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SUMMARY: 31 
Here, we describe a pre-clinical animal model for studying the pathophysiology of ischemia-32 
reperfusion injury in reconstructive microsurgery. This free skin flap model based on the 33 
superficial caudal epigastric vessels in the rat may also allow for the evaluation of different 34 
therapies and compounds to counteract ischemia-reperfusion injury–related damage. 35 
 36 
ABSTRACT: 37 
Ischemia-reperfusion injury is the main cause of flap failure in reconstructive microsurgery. The 38 
rat is the preferred preclinical animal model in many areas of biomedical research due to its cost-39 
effectiveness and its translation to humans. This protocol describes a method to create a 40 
preclinical free skin flap model in rats with ischemia-reperfusion injury. The described 3 cm x 6 41 
cm rat free skin flap model is easily obtained after the placement of several vascular ligatures 42 
and the section of the vascular pedicle. Then, 8 h after the ischemic insult and completion of the 43 
microsurgical anastomosis, the free skin flap develops the tissue damage. These ischemia-44 
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reperfusion injury–related damages can be studied in this model, making it a suitable model for 45 
evaluating therapeutic agents to address this pathophysiological process. Furthermore, two main 46 
monitoring techniques are described in the protocol for the assessment of this animal model: 47 
transit-time ultrasound technology and laser speckle contrast analysis. 48 
 49 
INTRODUCTION: 50 
Microsurgery has become a common surgical technique for reconstruction that allows for 51 
interventions (e.g., free tissue transfers) to restore complex tissue defects, replantation of 52 
amputated limbs, and even composite tissue allotransplantations. 53 
 54 
Microsurgical reconstructions are ideal for a wide variety of defects caused by traumatic injuries, 55 
burns, or oncological resections. However, there is a low percentage of free flap failure, among 56 
which ischemia-reperfusion (I/R) injury is one of the main responsible factors. All microsurgically 57 
transferred tissues endure a mandatory period of ischemia followed by the reperfusion. This 58 
period of primary ischemia is usually well tolerated; thus, the success rate of microsurgical 59 
procedures exceeds 90%1,2. However, only 63.7% of flaps requiring surgical revision can be 60 
completely saved3. In addition, in cases of replantation of finger avulsion injuries, the success 61 
rate is 66%4; and in cases of composite tissue allotransplantation suffering I/R injury, rejection 62 
percentages are increased since the I/R injury activates innate immunity5,6. 63 
 64 
Therefore, the study of this pathophysiological phenomenon is of interest. Animal models are 65 
essential for investigating physiological mechanisms and assessing novel therapies before it can 66 
be applied to humans7. Vessel anatomy and the physiological similarities between rats and 67 
human beings make rats an ideal model for the investigation of biological processes such as I/R 68 
injury.  69 
 70 
Here, we present a detailed protocol for the creation of a rat free skin flap model with I/R injury, 71 
as well as different possibilities for intra- and postoperative assessments. The overall goal of this 72 
method is to describe a useful preclinical model to study I/R injury and possible treatments to 73 
reduce its related damages. 74 
 75 
PROTOCOL: 76 
 77 
All procedures were conducted in accordance with the ethical committee of the Jesús Usón 78 
Minimally Invasive Surgery Centre and the welfare guidelines of the regional government that 79 
are based on European legislation. 80 
 81 
1. Presurgical and surgical preparation 82 
 83 
1.1. House Wistar rats weighing 290–350 g in cages at 22–25 °C with free access to food and 84 
water. Acclimate for 1-week prior to the surgery to prevent stress-induced problems. 85 
 86 
1.2. Place a rat in an anesthetic induction chamber, deliver 5 min of oxygen, and use a vaporizer 87 
to deliver 5% sevoflurane to induce anesthesia. 88 



   

