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27  SHORT ABSTRACT:
28 Here, we describe a simple method to induce clinically relevant skin pressure ulcers (PUs) in a
29  mouse model of spinal cord injury (SCI). This model can be used in pre-clinical studies to screen
30 for different therapeutics for healing PUs in SCI patients.
31
32 LONG ABSTRACT:
33  Pressure ulcers (PUs) are common debilitating complications of traumatic spinal cord injury
34  (SCI) and tend to occur in soft tissues around bony prominences. There is, however, little known
35 about the impact of SCI on skin wound healing in the context of animal models in controlled
36 experimental settings. In this study, a simple, non-invasive, reproducible and clinically relevant
37  mouse model of PUs in the context of complete SCl is presented. Adult male mice (Balb/c, 10
38 weeks old) were shaved and depilated. Post-depilation (24 h), mice were subjected to
39 laminectomy followed by complete spinal cord transection (T9-T10 vertebrae). Immediately
40  after, a skin fold on the back of the mice was lifted and sandwiched between two magnetic
41  discs held in place for next 12 h, thus creating an ischemic area that developed into a PU over
42  the following days. The wounded areas demonstrated tissue edema and epidermal
43  disappearance by day 3 post-magnet application. PUs spontaneously developed and healed.
44  Healing was, however, slower in the SCI mice compared to control non-SCI mice when the
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wound was created below the level of SCI. Conversely, no difference in healing was seen
between SCI and control non-SCI mice when the wound was created above the level of SCI. This
model is a potentially useful tool to study the dynamics of skin PU development and healing
after SCI, as well as to test therapeutic approaches that may help heal such wounds.

INTRODUCTION:

Pressure ulcers (PUs) are major secondary complications of traumatic SCI'. PUs are localized
injuries to the skin and/or underlying tissues that usually occur over bony prominences where
body weight is concentrated while the patient is sitting or lying®. The skin, fat, and muscle are
exposed to this constant pressure that leads to the development of localized ischemia, tissue
inflammation, mechanical damage, and necrosis?3.

The development of PUs is affected by several local factors, including the magnitude of
pressure and shear, loading duration, skin moisture and temperature, injury longevity, and
general skin hygiene. There are also systemic factors that play a role, such as general physical
condition, bone and muscle tissue morphology and strength?, patient age, hematological
measures, gender, and even socio-economic factors including marital status, education, and
income*>.

The prevention and treatment of PUs remain significant challenges in SCI patients. SCI patients
develop PUs in ~30-40% of cases, with a re-occurrence rate of 60-85%, possibly due to weak
scar tissue and lack of protective sensation®. Thus, PUs often leads to re-hospitalization of SCI
patients, and overall pose a significant financial burden (80% more vs. SCI only) to the health
care system>10,

To the best of our knowledge, there have been no studies in controlled experimental settings to
investigate the impact of SCl on the PU healing process because of the lack of suitable animal
models. Here, a reproducible and clinically relevant mouse model of PU in the skin is described.
This model can be used to study the dynamics of PU onset and subsequent healing, as well as to
test potential therapeutic approaches to prevent PU or improve PU healing in the context of
SCl.

PROTOCOL:

All animal handling and surgical procedures were performed in accordance with a protocol
approved by the Rutgers University Institutional Animal Care and Use Committee. Mice were
fed standard diet and water ad libitum.

1. Preparation of Surgical and Non-Surgical Instruments

1.1. Sterilize the surgical and non-surgical instruments in an autoclave. Clean the
surgical operating table with 70% ethanol and warm a heating pad to 37 °C.

1.2. Place the heating pad on the operating table and cover it with sterile surgical drapes.



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Note: In all survival procedures, the "No Touch" technique is used here to maintain sterility.

2. Preparation of Animals and Performing the T9-T10 Spinal Laminectomy

2.1. Procure adult (Balb/c) 10-week-old male mice. Induce anesthesia in each animal using
an inhaler beginning with 5% isoflurane, and then decrease to 2-3% to maintain sedation for

the remainder of the procedures.

2.2. Confirm complete anesthesia by eliciting no response to a paw/tail pinch induced
nociception stimulation.

2.3. Shave the hair over the dorsum (head to tail) with an electric clipper, and then apply
the depilatory cream (3 min) to remove the remaining hair. Finally, wash the dorsum with

running water/wet scrub, and return the animals to their cages.

