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SUMMARY:  21 
Presented here are methods to perform in vivo biomechanical testing on brachial plexus in a 22 
neonatal piglet model.  23 
 24 
ABSTRACT:  25 
Neonatal brachial plexus palsy (NBPP) is a stretch injury that occurs during the birthing process 26 
in nerve complexes located in the neck and shoulder regions, collectively referred to as the 27 
brachial plexus (BP). Despite recent advances in obstetrical care, the problem of NBPP 28 
continues to be a global health burden with an incidence of 1.5 cases per 1,000 live births. 29 
More severe types of this injury can cause permanent paralysis of the arm from the shoulder 30 
down. Prevention and treatment of NBPP warrants an understanding of the biomechanical and 31 
physiological responses of newborn BP nerves when subjected to stretch. Current knowledge of 32 
the newborn BP is extrapolated from adult animal or cadaveric BP tissue instead of in vivo 33 
neonatal BP tissue. This study describes an in vivo mechanical testing device and procedure to 34 
conduct in vivo biomechanical testing in neonatal piglets. The device consists of a clamp, 35 
actuator, load cell, and camera system that apply and monitor in vivo strains and loads until 36 
failure. The camera system also allows monitoring of the failure location during rupture. 37 
Overall, the presented method allows for a detailed biomechanical characterization of neonatal 38 
BP when subjected to stretch.    39 
 40 
INTRODUCTION:  41 
 42 
Despite recent advances in obstetrics, the problem of NBPP caused by stretch injury to the BP 43 
complex continues to be a global health burden, with an incidence of 1.5 cases per 1,000 live 44 
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births1,2. Associated risk factors can be maternal (i.e., excessive weight, maternal diabetes, 45 
uterine abnormalities, history of BP paralysis), fetal (i.e., fetal macrosomia), or birth-related 46 
(i.e., shoulder dystocia, prolonged labor, assisted delivery with forceps or vacuum extractors, 47 
breech presentation3). While these complications are unavoidable in certain circumstances, 48 
prevention and treatment of NBPP warrants an understanding of the biomechanical and 49 
physiological responses of the neonatal BP when subjected to stretch.  50 
 51 
Reported biomechanical studies on the BP have used adult animals and human cadaveric tissue 52 
and show significant discrepancies4-15. Clinical relevancy of biomechanical properties of the 53 
complex BP tissue warrants a neonatal animal model as well as an in vivo biomechanical testing 54 
approach. Furthermore, limitations with studying BP stretch injury in complicated real-world 55 
delivery scenarios increases the reliance on computer models that provide method that allows 56 
investigation of the effects of various delivery complications and techniques. The key to clinical 57 
relevance of these models is their biofidelity (human-like response). Available computational 58 
models by Gonik et al.16 and Grimm et al.17 rely on rabbit and rat nerve tissue but not neonatal 59 
BP tissue. Performing in vivo biomechanical testing in a clinically relevant neonatal animal 60 
model can fill the critical gap of unavailable neonatal BP data.  61 
 62 
The current study describes an in vivo mechanical testing device and procedure to conduct 63 
biomechanical testing in 3–5 day-old male Yorkshire neonatal piglets. The device consists of a 64 
clamp, actuator, load cell, and camera system that apply and monitor in vivo strains and loads 65 
during failure. The camera system also allows monitoring of the failure location during rupture. 66 
Overall, the system allows for detailed biomechanical characterization of the neonatal BP when 67 
subjected to stretch, thereby providing the BP’s threshold strains and stresses for mechanical 68 
failure in vivo. The data obtained can further improve human-like behavior (biofidelity) of the 69 
existing computational models that are designed to investigate the effects of exogenous and 70 
endogenous forces on BP stretch in delivery scenarios associated with NBPP. 71 
 72 
PROTOCOL:  73 
 74 
Institutional Animal Care and Use Committee at Drexel University approved all procedures 75 
(#20704). 76 
 77 
1) Animal arrival and acclimation 78 
 79 
1.1. Quarantine 1–2-day-old piglets for at least 24 h after arrival.  80 
 81 
1.2. House piglets in clean and sanitized stainless-steel cages (36 in x 48 in x 36 in) on aspen 82 
chip bedding and feed ad libitum with pig milk replacer.  83 
 84 
1.3. Maintain the room temperature at 85 °F to ensure a thermo-neutral environment.  85 
 86 
2) Day of experiment  87 
 88 



