Journal of Visualized Experiments

Low-Cost Gait Analysis for Behavioral Phenotyping of Mouse Models of

Neuromuscular Disease
--Manuscript Draft--

Article Type: Invited Methods Atrticle - JOVE Produced Video
Manuscript Number: JoVE59878R1
Full Title: Low-Cost Gait Analysis for Behavioral Phenotyping of Mouse Models of

Neuromuscular Disease

Keywords: Gait analysis, stride length, footprint analysis, neurodegenerative disease,
neuromuscular disease, mouse models

Corresponding Author: Constanza Cortes

UNITED STATES
Corresponding Author's Institution:
Corresponding Author E-Mail: constanza.cortes@duke.edu
Order of Authors: Constanza J Cortes

Virginia Wertman

Anastasia Gromova

Albert R. La Spada
Additional Information:

Question Response

Please indicate whether this article will be Standard Access (US$2,400)
Standard Access or Open Access.

Please indicate the city, state/province, Durham, NC, USA
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Cover Letter

DUKE UNIVERSITY MEDICAL CENTER
Department of Neurology
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Dear Phillip,

Attached to this correspondence find the revised version of our manuscript entitled ‘Low-Cost
Gait Analysis for Behavioral Phenotyping of Mouse Models of Neuromuscular Disease’, by
Wertman et al, for review at your journal. This manuscript describes a detailed, low-cost, non-
invasive procedure to perform gait assessments on mouse models of human disease.

Gait abnormalities are a feature of a variety of mouse models, including neuromuscular and
neurodegenerative diseases, stroke and muscle atrophy. We demonstrate the utility and
sensitivity of this method to detect post-symptomatic gait deficits in a mouse model of the
polyglutamine disease Spino-Bulbar Muscular Atrophy.
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reviewer concerns, including formatting modifications, addition of requested references and
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SUMMARY:

Footprint analysis is a low-cost alternative to digitized gait analysis programs for researchers
guantifying movement abnormalities in mice. Because of its speed, simplicity, and longitudinal
potential, it is ideal for behavioral phenotyping of mouse models.

ABSTRACT:

Measurement of animal locomotion is a common behavioral tool used to describe the
phenotype of a given disease, injury, or drug model. The low-cost method of gait analysis
demonstrated here is a simple but effective measure of gait abnormalities in murine models.
Footprints are analyzed by painting a mouse’s feet with non-toxic washable paint and allowing
the subject to walk through a tunnel on a sheet of paper. The design of the testing tunnel takes
advantage of natural mouse behavior and their affinity for small dark places. The stride length,
stride width, and toe spread of each mouse is easily measured using a ruler and a pencil. This is
a well-established and reliable method, and it generates several metrics that are analogous to
digital systems. This approach is sensitive enough to detect changes in stride early in phenotype
presentation, and due to its non-invasive approach, it allows for testing of groups across life-
span or phenotypic presentation.

INTRODUCTION:
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Locomotion requires complex neurological and musculoskeletal coordination, and deficits in a
single aspect of motor pathways can produce observable gait abnormalities>2. Gait analysis is a
critical tool for researchers testing mouse models because it provides quantifiable behavioral
data on how a given disease, injury, or drug impacts an animal’s movement3. However, digitized
gait analysis requires the purchase of a treadmill, a camera, and associated software, which can
be prohibitively expensive for researchers. Gait analysis is often used intermittently to track
longitudinal changes in motor function, hence it may be difficult to justify the expenditure if
sporadically used*. Although digitized analyses may provide more detailed gait metrics than
simple footprint analysis, these more complex measures are not always necessary or relevant
for the characterization of a behavioral phenotype®.

Here we present a low-cost manual footprint analysis method as a quick and sensitive
alternative to digitized gait analysis programs®’. Manual footprint analysis has been
demonstrated to detect significant gait differences in a multitude of murine disease models*’-
17 and in at least one case, this low-cost method identified changes in gait that were not
detected by a common digitized gait analysis program®2. The total cost of materials is nominal,
and it can be easily adapted to other rodent research models.