Note: This is necessary to avoid additional irritation to the skin and chemical contamination at
the time of skin wounding

2.4. The next day, similarly anesthetize the animals and scrub the skin with 3 alternative
preparations of betadine scrub and 70% ethanol.

2.5. Apply ophthalmic ointment to the corneas to protect the eyes from drying during the
surgical procedure.

2.6. With a scalpel, perform a skin incision (~1.0-1.5 cm) along the midline on the back at
the level of T8-T12 vertebrae.

Note: The level of vertebrae is identified by back counting the vertebra from T13 using the
location of floating ribs that correspond to T13 vertebra!!*2,

2.7. Clear the subcutaneous adipose tissue to get access to the paraspinal muscles and then
dissect them slowly to expose the spinous processes and laminae on both sides.

Note: Do this procedure very carefully to avoid excess bleeding or any injury to the spinal cord,
at this point.

2.8. Perform a laminectomy to expose the spinal cord (T9-T10 vertebrae) by gently peeling
off the spinal lamina using microdissecting forceps.

Note: Perform the laminectomy so that an excess of the spinal cord is exposed to facilitate the
creation of the injury. In the sham control group, only the laminectomy is performed.

3. Performing the T9-T10 Complete Spinal Cord Injury
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3.1. Using forceps, secure the spinal column at T8 and lift up to exaggerate the spinal
curvature.

3.2. Using fine scissors, section the spinal cord between the T9 and T10 vertebra all the way to
the floor of the vertebral canal, to ensure complete transection.

3.3. After observing the complete transection under a surgical microscope, apply a piece of
subcutaneous fat over the laminectomy site to provide additional protection to the spinal cord
prior to surgical site closure.

3.4. Finally, close the wound and suture the paravertebral muscles, superficial fascia, using
continuous suture with non-absorbable silk. Then close the skin using suture clips*?.

3.5. Post-SCl, observe the bowel movement on the next day; however, manage the urinary
bladder by manual bladder evacuation.

Note: The Basso Mouse Scale (BMS) can be used to monitor the progress of hindlimb functional
recovery post-SCl at day 2 and then weekly, see Supplementary Figure 1113,

4, Induction of Skin Pressure Ulcer after Complete SCI

4.1. Immediately after the SCI surgery, scrub the back of the animal with betadine and 70%
alcohol.

4.2. For a PU below the SCI site, inject in the dorsal skin near the sacrum, a very small
volume (10 pL) of 0.125% bupivacaine solution using a 25-gauge needle at equidistant places
~0.5-1.0 cm apart, in an ellipse around the magnet application site.

Note: For a PU above the SCl site, inject the dorsal skin near the cervical region.

4.3. Gently lift a skin fold on the back of the mouse and sandwich it between 2 magnetic
discs (5%12 mm diameter, 2.4 g each, 3800 G magnetic force) (Figure 1).1112

4.4. Immediately after magnet application, return animals to single cages placed onto a
heating pad until full consciousness is regained (Figure 1).

4,5. After 12 h of magnet application, lightly anesthetize animal with isoflurane and remove
the magnets. Take a photograph of the wound sites, to record the initial appearance of PU (day
0 time point). Cover the wound with transparent dressing film (3M) to avoid drying or
contamination.

5. Post-Operative Animal Care, Euthanasia, and Tissue Collection for Histology
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5.1. Immediately after surgery, inject the animal with 1 mL of 0.9% saline subcutaneously for
hydration.

5.2.  Subcutaneously inject buprenorphine-SR (1 mg/kg) immediately for analgesia.

5.3. Inject subcutaneously animal daily meloxicam (1 mg/kg), and cefazolin (50 mg/kg for 3-7
days), and daily manual bladder evacuation.

5.4. Place animals in single cages and provide accessible food and water ad libitum.
5.5. Remove surgical clips 7 days after SCI surgery.

5.6. At the desired time points after SCI and skin wounding, euthanize animals by CO;
inhalation (3-5 min), in accordance with the AVMA Guidelines on Euthanasia®®.

5.7. Collect wounded skin samples, fix in 10% formalin for 24 h, and then store in 70%
ethanol at 4°C until sectioning.

5.8.  To process tissues, embed in paraffin and generate thin sections (5 pm) on a microtome.
Stain with hematoxylin and eosin (H&E) to visualize tissue morphology (Figure 3). For
immunohistochemistry studies (Figure 4), stain sections using appropriate antibodies for Ki67
(proliferation), CD31 (angiogenesis), and alpha-smooth muscle actin (a-SMA) as described in
Kumar et al.?