   

   
 

2.1. Remove the feed 2 h prior to the experiment. 89 
 90 
2.2.  Inject piglets with an intramuscular injection of ketamine (10–40 mg/kg)/xylazine (1.5–3.0 91 
mg/kg IM) and transport via a transport cage to the surgical space. 92 
  93 
3) Induction and maintenance of anesthesia   94 
 95 
3.1. Administer 4% isoflurane inhalation anesthetic mixed in oxygen by nose cone and confirm 96 
that the animal is deeply anesthetized by assessing the absence of palpebral and withdrawal 97 
reflexes.  98 
 99 
3.2. Intubate the animal by placing it in the supine position and use a laryngoscope (straight 100 
blade) to help guide the intubation tube (diameter 2.5 -2 mm with or without cuff) into the 101 
trachea.  102 
 103 
3.3. Place the animal on the ventilator once intubation tube is secured. 104 
 105 
3.4. Ensure that piglets receive a mix of isoflurane (0.25%–3% maintenance), oxygen, and 106 
nitrous oxide.  107 
 108 
3.5. Provide a dose of fentanyl (10 μg/kg) and continue giving a dose every 1–2 h to ensure 109 
continued adequate depth of analgesia and sedation and to avoid motion artifacts that could 110 
risk dislodgment of the endotracheal tube.  111 
 112 
3.6: Establish intravenous (IV) access in the subcutaneous abdominal vein or any other 113 
peripheral vein. 114 
 115 
3.7. Establish the arterial line through the femoral artery. This can be done non-invasively or by 116 
performing a cut-down.  117 
 118 
4) Monitoring and care  119 
 120 
4.1. Monitor the depth of anesthesia by confirming the absence of canthal reflex and absence 121 
of withdrawal response to toe pinch.   122 
 123 
4.2. Perform continuous monitoring of physiological parameters during anesthesia and 124 
throughout the experiment, which includes arterial blood pressure, electrocardiography (ECG), 125 
end-tidal CO2, pulse oximetry, and body temperature.  126 
 127 
4.3. Monitor blood gases and blood sugars every 0.5–1 h and give intravenous fluids (50% 128 
dextrose and 50% normal saline) to animals anesthetized longer than 1 h at ~100 cc/kg/day, as 129 
needed, to ensure euglycemia.  130 
 131 
4.4. Monitor the pain closely and administer analgesia and sedation frequently (every 15 min) 132 



   

   
 

to ensure continual comfort and avoid inflicting any pain upon the animal.  133 
 134 
4.5. Maintain the animal at normal oxygen tension by controlling the ventilator parameters and 135 
drug dosages as needed to ensure normoxia, then place the animal on a temperature-regulated 136 
circulating water blanket such that normal body temperature is maintained at 39 °C for the 137 
duration of the experiment.   138 
 139 
5) Brachial plexus surgery  140 
 141 
5.1. Place the animal in a supine position on the operating table after proper anesthesia as 142 
described in section 3, with the upper limb in abduction, exposing the axillary region.  143 
 144 
5.2. Use any surgical drape to cover the animal. Use clean but non-sterile techniques.  145 
 146 
5.3.  Expose the brachial plexus complex on both sides of the spine by making a midline incision 147 
(using a #10 blade) over the skin and fascia overlying the trachea, down to the upper third of 148 
the sternum, corresponding to spine levels between C3–T3. 149 
 150 
5.4.  Extrapolate the incision using the forceps and hemostat horizontally on each side from the 151 
suprasternal notch along the edge of the clavicle to the upper arm, while sparing the cephalic 152 
and basilic veins. 153 
 154 
5.5. Release the superior and inferior flaps by blunt dissection using scissors and forceps, 155 
allowing access to the cervical and thoracic regions of the brachial plexus, respectively. 156 
 157 
5.6.  Identify the axis (C2) and first rib at the T1. Using these landmarks, identify the lower three 158 
cervical (C6–C8) and first thoracic (T1) spinal vertebral foramen, then examine the plexus 159 
carefully to locate bifurcations of the divisions (M shape) to achieve exposure. 160 
 161 
5.7. Label (using nerve loops) the brachial plexus regions above these bifurcations closer to the 162 
spine as root/trunk and label those below these bifurcations as chord followed by the nerve, 163 
which are located closer to the arm.  164 
 165 
6) Biomechanical testing 166 
 167 
6.1. Set-up of the biomechanical testing device 168 
 169 
NOTE: A custom-built mechanical testing device was designed and fabricated to perform in vivo 170 
stretch of the BP (Figure 1).  171 
 172 
6.1.1. Attach the base of the set-up to a cart. 173 
 174 
6.1.2. Attach the electromechanical actuator onto the base using large C-clamps. The actuator 175 
is capable of providing 150 lb of force, 10” stroke, and speed of 15 mm/s. The speed can be 176 



