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SUMMARY:  25 
We describe a novel gait analysis system, Paw-Print Analysis of Contrast-Enhanced Recordings 26 
(PrAnCER), an open-access automated system for the quantification of gait characteristics in rats 27 
that utilizes a novel semitransparent floor to automatically quantify gait. This system was 28 
validated using the haloperidol model of Parkinson’s Disease.  29 
 30 
ABSTRACT: 31 
Gait analysis is used to quantify changes in motor function in many rodent models of disease. 32 
Despite the importance of assessing gait and motor function in many areas of research, the 33 
available commercial options have several limitations such as high cost and lack of accessible, 34 
open code. To address these issues, we developed PrAnCER, Paw-Print Analysis of Contrast-35 
Enhanced Recordings, for automated quantification of gait. The contrast-enhanced recordings 36 
are produced by using a translucent floor that obscures objects not in contact with the surface, 37 
effectively isolating the rat’s paw prints as it walks. Using these videos, our simple software 38 
program reliably measures a variety of spatiotemporal gait parameters. To demonstrate that 39 
PrAnCER can accurately detect changes in motor function, we employed a haloperidol model of 40 
Parkinson’s disease (PD). We tested rats at two doses of haloperidol: high dose (0.30 mg/kg) and 41 
low dose (0.15 mg/kg). Haloperidol significantly increased stance duration and hind paw contact 42 
area in the low dose condition, as might be expected in a PD model. In the high dose condition, 43 
we found a similar increase in contact area but also an unexpected increase in stride length. With 44 
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further research, we found that this increased stride length is consistent with the bracing-escape 45 
phenomenon commonly observed at higher doses of haloperidol. Thus, PrAnCER was able to 46 
detect both expected and unexpected changes in rodent gait patterns. Additionally, we 47 
confirmed that PrAnCER is consistent and accurate when compared with manual scoring of gait 48 
parameters. 49 
 50 
INTRODUCTION:  51 
Rodents are commonly used as models to study a wide range of diseases and injuries including 52 
arthritis1, Parkinson’s Disease (PD)2,3, neuromuscular disorders4,5, hydrocephalus6, and spinal 53 
cord injury7. In these conditions, symptoms such as pain, balance, and motor function can be 54 
measured by studying the animals’ gait patterns. These patterns are quantified using a set of 55 
spatiotemporal gait parameters that summarize the location and timing of paw prints as well as 56 
the area of paw contact on the ground.  57 
 58 
Although many options for gait analysis exist, current systems have several drawbacks. In 59 
traditional ink and paper testing, an animal’s paws are coated with ink before it walks across a 60 
sheet of white paper (Figure 1A). The resulting paw prints can then be measured for stride length 61 
and stance width, but key temporal gait parameters such as speed or step duration cannot be 62 
assessed. Modern video-based systems are more reliable, but video analysis requires laborious 63 
frame-by-frame scoring unless a suitable automated system is used8. There are many commercial 64 
automated scoring systems currently available, but these systems can be prohibitively expensive. 65 
Additionally, these systems rely on clear flooring or in some cases, treadmills, both of which alter 66 
natural movement. Treadmills have been shown to mask motor deficits in some disease models9, 67 
while clear flooring (Figure 1B) causes mice to spend more time on the perimeter of an open 68 
field, indicating increased anxiety10. Ideally, a gait analysis apparatus would not rely on either, 69 
producing the most natural movement patterns with the least stress to the animal. 70 
 71 
Available open-source and commercial options use a variety of methods to overcome the 72 
difficulty of isolating a footprint from the animal’s body despite variable lighting conditions, 73 
animal color, and print shapes. Some enhance the contrast of contacting paws using surfaces that 74 
release light in response to pressure7,11,12, but these are expensive and technically difficult to 75 
construct. Other systems utilize multiple view angles which permit observation of whole-body 76 
coordination8,13. While these options offer advantages for measuring additional motor 77 
parameters beyond gait, they are unnecessarily complex for simple gait analysis. Further, all of 78 
these techniques rely on clear flooring, which alters natural behavior.  79 
 80 
PrAnCER is based on what we call Contrast-Enhanced Recordings, which use a combination of 81 
lighting and a semitransparent floor to enhance the detection of prints. When viewed from 82 
below, this creates a high-contrast image (paw print) while obscuring the view of objects not in 83 
contact with the surface (the animal’s body) (Figure 1D). When viewed from above, the floor 84 
appears opaque. The resulting salience of the paws in our method permits accurate identification 85 
of a variety of gait and locomotor characteristics by our newly developed automated system. In 86 
the present study, we describe the apparatus, our gait analysis protocol, and our automated 87 
scoring system, PrAnCER. Our apparatus is easily assembled and PrAnCER can be used to assess 88 