Note: Image analysis software can be used to quantify image features.*?

REPRESENTATIVE RESULTS:

This protocol creates a PU in the setting of complete SCI. Briefly (as illustrated in Figure 1), all
mice with or without complete SCI tolerated the magnets very well, which remained in their
original position for the full 12 h (Figures 1c, 1d, 1f, 1h). All the mice developed two circular
wounds separated by a bridge of normal tissue (Figure 1le, 1g, 1i). The initial wounding
response was similar in mice without SCI (Figure 1e), or with SCI below the SCI site (Figure 1g)
or above the SCl site (Figure 1i).

Figure 2 depicts the disappearance of the epidermis by day 3 of post magnet removal, and its
reappearance by day 7, albeit with a significantly slower migration in wounds created below the
level of the SCl in SCI mice.

The pressure wounds were graded as per previously published criteria’?. Figure 3 and Figure 4
depict the healing features in SCI and control non-SCI mice. The SCI group exhibited slower
healing, larger scar area, thinner epidermis and dermis, and lower density of proliferating cells
(Kie7* cells), blood vessels (CD31* cells), and alpha-smooth muscle actin (a-SMA?*) in the skin
wounds!?12,
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When the skin wounds were created above the level of SCI, as shown in Figure 5, no change in
healing time, epidermal and dermal thicknesses or scar area was seen when compared to non-
SCI controls.

FIGURE LEGENDS:

Figure 1: Experimental procedure for creating pressure wounds in non-SCl (n=3) and
complete-SCI mice (n=3). After 1-week habituation in the laboratory, mice were shaved and
depilated (a). Schematic of magnetic disc (M) placement (b, modified from Stadler et al.?®).
Placement of magnetic discs on skin dorsum of a normal mouse and its activity after recovery
from anesthesia in the cage (d, c). In SCI mice, discs can be placed below (f) or above (h) the SCI
site. The area of magnet-induced skin injury is visible immediately after 12 h of M application,
which shows 2 wounds separated by an intact skin bridge in the non-SCI (e) and SCI mice (g, i).

Figure 2: Skin wound histology (H & E stain) and epidermal wound width. On day 3 and day 7
after M application, a set of mice were sacrificed in the non-SCl (Control + M) and complete-SClI
(SCI + M) groups to study the early effects M-induced ischemia and then reperfusion. Arrows
indicate the epidermal wound edges, located where the epithelial lining thins out and
disappears. Scale bar = 1 mm. Epidermal wound width as measured in each group (n=3 at each
time point) is represented in the lower panel bar diagram. Statistical significance determined by
Student t-test. *p<0.05 and **p<0.01. Data are presented as mean + SEM (standard error of the
mean). This figure has been modified with permission from the Journal of Neurotrauma, 35, 6,
815-824, (2018), published by Mary Ann Liebert, Inc., New Rochelle, NY*2.

Figure 3: Impact of complete SCI on M-induced PU development and healing. (a)
Representative images of skin wounds in non-SCI (Control + M) and complete-SCI (SCI+M) mice
after PU induction over the period of 21 days. Scale bar = 1 cm. (b) Quantified wound images
showing the fraction of wound closure as a function of time. (c, d) Representative images of
healed wounds showing the scar area in non-SCl and SCI mice. (e) Quantified scar area in non-
SCI versus SCI mice. (f, g) Representative histology of healed wound skin (H & E staining)
showing epidermis (E, double arrows), dermis (D, large double arrows), and fat layer (F). Scale
bar = 100 um. (h) Quantification of epidermal and dermal thicknesses of healed wounds at time
of wound closure (21 days for non-SCl, and 35 days for SCI mice). Data are presented as
mean+SEM. Statistical significance determined by ANOVA followed by post-hoc Fisher’s LSD
test and Student’s t-test. *p<0.05, **p<0.01, and ***p<0.001. This figure has been reprinted
with permission from the Journal of Neurotrauma, 35, 6, 815-824, (2018), published by Mary
Ann Liebert, Inc., New Rochelle, NY12,