 89 
1.3. Take the rat out of the chamber once anesthesia is induced. Place the inhalation facemask 90 
on the rat and provide a flow rate of 2% sevoflurane to maintain anesthesia. Check for the lack 91 
of response to a toe pinch.  92 
 93 
1.4. Use an eye protection ointment to prevent corneal drying and damage. 94 
 95 
1.5. Monitor the animal under general anesthesia as follows: Place a rectal thermometer (35.9–96 
37.5 °C), check the mucous membrane color, and position a rodent pulse oximeter to check for 97 
the O2 saturation (>95%) and heart rate (250–450 bpm). 98 
 99 
1.6. Use a heat support (electric heating pads or circulating water blankets) to avoid hypothermia 100 
and improve post-procedural anesthesia recovery. 101 
 102 
1.7. Inject 5 mL of warm subcutaneous physiological saline solution to maintain proper hydration. 103 
 104 
1.8. Provide analgesic and anti-inflammatory drugs (meloxicam 1 mg/kg/day) and prophylactic 105 
antibiotics (enrofloxacin 7.5 mg/kg/day) subcutaneously before the procedure and for 5 days 106 
postoperatively. 107 
 108 
1.9. Shave the animal’s abdominal and inguinal areas. 109 
 110 
1.10. Apply topical povidone-iodine, followed by 70% ethanol. Cover the animal with a sterile 111 
drape. 112 
 113 
2. Free skin flap model surgery 114 
 115 
2.1. Using a surgical marker, draw a 3 cm x 6 cm flap matching one of the 6 cm sides with the 116 
abdomen midline. Next, make a 6 cm skin incision at the midline of the abdomen and two 117 
perpendicular 3 cm incisions at the upper and lower part of the 6 cm midline incision. 118 
 119 
2.2. To start dissecting the designed 3 cm x 6 cm skin flap, use scissors and Adson forceps to raise 120 
the flap (rather than a scalpel) due to the skin’s mobility. 121 
 122 
2.3. Gently pull the flap from the cranial area towards the caudal area to help with the dissection 123 
and identify the epigastric pedicle surrounded by the abundant loose connective tissue. 124 
 125 
2.4. Dissect the flap pedicle without touching it or by grasping the adventitia as little as possible 126 
to avoid damaging the vessel wall. 127 
 128 
2.5. Use 8/0 nylon sutures to occlude by ligatures the proximal caudal femoral vessels, lateral 129 
circumflex femoral vessels, and saphenous vessels. Thereby, the perfusion of the flap is provided 130 
by the femoral artery and continues directly through the superficial caudal epigastric artery, 131 
while the venous drainage is performed by the superficial caudal epigastric vein toward the 132 



   

femoral vein. 133 
 134 
2.6. Clamp the vascular pedicle and then cut it to start the 8 h ischemia period. 135 
 136 
2.7. Use heparinized saline solution (100 U/mL) to perfuse the flap and remove the stagnant 137 
blood from the microcirculation. 138 
 139 
2.8. Use 10/0 nylon sutures to perform the microsurgical anastomoses. 140 
 141 
2.9. After 8 h of ischemia, reperfuse the flap by removing the microvascular clamps and check 142 
the vascular patency as described below. 143 
 144 
3. Intraoperative assessment 145 
 146 
3.1. Perform a manual patency test (empty and refill test) for the vein and artery. To do this, use 147 
two microsurgical forceps, position them distal to the anastomosis and perform the milking. 148 
Release the closest forceps to the anastomosis site first. If the blood flow continues after a 149 
vascular section is emptied, then the anastomosis is patent. 150 
 151 
3.2. Assess the blood flow using a transit-time ultrasound flowmeter and microsurgical probes.  152 

 153 
3.2.1. Measure the diameter of the pedicle vessels in order to choose the proper size for the flow 154 
probes.  155 
 156 
NOTE: A 0.7 mm flow probe can measure vessels ranging from 0.4 mm to 0.7 mm; a 1.0 mm flow 157 
probe can measure vessels ranging from 0.7 mm to 1.0 mm; a 1.5 mm flow probe can measure 158 
vessels ranging from 1.0 mm to 1.5 mm. 159 
 160 
3.2.2. Place the target vessel in the ultrasonic sensing window (between the reflector and the 161 
transducers) of the flow probe to quantify flow volume. 162 
 163 
NOTE: Hold the probe neutral to the plane of the vessel, to avoid any tension or pulling. 164 
 165 
3.2.3. Check the quality of the acoustic coupling by observing that all the bars are green on the 166 
display. 167 
 168 
NOTE: If difficult to get good acoustic coupling, use ultrasonic gel or physiological saline solution 169 
topically. 170 
 171 
3.2.4. When good coupling is achieved and the vessel is placed in the acoustic window without 172 
any tension, click on the Record button on the display to store the data. 173 
 174 
NOTE: To obtain a reliable and correct measurement, make sure that the waveform pattern is 175 
constantly repeatable. 176 