While there are many different gait metrics from which data can be drawn, the method we
describe focuses on three specific metrics: stride length, stride width (a.k.a. “track width”), and
toe spread. It is important to note that the parameters to be assessed should be determined on
a model-by-model basis. This method of gait analysis is not designed to measure cognitive
function, and it is not recommended for studies that require complex biomechanical
measurements of gait'®.

We present behavioral data from a cohort of pre- and post-symptomatic mice modeling X-
linked Spinal and Bulbar Muscular Atrophy (SBMA), a neuromuscular disease characterized by
motor neuron degeneration and muscle atrophy. These mice develop progressive deficits in gait
that coincide with the onset of other disease-specific phenotypes. This demonstrates the
validity and specificity of this method, and confirms that it can reliably discriminate between
affected and non-affected animals.

The experimental mice in this study were 2.5 (pre-symptomatic) and 9-month-old (post-
symptomatic) BAC fxAR121 transgenic mice on a C57BL/6 background (nexpt=12). This model
was generated in our lab and has been fully characterized as a powerful mouse model of
SBMA?®. Non-transgenic littermates were used as controls (nc«r=8). SBMA is a sex-limited disease
which fully manifests in males only, so male mice were used exclusively for this study. During
planning stages, researchers must take into account the National Institutes of Health’s
considerations of sex as a biological variable to determine group sizes and composition?,

PROTOCOL:

All testing conducted with mice was reviewed and approved by the Institutional Animal Care
and Use Committee (IACUC) of Duke University. Personnel responsible for testing and scoring
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must be blinded to animal genotype or experimental condition until gait analysis and scoring of
papers has been completed for the entire cohort.

1. Testing material preparation

1.1. Conduct testing with a tunnel built from 3 pre-cut clear acrylic panels that are 0.375 inches
thick. Assemble tunnel by gluing panels together with a sealant that specifically bonds acrylic
and will not emit odors when dried.

1.1.1. For standard C57BL/6 mice, use the following tunnel measurements: 2.5 in. wide, 3 in.
high, and 13 in. long. Mice must be able to comfortably walk through the tunnel and take
enough steps (>4) so that gait can be measured.

1.2. Construct the goal chamber with pre-cut gray acrylic panels 0.375 inches thick, glued
together with the same sealant as used on the tunnel. The interior measurements of the
chamber are 4 in. wide, 4 in. long, and 3 in. tall. Match the opening of this chamber to the
opening of the tunnel (2.5 in. wide x 3.0 in. tall). Because the mice naturally prefer darkened
spaces to well-lit spaces, use material that is opaque and dark in color.

1.3. Use paper for tracking steps that is thick and smooth (watercolor paper works well). Cut
individual papers strips to be slightly wider and longer than the width and length of the tunnel.
If using the tunnel dimensions described here, cut papers to 15 in. long by 3.5 in. wide.

1.4. Use two contrasting colors (e.g., green and purple) of non-toxic washable water-based
paint. Assign one color for hind-limbs, the second one for forelimbs. Mice will lick the remaining
paint from their feet after testing, so the selected paint must be completely non-toxic.

1.5. Use two round barrel paintbrushes, one for each paint color (~0.5 cm in diameter,
tapered/pointed brush tip).

1.6. Select a ruler with markings down to millimeters, and a caliper with measurements down
to 0.1 mm. Pencil is recommended to write on the scoring papers.

1.7. Optional: For animals with high anxiety or low motivation, provide a behavioral incentive in
the goal chamber. This can include small amounts of sterilized sunflower seeds (placed in the
home cage 2 days prior to testing to allow habituation). On the day of testing, place sunflower
seeds inside the goal chamber to encourage mice to walk through without stopping.

2. Data collection
2.1. If testing is performed in a separate room, acclimate the mice to the new room for 30

minutes and then start the behavioral assays. Additionally, because mice are naturally
nocturnal, ensure all mice are fully awake and alert for at least 5 minutes before testing.



