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Dear Dr. Werth, 

We would kindly ask you to consider the manuscript entitled, 

"Automated gait analysis to assess functional recovery in rodents with peripheral nerve or 
spinal cord contusion injury" 
 
for publication in the Journal of Visualized Experiments. 

We would like to express our sincere gratitude and appreciation for your invitation to submit 

our work to the Journal of Visualized Experiments.  

Peripheral and central nervous injuries are commonly studied in rats with the intention to 

develop new treatment options or neuroprotective strategies. Nerve regeneration in rodent 

models is assessable by a wide variety of techniques, e.g. histology or electrophysiology. 

However, the degree of functional recovery is the most important criterion to determine the 

success of an experimental treatment or neuroprotective approach.  

In this work, we show how to evaluate functional recovery in rodent models of sciatic nerve, 

femoral nerve and spinal cord contusion injury using automated gait analysis. Our 

manuscript aims to underscore the method’s main strength, which is the ability to assess 

motor and sensory reinnervation while using only one device and setup. To accomplish this 

aim, our manuscript discusses all important prerequisites and crucial steps regarding training 

of the animals, data acquisition and data classification.  Additionally, limitations and pitfalls 

such as the need for meticulous hard- and software adjustments as well as sufficient training 

of the experimental animals are emphasized.  

We hereby present a comprehensive and detailed protocol on how to study motor and 

sensory recovery in various rodent models of peripheral and central nervous injuries via 

automated gait analysis. We are convinced that our work can contribute to promote 

optimum use of this evaluation method, supporting valid and reliable assessment of 

functional recovery in small animal models.  

We would be grateful for your consideration. 

Yours sincerely, 

 

Johannes Heinzel 

Cover Letter



 

TITLE: 1 
Automated Gait Analysis to Assess Functional Recovery in Rodents with Peripheral Nerve or 2 
Spinal Cord Contusion Injury 3 
 4 
AUTHORS AND AFFILIATIONS: 5 
Johannes Heinzel1,2,3, Nicole Swiadek2,3, Mohamed Ashmwe2,3, Alexander Rührnößl2,3, Viola 6 
Oberhauser2,3, Jonas Kolbenschlag1, David Hercher2,3 7 
 8 
1Department of Hand-, Plastic, Reconstructive and Burn Surgery, BG Trauma Center Tubingen, 9 
Eberhard Karls University, Tuebingen, Germany 10 
2Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, Donaueschingenstraße 11 
13, 1020 Vienna, Austria 12 
3Austrian Cluster for Tissue Regeneration 13 
 14 
Email addresses of co-authors: 15 
Johannes Heinzel (hannes.heinzel@gmx.de) 16 
Nicole Swiadek (nicole.swiadek@trauma.lbg.ac.at) 17 
Mohamed Ashmwe (mohamed.ashmwe@trauma.lbg.ac.at) 18 
Alexander Rührnößl (alexander.ruehrnoessl@trauma.lbg.ac.at) 19 
Viola Oberhauser (viola@oberhauser-online.at) 20 
Jonas Kolbenschlag (jonaskolbenschlag@googlemail.com) 21 
 22 
Corresponding author:  23 
David Hercher  (david.hercher@trauma.lbg.ac.at) 24 
 25 
KEYWORDS: 26 
peripheral nerve injury, spinal cord contusion injury, gait analysis, rats, functional recovery, 27 
sciatic nerve, femoral nerve, animals, neurotmesis, locomotion 28 
 29 
SUMMARY: 30 
Automated gait analysis is a feasible tool to evaluate functional recovery in rodent models of 31 
peripheral nerve injury and spinal cord contusion injury. While it requires only one setup to assess 32 
locomotor function in various experimental models, meticulous hard- and soft-ware adjustment 33 
and training of the animals is highly important. 34 
 35 
ABSTRACT: 36 
Peripheral and central nerve injuries are mostly studied in rodents, especially rats, given the fact 37 
that these animal models are both cost-effective and a lot of comparative data has been 38 
published in the literature. This includes a multitude of assessment methods to study functional 39 
recovery following nerve injury and repair. Besides evaluation of nerve regeneration by means 40 
of histology, electrophysiology, and other in vivo and in vitro assessment techniques, functional 41 
recovery is the most important criterion to determine the degree of neural regeneration. 42 
Automated gait analysis allows recording of a vast quantity of gait-related parameters such as 43 
Paw Print Area and Paw Swing Speed as well as measures of inter-limb coordination. Additionally, 44 
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the method provides digital data of the rats’ paws after neuronal damage and during nerve 45 
regeneration, adding to our understanding of how peripheral and central nervous injuries affect 46 
their locomotor behavior. Besides the predominantly used sciatic nerve injury model, other 47 
models of peripheral nerve injury such as the femoral nerve can be studied by means of this 48 
method. In addition to injuries of the peripheral nervous systems, lesions of the central nervous 49 
system, e.g., spinal cord contusion can be evaluated. Valid and reproducible data assessment is 50 
strongly dependent on meticulous adjustment of the hard- and software settings prior to data 51 
acquisition. Additionally, proper training of the experimental animals is of crucial importance. 52 
This work aims to illustrate the use of computerized automated gait analysis to assess functional 53 
recovery in different animal models of peripheral nerve injury as well as spinal cord contusion 54 
injury. It also emphasizes the method’s limitations, e.g., evaluation of nerve regeneration in rats 55 
with sciatic nerve neurotmesis due to limited functional recovery. Therefore, this protocol is 56 
thought to help researchers interested in peripheral and central nervous injuries to assess 57 
functional recovery in rodent models. 58 
 59 
INTRODUCTION: 60 
Injuries of the peripheral and central nervous system are often studied in rodents, resulting in a 61 
great amount of comparative data regarding the course of nerve injury, repair, or 62 
neuroprotection to counteract further secondary injuries and regeneration1–3. The outcome of 63 
experimental treatment strategies in rodent models can be assessed by a variety of techniques 64 
such as histology, immunohistochemistry, electrophysiology, and imaging techniques such as X-65 
ray microtomography (μCT) scans, but the most important criterion to determine the success of 66 
a treatment is—like in human patients—the degree of functional recovery4,5. The first studies 67 
investigating locomotor performance in rodents date back to the 1940s6–8. Rats and mice were 68 
subject to a great amount of studies investigating their locomotor behavior in the following 69 
decades9–11. Nowadays, a broad range of assessment techniques for rodent models of peripheral 70 
and central nerve injuries exist, ranging from walking track analysis with ink and paper12–14 over 71 
ankle and gait kinematics15–17 to machine-learning enhanced methods, which allow for the 72 
complex estimation of gait, limb, and joint trajectories18,19. 73 
 74 
Computerized Automated Gait Analysis (AGA) is used to evaluate locomotor function following 75 
peripheral and central nervous injuries and potential experimental treatment of such injuries. 76 
The device mainly consists of a glass walkway and a light source that illuminates the rodent’s paw 77 
prints in correlation with the pressure exceeded by them. This data is then computerized to 78 
calculate a broad array of static and dynamic parameters. According to Deumens, these 79 
parameters can be further subdivided into the categories of general parameters, pain-related 80 
parameters as well as coordination-related parameters of gait20 (Table 1). The feasibility of AGA 81 
to detect changes in gait behavior has been proven in various animal models of peripheral nerve 82 
injury (PNI)21, such as the sciatic nerve20, femoral nerve22, and median nerve23,24. It is also 83 
routinely used to assess locomotor function in rats with central nervous injuries, e.g., stroke25 or 84 
spinal cord contusion26. The method’s advances lie in the great amount of comparable data and 85 
its possibility to record a plethora of parameters related to gait27. This paper aims to provide 86 
researchers interested in animal models of PNI and spinal cord injury (SCI) with a detailed and 87 
hands-on guideline to assess locomotor function in such models. 88 