   

 177 
3.3. Once done, use 4/0 absorbable sutures to close the skin. Use a simple interrupted pattern 178 
to maintain strength and tissue position if part of the suture is bitten off by the rat 179 
postoperatively.  180 
 181 
3.4. Assess the flap’s microcirculation using laser speckle contrast analysis (LASCA).  182 
 183 
3.4.1. Make a new recording for each animal and for each follow-up of the study. For this, click 184 
File/New Recording. A new window opens, and the Setup Panel is displayed. Then edit the 185 
information of the project name, subject, operator and recording name. 186 
 187 
3.4.2. For maximum reproducibility, standardize the following parameters: working distance, 188 
measurement area, point density, frame rate, and ambient light conditions.  189 
 190 
3.4.2.1. Adjust the Working Distance by moving the laser in relation to the tissue. Zoom in or out 191 
the laser head towards the tissue of interest. To check for the measured value, click Image Setup. 192 
Here, set at 12.0 cm. 193 
 194 
3.4.2.2. Standardize the Measurement Area by entering the desired Width and Height at the 195 
Image Setup. The designed flap measures 3 cm x 6 cm. For this measurement, select a width of 196 
4.0 cm and a height of 7.0 cm to have some extra space. 197 

 198 
3.4.2.3. Set the Point Density as high in the Image Setup. High, medium, and low are the three 199 
options.  200 
 201 
3.4.3. At the Image Capture Setup, select the Frame Rate (10 images/s) for the recording and 202 
the Duration (1 min) of the recording.  203 
 204 
NOTE: Have the same ambient light condition in the surgery room while operating or performing 205 
the assessments. 206 
 207 
3.4.4. Click the Record button to start recording. The Setup Panel is replaced by the Recording 208 
Panel. Data is saved automatically. Take snapshots during the procedure to enable further 209 
comparison. 210 
 211 
NOTE: The perfusion scale can be changed to improve visualization (Click Tools | Filters and Color 212 
Scales | Perfusion Scale | Manual 0 - 150), but the measured perfusion values will be unaffected. 213 
Before and after the recording, different regions of interest (ROIs) can be created to measure the 214 
perfusion within them. Here, we evaluated just the area of the practiced flap (3 cm x 6 cm). 215 
 216 
3.5. Use ImageJ software to measure the survival and necrosis areas.  217 
 218 
3.5.1. Locate a ruler at the side of the flap and then take control pictures for macroscopic 219 
measurements of the flap survival area.  220 



   

 221 
3.5.2. To evaluate pictures, open the ImageJ user interface. Click File and Open the image to be 222 
measured.  223 
 224 
3.5.3. Select Straight Line at the toolbox and draw a straight line over 1 cm of the ruler. Click on 225 
Analyze | Set Scale and introduce in the text box for known distance the value of 1 cm.  226 
 227 
3.5.4. Click on the Polygon Selection Tool and draw the polygon lines over the flap to calculate 228 
the viable area. Ultimately, click on Analyze | Measure to obtain the area value. 229 
 230 
3.6. Place a postoperative dressing on the animal before housing to prevent self-mutilation of 231 
the surgical area. 232 
 233 
4. Postoperative assessment and tissue sampling 234 
 235 
4.1. Anesthetize the rat at 7 postoperative days for the flap assessment and tissue sampling by 236 
following the same steps previously described in this protocol (steps 1.2 and 1.3). Check for the 237 
depth of anesthesia by the lack of response to the toe pinch.  238 
 239 
4.2. Photograph the surgical area to enable macroscopic measurements of the flap survival and 240 
necrosis areas. Make the postoperative macroscopic measurements following the same steps of 241 
the intraoperative assessment that have been explained before in the protocol (step 3.5).  242 
 243 
NOTE: Pay attention while using the Polygon Selection Tool by drawing the lines on the flap 244 
delimiting the viable area (measured in cm2). The percentage of the viable area can be calculated 245 
as (cm2 of viable area/cm2 of total flap area) × 100. 246 
 247 
4.3. Assess the flap’s microcirculation using the LASCA technique (step 3.4) to visualize and 248 
quantify perfusion differences  249 
 250 
4.4. After the macroscopic analysis, remove the 4/0 sutures and rise the flap to reassess the 251 
vascular pedicle blood flow by using the transit-time ultrasound. 252 
 253 
4.5. Perform tissue sampling by longitudinally dividing the flap into two parts of 1.5 cm x 6 cm.  254 
 255 
4.5.1. Immerse one part in a biopsy container with 4% paraformaldehyde at room temperature 256 
for further histological analyses. 257 
 258 
4.5.2. Introduce the other part of the tissue in a cryopreservation tube, immerse it in liquid 259 
nitrogen and then, cryopreserve the tube by storing it at -80 °C for future molecular analyses. 260 
 261 
4.6. Euthanize the rat under general inhalation anesthesia using a rapid intracardiac injection of 262 
2 M KCl/kg according to the ethical committee recommendations. 263 
 264 