Figure 4: Expression of Ki67, CD31, and a-SMA in skin ulcers of non-SCl and SCI mice. Wound
tissues were harvested after wound closure, namely on days 21 (Control+M) and 35 (SCI+M)
post-PU induction. Representative images of 5 um thick sections stained with anti-Ki67, anti-
CD31, or anti-a-SMA and visualized with a 40X objective. Representative images of non-SCl (a,
d, g) and SCI (b, e, h) mice show the distribution of Ki67*, CD31*, and a-SMA* (brown stain, red
arrows point to some stained areas). The % positive area of expression as obtained by image
analysis is compared between the groups (c, f, i). The area was averaged from three 40X fields
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(two from wound edges and one from wound center) per section (2/mouse, 3 mice in each
group). Data are presented as mean + SEM. Statistical significance was determined by Student’s
t-test. This figure has been reprinted with permission from the Journal of Neurotrauma, 35, 6,
815-824, (2018), published by Mary Ann Liebert, Inc., New Rochelle, NY*2,

Figure 5: Impact of SCI on development and healing of ulcers above the SCI site.
Representative images of ulcers in the non-SCI (Control + M) and SCI (SCI + M) mice over the
observation period (a). Scale bar= 1 cm. The scar area on day 21 is represented by circles (a)
and values were averaged in non-SCl and SCI mice (b). Quantified wound images showing the
fraction of wound closure as a function of time (c). Representative histology of healed skin
ulcers showing epidermis (E, small double arrow) and dermis (D, large double arrow). Scale bar
= 100 um (d). Quantification of epidermal and dermal thicknesses of healed skin ulcers at
wound closure time (day 21). Data are presented as mean * SEM. Statistical significance
determined by ANOVA followed by posthoc Fisher's LSD test, or Student t-test. NS-statistically
non-significant. This figure has been modified and reprinted with permission from the Journal
of Neurotrauma, 35, 6, 815-824, (2018), published by Mary Ann Liebert, Inc., New Rochelle,
NY?12,

Supplementary Figure 1: Motor function in SCI mice was assessed using the BMS score on
post-injury day 2 and then weekly. The BMS score at day 2 and week 5 were 0.058+0.058
(median 0-no movement, n = 17) and 0.35+0.12 (n = 17, median-0). Data are represented as
mean+SEM. This figure has been modified and reprinted with permission from the Journal of
Neurotrauma, 35, 6, 815-824, (2018), published by Mary Ann Liebert, Inc., New Rochelle, NY*2.

DISCUSSION:

The protocol in this study describes a novel experimental model of PUs to evaluate the impact
of SCI on wound healing. The skin PUs were induced via a 12 h application of two 12 mm
diameter disc magnets on a dorsal skin fold, either set above or below the SCI site. Data show
that SClI slows down skin wound healing in mice. Importantly, these observations were
specifically made in skin wounds below the innervation level of the SCI, as wounds made above
the SCI level, and thus that remained innervated, were largely unaffected in their healing
pattern compared to the non-SCI mice.

The PU protocol described herein is based on a previously published method used in mice,
where weaker magnets (1000 Gauss) were applied in three cycles of 12 h magnet application
separated by 12 h without magnet®>. Initially, we compared using one, two, and three 12 h
cycles of magnet application. A disadvantage of using repeated applications is that each time
special care must be taken to detach the magnet from the skin fold and reapply it at the exact
same location. A single application is therefore much simpler and was sufficient to create a PU
in the mouse dorsal skin fold. Otherwise, this methodology does not require a complex device,
does not impair animal movements, and is very reproducible. Studies using different magnet
sizes, shapes and or strengths, or attempting to create PUs in different anatomical locations
may need to reoptimize the protocol. As in all skin wound healing studies, it is important to
properly apply and regularly change the transparent film covering to avoid drying and
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contamination of the wound bed.

The mechanism of PU formation in this model relies on the compressive force between two
magnets, which is expected to substantially exceed capillary and venous perfusion pressures in
the skin, and has previously been well documented to induce lesions in larger animals?®. Using a
single 12 h cycle created a skin ulcer that had injury extending deep into the dermis, which
corresponds to stages | and Il according to standard criteria®>. One limitation of this technique is
that we were not able to get a stage IlI-IV PU. Therefore, one could not study the involvement
of muscles and bones in PU development and healing without significant modifications to our
current model. Furthermore, the PUs we generate heal spontaneously and, therefore, do not
faithfully represent a chronic PU as might be seen in human patients. Interestingly, however,
the method resulted in a PU of the initial similar size that closed with similar dynamics as
commonly used 1 cm x 1 cm full-thickness excisional skin wounds. The PU induction method
spares the underlying panniculus carnosus, while it is completely removed in the excisional
model. Thus, it appears that the panniculus carnosus does not play a major role in the wound
closure process, which, in mice and other rodents, primarily occurs via contraction mediated by
fibroblasts and myofibroblasts in viable dermis surrounding the wound site, with little scar
formation?’.