132  2.2. Prepare the testing setup by positioning the tunnel over the paper and marking the paper
133  with mouse ID and testing date. Position the goal chamber at the end of the tunnel, connecting
134  both open ends. Add sunflower seeds at the end of the tunnel (inside the goal chamber) for
135  motivation if needed.

136

137  2.3. Remove the mouse to be tested from its cage and grip it firmly by its scruff, making sure to
138  grip the tail to stabilize movement of its hind limbs.

139

140  2.4. Paint forepaws so the entire underside of all toes and the center of the foot are fully

141  covered in paint. Repeat this with a contrasting color of paint on its hind paws. Wipe off any
142  paint that the mouse gets on other parts of its body with a clean damp cloth to prevent

143  smudges that may interfere with data collection.

144

145 NOTE: Mouse handling must be performed by experienced researchers to minimize animal
146  stress.

147

148  2.5. Place the mouse at the start of the tunnel and allow it to walk all the way into the goal
149  chamber, and then retrieve the mouse, gently wipe off its feet with a water-dampened cloth,
150 and return it to its home cage.

151

152  2.6. Allow paper with footprints to dry fully before scoring. Wipe down the testing area and
153  tunnel with ethanol or an equivalent cleaning solution in between each animal.

154

155 3. Scoring criteria

156

157  3.1. Use steps that are consistently spaced with clear, non-smudged footprints for scoring.
158  Figure 1B is a good example of a footprint sequence that can be scored. In order to generate
159  sufficient scoring data, there must be at least 2 consecutive steps from each foot, but 4-6 steps
160 perfoot is recommended. Do not include the first and last footprints on the paper, as they are
161  unlikely to represent normal gait because the mouse is changing its walking speed.

162

163  3.2. Use stride length, stride width, and toe spread as three different measures of gait that can
164  be analyzed using this method.

165

166  NOTE: Stride length and width require clear sequential prints where the forefoot region is well
167 defined in paint. Toe spread does not require sequential prints for scoring, only clear prints of
168 the first and last toes on a single foot. However, if a given footprint is not included in

169 measurements of stride length or width, it cannot not be scored for toe spread. All three

170  measures are assessed in centimeters.

171

172  3.2.1. Define stride length as the distance between two sequential footprints created by the
173  same foot (i.e., one stride) (Figure 1A, 1B).

174

175  3.2.1.1. With a pencil, draw a 2-4 mm circle around the fore-foot region of both forelimb
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footprints (identified by assigned color above) in a single stride and draw a line between them
using a ruler.

3.2.1.2. Record the distance between two prints from the middle of each circle (i.e. center of
each foot pad) as Right-Fore 1 (RF1) or Left-Fore 1 (LF1).

3.2.1.3. Repeat for all steps that can be scored (RF2, LF2, RF3, LF3 and so on).
3.2.1.4. Repeat for right and left hind-limb footprints.

3.2.1.5. Average all individual recorded stride distances for each limb. For statistical analysis,
individual cohort members can be averaged together.

3.2.2. Define stride width as the measure of distance between left and right forelimbs or hind-
limbs (Figure 1A, 1B).

3.2.2.1. To assess this distance, draw and measure a line from the circled forefoot region of one
hind-limb that intersects perpendicularly with the line for stride length on the contralateral
hind-limb.

3.2.2.2. Repeat this for all hind-limb prints that can be scored, and then average the
measurements. The method of calculation for stride width is the same for fore- and hind-limbs.

3.2.3. Define toe spread as the distance between the first and last toes on a single fore- or hind-
limb footprint (Figure 1A, 1B).

3.2.3.1. Use calipers to measure the distance between the tip of the first toe print and the tip of
the last toe print.

3.2.3.2. Repeat for all hind-limb prints that can be scored and average the measurements. The
method of calculation for toe spread is the same for fore- and hind-limbs.