 

 89 
[Place Table 1 here] 90 
 91 
PROTOCOL: 92 
The experimental protocol for all experiments was approved in advance by the Animal Protocol 93 
Review Board of the City Government of Vienna. All procedures were carried out in full 94 
accordance to the Helsinki Declaration on Animal Rights and the Guide for the Care and Use of 95 
Laboratory Animals of the National Institutes of Health. 96 
 97 
1. Animal housing 98 
 99 
1.1. House male rats (Lewis or Sprague Dawley) weighing 250–300 g under a 12 h light/dark 100 
cycle with ad libitum access to food and water. 101 
 102 
1.2. Control both room temperature (maintained at 20–22 °C) and humidity (45%–65 %) for 103 
adequate animal housing. For this work, male Lewis (PNIs) and Sprague Dawley (SCI) rats were 104 
used. 105 
 106 
1.3. Provide a new, cleaned cage twice per week. House rats in groups of two or three, but it 107 
is important to monitor their social behavior and interaction, and it is necessary to separate 108 
animals which demonstrate aggressive behavior towards each other. Allow the rats an 109 
acclimation period of at least 1 week before any surgical procedure or functional testing. 110 
 111 
NOTE: Rats require at least 5 days of daily training on the gait analysis apparatus prior to surgery, 112 
so calculate at least 2 weeks between arrival of the rats at the facility and the scheduled data for 113 
experimental surgery28. 114 
 115 
2. Induction of nerve injury 116 
 117 
NOTE: Wear personal protective equipment such as surgical gown, gloves, and mask. In case a 118 
sterile surgical gown is not available, a clean, laundered lab coat is also sufficient. Unless it 119 
becomes contaminated, the gown or coat does not need to be changed between animals but 120 
between surgery sessions. The use of sterile surgical gloves is recommended. In case such gloves 121 
are not available, examination gloves can also be used but should be washed prior to surgery 122 
using surgical disinfectant. Gloves should be changed between animals. 123 
 124 
2.1. On the day of surgery, try to minimize any amount of stress to the animals as this might 125 
interfere with the anesthesia, e.g., animals will require higher doses of anesthetics. 126 
 127 
2.2. On the day of surgery, inject 0.05 mg Buprenorphine/kg bodyweight in suspension with 128 
0.9 % NaCl subcutaneously using a 25 G canula 1 h prior to surgery to provide pre- and 129 
interoperative analgesia. If not indicated otherwise, the rat’s flank is the preferred site for 130 
injection. 131 
 132 



 

2.3. Anesthetize the rats by placing them in an anesthesia induction chamber connected to a 133 
sevoflurane vaporizer and an active chalk container to absorb the CO2. Anaesthetize the rat by 134 
flooding the anesthesia box with 4%–5% sevoflurane-oxygen mixture for about 5 min using an 135 
oxygen flow of 1.5 L/min (initiation phase). Connect a pulse oximetry clip to one of the paws to 136 
monitor the rodent’s blood oxygen saturation. Maintain the state of general anesthesia with 137 
2.5%–4.5% sevoflurane-oxygen mixture. 138 
 139 
NOTE: For experimental surgery, general anesthesia is obligatory. Confirm general anesthesia by 140 
checking the lack of response to pinch stimulus of the tail or paws. 141 
 142 
2.4. When the rat has entered general anesthesia, shave the respective areal that is going to 143 
be operated on and disinfect the area by swiping it alternatingly with alcohol and skin 144 
disinfectant. The final swiping should be performed with skin disinfectant. 145 
 146 
2.5. Place it on an adjustable heating pad in the required position (supine for the femoral 147 
nerve model, prone for the sciatic and SCI model). Insert a flexible thermometer probe in the 148 
rat’s rectum to monitor the animal’s temperature and maintaining it at around 37 °C during 149 
surgery. During anesthesia, protect the rat’s eyes from desiccation using eye ointment 150 
 151 
3. Surgical induction of nerve injury 152 
 153 
3.1. When performing surgical procedures, adhere strictly to the seven principles of Halsted29 as 154 
follows:  155 
 156 
3.1.1. Always handle the tissues gently when working with them. Avoid tearing or crushing the 157 
tissues. 158 
 159 
NOTE: Self-made30 or commercially available retractor systems are helpful to keep muscles and 160 
vessels out of the operating field. 161 
 162 
3.1.2. Carefully maintain the hemostasis using an electric hemostat to cauterize vessels or 163 
ligatures to guarantee careful hemostasis. 164 
 165 
3.1.3. Always maintain blood supply to the tissues by dissecting them carefully and handling them 166 
delicately. 167 
 168 
3.1.4. Maintain strict asepsis by wearing a mask, a gown, and sterile gloves. 169 
 170 
3.1.5. Avoid tension on the tissues by applying sutures which are neither too tight nor too loose. 171 
 172 
3.1.6. Meticulously appose the tissues by bringing their respective edges together without any 173 
overlapping.  174 
 175 
NOTE: This is particularly important in the case of epineurial or perineurial neurorrhaphy. 176 



 

Perform all microsurgical procedures under 6x–16x magnification using an operating microscope. 177 
Ideally, the microscope provides two pairs of oculars to allow for observation of the operation by 178 
an assistant. 179 
 180 
3.1.7. Avoid creation of dead spaces by carefully suturing the different tissue layers. 181 
 182 
3.2. Induction of sciatic nerve neurotmesis of the right hindlimb 183 
 184 
3.2.1. Expose the right sciatic nerve at the midthigh level by performing a 5 cm long incision on 185 
the dorsal side of the hind limb with a #10 scalpel blade connected to a #3 scalpel handle and by 186 
dissecting the overlying musculature and soft tissue. Place a retractor inside the wound to keep 187 
the dissected musculature and skin out of the situs. Gently expose the nerve by removing the 188 
surrounding tissue using curved microsurgical scissors. 189 
 190 
3.2.2. Remove an 8 mm long nerve segment of the sciatic nerve 1–2 mm proximal to its 191 
trifurcation with straight microsurgical scissors. 192 
 193 
3.2.3. Rotate the nerve segment 180°, place it between the proximal and distal stump of the 194 
transected sciatic nerve and perform epineurial neurorrhaphy at each site with two interrupted 195 
10–0 sutures and a microsurgical needle holder. 196 
 197 
3.3. Induction of femoral nerve neurotmesis on the right hindlimb 198 
 199 
3.3.1. Perform a longitudinal 3–4 cm groin incision with a #10 scalpel blade connected to a #3 200 
scalpel handle in order to expose the right femoral neurovascular bundle. Use surgical scissors 201 
for blunt dissection until the bifurcation of the femoral nerve is exposed. Place a retractor inside 202 
the wound to keep the dissected musculature and skin out of the situs. 203 
 204 
3.3.2. Transect the exposed motor and sensory branches distal to the bifurcation and excise a 6 205 
mm long nerve segment of each branch, respectively, using straight microsurgical scissors. 206 
 207 
3.3.3. Rotate both nerve segments 180°, place them between the proximal and distal stump of 208 
the transected femoral nerve branches and perform epineurial neurorrhaphy at each site with 209 
two interrupted 11–0 sutures and a microsurgical needle holder. 210 
 211 
NOTE: Perform a homotopic autologous nerve graft by grafting the motor graft to the original 212 
motor branch and the sensory graft to the original sensory branch. Alternatively, perform a 213 
heterotopic autologous nerve graft by grafting the motor graft to the original sensory branch and 214 
vice versa. 215 
 216 
3.4. Induction of thoracic spinal cord contusion injury 217 
 218 
3.4.1. Perform a skin incision across the thoracic spinal column with a #10 scalpel blade 219 
connected to a #3 scalpel handle followed by two muscle incisions parallel to the spinous 220 