   

 
 

motor deficits in a wide range of disease and injury models.  89 
 90 
To demonstrate that PrAnCER can be used to detect abnormal gait patterns, we used a 91 
haloperidol model of PD, a simple model for transient induction of locomotor changes14. 92 
Haloperidol is a dopamine receptor antagonist widely used as an antipsychotic1. It affects motor 93 
systems by altering dopamine signaling in the striatum, an important component of the motor 94 
pathway in the basal ganglia14. Even a single dose of haloperidol rapidly reduces extracellular 95 
dopamine levels in the striatum, causing Parkinsonian-like motor defecits15. The behavioral 96 
effects are muscular rigidity, akinesia, and catalepsy, which is defined as an inability to return to 97 
a normal posture after being placed in an unusual position11,16. Acute doses of haloperidol cause 98 
locomotor deficits identifiable in the rotarod test of motor function17. We reasoned that 99 
haloperidol-mediated locomotor impairments would also be evident in a number of 100 
characteristics accessible to automated gait analysis.  101 
 102 
Although responses to haloperidol vary widely across studies, cataleptic effects of haloperidol 103 
emerge at doses of 0.5 mg/kg and higher, while reduced responsiveness and motor impairment 104 
is detectable at lower doses (0.1 - 0.3 mg/kg)16,17. In an effort to avoid the cataleptic effects of 105 
haloperidol, we decided to test two doses of haloperidol: a high dose (0.30 mg/kg) and a low 106 
dose (0.15 mg/kg). As shown in Table 1, Experiment 1 examined the effects of high dose 107 
haloperidol, while Experiment 2 tested the effects of low dose haloperidol. We used a within-108 
subject design in which every rat was tested in the high dose, low dose, and control (saline) 109 
conditions. The order of condition was counterbalanced across rats. We predicted that acute 110 
administration of haloperidol would cause gait impairments similar to those found in other 111 
models of PD such as decreased speed, decreased stride length, and longer stance 112 
duration3,14,18,19. We observed behavioral changes including akinesia following haloperidol 113 
administration at both dosages. In the low dose condition, rats had significantly increased stance 114 
duration and hind paw contact area, as expected. These gait changes are comparable to the slow, 115 
shuffling steps common among PD patients2,20. In the high dose condition, however, we saw an 116 
increase in stride length as well as an increase in paw contact area. Although the increase in stride 117 
length was unexpected, further review of the literature indicated that it is likely part of a 118 
haloperidol-induced bracing-escape response. We conclude that PrAnCER is indeed capable of 119 
detecting Parkinsonian-like changes in rodent gait consistent with the use of neuroleptics.   120 
 121 
PROTOCOL:  122 
All procedures were in accordance with Brown University Institutional Animal Care and Use 123 
Committee guidelines. 124 
 125 
1. Gait analysis apparatus 126 

 127 
1.1. Prepare the gait analysis walkway consisting of a clear plexiglass enclosed walkway (36” 128 
L x 3” W x 4.5” H) placed on a clear plexiglass floor (Figure 2A). Make the plexiglass floor 129 
semitransparent by covering it with a piece of 16 LB cotton fiber drafting and design the vellum 130 
cut to the same width as the walkway.  131 
 132 



   

 
 