The site of PU induction, above or below SCI, does not interfere with the skin incision used to
access the site of SCI. Therefore, the method can be readily applied below or above the level of
SCl, which enables studies that can differentiate the local vs. systemic effects of SCI on wound
healing. While non-SCI animals continue to gain weight after PU induction, the growth of SCI
animals is stunted. In spite of this profound systemic change, wound healing was not affected
when the PU was created above the SCI level. This model can, therefore, be used to better
understand the role of the local innervation in wound healing. As in all studies that involve SCI,
it is important to provide special care and monitoring to the post-SCI mice, which require
manual draining of the bladder, monitoring of bowel conditions, and prophylactic antibiotic
treatment!'12,

SCI patients are substantially challenged even with the best hospital care and education, and
skin PUs impart significant costs to the US healthcare system. This model allows side-by-side
evaluation of the effect of SCI on skin PU development and healing, which provides a platform
for testing various therapeutic strategies that may help PU healing in SCI patients.
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Table

Name of Material/ Equipment

Magnets

Mice standard diet

Isoflurane

Imagel

BETADINE Surgical Scrub
Ophthalmic Ointment
NAIR-Hair Remover Lotion
ELOXIJECT (meloxicam) Injection
Cefazolin Sodium
Buprenorphine-SR

0.9% Sodium Chloride Injection USP
10% Neutral Buffered Formalin
BALB/C Male Mouse

Sterile Cotton Tipped Applicator

Michel Suture Clips
Surgical Suture, U.S.P.

Click here to download Table of Materials JoVE_Materials-Kumar et al.xlsx

Company

Master Magnetcs, Inc., Castle Rock, CO
PMI Nutrition International, Brentwood, MO
HENRY SCHEIN Animal Health

NIH, Bethesda, MD

HENRY SCHEIN Animal Health

HENRY SCHEIN Animal Health

Church & Dwight Co., Inc. Princeton, NJ
HENRY SCHEIN Animal Health

HENRY SCHEIN Animal Health
ZooPharm, Windsor, CO

BRAUN, Irvine, CA

VWR, Radnor, PA

Charles River Lab., Wilmington, MA
Puritan, Guilford, ME

Fine Science Tools (USA) Inc., Foster City, CA
Henry Schein Animal Health

Catalog Number
CD14cC

SKU 029405

SKU 008897

SKU 049755
SKU 054846
S8004-5384
16004-130
28
SKU#: 25-806

12040-01
101-2636

Comments/Description

3800 G Magnetic force
Standard Food Pellet

Image Analysis Software

5 mg/mL, 10 mL
1 g, 10 mL bottle
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Francois Berthiaume, PhD
Associate Professor of Biomedical Engineering

599 Taylor Road, BME 217 fberthia@soe.rutgers.edu

THE STATE UNIVERSITY Piscataway, NJ 08854 848-445-6566
OF NEW JERSEY

July 13, 2018

Dear Editor,

We are sending the revised manuscript entitled “Mouse Model of Pressure Ulcers after Spinal Cord Injury” for
consideration for publication in the Journal of Visualized Experiments (JoVE). We thank the reviewers for their generous
comments on the manuscript and have edited the manuscript to address their questions and concerns. We hope that the
manuscript is now suitable for publication in the JoVE. Please find the responses for reviewers’ comments on the next
page.

Best regards,

"' At t,b_(f/s B—Lj//’Z{,g;d/t’w/\w\

Francois Berthiaume
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Editorial comments:
Changes to be made by the Author(s):

# Editorial Comments Authors Response

1. | Please take this opportunity to thoroughly proofread the | Thank you for the opportunity and
manuscript to ensure that there are no spelling or grammar | suggestion. We checked the
issues. The JoVE editor will not copy-edit your manuscript | manuscript thoroughly and made
and any errors in the submitted revision may be present in | changes where needed.
the published version.

2. Please revise lines 63-67, 109-110, 113-114, to avoid | Thank you for suggestion. All the lines
previously published text. edited in the manuscript text.