 

processes to facilitate muscle retraction. Place a retractor inside the wound to keep the dissected 221 
musculature and skin out of the situs. 222 
 223 
3.4.2. Identify the 11th thoracic vertebra (Th) and expose the lamina of the vertebral arch by 224 
removing overlying tissue as well as the spinous process using a rongeur. 225 
 226 
3.4.3. Perform a laminectomy using a micro drill and an appropriate burr to drill a small hole into 227 
the lamina, slightly larger than the tip of the impactor. To prevent damage to the spinal cord, 228 
only thin out the lamina while opening and enlarging the hole using a rongeur. If the periosteum 229 
is still intact, carefully remove it using a sharp pointed probe without damaging the dura mater. 230 
 231 
3.4.4. After ensuring a large enough hole is made without destabilizing the lamina, hold the 232 
animal’s spinal column in place by clamping it rostrally and caudally to Th11 with the impactor’s 233 
stabilizing forceps. Using the hand wheels at the front and the side, the steel rod is positioned 3–234 
5 mm above the laminectomy hole. Finally, subject all animals to an impact with a defined force 235 
of 150 kilodyne to induce a mild to moderate degree of spinal cord contusion injury4. 236 
 237 
3.4.5. Perform wound closure in anatomical layers using polyglactin 4–0 or 5–0 interrupted 238 
sutures and a surgical needle holder. Clean the wound thoroughly by gently wiping it with a gauze 239 
pad soaked in sterile 0.9% NaCl. 240 
 241 
3.4.6. After surgery, return the animals to their home cage and shelter them from light and sound 242 
exposure. Monitor the animals’ behavior closely until postoperative day (DPO) 7 and assure 243 
sufficient food and water intake. If needed, provide additional fluid by subcutaneous injections 244 
(e.g., 10 ml NaCl 0.9%). 245 
 246 
3.4.7. Provide post-operative analgesia for a minimum of 2 days by means of, e.g., opioids (0.05 247 
mg/kg bodyweight Buprenorphine subcutaneously (s.c.)) and/or antipyretics (4 mg/kg 248 
bodyweight Carprofen s.c.). If required, and in the case of the SCI model, also provide 249 
postoperative antibiotic therapy (7.5 mg/kg bodyweight Enrofloxacin per os (p.o.)). 250 
 251 
3.4.8. In case of spinal cord injury, manually empty the rat’s bladder until spontaneous urination 252 
returns. 253 
 254 
4. Recovery from surgical interventions prior to gait analysis 255 
 256 
NOTE: Rats with sciatic nerve injury show the tendency to gnaw on their hind paws due to onset 257 
of painful neuropathy following nerve injury. This form of automutilation can result in 258 
autoamputation of toes or parts of the respective hind paw. Prefer Lewis rats over other rat 259 
strains in case when using the sciatic nerve injury model, as this rat strain shows a smaller 260 
tendency for automutilation31. Rats with sciatic nerve injury also show the tendency to develop 261 
contractures of the operated limb, which might result in their exclusion from the study due to 262 
interference with data acquisition. Such adverse events occur far less common in rats with 263 
femoral injury. 264 



 

 265 
4.1. Inspect operated animals daily following surgery with particular attention on the status of 266 
their limbs and paws, respectively. 267 
 268 
NOTE: In rats with SCI, at the height of Th11, penile or rectal prolapse might can occur due to the 269 
impairment of the animals’ natural capability to urinate and defecate. These events are 270 
commonly defined as human endpoints of the study and imply immediate exclusion of the 271 
affected animal from the study. 272 
 273 
4.2. Continue postoperative analgesia until rats cease to display any pain-related symptoms. 274 
 275 
4.3. In case of persistent pain, administer gabapentin (30–120 mg/kg bodyweight) p.o. to treat 276 
neuropathic pain. 277 
 278 
5. Preparation prior to performing automated gait analysis 279 
 280 
NOTE: The gait analysis system’s methodology is based on recording the animals from below 281 
while crossing a glass plate, which is illuminated by a green LED light. When the animals’ paws 282 
contact the floor, the area of the paw print is illuminated and recorded by a high-speed video 283 
camera. This data is then sent via an Ethernet cable to a computer running the gait analysis 284 
software. While individual footprints can be classified manually by the experimenter, the latest 285 
software version also features automatic footprint classification. 286 
 287 
5.1. Perform all testing procedures in the dark and in the absence of disturbing noises. Since 288 
rats are able to perceive supersonic frequencies, also verify that no sources are emitting such 289 
sounds. 290 
 291 
NOTE: Perform gait analysis either weekly or every other week, but do not test rats too frequently 292 
as especially Lewis rats tend to lose interest in participating in the procedure over time when 293 
they are exposed to a certain exercise too frequently. It is, however, required to train rats daily 294 
for 5 days prior to surgery to acclimate them to the testing environment and procedure. 295 
 296 
5.2. During training sessions and on the test day, prepare the behavioral test room by turning 297 
off all light sources, which could otherwise interfere with the automated gait analysis device’s 298 
camera. Place the computer screen necessary for data acquisition away from the camera to 299 
prevent its light from interfering with the camera. 300 
 301 
5.3. Make sure the device is installed in a stable position and in a way that prevents any form 302 
of vibration, as this will seriously interfere with the data acquisition procedure. 303 
 304 
5.4. Bring the rats to the behavioral test room and acclimate them in their own home cage for 305 
at least 30 min before the test. 306 
 307 
NOTE: Whenever handling the animals, wear personal protective equipment such as a surgical 308 



