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SUMMARY:  19 
Here we describe a protocol for the induction of murine traumatic brain injury via an open-head 20 
controlled cortical impact. 21 
 22 
ABSTRACT:  23 
The Centers for Disease Control and Injury Prevention estimate that almost 2 million people 24 
sustain a traumatic brain injury (TBI) every year in the United States. In fact, TBI is a contributing 25 
factor to over a third of all injury-related mortality. Nonetheless, the cellular and molecular 26 
mechanisms underlying the pathophysiology of TBI are poorly understood. Thus, preclinical 27 
models of TBI capable of replicating the injury mechanisms pertinent to TBI in human patients 28 
are a critical research need. The controlled cortical impact (CCI) model of TBI utilizes a mechanical 29 
device to directly impact the exposed cortex. While no model can full recapitulate the disparate 30 
injury patterns and heterogeneous nature of TBI in human patients, CCI is capable of inducing a 31 
wide range of clinically applicable TBI. Furthermore, CCI is easily standardized allowing 32 
investigators to compare results across experiments as well as across investigative groups. The 33 
following protocol is a detailed description of applying a severe CCI with a commercially available 34 
impacting device in a murine model of TBI. 35 
 36 
INTRODUCTION:  37 
The Centers for Disease Control and Injury Prevention estimate that approximately 2 million 38 
Americans sustain a traumatic brain injury (TBI) every year1,2. In fact, TBI contributes to over 30% 39 
of all injury related deaths in the United States with healthcare costs nearing $80 billion annually 40 
and almost $4 million per person per year surviving a severe TBI3-5. The impact of TBI is 41 
highlighted by the significant long-term neurocognitive and neuropsychiatric complications 42 
suffered by its survivors with the insidious onset of behavioral, cognitive, and motor impairments 43 
termed Chronic Traumatic Encephalopathy (CTE)6-10. Even subclinical concussive events—those 44 

Manuscript Click here to access/download;Manuscript;60027_R1_RE.docx

https://www.editorialmanager.com/jove/download.aspx?id=1044964&guid=ce2ea9b6-a030-46a2-892a-f999906cf5ea&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1044964&guid=ce2ea9b6-a030-46a2-892a-f999906cf5ea&scheme=1


   

   
 

impacts that do not result in clinical symptoms—can lead to long-term neurologic 45 
dysfunction11,12. 46 
 47 
Animal models for the study of TBI have been employed since the late 1800’s13. In the 1980s, a 48 
pneumatic impactor for the purpose of modeling TBI was developed. This method is now referred 49 
to as controlled cortical impact (CCI)14. The control and reproducibility of CCI led researchers to 50 
adapt the model for use in rodents15. Our laboratory uses this model to induce TBI via a 51 
commercially available impactor and electronic actuating device16,17. This model is capable of 52 
producing a wide range of clinically applicable TBI states depending on the biomechanical 53 
parameters used. Histologic evaluation of TBI brains after a severe injury induced in our 54 
laboratory demonstrates significant ipsilateral cortical and hippocampal loss as well as 55 
contralateral edema and distortion. Additionally, CCI produces a consistent impairment in motor 56 
and cognitive function as measured by behavioral assays18. Limitations to CCI include the need 57 
for craniotomy and the expense of acquiring the impactor and actuating device. 58 
 59 
Several additional models of TBI exist and are well established in the literature including the 60 
lateral fluid percussion model, weight drop model, and blast injury model19-21. While each of 61 
these models have their own distinct advantages their main drawbacks are mixed injury, high 62 
mortality and lack of standardization, respectively22. Furthermore, none of these models offer 63 
the accuracy, precision, and reproducibility of CCI. By adjusting the biomechanical parameters 64 
input into the actuating device, the CCI model allows the investigator precise control over size of 65 
the injury, depth of the injury, and kinetic energy applied to the brain. This gives investigators 66 
the ability to apply the entire spectrum of TBI to specific areas of the brain. It also permits the 67 
greatest reproducibility from experiment to experiment. 68 
 69 
PROTOCOL: 70 
All procedures were approved by the Northwestern University Institutional Animal Care and Use 71 
Committee. C57BL/6 mice were purchased from the Jackson Laboratory and group housed at a 72 
barrier facility at the Center for Comparative Medicine at Northwestern University (Chicago, IL). 73 
All animals were housed in 12/12 h light/dark cycle with free access to food and water. 74 
 75 
1. Induce anesthesia 76 
 77 
1.1. Anesthetize the mouse with ketamine (125 mg/kg) and xylazine (10 mg/kg) injected 78 
intraperitoneally.  79 
 80 
2. Vital signs monitoring every 15 min 81 
 82 
2.1. Monitor temperature, respiratory rate, and skin color. The mouse should feel warm to the 83 
touch. The skin should appear pink and well perfused. Respiratory rate should range 50–70 84 
breaths per minute. 85 
 86 
3. Pre-surgical procedures 87 
 88 