   

   
 

reduced to 0.2 mm/s and still function as desired. 177 
 178 
6.1.3. Attach the 200 N load cell to actuator.  179 
 180 
6.1.4. Attach (screw-in) a clamp to the load cell that consists of padded plexiglass, which 181 
prevents the stress concentration at the clamping site. 182 
 183 
6.1.5. Attach a camera to a tripod. Ensure that the camera has the capability of recording up to 184 
120 f/s at a resolution of 658 x 4926 pixels. 185 
 186 
6.1.7. Attach USB cables from the camera, actuator, and load cell to the computer to integrate 187 
and synchronize all components of the set-up. 188 
 189 
6.1.8. Plug the computer, actuator, and load cell into a power source. 190 
 191 
6.2. Calibrate the load cell prior to recording the applied loads. To do so, perform the steps 192 
below: 193 
 194 
6.2:1. Set the actuator at a 90° angle using the adjustable handle and checking the angle with a 195 
protractor. 196 
 197 
6.2.2. Open the software that works with the load cell (Table of Materials). Press the Start 198 
button to show a live readout of voltage. 199 
 200 
6.2.3. Hang weights from the clamp ranging from 0–1,000 g in increments of 100 g from the 201 
setup and record the measured voltages. 202 
 203 
6.2.4. Calculate the linear equation of the voltages and weights by finding the slope (m) and 204 
intercept (b). This is done using a spreadsheet program and the included slope function to 205 
calculate b from the Equation 1 below. Insert Equation 2 shown below into the mechanical set-206 
up code. 207 
 208 

Equation 1: 𝑏 = 𝑦 −𝑚𝑥 209 
 210 
Where: y is the weight, x is the voltage, m is the slope, and b is the intercept (constant). 211 
 212 

Equation 2: 𝑦 = 𝑚𝑥 + 𝑏 213 
 214 
Where: y is the weight, x is the voltage, m is the slope, and b is the constant. 215 
 216 
6.3. Testing: the BP nerve is cut and anchored to the testing set-up by custom-built clamp.  217 
 218 
6.3.1. Cut the BP nerve using fine scissors. 219 
 220 



   

   
 

6.3.2. Clamp the cut side of the BP nerve in the custom-built clamp as shown in Figure 1. 221 
  222 
6.3.3. Manually place black acrylic paint on the clamped BP segment (Figure 2).  223 
 224 
6.3.4. Place a calibration grid, which is a 1 cm ruler, flat within the animal to set the scale for 225 
data analysis. 226 
 227 
6.3.5. Use the camera’s software to view the camera’s placement directly over the tested 228 
segments, thereby allowing the monitoring of the motion/displacement of the markers and 229 
determining the actual tissue strain at any timepoint.  230 
 231 
6.3.6. Record initial measurements such as the height at which the nerve inserts into the body 232 
from the table and the height of the clamp from the table, the angle of the actuator, and the 233 
full length of the tissue. 234 
 235 
6.3.7. Open the programming software (table containing the graphical user interface [GUI] as 236 
shown in Figure 3). 237 
 238 
6.3.8. Run the GUI by pressing the Run button. 239 
 240 
6.3.9. Initialize the system by pressing the Initialize button.  241 
 242 
6.3.10. Tare the system by pressing the Tare button. 243 
 244 
6.3.9. Stretch the BP segment by pressing the start test button. This pulls the tissue at an 245 
assigned rate of 500 mm/min until complete failure occurs in any segment of the BP. This 246 
stretch rate is selected based on the available literature4,8,18. The program also saves a video 247 
file, the applied tensile load, displacement of the tissue, and duration of the test.  248 
 249 
6.3.10. Record the failure site, which is the point at which the tissue ruptures.  250 
 251 
6.4. Euthanasia: euthanize piglets at the end of the experiment with a lethal dose of 252 
pentobarbital (5 g/kg i.v.). 253 
 254 
6.5. Data analysis: use motion tracking software for the analysis of the videos acquired during 255 
testing.  256 
 257 
6.5.1. Open the video file from the experiment within the motion tracking software by selecting 258 
File | Open Video File. 259 
 260 
6.5.2. Use the calibration grid to setup the scale in the motion tracking software using the Line 261 
tool, right-clicking on the line after it is drawn, selecting Calibrate Measure, and entering a 262 
known value in centimeters (Figure 4). 263 
 264 