 

gown or lab coat, gloves, and a mask. 309 
 310 
6. Performing automated gait analysis 311 
 312 
6.1. Training sessions 313 
 314 
NOTE: During training, animals will undergo a learning curve, so it is recommended to adjust the 315 
training schedule gradually. Use food rewards (e.g., 1–2 pieces of breakfast cereal) to reward the 316 
animals after successful completion of each training session. 317 
 318 
6.1.1 On the first day of training, gently lift the animal by holding it underneath its trunk and 319 
gently carry it to the walkway entrance. 320 
 321 
6.1.2 Place the animal in the entrance area and let it explore the opening of the corridor without 322 
any interference from the person carrying out the testing procedure. 323 
  324 
NOTE: Do not scream, whistle, blow at or poke the animal in an attempt to motivate it to cross 325 
the walkway. All such behavior will severely stress the animal and further complicate the data 326 
acquisition procedure. 327 
 328 
6.1.3 Wait until the animal voluntarily crosses the walkway to reach its home cage. Sometimes, 329 
especially in untrained animals, this can take up to several minutes. On the first training day, the 330 
animal is neither expected nor required to make uninterrupted runs with uniform walking speed. 331 
Instead it should acclimate itself with the testing apparatus and procedure. 332 
 333 
6.1.4 On the second day of training, accustom animals to enter the walkway without hesitation 334 
and, also to return to their home cage without hesitation. Some animals will probably already 335 
have learned to cross the walkway without interruptions, but this is still not required at the end 336 
of the second day. 337 
 338 
6.1.5 On the third day of training, ensure animals learn to cross the walkway without hesitation, 339 
sniffing, or otherwise explorative movements. Ensure they walk with uniform speed. 340 
 341 
6.1.6 On the fourth and fifth day of training, repeat the previous exercise to consolidate the 342 
testing procedure. 343 
 344 
NOTE: In case an animal does not acquire the necessary skill to cross the walkway properly by 345 
the end of the 5-day training period, add 2 additional days of training (e.g., the weekend). Also, 346 
consider performing up to 3 training sessions a day, separated by at least 2 h of resting between 347 
individual session. In 95% of the cases, the animal will have acquired the required training 348 
experience by the end of this extended training period. In the rare case an animal has still not 349 
acquired this skill after 7 days of training, it is recommended to postpone the planned 350 
experimental surgery session for at least 1 week and to repeat the aforementioned training 351 
regime. 352 



 

 353 
7. Data acquisition 354 
 355 
NOTE: The gait analysis system visualizes each paw print while the animal is walking and 356 
automatically analyzes various gait parameters such as Paw Print Area, Paw Print Intensity, Paw 357 
Swing Time, and Paw Swing Speed (Table 1). As the gait analysis system records all data based 358 
on the intensity generated by the animals’ paw prints, make sure the camera settings are 359 
adjusted according to the rats’ weight and size. Additionally, make sure the walkway is dry and 360 
clean prior to data recording to prevent any influence on data acquisition. 361 
 362 
7.2.1 Before acquisition of any data, clean the walkway using commercial glass cleaner and a 363 
squeegee. Spray the glass plate several times and then wipe it with the squeegee to remove any 364 
particles from its surface. Also, clean the underneath. Make sure to remove any fluid from the 365 
ends of the walkway since the animals could otherwise step on it, which would affect the 366 
recorded data. 367 
 368 
7.2.2. Repeat the cleaning procedure whenever necessary, e.g., contamination of the walkway 369 
and before recording of data of a rat from a different cage. This is thought to prevent the animal 370 
from being distracted by their conspecifics’ scent. 371 
 372 
7.2.3. Prior to the very first data acquisition, adjust the camera settings fitting the animals’ 373 
weight. Confirm this by putting the lightest and heaviest animal on the walkway and choose a 374 
camera setting that enables good data quality in both cases. Adjust the Camera Gain, Red Ceiling 375 
Light, Green Walkway Light, and Green Intensity Threshold (GIT) to ensure optimal paw print 376 
detection. 377 
 378 
NOTE: Do not change the chosen settings after data acquisition has begun as this will hinder 379 
comparability of the acquired data. As an exception, the GIT can be changed during data 380 
classification, but this must be done for all trials uniformly. 381 
 382 
7.2.4. Define and calibrate the walkway using the provided calibration sheet. 383 
 384 
7.2.5. Choose a registered camera listed in the Setup tab. 385 
 386 
7.2.6. Click on the Open Acquisition button which can be found in the Acquire tab. 387 
 388 
7.2.7. Take a snapshot of the empty, cleaned walkway, which will be used as a reference 389 
throughout the following data acquisition procedure. 390 
 391 
7.2.8. Note the status changing from Waiting for Snapshot to Ready for Acquisition. 392 
 393 
7.2.9. Click on the Start Acquisition button and notice the status change from Ready for 394 
Acquisition to Waiting for Run to Start. 395 
 396 



 

7.2.10. Place a rat on the walkway and follow the animal’s movement on the computer screen. 397 
Note the status change from Waiting for Run to Start to Recording Run. 398 
 399 
NOTE: The software will automatically classify runs it deems compliant according to preset run 400 
characteristics with a green symbol, while non-compliant runs will be marked with a red symbol. 401 
The software automatically stops data acquisition when three compliant runs were recorded, but 402 
data acquisition can be continued by clicking on the Start Acquisition button again. 403 
 404 
8. Data classification 405 
 406 
NOTE: Refer to Table 1 for a list of CW outcome parameters. At least three compliant runs are 407 
needed in which the animal must cross the walkway steadily without hesitation27. Additionally, 408 
running speeds should match within the same categories as defined in the literature30. 409 
 410 
8.1. Click on the Classify button in the Experimental Explorer tab of the respective trials that are 411 
to be classified. 412 
 413 
8.2. Play the acquired run with normal speed to get an impression whether the data conforms to 414 
the requirements listed before. 415 
 416 
8.3. In the left-upper corner, click on the Auto Classify button for automatic classification of paw 417 
prints by the software. 418 
 419 
NOTE: Although the software has a high rate of correct paw classification, it sometimes fails to 420 
assign a paw to the prints or assigns the wrong paw. Therefore, always double check the auto-421 
classified paw prints afterwards. 422 
 423 
8.4. For correct calculation of Normal Step Sequence Patterns (NSSPs), make sure that the 424 
classifying algorithm is not confused by non-visible paw prints, leading to flawed NSSP (Figure 425 
1A). Therefore, only include the paw prints that are detectable while the contralateral paw is also 426 
visible for NSSP calculations, e.g., the left front paw (LF) and the right hind paw (RH) (Figure 1B). 427 
 428 
[Place Figure 1 here] 429 
 430 
9. Calculating statistics 431 
 432 
NOTE: To adjust run data for weight gain related changes over time, it is strongly recommended 433 
to calculate a ratio of the experimental paw with a non-experimental (e.g., control) paw. 434 
Additionally, calculate the ratio to preoperative values of this paw-to-paw comparison for 435 
consideration of individual differences in paw use. 436 
  437 
9.1. Click on the View Run Statistics button to get a comprehensive overview on the run statistics. 438 
 439 
9.2. Select File and Export to either export run statistics or trial statistics into a spreadsheet 440 