3.3. If the paper cannot be scored, allow the animal to rest for 10 minutes before trying again.

REPRESENTATIVE RESULTS:

With sufficient numbers of animals, this procedure is capable of detecting gait differences
between mouse genotypes, within the same strain over time. Figure 1B shows representative
traces of footprint images collected in our lab, using a mouse model of X-linked Spinal and
Bulbar Muscular Atrophy (SBMA), a neurodegenerative disorder affecting lower motor neurons
and skeletal muscle. We have previously reported that male BAC fxAR121 transgenic mice
develop significant weight loss, impairments in grip strength, and shortened stride length at
post-symptomatic ages when compared to non-transgenic littermate controls®.

Here we present gait analysis results from a cohort of pre-symptomatic (2.5 months of age) and
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post-symptomatic (9 months of age) BAC fxAR121 transgenic and littermate control male mice
(Figure 2). Prior to disease onset, BAC fxAR121 transgenic mice display similar stride length,
stride width, and toe spread compared to their littermate non-transgenic controls. After
disease onset, BAC fxAR121 transgenic mice display significantly shorter stride length (pforelimb=
0.001, phind-limb= 0.009) (Figure 2A). Similar longitudinal analysis revealed no differences in stride
width at either age tested (p2.5smonths=0.709, P9 months=0.204) (Figure 2B). Post-symptomatic BAC
fxAR121 transgenic mice also have significantly narrower hind toe spread (p=0.01) than age-
matched littermate controls (Figure 2C). BAC fxAR121 mice model a neuromuscular disease
that primarily affects hind-limbs, so detailed measures of forelimb gait were not collected. We
encourage researchers using this gait analysis method to consider the phenotype of their
mouse models and choose forelimb or hind-limb gait metrics accordingly.

FIGURE AND TABLE LEGENDS:

Figure 1: Gait Analysis Measures and Troubleshooting. A. Schematic representation of gait
analysis on mice, depicting stride length, stride width, and toe spread information. B.
Representative example of a gait analysis footprint sequence that can be scored, depicting
measurement of all three parameters. C. Representative examples of problematic gait analysis
footprint sequences that cannot be scored.

Figure 2: SBMA BAC fxAR121 transgenic mice exhibit a progressive, neurodegenerative gait
phenotype that can be detected via gait analysis. A. Despite no differences at pre-
symptomatic ages (2.5 months, ncu=11, nexpt=12), BAC fXAR121 mice develop significantly
reduced stride length compared to their non-transgenic littermate controls at post-
symptomatic stages (9 months, nc=8, nexpt=12). B. No changes were detected in stride width at
either age. C. Symptomatic SBMA BAC fxAR121 transgenic mice display significantly reduced
hind limb toe spread compared to non-transgenic littermate controls. N= 8-12/group. ANOVA
with post-hoc Tukey test * p < 0.05, ** p < 0.01. Error bars represent SEM.

DISCUSSION:

Using the low-cost gait analysis method described above, we show successful identification of
several parameters of gait dysfunction at post-symptomatic ages in the BAC fxAR121 mouse
model of SBMA. Decreases in stride length are consistent with prior SBMA studies of mouse
models and human patients®. We also show for the first time that there are significant
differences in hind-limb toe spread in symptomatic SBMA mice compared to non-transgenic
littermate controls. Interestingly, decreases in hind toe spreading can be caused by weakness in
paw extensor muscles, tightness in paw flexor muscles, or poor nerve innervation?*?, which is
also consistent with the etiology of SBMA.

The mice should readily run to the goal chamber due to their natural behavioral preference for
small dark spaces, but some mice may not continuously move through the tunnel. If a mouse
jumps, stops, or turns around within the tunnel (see examples in Figure 1C), repeat the assay
after a rest period on a new scoring paper. The results may be salvageable if a mouse stops at
the very beginning of the tunnel since it can often be gently prodded into running to the goal
box.
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Applying too much or too little paint to a mouse’s feet can produce unusable results. Excess
paint can lead to smudged or distorted prints, while insufficient paint can produce faint or
unidentifiable prints (Figure 1C). In either case, repeat the assay on a clean scoring paper to
prevent inaccurate measurements.

