directions. Non-coplanar diffusion directions with b-value = 800
s/mm?.

2.4.2. Use the following imaging parameters: FOV = 230 mm x 230 mm, acquisition matrix =
98 x 98, reconstructed resolution = 1.17 x 1.17, slice thickness = 3 mm, fold-over direction =
AP, NEX = 2, EPI factor =98, and TE/TR = 74/8,300 ms. Provide a time course summarizing the
steps in the MRI protocol, as shown in Figure 1.

NOTE: The time course summarizing the MRI and DTI protocol is shown in Figure 1.

3. Image postprocessing and data measurement indexes

3.1. Automatically convey all scanning images to the Syngo MR B17. Load the T2 W sagittal
and axial imaging of the intervertebral space in the filming interface and find the most

compressed portion of the cervical spinal cord.

3.2. In the 2:1 viewing interface, load the FA image and click the Position Display: Series tab.
Count and record the level of highest compression from the top to the bottom of the location
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map.

3.3. Click the File tab to select the tensor image, then use the applications toolbar at the top
left of the screen to select Neuro 3D(MR) to automatically create ADC and FA colormaps.

3.4. Turn to the level of the highest compression site, and create spherical regions of interest
(ROIs) of identical volumes (with a size of 6 mm?3) using the Start Evaluation Mode tab. The
ROIs must be selected, including the inner spinal cord to exclude the partial volume effects of
cerebrospinal fluid (CSF).

3.5. Calculate and display the FA and ADC values at the bottom right of the screen
automatically. Display the E1, E2, and E3 values by clicking the Diffusion toolbar and choosing
them.

NOTE: All measurements were performed by two radiologists blinded to the patients’ clinical
details. The final results were determined as the average of the two.

3.6. Perform image processing of the DTI datasets using a Syngo MR B17 Advantage
Workstation, following the steps in Figure 2.

REPRESENTATIVE RESULTS:

This is a summary of results obtained from healthy volunteers and patients with cervical
spondylotic myelopathy. The protocol enabled the physician to view DTl maps. This
technology could serve as an objective measure to measure functional status in myelopathic
conditions. DTI maps of healthy volunteers are shown in Figure 3. The DTI parameters of
healthy volunteers were as follows: FA = 0.661; ADC = 1.006 x 103 mm?/s; E1 = 1.893 x 103
mm?/s; E2 =0.746 x 103 mm?/s; E3 = 0.377 x 103 mm?/s (Figure 3). DTl maps of chronic spinal
cord compression patients are displayed in Figure 4 and have the following parameters: FA =
0.605; ADC = 1.522 x 103 mm?/s; E1 = 2.731 x 103 mm?/s; E2 = 1.058 x 103 mm?/s; E3 = 0.776
x 10 mm?/s (Figure 4). Postoperative imaging was also performed. Figure 5 shows DT| maps
of patients with chronic spinal cord compression who underwent surgery. The DTl parameters
are as follows: FA =0.616; ADC=1.210 x 103 mm?/s; E1 = 2.190 x 103 mm?/s; E2 = 0.858 x 10
3 mm?/s; E3 = 0.582 x 103 mm?/s (Figure 5).

FIGURE AND TABLE LEGENDS:

Figure 1: Time course of the clinical MRI protocol. First, the FSPGR sequence was selected for
localization scanning, and then the rapid recovery of fast spin echo was performed to acquire
the sagittal T2 W and T1 W images and axial T2 W images. Finally, DTl was performed using
single-shot SE-EPI with 20 orthogonal directions.

Figure 2: Flowchart of the steps involved in DTI processing. Flowchart showing four DTI
postprocessing steps with a workstation. First, acquire conventional MRI and DTI in the
workstation. Then, find the site of the highest compression based on conventional MRl images.
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Finally, perform the tensor calculation.

Figure 3: Sagittal and axial MRI and DTI in a healthy volunteer. (A) Sagittal MRI T1 W. (B)
Sagittal MRI T2 W. (C) Axial MRI T2 W. (D) FA. (E) ADC. (F) E1. (G) E2. (H) E3.

Figure 4: Sagittal and axial MRI and DTI in a patient with chronic spinal cord compression.
(A) Sagittal MRI T1 W. (B) Sagittal MRI T2 W. (C) Axial MRI T2 W. (D) FA. (E) ADC. (F) E1. (G) E2.
(H) E3.

Figure 5: Sagittal and axial MRI and DTI in a patient with chronic spinal cord compression
after surgery. (A) Sagittal MRI T1 W. (B) Sagittal MRI T2 W. (C) Axial MRI T2 W. (D) FA. (E) ADC.
(F) E1. (G) E2. (H) E3.

DISCUSSION:

Conventional MRI is usually utilized to assess the prognosis of patients with various spine
conditions. However, this imaging modality provides macroscopic anatomic detail rather than
microstructure evaluation#, which limits the prediction of neurological function. Furthermore,
traditional MRI may underestimate the severity and extent of spinal cord damage. The
emergence of DTl can help surgeons to evaluate spinal cord function more accurately by
providing quantitative information on water molecule diffusion.