   

   
 

3.1. Weigh all the mice on the day prior to injury induction. 89 
 90 
3.2. Sterilize one set of surgical instruments by autoclaving for each experimental subject. 91 
 92 
3.3. Prepare a recovery cage by placing a clean cage over an electric heating pad set to “low” 93 
setting and positioned in a manner such that the mice can move away from the heat once 94 
ambulatory. 95 
 96 
3.4. Set up the operating theater within a sterilized laminar flow hood. 97 
 98 
3.4.1. Position the stereotaxic operating frame. 99 
 100 
3.4.2. Attach the impacting device to the stereotaxic frame. 101 
 102 
3.4.3. Set the actuating device with the desired biomechanical parameters for velocity and dwell 103 
time.  104 
 105 
NOTE: In this protocol a severe brain injury is described utilizing a 3 mm diameter impact tip via 106 
a 5 mm diameter craniectomy with the velocity set at 2.5 m/s and a dwell time of 0.1 s. A wide 107 
range of biomechanical parameters may be used to induce the full spectrum of TBI.  108 
 109 
3.5. Don new personal protective equipment and sterile gloves. 110 
 111 
3.6. Shave the fur from the operative site using electric clippers. 112 
 113 
3.7. Apply protective ointment to the eyes of the mouse to prevent corneal injury and drying. 114 
 115 
3.8. Place the mouse into the operating theater. 116 
 117 
3.9. Prep the skin with an iodine based surgical scrub alternated with alcohol three times. 118 
 119 
4. Application of controlled cortical impact 120 
 121 
4.1. Incise the scalp 1 cm in the midline with a scalpel exposing the skull.  122 
 123 
4.2. Position the mouse within a stereotaxic operating frame by securing the bilateral temporal 124 
bones between miniature ear bars and locking the incisors within an incisor clamp creating a 125 
stable three-point-hold on the mouse head. 126 
 127 
4.3. Retract the scalp away from the operative site with a hemostat or locking forceps to ensure 128 
the scalp does not come in contact with the drill bit during craniectomy. 129 
 130 
4.4 Identify the sagittal and coronal sutures on the exposed skull.  131 
 132 



   

   
 

NOTE: This protocol centers the craniectomy 2 mm left of the sagittal suture and 2 mm rostral to 133 
the coronal suture. 134 
 135 
4.5. Perform a craniectomy using a drill with a trephine drill bit.  136 
 137 
4.5.1. To perform the craniectomy, first activate the drill at maximum speed and then apply the 138 
trephine drill bit perpendicular to the skull at the site of craniectomy.  139 
 140 
4.5.2. Apply gentle, even pressure to the drill once contact is made with the skull. A slight “give” 141 
will be felt once the drill penetrates through the skull. Do not penetrate the underlying dura.  142 
 143 
NOTE: This protocol utilizes a 5 mm trephine drill bit to perform the craniectomy. 144 
 145 
4.6. Use forceps and a small gauge hypodermic needle to remove the bone flap, fully exposing 146 
the underlying dura mater. 147 
 148 
4.7. Rotate the impactor tip into the operative field and lower it until it makes contact with the 149 
exposed dura mater. Once contact is made the instrument’s contact sensor will make an audible 150 
tone to alert the surgeon that contact has been made. This will mark the zero point from which 151 
the deformation depth is set.  152 
 153 
NOTE: This protocol utilizes a 3 mm impacting tip to generate a severe injury. Tips as small as 1 154 
mm may be used to apply more localized injury. 155 
 156 
4.8. Retract the impacting tip and set the desired impact depth by lowering the impactor position 157 
on the stereotaxic frame.  158 
 159 
NOTE: In this protocol we describe a severe injury by setting the deformation depth to 2 mm.  160 
 161 
4.9. Apply the injury by activating impactor on the actuating device.  162 
 163 
4.10. Rotate the impact device out of the field and remove the animal from the stereotaxic frame. 164 
 165 
5. Surgical site closure 166 
 167 
5.1. Control bleeding from the skull and injured cortical surface with direct pressure from a sterile 168 
cotton tipped applicator. 169 
 170 
5.2. Dry the skull with a sterile cotton tipped applicator. 171 
 172 
5.3. Close the scalp over the craniectomy using a commercially available surgical adhesive or 173 
monofilament suture.  174 
 175 
NOTE: In this protocol a veterinary surgical adhesive is used to close the scalp. The bone flap is 176 