   

REPRESENTATIVE RESULTS: 265 
Immediately after the creation of the microsurgical anastomoses, we obtained higher blood flow 266 
volumes than the minimum flows recommended in the literature8; thus, all microsurgical 267 
anastomoses were patent 1 week after the surgery (Figure 1). 268 
 269 
[Place Figure 1 here] 270 
 271 
Observation of the microcirculatory deprivation of blood flow during the ischemic insult was 272 
possible with the LASCA technique, including the immediate hyper perfusion during the flap 273 
reperfusion, and, perioperatively, the different areas with less perfusion and a higher risk of 274 
postoperative flap necrosis that were indeed necrotized 7 days after the end of the study (Figure 275 
2).  276 
 277 
[Place Figure 2 here] 278 
 279 
The flap survival area after 8 h of ischemia and its subsequent reperfusion was around 40%. 280 
Previously published results9 showed statistically significant differences when this model was 281 
compared with flaps where no ischemic insult was inflicted.  282 
 283 
FIGURE AND TABLE LEGENDS: 284 
Figure 1: Transit-time ultrasound blood flow assessment. (A) Position of the microsurgical flow 285 
probe to assess blood flow. (B) Blood flow pattern and quantification obtained of the 286 
anastomosed vessels of the flap pedicle. 287 
 288 
Figure 2: Laser speckle contrast analysis technology. (A) Visualization of microcirculatory tissue 289 
blood perfusion in the physiological condition. (B) Visualization of microcirculatory tissue blood 290 
perfusion during ischemia. (C) Visualization of microcirculatory tissue blood perfusion 291 
immediately after reperfusion.  292 
 293 
DISCUSSION: 294 
Microsurgical free tissue transfers have become the method of choice for reconstructing large 295 
defects. A period of ischemia occurs during such free tissue transfers. When this period exceeds 296 
the tissue’s tolerance, I/R injury can cause failure of the practiced free flap9. The description of 297 
the methodology to develop a cost-effective and translational preclinical model to study I/R 298 
injury in reconstructive microsurgery may help lead the study of different compounds to 299 
counteract this pathophysiological process. 300 
 301 
In the described animal model, after the vascular ligatures were placed and the free flap was 302 
raised, no hindlimb blood flow compromises were noted, nor pain or limp. As Kochi et al.10 303 
described, our model also left three collateral routes through intramuscular networks. 304 
 305 
Monitoring of free flaps is of major importance11, as salvage is inversely related to the duration 306 
between ischemia onset and its clinical recognition. For this purpose, free flaps should be studied 307 
intra- and postoperatively. 308 



   