 

software. 441 
 442 
REPRESENTATIVE RESULTS: 443 
12 rats underwent experimental peripheral nerve surgery. Sciatic nerve resection (Figure 2A) was 444 
performed in 7 rats, while femoral nerve neurotmesis (Figure 2B) was induced in 5 rats. In all 445 
animals, the nerve defect was reconstructed by means of an autologous nerve graft. Spinal cord 446 
contusion injury (Figure 2C) at level Th11 was induced in 6 rats, resulting in a total of 18 rats. 447 
 448 
[Place Figure 2 here] 449 
 450 
All animals recovered well from surgery and no cases of self-mutilation occurred. One animal of 451 
the sciatic nerve injury group developed strong contractures of the right hind paw during the 452 
course of the postoperative observation period and had to be excluded from further data 453 
analysis. 454 
 455 
Sciatic nerve neurotmesis 456 
Since the sciatic nerve provides muscular and sensory innervation to the majority of the hindlimb, 457 
its resection results in a severe impairment of locomotor function. Following injury, rats use the 458 
heel of the paw for weight support only (Figure 3B–E) and the limb is moved in a sweeping 459 
circumductory movement. Therefore, locomotor changes assessed via CW become apparent by 460 
means of a significantly reduced Print Area (Figure 4A) and significantly increased Swing Time 461 
(Figure 4B). Both parameters were still significantly altered in comparison to Pre-OP 462 
measurements as at the end of the observation period. Noteworthy, one animal developed 463 
strong contractures of the right hind paw starting at postoperative week (WPO) 10. This resulted 464 
in an increase of the Print Area of the right hind paw to more than 150% in comparison to the 465 
left paw at WPO12 (Figure 5). As this was an extremum in comparison to all other animals 466 
assessed in this study, we excluded this animal from data analysis in regard to Print Area. 467 
 468 
[Place Figure 3 here] 469 
[Place Figure 4 here] 470 
[Place Figure 5 here] 471 
 472 
Femoral nerve neurotmesis 473 
Femoral nerve resection results in denervation of the quadriceps muscle of the thigh33,34. In 474 
consequence, knee extension is impaired, resulting in hyperflexion of the ankle joint with 475 
consecutive lifting of the paw’s heel. Therefore, the respective paw’s Print Area (Figure 6B), is 476 
strongly reduced after surgery. Print Area of the left hind paw is increased due to a compensatory 477 
shifting of weight to the left. This should be kept in mind, as this phenomenon directly influences 478 
the calculated ratio between the “experimental” and “control” paw. Starting from WPO4 479 
reinnervation of the quadriceps by the regenerating femoral nerve leads to reversal of these 480 
changes resulting in increased Paw Print Area of the right hind paw (Figure 7A). As the quadriceps 481 
muscle of the thigh also plays a role in the swing phase of the respective paw, Swing Time (Figure 482 
7B) is greatly prolonged in rats with femoral nerve injury. Mirroring the return of Print Area, 483 
Swing Time decreases as the regenerating femoral nerve reaches the quadriceps muscle of the 484 



 

thigh. At WPO10, both parameters of gait returned to baseline, signaling full functional recovery. 485 
 486 
[Place Figure 6 here] 487 
[Place Figure 7 here] 488 
 489 
Spinal cord contusion 490 
Gait analysis revealed markedly altered paw prints after thoracic spinal cord contusion injury 491 
(Figure 8), most noteworthy a decrement in Print Area and a marked internal rotation of the hind 492 
paws at WPO2 (Figure 8B). Noteworthy, the paw rotation is also implemented as an assessable 493 
feature in the BBB, underscoring the applicability of computerized gait analysis to evaluate 494 
changes of gait which were originally evaluated with Open Field testing. Regarding the course of 495 
the individual gait parameters, spinal cord contusion at the Th11 level resulted in a decrease of 496 
the Print Area Ratio (Figure 9A) and increment of Swing Time Ratio (Figure 9B). Both the 497 
parameters trended toward baseline levels during the further course of the observation period, 498 
but there were no statistically significant changes observable. The coordination-related 499 
parameter Regularity Index (Figure 9C) also decreased at WPO2, but the degree varied greatly 500 
between animals. It also trended toward preoperative values until WPO16. Base of Support of 501 
the hind paws (Figure 9D), a general parameter of gait according to Deumens, showed a marked 502 
increase, which was statistically significant from WPO10 until WPO14. It trended toward baseline 503 
levels at WPO16 and was no longer significantly altered from the Pre-OP value at this time point. 504 
 505 
[Place Figure 8 here] 506 
[Place Figure 9 here] 507 
 508 
FIGURE AND TABLE LEGENDS: 509 
 510 
Figure 1: Exemplary CW data, demonstrating the need for manual double checking of correct 511 
data classifications. In case a detected placement of a front paw is succeeded by the detected 512 
placement of another front paw (A) the CW software might confuse this with an uncoordinated 513 
walking pattern since no hind paws have been detected. Therefore, it is recommended to always 514 
double check and select an initial paw print, which is detected when the contralateral paw is also 515 
visible (B). 516 
 517 
Figure 2: Operative sites after nerve reconstruction.  Nerve reconstruction with autografts in the 518 
sciatic nerve (A) and femoral nerve (B) as well as after spinal cord contusion injury (C). 519 
 520 
Figure 3: Representative paw prints prior to and following critical size resection of the right 521 
sciatic nerve and autograft repair. Note the strong decrease in Print Area following nerve injury 522 
(B) as compared to preoperatively (A). Despite a slight increment in Print Area during the course 523 
of the observation period (C–E) the paw prints of the right hind limb remained notably changed 524 
from baseline recordings. 525 
 526 
Figure 4: The course of functional recovery after critical size resection and autograft repair of 527 
the sciatic nerve. Print Area Ratio (A) and Swing Time Ratio (B) were statistically changed 528 



 

significantly from Pre-OP values immediately after sciatic nerve resection. While Print Area 529 
remained significantly decreased compared to baseline until WPO10, Swing Time was still 530 
significantly increased to Pre-OP values at WPO12. *: p < 0.05 as compared to Pre-OP, **: p < 531 
0.01 as compared to Pre-OP. Error bars indicate mean ± standard error of the mean (SEM). 532 
 533 
Figure 5: Boxplot of the course of Print Area following sciatic nerve injury. Note the extremum 534 
(red ellipse) at WPO12, which is explained by the fact that one animal developed strong 535 
contractures of the right hind paw starting from WPO10. The animal was therefore excluded from 536 
the statistical analysis displayed in Figure 4. 537 
 538 
Figure 6: Representative paw prints. Representative paw prints prior to (A) and following (B–E) 539 
right femoral nerve resection and autograft repair. Print Area of RH decreased strongly at WPO2 540 
(B), while an increase in Print Area of the left hind paw (LH) due to increased weight load became 541 
visible. RH Print Area started to increase starting from WPO6 (C) accompanied by a decrease in 542 
Print Area of LH. At WPO8 (D) and WPO10 (E) Print Area of RH recovered back close to 543 
preoperative levels.(Heinzel et al.22, licensed under CC BY 4.0.) 544 
 545 
Figure 7: The course of functional recovery after 7-mm resection and autograft repair of the 546 
femoral nerve The course of Print Area Ratio (A) and Swing Time Ratio (B) revealed a strong 547 
change immediately after femoral nerve resection, but values recovered back to preoperative 548 
values at WPO8. #: p < 0.05. Error bars indicate mean ± SEM. Adapted with permission from 549 
Heinzel et al.22, licensed under CC BY 4.0.) 550 
 551 
Figure 8: Representative paw prints of the two hind paws. Paw prints preoperatively (A) and 552 
following thoracic spinal cord contusion injury (B–F). Note the reduction in print area starting 553 
from WPO2 (B) accompanied by a notable internal rotation of the paws. During the course of the 554 
observation period (C–F) an increment of the Print Area is observable as well as clearance of the 555 
internal rotation. 556 
 557 
Figure 9: Spinal cord contusion at the Th 11 level. Spinal cord contusion at Th 11 resulted in 558 
observable alterations of Print Area Ratio (A) and Swing Time (B) and the Regularity Index (C), 559 
but these changes were not statistically significant. Following injury, Base of Support of the hind 560 
paws showed a marked increase compared to baseline, what was statistically significant at 561 
WPO10 until WPO14. *: p < 0.05 as compared to Pre-OP. Error bars indicate mean ± SEM. 562 
 563 
Table 1: Parameters of gait assessable with the automated gait analysis. The categories in which 564 
the parameters are classified are chosen according to Deumens et al.1. 565 
 566 
Supplementary File 1: Troubleshooting details.  567 
 568 
DISCUSSION: 569 
Assessment of functional recovery in animal models of PNI and SCI remains challenging due to 570 
the great variety of evaluation methods, each with individual advantages and disadvantages. 571 
Only few approaches have been tested and validated in multiple models of peripheral and central 572 