NOTE: There are other methods for making the floor semitransparent.  133 
 134 
1.2. Place a camera with a frame rate of at least 30 frames per second (fps) directly below the 135 
walkway to capture the middle of the track (Figure 2B).  136 
 137 
1.3. Secure a strip of 12 V LED lights with 18 LEDs/foot approximately 2 inches away from and 138 
1 inch above the floor of the walkway to illuminate the track.  139 
 140 
2. Animal preparation 141 
 142 
2.1. Allow the animals to acclimate to the vivarium for at least 1 week prior to handling. 143 
Handle the rats for at least 5 days prior to beginning experiment. This study used 8 male Long 144 
Evans rats approximately 3 months old. 145 
 146 
2.2. Habituating the animals to the testing room and gait walkway with the room lights 147 
turned off 148 
 149 
2.2.1. Place the rat’s home cage at the surface level at the end of the gait walkway to serve as 150 
a goal box. Note that if the home cage is deep, aged or locomotor-impaired rats may benefit from 151 
a ramp or step to provide easier access to the home cage.  152 
 153 
2.2.2. Allow the rat to walk from the experimenter’s hand down the length of the walkway to 154 
reach its home cage. 155 
 156 
2.2.3. Rats will often stop at the end of the walkway to look around before jumping down into 157 
the home cage. If a rat takes longer than 1 min to exit the walkway, encourage it to enter its 158 
home cage with a gentle push.  159 
 160 
2.2.4. If the rat turns around, use a small piece of plexiglass to block the “start” end of the 161 
walkway. Repeat for a total of 3 runs. 162 
 163 
2.3. Habituate for at least 2 days or until the rats are comfortable crossing the walkway at a 164 
steady pace without freezing. 165 
 166 
3. Gait testing procedure 167 
 168 
3.1. Adjust the settings on the webcam software to achieve the clearest picture of the paw 169 
prints. Turn off room lights for all gait testing.  170 
 171 
3.2. Record each run separately and label appropriately for use with the automated analysis 172 
program.  173 
 174 
3.3. Ensure there are no spots or debris on the vellum. Begin recording a few seconds before 175 
the rat enters the walkway and stop once the rat exits the walkway and enters its home cage.  176 



   

 
 

 177 
3.4. Continue until either three acceptable runs are completed or 10 min has elapsed. 178 
 179 
3.5. Wipe down the walkway with ethanol in between each rat and replace the vellum as 180 
needed.  181 
 182 
NOTE: An acceptable trial is defined as one in which the animal walks consistently and without 183 
pause for the first 4 steps of the run. If this is hard to achieve, adjust the criteria to include trials 184 
in which there are 4 consecutive steps at any point in the run that occur without pauses or abrupt 185 
acceleration.  186 
 187 
4. PrAnCER automated analysis 188 
 189 
4.1. Put all videos to be analyzed in a folder. 190 
 191 
4.2. Launch PrAnCER by running the Python script PrAnCER. PrAnCER will analyze the videos 192 
based on the steps illustrated in Figure 3 and Figure 4.  193 
 194 
4.3. In the pop-up menu, select the specified folder by pressing the Choose a folder button. 195 
Select custom options for analysis if desired. Detailed descriptions of each parameter can be 196 
found by clicking the question mark next to them. Click Continue when finished. 197 
 198 
4.4. Define a region of interest (ROI) on the image of the walkway that appears. To do this, 199 
left click to define a top edge and right click to define a bottom edge. If the box that appears is 200 
correct, press N to continue. If not, press Z to undo. Once N is pressed, the program will run 201 
automatically. 202 
 203 
4.5. After PrAnCER is complete, terminate the program by pressing Enter in the terminal. 204 
 205 
4.6. If desired, manually review the results by reviewing the images output by PrAnCER, or can 206 
by running the Python script GaitEditorGUI and selecting the appropriate .mp4 file for each 207 
video. If needed, correct any mis-identified or merged prints.  208 
 209 
4.7. To extract spatial and temporal gait parameters, run the Python script 210 
ParameterAnalyzer. Choose the number of hind prints to analyze and the folder of videos to 211 
analyze, then click Continue. This will output a .csv file for each video containing a number of 212 
common gait parameters, which are described in Table 2 and illustrated in Figure 5. 213 
 214 
NOTE: The full scripts, as well as instructions for reading and analyzing data, are available at the 215 
author’s GitHub (www.github.com/hayleybounds). We implemented this algorithm using the 216 
free, open-source Python library OpenCV21. Also included on the GitHub are instructions for 217 
building our gait analysis walkway.  218 
 219 
REPRESENTATIVE RESULTS: 220 

http://www.github.com/hayleybounds


   

 
 