   

   
 

6.5.3. Track the markers on the tissue within the motion tracking software by right-clicking on 265 
the video and selecting Track Path and aligning the center of the marker with the marker on 266 
the tissue and tacking it until rupture.  267 
 268 
6.5.4. Export the x- and y-coordinates from the markers by selecting File Export to Spreadsheet 269 
so that it can be used to calculate the strains. 270 
 271 
6.5.5. Import the data into a programming software to calculate the distance between the x- 272 
and y-coordinates over time to calculate the strains. 273 
 274 
6.5.6. Calculate strain values at each timepoint by dividing the change in distance by the 275 
original distance after accounting for changes in inclination during stretch. The actual strain 276 
values are determined between each pair of adjacent markers at each timepoint. The average 277 
of these strains is also calculated. 278 
 279 
REPRESENTATIVE RESULTS: 280 
A representative load-time plot and strains from four segments of BP plexus (between four 281 
markers) are shown in Figure 5 and Figure 6, respectively. The obtained failure load of 8.3 N at 282 
35% average failure strain reports the biomechanical responses of neonatal BP when subjected 283 
to stretch. Some regions of the nerve undergo higher strains than others, indicative of non-284 
uniform injury along the length of the nerve. The camera data allows reporting the location of 285 
failure being proximal to the foramen.  286 
 287 
FIGURE LEGENDS:  288 
 289 
Figure 1: Details of in vivo mechanical testing device including the actuator, load cell, and 290 
clamp.  291 
  292 
Figure 2: Markers placed over the BP segments to record strains sustained by the tissue 293 
during stretch. 294 
 295 
Figure 3: Steps for data acquisition using graphical user interface. 296 
 297 
Figure 4: Marker tracking and strain analysis details. Test videos saved in AVI format are 298 
imported in the tracking software. Strain between each marker and the first and last markers 299 
are obtained as detailed. An average of between markers strains is used to report the failure 300 
strains. An example of nerve stretch with three markers and the calculated average strain-time 301 
plot are shown here, with reported failure strains of 43%. 302 
 303 
Figure 5: Maximum load reported during failure. Load cell attached to the actuator acquires 304 
the load data during stretch. The data are used to obtain a load-time plot as shown. 305 
 306 
Figure 6: Strains reported in four different segments of the stretched plexus. Strains are 307 
calculated between each marker and compared against average strains obtained from all four 308 



   

   
 