 

nervous injuries, although promising new techniques which combine motion tracking and 573 
machine learning might potentially propel neurobehavioral research to the next level of 574 
functional testing. We are convinced that cutting-edge methods broadly applicable to a wide 575 
variety of animal and injury models will soon emerge. In the light of these considerations, one of 576 
the advantages of AGA is the possibility to evaluate functional recovery in multiple models of 577 
nerve injury using only one device. Since the early 2000s this approach has been used in 578 
experimental models of PNI such as the sciatic37, peroneal38, and femoral nerve injury model22 as 579 
well as after root avulsion of both the lumbar39 and the brachial plexus40. Various central nervous 580 
injuries including spinal cord contusion injury have also been studied with the method 41,42. With 581 
this paper, we presented a detailed protocol on how to induce three commonly studied nerve 582 
injuries as well as how to evaluate functional recovery afterwards. In our opinion, a hands-on-583 
guideline for researchers interested in the area of experimental nerve injury, repair, and 584 
regeneration on how to make optimum use of the method’s advantageous features would be of 585 
great help. 586 
 587 
Several authors have addressed the potential of AGA to evaluate functional recovery in rodents, 588 
highlighting the method’s advantage to simultaneously assess gait parameters related to motor 589 
and sensory reinnervation27,28. Additionally, comparison of data from an experimental paw, e.g., 590 
reconstructed nerve injury to an unoperated paw as was shown in both of the models presented 591 
allows inclusion of an intra-animal positive control. Inversely, an operated paw without surgical 592 
reconstruction or additional treatment could serve as an intra-animal negative control. It was 593 
also shown that it is possible to combine AGA with machine learning approaches43. In spite of the 594 
method’s advantages, it also has several limitations and drawbacks, such as the time-consuming 595 
training efforts, which are mandatory to accustom the animal to the acquisition procedure28,44. 596 
Another limitation of AGA is the maximum size of the animals eligible for testing due to the 597 
limited dimensions of the apparatus. Therefore, the use of AGA is currently limited to animals 598 
the size of rodents and ferrets45. Additionally, recently emerging neurobehavioral assessment 599 
approaches in the field of motion tracking capable of machine-learning may surpass AGA in both 600 
comprehensiveness as well as possible applications18,19,46. Most noteworthy, but in accordance 601 
with other evaluation methods, it seems that functional recovery as assessed by AGA is strongly 602 
limited—if even occurring—in models of sciatic nerve neurotmesis47,48. On the other hand, AGA 603 
allows for comprehensive evaluation of the course of functional recovery following femoral nerve 604 
neurotmesis as shown by our data. With this work, we demonstrated that Paw Print Area is a 605 
representative gait parameter assessable via AGA, which is exemplary for the course of functional 606 
recovery in the two aforementioned peripheral nerve injury models presented by us. While 607 
functional recovery ad integrum was observable after autograft repair of the femoral nerve, AGA 608 
parameters were still significantly changed from baseline at the end of the observation period 609 
following autograft repair of the sciatic nerve. It is noteworthy in this context that limb 610 
contractures are a common phenomenon in rats with sciatic nerve injury and caution is necessary 611 
not to confuse these signs of muscular imbalance and paralysis with the proceeding functional 612 
recovery32. This on the one hand underlines the AGA method’s inability to detect significant 613 
functional recovery following neurotmesis injury in this model. On the other hand, it raises the 614 
question whether it is feasible to evaluate the sciatic nerve injury model of the rat, which is still 615 
the most commonly used experimental nerve repair model, by means of gait analysis in general 616 



 

in case the nerve injury is more severe than axonotmesis48. Troubleshooting details are provided 617 
in Supplementary File 1. 618 
 619 
We also provided exemplary data on use of the method to evaluate locomotor function in rats 620 
with Spinal Cord Injury, which is possible without any required changes of the hardware setup or 621 
acquisition procedure. The same principle applies to other rodent models of central nervous 622 
injury (CNI)26,49,50 and root avulsion injury. In contrast to isolated PNIs, injuries of the spinal cord 623 
are far more complex in their pathophysiological consequences, as a multitude of highly 624 
important structures are damaged, involving efferent pathways such as the corticospinal and 625 
rubrospinal tracts and afferent pathways such as the dorsal columns and spinothalamic tracts35. 626 
The challenge to adequately assess these pathological changes is reflected in the comprehensive 627 
armamentarium of behavioral tests, such as the Basso, Beattie, and Bresnahan (BBB) score36. The 628 
gait parameter Base of Support has been reported to increase following central nervous injuries, 629 
most probably to account for a resulting instable gait. Base of Support was significantly changed 630 
from baseline from WPO10 until WPO14 in our model, supporting our presumption that this 631 
parameter allows assessment of the course of functional recovery by AGA following thoracic 632 
spinal cord contusion injury. 633 
 634 
We are convinced that AGA is a feasible tool to evaluate functional recovery in rodents with 635 
injuries of the nervous system. Nevertheless, we advise to reflect the observed changes of gait 636 
carefully and thoroughly in each respective experimental setup. Alterations in gait parameters, 637 
e.g., an increase in Print Area following an immediate postoperative decrement or a decrease in 638 
Swing Time proceeding an immediate postoperative elevation of this parameter, over the course 639 
of the observation period do not inevitably relate to functional recovery. Instead these changes 640 
can also be related to a possible functional adaption to maintain an inconspicuous gait, given that 641 
rats are a prey species and try to avoid showing pain or disability to potential predators51. It is, 642 
therefore, recommended to use automated gait analysis as a complementary tool to relate 643 
changes of gait to other outcome measures of peripheral nerve injury and regeneration21. As 644 
mentioned previously, we also believe that it should be carefully reflected if rodents with sciatic 645 
nerve neurotmesis should be investigated by means of AGA as our finding strongly indicates that 646 
functional recovery is severely limited in this case. 647 
 648 
As shown in our work, AGA’s main asset is the possibility to study both motor and sensory 649 
reinnervation in a multitude of experimental PNI models as well as CNI while requiring only one 650 
setup. Therefore, the method is, in our opinion, a highly valuable tool for comprehensive 651 
neurobehavioral testing. One of AGA’s assets, which is the possibility to study motor and sensory 652 
reinnervation in various animal models of PNI and CNI while requiring only one setup, is in our 653 
opinion the method’s main advantage in comparison to other evaluation methods to study 654 
functional recovery, such as walking track analysis52, Von Frey testing53, or gait kinematics16. The 655 
potential to simultaneously evaluate changes of gait which do either correlate with results of 656 
electrophysiological investigations of reinnervated muscle22 or evaluation methods for sensory 657 
function54 is promising in regard to future applications of the method. We therefore recommend 658 
using AGA to investigate functional recovery in rodent models of forelimb PNI, such as the ulnar, 659 
radial, or median nerve, or experimental nerve transfer models55, which remain unstudied with 660 