Very young mice (<3 months old) are more likely to jump forward in the tunnel, whereas older
(>8 months old) or very phenotypic mice are more likely to stop or resist forward movement
entirely. Adding a behavioral incentive (sunflower seeds) in the goal chamber can help decrease
the frequency of problematic behaviors by encouraging unmotivated mice to traverse the
tunnel without stopping.

Tunnel dimensions should reflect the dimensions of the subject; if using mice that are
significantly larger or smaller than an average lab mouse (due to age, diet, or genetic
mutations), we recommend changing the tunnel and goal chamber dimensions to match the
animal’s size. In the tunnel, the mice should be able to walk comfortably in a straight line, but
should have some difficulty turning around to discourage this behavior. The goal chamber
should match the height of the tunnel and mice should fit comfortably inside the chamber.

Researchers who use the toe-clipping method of identification for their mice may not be able to
collect data on toe spread, but other measures of gait like stride length and stride width can
still be collected. Toe-clipping does not significantly impact gait in mice as long as no more than
two toes are clipped per mouse?°.

This gait analysis method does not reflect cognitive function, so it should not be used as a
measure of cognition. Others intending to use this method should consider the neuromuscular
groups affected in their mouse model, and then choose fore- or hind limb metrics accordingly.
This method of gait analysis is not recommended for researchers who study pain responses
requiring footpad injections, or for studies requiring biomechanical measures of locomotion
that cannot be described by footprints alone, like temporal measurements of limb motion or
joint rotation?.
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Name of Material/Equipment Company Catalog Number Comments/Description
Caliper n/a n/a must have markings down to 0.1 mm
Craft Glue E6000 n/a
Footprint Paint (Tempera Paint)  Artmind n/a must be non-toxic
Round Barrel Paintbrushes Symply Simmons n/a 0.5 cm diameter
Ruler n/a n/a must have markings down to millimeters
Scoring Paper (Watercolor Pads)  Canson n/a cut to size

Tunnel and Goal Chamber Interstate Plastics n/a cut to size


https://www.editorialmanager.com/jove/download.aspx?id=1025929&guid=2adc4697-bfd2-4463-85cd-494aab27a9d5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025929&guid=2adc4697-bfd2-4463-85cd-494aab27a9d5&scheme=1

Author License Agreement (ALA)

jove

VISUALIZED F 1.'\ NTS
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | | 4\.Cost Gait Analysis for Behavioral Phenotyping of Mouse Models of

Neuromuscular Disease

Author(s):

Virginia Wertman, Anastasia Gromova, Albert R. La Spada, Constanza J Cortes

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

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

5‘1 Standard Access

Item 2: Please select one of the following items:

D Open Access

The 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.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
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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: Constanza J. Cortes
D t t:
epartmen Neurology
Institution: Duke University
Title: Assistant Professor
4 > /
Signature: Date: 02.21.19
onstanzgfCortes, Ph.D.

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. Faxthe 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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Reviewer Rebuttal: Wertman et al, 2019
Ms #: JoOVE59878

Title: "Low-Cost Gait Analysis for Behavioral Phenotyping of Mouse Models of Neuromuscular
Disease"

Editorial comments:

General:

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

Completed.

2. Please ensure that the manuscript is formatted according to JOVE guidelines—/letter (8.5 x
117) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin,
single spacing within paragraphs, and spaces between all paragraphs and protocol
steps/substeps.

Completed.

3. Please include email addresses of all authors in the manuscript.

Added.

4. JOVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please limit the use of commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table of Materials and
Reagents. For example: Canson, Artmind, etc.

Corrected

Protocol:

1. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “Note.” However, notes should
be concise and used sparingly.

Edit completed.

L]
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2. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. If
revisions cause the highlighted portion to be more than 2.75 pages, please highlight 2.75 pages
or less of the Protocol (including headers and spacing) that identifies the essential steps of the
protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of
the Protocol.