In the present study, a methodological framework was described to demonstrate the
application of DTl parameters in patients with chronic spinal cord compression. DTl is a
sensitive technique to measure the direction and diffusion magnitude of water molecules in
tissues'®. Surgeons can quantitatively assess neural damage in various pathologies of the
spinal cord by evaluating DTl parameters. In this protocol, we manually drew ROIs on axial
slices because existing dedicated software for the automatic segmentation of CSF and myelin
is not adequate for the spinal cord. The small spinal cord cross-sectional area is a major
limitation to effectively apply automatic segmentation. We selected ROIs at the most serious
compression site. ROIs must include the inner spinal cord to eliminate the partial volume
effects of CSF. In addition, DTI processing should reduce the effects of artifactual factors such
as EPI-related geometric distortion artifacts and eddy current artifacts. The available options
of the software package could help operators obtain useful information depending on the
orientation of the diffusion-weighting gradient and separate eddy current correction.
Conventional MRI scanning in the present study applied a fast spin-echo sequence to provide
more image information. The longer echo chain and smaller echo interval were specifically
designed to minimize artifacts created by spinal instrumentation. We selected a short echo
time, wide readout frequency band, and small voxels to reduce artifacts. FA and ADC are
commonly used DTl parameters in the measurements of the spinal cord. FA represents the
degree of anisotropy in a range of 0 to 1. FA values closer to 1 indicate high tissue anisotropy?*3.
The ADC is related to the average value of diffusivities in the three principal axes, and its
change is consistent with the process of histopathological tissue injury®. The present work
confirmed that chronic spinal cord compression might result in decreased FA and increased
ADC values, as previously reported*2. Chronic spinal cord compression can cause recurrent
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ischemic damage to the spinal cord and produce histopathological changes in downstream
nerve fibers, such as angioedema, gliosis, neuron function loss, and eventually necrosis®®. In
the present work, these above-mentioned changes were clearly visualized on DTI.

DTI can serve as a tool to assess functional improvement and provide valuable prognostic
information. Previous studies showed that high preoperative FA might be related to better
neural functional recovery after surgery'’. Kerkovsky et al. reported that patients with
symptomatic cervical spondylotic myelopathy had higher ADC values and lower FA values
compared with those who had no relevant symptoms but had radiological evidence of cord
compression®. In a previous study of a chronic spinal cord compression rat model, DTI
parameters were associated with pathological spinal cord conditions. Importantly, DTI can
quantitatively assess the functional status of the spinal cord®. An analysis of 66 patients with
chronic spinal cord compression also showed that DTl parameters were related to the
Japanese Orthopedic Association recovery rate of patients with chronic spinal cord
compression, and ADC, mean diffusivity, radial diffusivity, and axial diffusivity values might
reflect neurologic impairment and be useful for evaluating postoperative prognosis®.
Compared with conventional MRI, DTl is a useful quantitative tool to measure the
recuperative potential of the spinal cord.

There were some limitations to this study. First, adequate spatial resolution is still difficult to
achieve. Motion artifacts, arising from respiratory and cardiac motion and CSF pulsation, can
produce bad effects on DTI, especially in the lower cervical cord and thoracic cord?°. The
longer echo chain and smaller echo interval were specifically designed to minimize artifacts
created by spinal instrumentation. In this protocol, we selected a short echo time, wide
readout frequency band, and small voxels to reduce artifacts. In addition, it was difficult to
distinguish between white and gray matter on DTl with a 3 Tesla MR system?!, which meant
that both gray and white matter might be included in the ROIls. That could significantly
influence DTI parameter measurements. ROI-based quantification might lead to a biased
identification of the tract caused by user experience and anatomical knowledge. This manual
delineation approach can be tedious and time-consuming, especially if there are several spinal
cord slices, tracts, and subjects. ROIs should be selected at the inner spinal cord to exclude
partial volume effects because of CSF. Useful methods to segment gray and white matter
regions and discern available and effective ROIs are required in future studies.

In summary, this methodological framework demonstrates the application of DTI parameters
in chronic spinal cord compression. DTI provides a measure of water molecular direction and
diffusion magnitude in tissues. Surgeons can use this sensitive technique to quantitatively
assess neural damage in various spinal cord pathologies.
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Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Diffusion tensor magnetic resonance imaging in chronic spinal cord compression

Author(s):

Weipeng Zheng, Xiuhang Ruan, Xinhua Wei, Yuanping Huang, Ning Wang,
Haoyi Chen, YingJie Liang, Wende Xiao, Xin Jiang, Shifeng Wen

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

|2| Standard Access

Item 2: Please select one of the following items:

D Open Access

EThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



jove

VISUALIZED EXPERIM:

discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: ]
Shifeng Wen
Department: ]
Department of Orthopedics
Institution: Guangzhou First People's Hospital
Title: Diffusion tensor magnetic resonance imaging in chronic spinal cord compression
Signature: Shifeng Wen Date: 2018-09-06

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Re: Diffusion tensor magnetic resonance imaging in chronic spinal cord compression
(Manuscript ID: JoVE59069)

We are very grateful to your critical comments and thoughtful suggestions. Based
on these comments and suggestions, we have made careful modification on the
original manuscript. All changes made to the text are in 'track changes' mode so that
they may be easily identified.

Once again, we acknowledge your comments and constructive suggestions very
much, which are valuable in improving the quality of our manuscript. And hoping to
learn more from you.

Sincerely yours

Here are our responses to the Editorials’ comments one-by-one.

Editorial comments:

Comments 1. Please take this opportunity to thoroughly proofread the manuscript to
ensure that there are no spelling or grammar issues.

Response: About the grammar and spelling errors of the manuscript, we have sent the
manuscript to a language editing company (https://www.cwauthors.com.cn/) to revise
the paper. And language certificate of Charlesworth Editing Services was uploaded in
companion file. Finally, we have reviewed the manuscript again, and carefully
corrected them.

Comments 2. For steps that are done using software, a step-wise description of
software usage must be included in the step. Please mention what button is clicked on
in the software, or which menu items need to be selected to perform the step.
Response: Done accordingly in manuscript.
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This document certifies that the manuscript below was edited for correct English language usage, grammar, punctuation
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