3. | Please obtain explicit copyright permission to reuse any | The copyright permission to reuse the
figures from a previous publication. Explicit permission can | figures is obtained and a copy is
be expressed in the form of a letter from the editor or a link | uploaded. The same changes are made
to the editorial policy that allows re-prints. Please upload this | in the figure legend as per journal
information as a .doc or .docx file to your Editorial Manager | policy.
account. The Figure must be cited appropriately in the Figure
Legend, i.e. “This figure has been modified from [citation].”

4. | Figures: Please submit the figures as a vector image file to | We are submitting the individual .tif file
ensure high resolution throughout production: | for each figure with 300 dpi.

(.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure
that the image is 1920 pixels x 1080 pixels or 300 dpi.

5. | Figure 1: Please line up the panels better. Some panels are | Figure 1 is modified as per suggestion.
off-set. Please ensure that the panels are of the same
dimensions if possible.

6. | Figure 2: Please spell out SEM in figure legend. SEM is spell out in the figure legend.

7. | Figure 4: Please label the panels better to make the text | All the panels are easily readable now.
easier to read.

8. | Please remove all commercial language from your | Allthe commercial language is removed
manuscript and use generic terms instead. All commercial | from manuscript and added to the table
products should be sufficiently referenced in the Table For | of Materials and Reagents.
example: Charles River 94 Laboratories Inc., Wilmington,

MA, Henry Schein Inc., Nair, Henry Schein Inc., Master
Magnetics Inc., Alpha-dri, ImageJ, etc.

9. | 2.6: How large is this incision? The skin incision is ~1.0-1.5 cm.

10. | 5.7: For in-text formatting, reference should appear as | Yes, all the references are in the same
numbered superscripts after the appropriate statement(s). manner.

11. | As we are a methods journal, please revise the Discussion | Thank you for suggestion and same is
to explicitly cover the following in detail in 3-6 paragraphs | incorporated in the discussion.
with citations:

a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
12. | References: Please do not abbreviate journal titles. All the references are corrected.




Reviewers' comments:

Reviewer #1

Author Response

Manuscript Summary:
Many thanks for this interesting mouse model to induce pressure ulcer and
demonstrate wound healing.

Thank you for appreciation.

Major Concerns:
Long Abstract:

The abstract is well structured and written.

Just some few remarks:
L 37: please add "spinal cord injury" before using SCI the first time in the long
abstract.

clearly

Thank you for appreciation
and spinal cord injury is
added in long abstract.

L 39: | recommend changing the formulation "because of the lack of animal
models " into in the context of animal models. In humans there are different
studies (Jan, Groah, Kallman, etc.) to demonstrate differences in wound
healing in individuals with and without SCI.

We made changes in the text
as per recommendation.

Introduction:

L 61: It would be fine citing an addition reference, as Mak 2010 for example.

Mak 2010 is added in the text
and reference list.

L66: you only mentioned some of the internal risk factor therefore it is better
to mention either other relevant additional as psychological factor or behaviour
management, nutrition or to add etc. (Marin J, Nixon J, Gorecki C. A systematic
review of risk factors for the development and recurrence of pressure ulcers in
people with spinal cord injuries. Spinal Cord 2013; 51: 522-527.)

Thank you for suggestion and
same is incorporated in the
text.

Protocol:

L132: Did you manage bladder and bowel function in any way? Could you
please describe or mention?

Yes, we manage the bladder
and observed the bowel
activity every day. The same
is mentioned in post-
operative care section.

Representative results:

L167: | think it is necessary to describe the special kind of PU. It is a
standardized PU between counterpart skin layers (not over bone prominences
etc.)

Thank you for suggestion and
same is incorporated in the
results text.

Could you please shortly mention how many mice you included? How often
problems or complications occurred?

Yes. Mice information is
either added inside figure or
in figure legend.

Discussion:

L 256 - 264: The whole paragraph is a narrative repetition of the result part.
The focus of the paper is the discussion and demonstration of the method. So
you should discuss advantages and challenges concerning the methods and
procedures. The presentation of exact data including exact p values and not
inexact description as more, less or much can be mentioned but is not the
main focus of this publication. Also the conclusions have to be adapted to the
scientific fundament. The argumentation is, that the procedure is reproducible
and feasible. Compared to the situation of a real PU in humans you have to
compare the different mechanism and influencing factors when preparing the
next step of drug application and therapeutic intervention.

The paragraph is modified as
per suggestion.