 

this method yet. 661 
 662 
We hereby provide a detailed protocol on how to use automated gait analysis to study functional 663 
recovery in three rodent models of nerve injury. While the method requires careful consideration 664 
of various key aspects such as adequate training and meticulous hard- and software calibration, 665 
it is a feasible and valuable complementary tool to evaluate nerve regeneration in rodent models 666 
of central and peripheral nerve injury. 667 
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Category Parameter

Print Area (distance unit)

Print Length (distance unit)

Base of Support (BoS) (distance unit)

Stride Length (distance unit)

Swing Time (s)

Stand Time (s)

Mean Paw Print Intensity (arbitrary unit)

Normal Step Sequence Patterns (NSSP)

Phase Dispersions (%)

Regularity Index (RI) (%)

General parameters of 

gait

Pain-related 

parameters of gait

Coordination-related 

parameters of gait
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Description

Area of the paw print 

Length of the paw print 

Distance between the two hind-or front paws

Distance between two consecutive placements of a paw

Duration of the swing phase

Duration of the stance phase

Mean iIntensity of the paw print during the stance phase

Specific sequences of paw placements during a step cycle

Temporal differences between the step cycles of two specific paws
Quantification of interlimb coordination by dividing the amount of 

flawless NSSP times 4 by the overall number of paw placement during 

one step cycle



Name of Material/ Equipment Company Catalog Number Comments/Description

0.9% Saline B. Braun Austria 3570410 Vehicle for drug delivery

1 ml syringe B. Braun Austria 9161708V Injecting device

10 ml syringe B. Braun Austria 4606728 V Injecting device

1-Propanol, 2-Propanol, Hexetidin Gebro Pharma N/A Alcoholic skin disinfection

23-gauge (G) canula B. Braun Austria 4657667 Canula for s.c. injection 

26-gauge (G) canula B. Braun Austria 4657683 Canula for s.c. injection 

5 ml syringe B. Braun Austria 4606710 V Injecting device

Buprenorphine hydrochloride Sigma B9275 Analgetic agent 

Burrs for Micro Drill F.S.T 19007-29 Drilling of a hole inside the lamina

Caprofen Zoetis Austria N/A Analgetic agent 
Catwalk Automated gait analysis 

system
Noldus N/A Automatic analysis software of animal gait

Cauterizer Kit F.S.T 18010-00 Cauterization of vessels during surgery

Enrofloxacin Bayer Austria N/A Antibiotic 

Ethilon (10-0) ETHICON 2810G Suture material for neurrorhaphy

Ethilon (11-0) ETHICON EH7465G Suture material for neurrorhaphy

Eye ointment Fresenius Kabi Austria 4302436 Eye protection during anesthesia

Friedman-Pearson Rongeurs F.S.T 16221-14 Surgical instrument

Gabapentin
Wedgewood Pharmacy N/A Analgetic agent 

Goldstein retractor F.S.T 17003-03 Retraction of tissues during surgery

Hair trimmer Aescular N/A
Hair trimmer for shaving of the operation site 

prior to surgery 

Heating Pad for rodents
ALA Scientific 

Instruments
N/A Regulation of body temperature

Impactor 
Precision Systems and 

Instrumentation
N/A Induction of spinal cord contusion

Lewis rat (♂) Janvier N/A Experimental animal

Magnetic Fixator Retraction System F.S.T 18200-50 Retraction of tissues during surgery

Metzenbaum Baby Scissors F.S.T 14019-13 Surgical instrument 
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Micro Drill 
Word Precision 

Instruments
503599 Instrument for bone drilling 

Micro Needle holder F.S.T 12076-12 Surgical instrument

Micro-scissors (curved) F.S.T 15023-10 Surgical instrument

Micro-scissors (straight) F.S.T 15007-08 Surgical instrument

Mirror Finish Forceps F.S.T 11251-23 Surgical instrument

Needle holder F.S.T 12002-12 Surgical instrument

Operating microscope Leica M651 MSD Magnification of the operative site 

Povidone Iod B. Braun Melsungen N/A Non-alcoholic skin disinfectant

Pulse Oximeter STARR Life Sciences N/A
Surveillance of heart rate and oxygen 

saturation 

Rodent thermometer BIOSEB BIO-TK8851 Surveillance of body temperature 

Scalpel blade F.S.T 10010-00 (#10) Surgical instrument to make an incision

Scalpel handle F.S.T 10003-12 (#3) Surgical instrument to make an incision

Sevoflurane Inhalation Vapour, Liquid 

(100%)
Baxter HDG9117A Anesthetic 

Spatula & Probe F.S.T 10090-13 Surgical instrument

Sprague Dawley rat (♂) Janvier N/A Experimental animal

Sterila gauze 5x5cm EVAC MEDICAL E010.03.00215 Sterile gauze compress

Tissue Forceps F.S.T 11021-12 Surgical instrument

Vicryl (4-0) ETHICON V3040H Suture material for subcutaneous sutures

Vicryl (5-0) ETHICON V303H Suture material for subcutaneous sutures

Vicryl cutting needle (4-0) ETHICON V392ZH Suture material for skin sutures

Vicryl cutting needle (5-0) ETHICON V391H Suture material for skin sutures



Dear editor and reviewers, 

 

we want to thank you very much for your comments and criticisms. We are 

completely convinced that amending our manuscript according to your 

suggestions has greatly improved its quality. 

Pleas find our answers to your comments, remarks and suggestions attached. 

Please note that all page and line references refer to the “clean” version 

of the revised manuscript.  

Thank you very much!  

 

Response to the editorial comments: 

 

Dear Editor, thank you very much for your constructive criticism and 

annotations. We completely agree with all points raised by you and have 

amended the manuscript according to your suggestions. 

 

1. Please take this opportunity to thoroughly proofread the manuscript to 

ensure that there are no spelling or grammar issues. 

Thank you very much for addressing this. We have thoroughly proofread the 

manuscript to identify and correct all potential spelling and/or grammar 

mistakes.  

 

2. Please incorporate the abbreviations into the manuscript text instead of 

a discrete section. 

Thank you very much for your comment. We have amended the manuscript 

accordingly.  

 

3. Please number the references in order of appearance. Please cite 

reference 1 before references 2-4. 

We would like to thank you for your comment and apologize for this mistake 

of ours. We have now amended the manuscript accordingly.  

 

4. Please present the 7 principles of Halsted in the imperative tense as 

these are surgical guidelines. 

Thank you very much for your comment. We have amended the manuscript 

accordingly (lines 166-188).  