   

   
 

not replaced and is discarded.  177 
 178 
6. Post-operative care and monitoring 179 
 180 
6.1. Administer post-operative analgesia (e.g., sustained release buprenorphine 0.1–0.5 mg/kg 181 
administered subcutaneously providing 72 h of sustained analgesia). 182 
 183 
6.2. Place the animal in the lateral decubitus recovery position in a clean pre-warmed cage. 184 
 185 
6.3. Observe the animals until awake and mobile, then return each mouse to its home cage. 186 
 187 
6.4. Ensure free access to food and water. Normal food and water intake typically resume within 188 
one to two hours after injury. 189 
 190 
6.5. Measure body weight every three days throughout the experiment. 191 
 192 
REPRESENTATIVE RESULTS:  193 
The impactor mounts directly on the stereotaxic frame allowing for as much as 10 µm resolution 194 
for control of the point of impact, depth and penetration. The electromagnetic forces employed 195 
can impart impact velocities ranging 1.5–6 m/s. This allows for unparalleled precision and 196 
reproducibility over the entire range of clinically relevant TBI. Investigators can run pilot 197 
experiments changing the injury parameters such as impactor tip size, impact velocity, and 198 
impact depth to determine the parameters that best produce the desired degree of injury. This 199 
protocol describes a severe TBI to the left parietotemporal region by performing a 5 mm 200 
craniectomy 2 mm left of the sagittal suture and 2 mm rostral to the coronal suture (Figure 1A). 201 
A controlled cortical impact is delivered with a 3 mm impacting tip at 2.5 m/s and a deformation 202 
depth of 2 mm (Figure 2). Injury consists of subdural, intraparenchymal, and subarachnoid 203 
hemorrhage (Figure 3). Neurocognitive testing one month after this injury demonstrates 204 
persistent deficits in working memory, skill acquisition, and motor coordination18. Histologic 205 
evaluation of TBI brains after a severe injury induced in our laboratory demonstrates significant 206 
ipsilateral cortical and hippocampal loss as well as contralateral edema and distortion. MRI 207 
examination of severely injured brains using this model demonstrates progressive tissue loss and 208 
replacement by cerebrospinal fluid (Figure 4)23. Lastly, flow cytometric analysis of injured and 209 
sham brains demonstrates a marked difference in infiltrating inflammatory cells throughout the 210 
course of injury17,18. 211 
 212 
FIGURE AND TABLE LEGENDS: 213 
 214 
Figure 1: Equipment setup for the murine model of controlled cortical impact. (A) The actuating 215 
device is set a velocity of 2.5 m/s and a dwell time of 0.1 s. (B) The impactor with a 3 mm 216 
impacting tip is secured to the stereotaxic frame. (C) A mouse with 5 mm craniectomy is secured 217 
into the stereotaxic operating frame with ear bars and an incisor bar.  218 
 219 
Figure 2: Severe TBI via open-head controlled cortical impact. (A) The grounding cable is clipped 220 



   

   
 