L276: This paragraph is fine and covers what we want to know. The
comparison between human and mouse skin is missing as well as the different
physiological changes about PU over bone prominence and between skin
layers.

The
information added in
discussion.

recommended
the

L284 - 287: PU occurs during hospital stay or in the outpatient setting. So be
careful with the shortening of presentation is this paragraph. PU can be
superficial or deep PU according to NPUAP or EPUAP classification and it

Thank you for suggestion and
the paragraph is modified as
per recommendation.




might be interesting to differ these two graduations of destruction in relation to
different intervention times in your experimental setting. Please reformulate
this paragraph.

Minor Concerns:

L75: Are you really sure that there are no studies or is it better adding ,to our
knowledge"?

The sentence is modified as
per suggestion.

L 256: Please remove the word "much". The best is to talk about significant
changes, if you have any calculation. P values.

The sentence is modified as
per suggestion.

Reviewer #2

Author Response

Manuscript Summary:

The authors present a simple, non-invasive model of a superficial pressure
ulcer that heals slower below the SCI than above the SCI. These are
stimulating results and deserve further investigation.

Thank you for

recommendation.

Major Concerns:

1. The injury appears to be superficial and the authors ascribe the pressure
ulcer stage to be between Stage | and Stage Il. Yet, they suggest that the
healing is similar to that of a full-thickness wound. | would request that this
disparity be clarified.

A statement in the discussion
has been added. Based on
our findings, it appears that
the kinetics of wound closure,
which proceeds primarily via
contraction, are not
influenced by the presence or
absence of a viable
panniculus carnosus
underneath the wound bed.

2. The authors cite using a BMS tool to assess hindlimb functionality, but never
mention their results. For completeness they need to include their assessment
results.

The BMS result is submitted
as supplementary figure and
the same information is
incorporated in the text.

3. Since the wound was not full-thickness the panniculus carnosus muscle
layer under the dermis is still intact. The authors may want to comment in how
denervation of this muscle layer below the SCI could impact wound contraction

Wound closure in rodents is
mostly governed by a wound
contraction process that is
mediated by the fibroblasts
and myoflbroblasts in the
dermis in viable tissue
surrounding the wound site.
Since our results suggest that
the panniculus carnosus may
play little role in this process,
the impact of denervation
may be more directly felt at
the level of the fibroblasts.
However, this is hypothetical
at this point as we have yet to
do studies to elucidate the
mechanism whereby
innervation locally affects
cellular responses.

Minor Concerns:
With these additions, | would propose publication.

Thank  you for
recommendation.

your
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Reply all

Mon 3/12/2018 2:16 PM

To:

Ballen, Karen <kballen@liebertpub.com>

Cc:

Suneel Kumar

You forwarded this message on 6/28/2018 11:50 AM
Thank you! Francois Berthiaume

From: Ballen, Karen <KBallen@liebertpub.com>
Sent: Monday, March 12, 2018 2:14 PM
To: Francois Berthiaume
Subject: RE: J of Neurotrauma article - DOI: 10.1089/neu.2017.5405

Dear Dr. Berthiaume:

Copyright permission is granted for use of the Tables and Figures that appeared in your article
published in the JOURNAL OF NEUROTRAUMA, in your new article for the JOURNAL OF
VISUALIZED EXPERIMENTS.

The credit line should read:

“Reprinted with permission from JOURNAL OF NEUROTRAUMA, Volume__, Issue__, 2017,
(title of article), published by Mary Ann Liebert, Inc., New Rochelle, NY”.

Kind regards,

Karen Ballen
Manager, Reprints, Permissions, and Open Access

From: Francois Berthiaume <fberthia@soe.rutgers.edu>

Sent: Monday, March 12, 2018 2:08 PM

To: Ballen, Karen <KBallen@liebertpub.com>

Cc: Suneel Kumar <sk1350@soe.rutgers.edu>

Subject: J of Neurotrauma article - DOI: 10.1089/neu.2017.5405

Dear Karen Ballen:

We wish to request permission to reproduce the following figures and table from this article.
Table 1

Figure 1 with modification

Figure 2 and 3

Figure 6 with modification (half of it)

We are the authors of the article and we want to reproduce these items in a separate methods-
focused paper that we are preparing for the Journal of Visualized Experiments.

Thank you and have a great day! Francois Berthiaume

Francois Berthiaume, PhD

Associate Professor of Biomedical Engineering
Rutgers University

599 Taylor Road

Piscataway, NJ 08854
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