Haloperidol procedure 221 
We developed this gait analysis system to compare gait parameters in control rats to those in 222 
experimental rats expected to show a variety of locomotor, gait, and balance impairments. We 223 
used a within-subject design in which every rat was tested in the saline, high dose haloperidol 224 
and low dose haloperidol conditions. Rats were separated into two groups (A and B) to allow 225 
counterbalancing; gait testing was counterbalanced for time of day and order of condition. Each 226 
test was separated by 48 h. Rats were lightly anesthetized with isoflurane before receiving 227 
intraperitoneal (IP) injections of either saline or haloperidol. Gait was tested 1 h post-injection, 228 
at which point the haloperidol should be at peak levels15-17.  229 
 230 
Behavioral results 231 
We observed prominent behavior changes in animals treated with haloperidol. In the high dose 232 
condition, five of the eight rats had periods of immobility at the start of the walkway, during 233 
which they were unresponsive to the experimenter touching them and resistant to being moved. 234 
In some cases, this state persisted for several minutes until the rat was removed from the 235 
walkway. In other cases, the immobile rat would suddenly move rapidly or “bound” across the 236 
walkway and then return to the immobile state near the end. In the low dose condition, 3 of the 237 
8 rats had similar periods of immobility. At this dosage, there was only one instance of bounding 238 
behavior. No bounding was observed when the animals were treated with saline.  239 
 240 
We analyzed the effects of haloperidol on the following gait parameters: base of support, stride 241 
length, stride speed, stance duration, stance to swing ratio, maximum contact area, and interlimb 242 
distance. Because many gait parameters for front and hind limbs are identical and haloperidol 243 
generally has uniform impacts on all limbs, we calculated parameters for only the hind limbs and 244 
did not separate data for left and right limbs. For each rat, we calculated the mean of each gait 245 
parameter from all usable runs from each testing day. All parameters (other than speed 246 
variability) were calculated as the mean for the first 4 usable steps of a run. To assess whether 247 
each dosage of haloperidol significantly impacted gait, we used a paired sample t-test. In 248 
Experiment 1, there was a significant increase in stride length (Figure 6A; t(7) = -2.962, p = 0.021) 249 
and maximum contact area (Figure 6A; t(7) = -2.51, p = 0.04) in animals treated with high dose 250 
haloperidol. Base of support, speed, stance duration and stance to swing ratio were not 251 
significant. In Experiment 2, animals given low dose haloperidol showed a significant increase in 252 
stance duration (Figure 6B; t(7) = -2.444, p = 0.044) and maximum contact area (Figure 6B; t(7) = 253 
-3.085, p = 0.018) compared to the saline condition. No other gait parameters were significant. 254 
Additionally, there was a significant difference between the high dose and low dose haloperidol 255 
conditions in base of support (Figure 6C; t(7) =2.651, p = 0.033), maximum contact area (Figure 256 
6C; t(7) = 4.635, p = 0.002) and interlimb distance (Figure 6C; t(7) = 3.098, p = 0.017).  257 
 258 
Your location accuracy and errors in the automated system 259 
To assess the accuracy of PrAnCER, we compared its automated analysis to the manual scoring 260 
of 21 randomly selected videos from a separate group of 6 control rats. For hand scoring 261 
purposes, the videos were converted into a sequence of images, which were then used to 262 
manually mark the locations of prints. For efficiency, we focused our analysis on spatial data 263 
measured from hind prints only. We extracted the mean stride length and BOS for each video 264 



   

 
 