to the mouse’s hind region and the impacting tip is lowered onto the dura mater until the contact 221 
sensor alarms. This is the zero point. (B) The impacting tip is retracted, a 2 mm depth of injury is 222 
dialed into the stereotaxic frame, and the impact is applied. (C) After the CCI is applied, the 223 
impacting tip is rotated out of the field and the mouse is recovered from the stereotaxic frame.  224 
 225 
Figure 3: Gross examination of mouse brains after severe TBI induced by controlled cortical 226 
impact. (A) Brain from a 12-week-old naïve mouse. (B) Brain from a 12-week-old mouse 24 h 227 
after sustaining a severe TBI via controlled cortical impact. (C) Brain from a 12-week-old mouse 228 
7 days after sustaining a severe TBI via controlled cortical impact. 229 
 230 
Figure 4: Histologic and MRI evaluation of severe TBI after controlled cortical impact. 231 
Hematoxylin and eosin (H&E) stained coronal sections and representative coronal T1-weighted 232 
MR images. (A) Sham injury, consisting of craniotomy only. (B) CCI results in a severe TBI with 233 
large volume loss of cortex (Ctx) at the site of impact as well as loss and distortion of the 234 
underlying hippocampal formation (HF) and thalamus (TH). (C) MRI at 1-day post-TBI 235 
demonstrates tissue trauma and edema over the left parietotemporal cortex. (D–E) 236 
Representative images from post-injury days 7 and 14 demonstrate increased areas of 237 
hyperattenuation representing progressive replacement of devitalized tissue with cerebrospinal 238 
fluid. Figure has been adapted from Makinde, et al.23. 239 
 240 
DISCUSSION: 241 
There are several steps that are critical for applying a reliable and consistent injury. First, the 242 
mouse must reach a deep plane of surgical anesthesia ensuring no movement during the 243 
performance of the craniectomy. While numerous anesthetic regimens may be used to induce 244 
general anesthesia in rodents, anesthetics that induce respiratory depression such as inhalational 245 
anesthetics may result in respiratory arrest when combined with a severe TBI. This protocol 246 
utilizes ketamine (125 mg/kg) and xylazine (10 mg/kg) injected intraperitoneally. This 247 
combination of drugs produces a surgical plane of anesthesia within 5 min of administration for 248 
a duration of approximately 30–45 min. Furthermore, this combination of drugs does not result 249 
in respiratory depression. The next critical step is the performance of the craniectomy. The 250 
craniectomy should always be performed with a fresh trephine drill bit at high speed to ensure 251 
that minimal heat and vibration are transmitted to the mouse brain. Heat and vibration can result 252 
in damage to adjacent brain tissue outside the area of CCI leading to inconsistent size and 253 
mechanism of injury between subjects and experiments. Next, the mouse head must be firmly 254 
secured within the stereotaxic frame prior to the application of the CCI to ensure the depth and 255 
location of injury are consistent between injury applications. Miniature ear bars and an incisor 256 
clamp are essential components in properly securing the mouse head within the stereotaxic 257 
frame. Lastly, it is critical to utilize a device with a contact sensor. The sensor will indicate the 258 
exact point of contact between the impacting tip and the exposed dura mater. This allows 259 
investigator to note the exact zero point from which the depth of injury is can be set with the 260 
stereotaxic frame ensuring a precise and reproducible degree of injury. 261 
 262 
To ensure that the incised scalp is outside the field at the time of CCI, it is often necessary to use 263 
a retractor such as clamp or forceps to pull to scalp away from the site of craniectomy. Should 264 



   

   
 

the scalp fall back into the CCI field as the injury is applied, the size and severity of injury will be 265 
unreliable. Additionally, although it is imperative to ensure the mouse head is immobilized within 266 
the stereotaxic frame, the investigator must ensure that the fixation does not impair respiration. 267 
Hypoxia at the time of injury secondary to restricted respiration will introduce a secondary form 268 
of injury making the degree, severity, and mechanism of injury unreliable between experimental 269 
subjects. 270 
 271 
Given the ability to precisely specify multiple biomechanical parameters, CCI is one of the most 272 
consistent and reliable methods for inducing traumatic brain injury in rodent models15. However, 273 
there are a number of limitations that the investigator should be aware of when choosing which 274 
model of TBI is most appropriate to answer their scientific question22. CCI suffers from the same 275 
limitations as all preclinical models of brain injury in that it requires anesthesia and a surgical 276 
procedure (craniectomy) prior to the induction of injury. Both anesthesia and craniectomy are 277 
capable of generating an inflammatory response and must be considered as potential 278 
confounders during data analysis24. Additionally, although CCI produces a reliable and consistent 279 
injury, most TBI in human patients are diffuse and occur through multiple simultaneous 280 
mechanisms25. This may make direct translation to human TBI patients problematic as CCI 281 
produces a focal injury with varying degrees of diffuse effects depending on the severity of injury 282 
applied. Lastly, CCI requires the purchase and maintenance of several mechanical components 283 
that may prove to be cost prohibitive to some research groups. Without proper maintenance of 284 
the mechanical components, there may be substantial drift in the actual biomechanical 285 
parameters applied from experiment to experiment24. 286 
 287 
Identifying appropriate controls for each experiment is critical. Sham-injured mice are an 288 
important control in every experiment. The sham injury group should receive anesthesia, scalp 289 
incision, placement into the stereotaxic frame, and post-operative analgesia. However, the sham-290 
injury group should not undergo craniectomy. The vibration and heat transfer from craniectomy, 291 
even when performed quickly with expert precision, does result in a mild traumatic brain injury. 292 
Although this injury is difficult to see grossly, it is readily identified microscopically. Lastly, 293 
investigators should consider using a group of age-matched naïve mice to rule out any normal 294 
changes that occur within the brain as the mice age. 295 
 296 
Despite limitations, CCI remains the most consistent and reproducible model for inducing TBI in 297 
rodents. CCI is easy to standardize across subjects and experiments as compared to alternative 298 
methods of inducing TBI and allows investigators to apply the entire spectrum of TBI to precisely 299 
defined anatomic regions of the brain. The protocol above describes the application of a severe 300 
TBI to the left parietotemporal cortex in a mouse. This model utilizes a 5 mm craniectomy 301 
performed with a trephine drill bit at high speed. A 3 mm impacting tip is used with an injury 302 
depth of 2 mm at a velocity of 2.5 m/s and a dwell time of 0.1 s. When applied appropriately, and 303 
when the experimental subject is properly recovered, a long-term survival rate approaching 304 
100% can be obtained allowing for short, intermediate, and long-term studies of murine TBI to 305 
be performed. 306 
 307 
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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 MyJove 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