Protocol is currently under 2.75 pages.

3. For each step/substep, please ensure you answer the “how” question, i.e., how is the step
performed? Alternatively, add references to published material specifying how to perform the
protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step,
please split into separate steps or substeps.

Confirmed.

Specific Protocol steps:
1. 2.1: Where did these mice come from? Please include a reference here and/or include in the
Table of Materials.

A reference to the original publication describing these mice has been added.
Figures:
2. Figure 2C: ‘Toe spread’, not ‘Toes spread’.

Graph label on Figure 2C has been fixed.

References:
1. Please do not abbreviate journal titles.

We are using the provided JoVE Endnote Style add-on. Please advise on how to further modify
if necessary.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used,
especially those mentioned in the Protocol.

Confirmed.

Reviewers' comments:



Reviewer #1:

Manuscript Summary:

This paper describes a modification of the footprint test as a low cost gait analysis system for
phenotyping mice.The modifications to the system are ingenious, and would make a good JOVE
video. Expensive gait analysis systems do not always give the right answers.

Minor Corrections needed:
Some references need adding

Line 52 Add reference for Pallier, Brain Res Bull. (2009) 78, 347-55. He found this by
comparing footprints and an automated system.

Line 54 Add a reference. The footprint analysis was first described in a paper by Carter et al, J
Neurosci (2009) 19(8):3248-57.

L55. Add this reference. Sugimoto H, Kawakami K. Low-cost Protocol of Footprint Analysis and
Hanging

Box Test for Mice Applied the Chronic Restraint Stress. J Vis Exp. 2019 Jan

23;(143)

Line 83 The line of mice needs a reference.

All these references have been added in the requested sections.

Line 84. You can't have > or equal to when you describe a number of mice. How many mice
exactly were used?

Exact number of mice has been added (n=8, n=12, etc)

Line 86. NIH should be in full, and a reference given

Corrected, and reference added.

Line 125. It should be made clear that the aim is to get a print of the footpad and all toes. This
should be clearer in the figure as well.

We have edited the wording for clarity.
Figure 1A. You should show a mouse-like footprint, with foot- and toe-pads in the diagram. The
cartoon shown in A looks like a monkey footprint, not a mouse footprint.

We have changed the diagram, and now use a textbook mouse-like footprint.

Throughout, don't use GA as an abbreviation, it is not necessary.



Corrected.

Reviewer #2:

Manuscript Summary:

There is not disagreement on the significance of the foot print gait analysis and its specificity in
detecting changes in locomotion. The cost-effectiveness is not a not purchasing the CatWalk
system is also not disputed. Utilizing a tunnel system may help control the environment around
the mice. The addition of the goal chamber with food will increase the likelihood the mice will
complete the task of walking to the chamber. Stride length, with and paw spreading are
important gait markers used to monitor locomotor changes. Alternate colors between left and
right paw and segregating the toes from the heel helps to identify specific each paw. The acrylic
clear tunnel will also allow researcher to monitor mouse activity. In total this analysis is a cost
effective and with careful researcher execution can generate good data for gait analysis.

Major Concerns:

In describing the construction of the tunnel, (Line 89, paragraph) enough description must be
given to describe the tunnel. Dimension of the acrylic panels (length and width) would help in
explaining the ambiguity.

We have modified the description for clarity.

Minor Concerns:

Using paint brush to paint the toes may prove to be difficult in that size and scale of the mice
paw. Also, addition of paint with a paintbrush may excite animals those are hyper or sensitive to
extrasensory input. The difficulty as presented in Fig 1C in regard to the pitfall of this model, it
may be a concern that additional trials to get the proper step response would lead to increased
handling and excessive activation of the paw resulting in modified data. The promising outcome
using the SBMA mice does add confidence that this model with careful testing can be a cost-
effective method.

Mouse handling by definition is stressful. We have added wording to further clarify experienced
researchers must perform the testing, and paw over-stimulation as a potential side effect.