segments (between each of the two adjacent markers). Some regions of the nerve undergo 309 
higher strains than others and the average strains indicative of non-uniform injury along the 310 
length of the nerve.  311 
 312 
DISCUSSION:  313 
 314 
Available literature on the biomechanical responses of stretch on the BP tissue exhibit a wide 315 
range of threshold values as well as methodological discrepancies4,6,8,18–23. Variations in 316 
published results could be due to differences in the tissue processing (e.g., fixed vs. unfixed 317 
tissue), methodological differences in measuring elongation, and differences in species used. 318 
Moreover, these data are obtained from adult animals or human cadavers and not neonates. 319 
Ethical reasons make it difficult to obtain mechanical data from live human neonates, so large 320 
animal models that have anatomical similarities to human may be used instead. Piglets serve as 321 
an animal model that has already been used in BP-related studies6,24. 322 
 323 
The proposed methods and set-up allow for measuring the in vivo biomechanical response of 324 
neonatal BP in a large animal model, offering an understanding of injury mechanism during BP 325 
stretch. While the testing protocol and set-up is robust, it offers some limitations (i.e., slips 326 
occurring during mechanical testing, loss of marker visibility during testing, movement of the 327 
entire body when testing until failure occurs). While slips occur during testing, ensuring proper 328 
clamping can minimize slippage. Adding padding can further secure the tissue and avoid slips. 329 
Clamps can also be easily substituted with other different types of clamps as needed. Loss of 330 
marker visibility occurs in less than 2% cases and are inevitable. Securing the animal torso while 331 
testing may require a securing rig. Since the set-up allows tracking of the insertion movement 332 
through a camera system, it accounts for any animal movements during testing. An additional 333 
limitation of the system is its ability to provide a camera view live through a separate program, 334 
thereby limiting live camera view during testing. This can be improved in the future by 335 
integrating a live camera view into the program that is currently used to run the test.  336 
 337 
In summary, NBPP is a significant injury with life-long sequelae for many individuals.  338 
Unfortunately, over the last three decades there has not been a decrease in the rate of its 339 
occurrence, despite increased technological development and training of obstetricians. This 340 
lack of a decrease in occurrence may directly be attributed to the limitations in developing 341 
preventative strategies that minimize the occurrence of NBPP. Preventative strategies cannot 342 
be explored until a detailed understanding of the injury mechanism at all levels (i.e., 343 
mechanical, functional, and histological) becomes available. No method to date has been 344 
reported to measure in vivo BP strains in a neonatal large animal model, and the current study 345 
is the first to offer a protocol that further explores physiological and functional changes in 346 
neonatal BP tissue post-stretch. By performing tests at various strains, injury threshold values 347 
for functional and structural injuries in the neonatal brachial plexus can be reported.  348 
 349 
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Feedback Linear Actuator Progressive Automations

Motion Tracking Software Kinovea

Proramming Software - MATLAB Mathworks

Surgical instruments 

Forceps  Fine Science Tools Inc

Hemostats  Fine Science Tools Inc

Scissors  Fine Science Tools Inc

Table of Materials Click here to access/download;Table of
Materials;59860_Materials table.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1052620&guid=2d6570f3-d84a-4654-b9ab-72f8242bd2b4&scheme=1
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Catalog Number Comments/Description

LCM201-200N 200N load cell

acA640-120uc

PA-14P

10" stroke, 150lb force, 

15mm/s speed

N/A Open Source

N/A version 2018A

11006-12 and 11027-12 or 11506-12

13009-12

14094-11 or 14060-09
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The 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. 

 The 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 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. 

 

 

Author License Agreement (ALA)

In vivo Biomechanical Testing in Neonatal Piglets

Anita Singh, Rachel Magee, Sriram Balasubramanian

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement (2).pdf
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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 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 

 

 

 

 

 

 

 

 
Anita Singh Feb 19 2019

Anita Singh

Biomedical Engineering

Widener University

Assistant Professor



Response to Editorial comments: 

 

 

 

1. The editor has formatted the manuscript to match the journal's style. Please retain 

the same. 

 

Answer: We have retained the formatiing. 

 

2. Please address specific comments marked in the manuscript. 

 

Answer: We have addressed the comments as comments as well.  

 

3. Please ensure the protocol is a cohesive story from one step to another. 

 

Answer: We have followed the instructions. 

 

4. The steps in the protocol should address the "how" question -how is this step 

performed. 

 

Answer: We have followed the instructions. 

 

5. 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. 

 

Answer: We have followed the instructions. 

 

6. Please describe the result with respect to your experiment, you performed an 

experiment, how did it help you to conclude what you wanted to and how is it in line 

with the title. 

 

Answer: We have followed the instructions. 

 

7. 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 Figure Legend, i.e. “This figure has been modified from [citation].” 

 

Answer: None needed 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Editors Comments_singh Jove 2019_.docx
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8. Each Figure Legend should include a title and a short description of the data 

presented in the Figure and relevant symbols. The Discussion of the Figures should 

be placed in the Representative Results. 

 

Answer: We have followed the instructions. 

 

9. Once all the formatting is done, please proofread the entire manuscript for any 

grammar or spelling issues. 

 

Answer: We have followed the instructions. 

 