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 JoVE 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

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 of 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:    

Department:  

Institution: 

Title:  

Signature:  Date:  

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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Alisha D’Souza, Ph.D. 
Senior Review Editor 
JoVE 
 
 
Dear Dr. D’Souza and Distinguished Reviewers, 
 
Thank you for providing us with your insightful comments on our manuscript entitled “Murine 
Model of Controlled Cortical Impact for the Induction of Traumatic Brain Injury”. We have 
edited the manuscript according to the editorial and reviewers’ comments and 
recommendations, and we have listed our point-by-point responses below. Furthermore, each 
figure as has been submitted as a vector image file to ensure high resolution throughout 
production: (.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is 1920 x 
1080 pixels or 300 dpi. Additionally, please upload tables as .xlsx files. 
 
 
Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 
errors in the submitted revision may be present in the published version. 
 

The manuscript has been thoroughly proofread. 
 
2. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its 
applications in complete sentences between 10-50 words: “Here, we present a protocol to …” 
 

The Summary has been rephrased to “Here we describe a protocol for the induction of murine 
traumatic brain injury via an open-head controlled cortical impact”. 

 
3. Unfortunately, there are a few sections of the manuscript that show significant overlap with 
previously published work. Though there may be a limited number of ways to describe a 
technique, please use original language throughout the manuscript. Please see lines: 42-47, 48-
50, 52-55. 
 

The introductory paragraph has been rephrased to limit overlap with our previously 
published work. 

 
4. Please include a single line space between each step, substep and note in the protocol 
section. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response
Letter.docx
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There is now a single line space between each step and substep in the protocol section. 
 
5. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 
using bullets or dashes. 
 

The numbering of the protocol has been changed as requested. 
 
6. 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. 
 

The text in the protocol section has been rewritten in the imperative tense as requested. 
 
7. The Protocol should contain only action items that direct the reader to do something. Please 
move the discussion about the protocol to the Discussion. 
 

All discussion within the protocol section has been moved to the discussion section. 
 
8. The Protocol should be made up almost entirely of discrete steps without large paragraphs of 
text between sections. Please ensure that individual steps of the protocol should only contain 
2-3 actions per step. 
 

The protocol section has been rephrased and rewritten to ensure it is made up almost 
entirely of discrete steps. 

 
9. Please revise the protocol text to avoid the use of any personal pronouns in the protocol 
(e.g., "we", "you", "our" etc.). 
 

The protocol text now avoids use of any personal pronouns. 
 
10. Please add more details to your protocol steps. Please ensure you answer the “how” 
question, i.e., how is the step performed? 
 

We have added more detail to the protocol steps as requested. 
 
11. 1: Please move the details to the discussion and make this an action step. 
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Moved as requested.  This is now an action step. 
 
12. 2: Please write in complete sentences. what should be the min max range in each case. How 
do you monitor vital signs? 
 