 

5. Step 3.1.1: Please specify all surgical tools used throughout. 

Thank you for your remark. Please excuse this mistake of ours, we have now 

amended the manuscript accordingly (lines 190-248) and in this regard also 

added five additional items and surgical tools to the list of materials 

(lines 7+8 of the respective list: „Micro drill” and “Burrs for Micro 

drill”; lines 30 + 31 of the respective list: “Goldstein retractor” and 

“Metzenbaum Baby Scissors” and line 47: “sterile gauze 5x5cm”).  

 

6. 4.1: Is any reward system used in the training? 

Thank you for addressing this point, which we have clearly failed to 

address appropriately. Indeed, rats were rewarded with food when they 

completed a training session. We have now specified the respective section 

in the manuscript (lines 318-320) 

 

 

Response to reviewer #1: 

 

Manuscript Summary: 

this manuscript describes the procedure for performing computerized 

automated gait analysis to assess functional recovery in different animal 

models of peripheral nerve injury as well as spinal cord contusion injury. 

It is concise, well-written and places a good deal of focus on proper 

procedures for data collection and analysis. 

Dear reviewer, thank you very much for your positive comments and 

constructive feedback regarding our manuscript.  

 

Rebuttal Letter Click here to access/download;Rebuttal
Letter;Response_to_the_reviewers.docx

https://www.editorialmanager.com/jove/download.aspx?id=1245673&guid=f592f007-1f60-45a7-8c35-450866fdf3a6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1245673&guid=f592f007-1f60-45a7-8c35-450866fdf3a6&scheme=1


Major Concerns: 

1. there are no suggestions/recommendations regarding non-cooperative 

animals. Please add recommended procedures to be followed (additional 

training, exclusion from testing) in case animals do not learn to run the 

length of the chamber during the training phase. 

Thank you very much for this highly appreciated comment of yours. You 

addressed a very important question and we have amended the manuscript 

according to your suggestions. We have tried to address the problem of 

animals which have not properly learned how to cross the walkway at the end 

of the training period in the “Troubleshooting” section of the original 

manuscript (lines 647 – 679), but we clearly understand the need to address 

this in more detail. We have therefore added additional recommendations to 

the manuscript (lines 347-354).  

 

2. Addition of SOPs for 'optimal surgery recovery prior to testing' should 

be added. During their own example data collection, authors mention some 

animals experienced side-effects/recovery issues. Please ensure to list or 

name potential adverse surgery outcomes that may impede data collection. 

Thank you for this highly appreciated remark. We have amended the 

manuscript accordingly (lines 261-282). In this context we also added the 

drug Gabapentin to the list of materials (line 26 of the list of materials) 

 

Response to reviewer #2: 

 

The broad range of studies utilizing the Catwalk device to assess locomotor 

function in the context of peripheral nerves underline its comprehensive 

capability to monitor functional recovery. This work illustrated the use of 

computerized automated gait analysis to assess functional recovery in 

different animal models of peripheral nerve injury as well as spinal cord 

contusion injury, with a detailed and hands-on guideline to assesses 

locomotor function in such models. 

Dear Reviewer, we would like to thank you very much for your positive 

feedback. 

 

Response to reviewer #3: 

 

Manuscript Summary: 

The study proposes to describe a method of gait analysis in cases of 

experimental nerve damage. The authors used a robust methodology to 

describe peripheral nerve injuries and spinal cord contusions, therefore a 

automated gait analysis. 

Dear reviewer, thank you very much four your comment. 

 

Major Concerns: 

No major concerns. 

 

Minor Concerns: 

1. Lines 442 to 445, Lines 466 to 471: These sentences are more suitable 

for discussion than results. 

Thank you very much for your comment and valid point. We completely agree 

with your suggestion and  have therefore moved the respective sentences to 

the discussion part (now moved to lines 592-594 and lines 603-609 

,respectively).  

 

2. It would be interesting for the authors to include a Limitations 

paragraph on discussion. The analysis of temporospatial parameters, such as 

paw print area, or swing time, may vary according to the injury recovery 

adaptation . An improvement of these parameters does not necessarily 

reflect in the nervous recovery, but a possible functional adaptation for 

gait maintenance. 

We would like to express our gratitude towards you for addressing this 

point. We have amended the respective passage of the manuscript according 

to your suggestions. (lines 614-627) 



 

3. The authors could discuss or better present in the methodology which 

type of automated analysis the software used. Apparently the software uses 

pattern recognition and neural networks, but this was not clear in the 

text. The authors could talk a little more about the method. 

Thank you very much for this remark. We completely agree with suggestion. 

Although the software uses neither pattern recognition nor also neural 

networks (not yet included), we failed to specify the underlying 

methodology. We apologize for not providing these details in the first 

place.  We have now amended the respective passage of the manuscript 

accordingly to provide more information on the methodology as requested by 

you (lines 286 – 291) 

 

4. The conclusions seem more like an extension of the discussion and should 

be removed to the discussion section. The conclusion should be reported 

according to the objectives of the study, it should be simple and direct. 

Thank you very much for your comment. We completely agree with your 

criticism and have therefore edited the conclusion according to your 

suggestions (lines 641-646) 



 
Troubleshooting 
1) The animal is reluctant to enter the walkway and sits in front of the entrance, sniffing or 
exploring the surrounding environment with its whiskers. 
Move out of the animal’s field of vision, or if this is impossible due to space restriction, move as 
far away from the animal as possible. Also avoid any distracting or intimidating auditory stimuli 
or rapid movements. Some animals require several minutes to calm down and acclimate to the 
new surroundings before they eventually enter the walkway. 
2) The animal is reluctant to cross the walkway without hesitation or stops and turns during data 
acquisition. 
Return the animal to its homecage and let it rest for at least 10 min. If it is still reluctant to cross 
the walkway afterwards, it is often more purposeful to postpone the data acquisition procedure 
to the following day. It is also recommended to commence an additional training period of 3–5 
days to increase the animal’s compliance with the procedure. 
3) The recorded paw prints are blurred, or their intensity is unusually high. 
Double check whether on the one hand the walkway is dry and properly cleaned as well as on 
the other hand whether the animal’s paws are dry and not contaminated by its urine or other 
liquids. 
4) The recorded paw prints are only partially visible. 
Readjust the camera settings. Move the camera closer to the walkway to increase the resolution. 
Focus the camera using the calibration sheet provided with the AGA device. 
 
NOTE: Adjustment of camera settings should never be performed during the course of an ongoing 
experiment as this will result in impaired comparability of data recorded prior to and after these 
adjustments. Always make sure to adjust the camera properly before commencing a new 
experiment. In case the camera is manipulated during the course of the experiment correct this 
and always make a note to report this in the published work. 
 
5) The animal is reluctant to leave the walkway and enter its homecage. 
Move out of the animal’s field of vision or at least as far away as possible as some animals might 
get intimated by the experimenter lunging at them to return them to their homecage. Other 
animals might tolerate the experimenter well but are afraid to enter their homecage. This animal 
can be trained to do so by offering them to enter the tube used as cage enrichment. The animals 
can then be transferred inside their homecage via the tube. 
 
NOTE: Make sure to maintain a firm grip on the tube when the rodent enters it, as any shaking 
might discourage the animals to remain inside the tube. 
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