 309 
Intraoperatively, the widely used empty and refill test or the acoustic Doppler enable 310 
identification but not quantification of flow presence or absence through an anastomosis12. For 311 
this reason, we used transit-time ultrasound technology, a novel method that allows surgeons to 312 
quantify the blood flow of microsurgical anastomoses13. In our study, all microsurgical 313 
anastomoses were patent after 8 h of ischemic insult as well as at the end of the study. 314 
Immediately after the creation of the microsurgical anastomoses, we noted higher blood flow 315 
volumes than the minimums recommended in literature8. This predicted good pedicle perfusion 316 
at the end of the study, demonstrating that the results were not influenced by the microsurgical 317 
technique but rather by the I/R injury cascade of events. However, this technique is not free of 318 
limitations. To obtain reliable results, the microsurgical probes must be held neutral to the plane 319 
of the vessel, not pulling it or creating any tension. A good acoustic coupling is needed to obtain 320 
a proper signal, which can be achieved using ultrasonic gel or saline. A high-quality coupling 321 
signal, provided by the equipment, is an important parameter to consider during the 322 
measurements. 323 
 324 
We have used LASCA, also known as laser speckle contrast imaging or laser speckle imaging, 325 
postoperatively14. This technology represents a valuable technique for semi-quantitative real-326 
time mapping of flow within free flaps as verified here. One of the limitations is that the results 327 
are provided in arbitrary units and not directly related to actual flow values. In this sense, further 328 
research is needed to validate this correlation. Laser Doppler flowmetry is more commonly used 329 
but limited by the fact that it only measures perfusion in a single point in the flap, whereas LASCA 330 
allows the detection of regional changes in skin perfusion within the flap15. Furthermore, a recent 331 
study16 indicated that LASCA may perioperatively predict the regions at high risk of postoperative 332 
flap necrosis. Our results suggest that LASCA is a promising technique for the peri- and 333 
postoperative monitoring of free flaps. 334 
 335 
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Name of Material/Equipment Company Catalog Number Comments/Description

AureFlo Unit

Transonic (Ithaca, 

USA) N/A Transit-time ultrasound flowmeter equipment
Commbined Basic Hand- and 

Reconstructive Surgery Set (round 

handle)

S&T AG 

(Neuhausen, 

Switzerland) RHR-SET. Art.No.00795 Set of microsurgical instruments

FLOW-i

Maquet Critical 

Care AB (Solna, 

Sweeden) N/A Anesthesia Delivery System

Micro clamps ABB-1

S&T AG 

(Neuhausen, 

Switzerland) 00408V Double microvascular clamp with frame

Micro clamps ABB-11

S&T AG 

(Neuhausen, 

Switzerland) 00414V Double microvascular clamp without frame

Micro clamps B-1

S&T AG 

(Neuhausen, 

Switzerland) 00396V Sigle microvascular clamp

Nylon suture 10/0 

Laboratorio Aragó 

(Barcelona, Spain) 19921 Microsurgical suture

OPMI Pentero 800

Carl Zeiss AG 

(Oberkochen, 

Germany) N/A Surgical microscope

PeriCam PSI System

Perimed AB 

(Järfälla, Sweden) N/A Laser speckle contrast analysis equipment

Philips Intellivue MX450

Philips Medizin 

Systeme 

(Böblingen, 

Germany) N/A Monitoring system
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Protector posoperatorio para 

roedores

Fundación Centro 

de Cirugía de 

Mínima Invasión 

Jesús Usón 

(Cáceres, Spain) P201400272 Postoperative protector for rodents
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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 

A Pre-Clinical Rat Model for the Study of Ischemia-Reperfusion Injury 
in Reconstructive Microsurgery

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 





REBUTTAL LETTER 

 

Dear editor, 

We have addressed your comments from the document 60292_R1. These changes have 

helped us to improve the clarity of our work. 

We hope that the revised manuscript will be considered acceptable for publication. 
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EDITORIAL COMMENTS: 

 

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

retain the same. 

Answer 1. We appreciate the formatting of the manuscript and we have tried to keep the 

journal’s style in this revision. 

 

Comment 2. Please address specific comments marked in the manuscript. 

Answer 2. We are of the opinion that we have satisfactorily addressed the comments. These 

corrections have helped us improve the clarity of this manuscript. The modifications appear in 

red in the new revised manuscript in the lines: 102, 138, 155-177, 191-206, 212-218, 239-240, 

245, 252 and 257. 

 

Comment 3. Once done, please proofread the manuscript well for any spelling or grammar 

issues. 

Answer 3. The paper was sent to a professional English editing service. Furthermore, we have 

checked again the spelling and grammar of the final version of the manuscript. 

 

Comment 4. Please ensure that the highlighted text is no more than 2.75 pages including 

headings and spacings. 

Answer 4. We have made sure to comply with this requirement.   



 