This step is now written in a complete sentence with min/max range as requested. 
 
13. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 
Please highlight 2.75 pages or less of the Protocol (including headings 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. 
 

The essential steps of the protocol for the video have been highlighted in yellow. 
 
14. Any marker studies (immunostaining, western blot, etc) to the difference between sham 
and experimental group? 
 

We have included a reference to our published work demonstrating the marked difference in 
inflammatory infiltrate between brain-injury and sham-injury as assessed by flow 
cytometry—our laboratory’s primary output measure (lines 445-447). 

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

None of the images submitted as figures for this manuscript have been published elsewhere.  
Therefore, copyright permission is not applicable. 

 
16. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).] For more than 
6 authors, list only the first author then et al. Please do not abbreviate the journal names. 
 

All references have been generated by the software package EndNote with the reference 
style set on “JoVE”. 

 
17. Figure 3, 4: Please include a scale bar. 
 

Figures 3 and 4 now include a scale bar as requested. 
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18. Please revise the table of the essential supplies, reagents, and equipment. The table should 
include the name, company, and catalog number of all relevant materials in separate columns 
in an xls/xlsx file. 
 

Revised as requested. 
 
Reviewers' comments: 
 
Reviewer #1:  
Manuscript Summary: 
The well written manuscript provides a useful and detailed description of the controlled cortical 
impact model of traumatic brain injury. The manuscript is complete and provides the adequate 
level of detail needed to reproduce this procedure. This model is valuable to the research 
community, and the article describes the model as employed by the authors for several high-
impact publications. 
 
Major Concerns: 
None 
 
Minor Concerns: 
It would be important to describe the considerations for control animals. A brief discussion of 
the authors opinion about the utility of naive controls, controls subject to anesthesia alone 
and/or controls subjects to craniectomy without impact would be a useful addition to the 
article. 
 

We have added an entire paragraph to the discussion of the manuscript describing 
appropriate controls for this model including sham-injury and naïve age-matched controls.  
We thank the reviewer for this insightful comment and feel that the addition of this 
paragraph strengthens the manuscript (lines 533-540). 

 
Reviewer #2: 
Manuscript Summary: 
This is a well written and organized description of an open traumatic brain injury model that 
will be useful to other investigators that are working in the area. There are several ways to 
perform this type of an injury and this protocol seems to be an excellent, reproducible injury 
method. The manuscript provides sufficient detail to make this transportable to other 
laboratories. It is appropriate for JoVE. 
 
Minor Concerns: 
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The author might want to add a sentence or two to describe why this protocol is better or more 
advanced than other protocols. Is it cheaper? More consistent? Overall, the protocol is clearly 
presented. For those interested in doing a controlled cortical impact (CCI) TBI model, this seems 
to be a very well thought out protocol. The video will make this even better. 
 

The CCI model offers the investigator precise control over several biomechanical parameters 
when applying the injury.  This allows for the greatest precision and reproducibility of any TBI 
model.  This discussed in the last paragraph of the introduction as well as reiterated in the 
discussion (lines 517-518) per reviewer 2 recommendation. 

 
There are a few suggested edits to help with clarity and understand of the procedures. Though 
it is assumed that the video will help with this, the surgical procedure for craniotomy needs 
some more text for non-surgeons. For instance, it is not clear how the drill is used to create a 
bone flap? Again, the video will help with this, but a description would help as well. 
 

We have added additional text in the protocol section to help the reader gain a better 
understanding of how to perform the craniectomy (lines 324-328). 

 
Please indicate the surgical adhesive that is used to close the bone flap. 
 

The bone flap is not replaced in this protocol.  The scalp is simply closed and the bone flap is 
discarded.  This is now specifically stated in the protocol (lines 356-358). 

 
Are sutures used to close the skin over the scalp? 
 

This protocol describes using a commercially available veterinary adhesive to close the scalp.  
Sutures may be used instead if desired by the investigative group (lines 356-358). 

 
Post-surgery analgesia, buprenorphine, is usually given for 48 hours after surgery, please add 
this to the protocol if that is what is done in your lab. 
 

This protocol describes administering an extended release formulation of buprenorphine 
(buprenorphine-SR) that provides 72 hours of post-operative analgesia (Lines 414-415). 

 
Sincerely, 
 

 
 
Steven J. Schwulst, MD, FACS, FCCM 
Assistant Professor of Surgery 
Northwestern University 