and compared it to the automated values. While mean stride length was not significantly 265 
different between manual scoring and PrAnCER analysis (Figure 7B; t(20) = -0.01, p = 0.99), base 266 
of support was significant (Figure 7A; t(20) = -2.21, p = 0.038). Though the automated and manual 267 
scoring was generally well correlated, the automated system reported a 5% larger BOS on 268 
average. This difference may be due to variances in centroid selection rather than detection 269 
errors. For manual scoring, the print location was marked drawing an oval around the base of 270 
each hind print, as it would be difficult to manually replicate PrAnCER’s method of center of mass 271 
estimation. The clear trend was for PrAnCER to overestimate BOS, perhaps because some animals 272 
may splay their toes out in an asymmetric fashion, causing PrAnCER to observe more extreme 273 
centroids than manual scoring. Other systems have also noted significant increases in BOS 274 
between manual and automated scoring despite consistent stride length measures17. 275 
Considering the small differences observed and the consistency with other systems, we conclude 276 
that PrAnCER is a reliable measure of gait parameters. 277 
 278 
It is important to note that all accuracy analysis occurred after manual correction of the 279 
automated output was performed using PrAnCER’s GUI. As in existing commercial systems, this 280 
step is necessary both for correcting errors in scoring and for eliminating runs that do not meet 281 
criteria22. We tuned PrAnCER to err on the side of false positives, as these are easier to correct 282 
post-hoc. We have never observed PrAnCER fail to detect a real print during manual correction 283 
of over 5 hundred videos. Other types of errors, however, were observed. These fell into 3 284 
categories: false detections (detection of a non-print as a print), misclassifications (print 285 
mislabeled as front/hind or left/right), and false combinations (two prints incorrectly merged). 286 
These errors are easily corrected in the accompanying GUI, and typically occur in only a small 287 
percentage of videos filmed under normal conditions. Even with such corrections, PrAnCER 288 
markedly decreases the amount of manual labor involved in gait analysis. We estimate that for 289 
each video it takes approximately 3 min to run PrAnCER and correct any output errors (if 290 
necessary), while it would take nearly 10 min to manually score and analyze the same video. 291 
 292 
FIGURE AND TABLE LEGENDS:  293 
Figure 1. Comparison of gait analysis methods. (A) The traditional ink and paper method 294 
produces imprecise prints of paw shape and location. (B) Video recording with a transparent floor 295 
gives a detailed view of the paw prints but contains many salient features from the rat’s body 296 
that complicates automated scoring. (C) Lightweight paper over a clear floor creates a noisy 297 
image and loses details. (D) The use of vellum to create a translucent floor produces highly 298 
detailed prints while visually eliminating the body. 299 
 300 
Figure 2. Schematic illustration of the gait walkway apparatus and video recording. (A) The rat 301 
walks through a clear walkway with a translucent floor to the home cage goal box while being 302 
recorded from below. In this case, the vellum covers a transparent floor to make it translucent. 303 
The walkway is illuminated by LED strips placed along its length at a level between the animal’s 304 
feet and body. (B) A screenshot of a video recording demonstrating the effects of the translucent 305 
floor. Two paws are clearly visible, but the rat’s body is essentially undetectable. 306 
 307 
Figure 3. Detection process for one frame of a paw print. (A) The original image is de-noised 308 



   

 
 

and then subjected to background subtraction (B). (C) An edge detection algorithm is applied and 309 
the results are converted to a series of X, Y coordinates called contours (D). (E) Contours are 310 
grouped by proximity and the convex hull (bounding box) of the group is taken to produce a single 311 
contour encompassing the print. 312 
 313 
Figure 4. Conversion of individual detections into a classified print. (A) Paw prints are first 314 
identified in a set of frames. (B) Individual object detections are given a number that identifies 315 
them as a print, representing a single placement of one paw (C). (D) Finally, they are classified as 316 
left or right based on their location relative to the midline of the animal’s path, and front or hind 317 
based on their location relative to the previous paw prints. 318 
 319 
Figure 5. Illustration of gait parameters analyzed. (A) An example output showing the 320 
identification and location of paw prints. Original detected edges are shown in black. Final 321 
detected paws and approximate area are shown in colors that indicate paw classification. In this 322 
figure, yellow: front left, green: hind left, cyan: front right, and magenta: hind right. However, 323 
the colors can be changed in the Python script according to user preference. (B) A plot illustrating 324 
two major temporal parameters: the amount of time each paw is in contact with the ground 325 
(stance phase) and in the air (swing phase). Colored blocks indicate the stance phase and the 326 
white spaces indicate the swing phase.  327 
 328 
Figure 6. Effects of haloperidol on gait. (A) Results of Experiment 1: high dose haloperidol (HalH) 329 
significantly increased stride length and maximum contact area compared to the saline condition 330 
(Sal). (B) Experiment 2 resulted in more typical parkinsonian symptoms; low dose haloperidol 331 
(HalL) significantly increased stance duration and maximum contact area. (C) When comparing 332 
the haloperidol treated conditions from both experiments, high dose haloperidol increased base 333 
of support, maximum contact area and interlimb distance compared to the low dose condition. 334 
Data are means ± SEM, n =8. Paired samples t-test differences were as follows: # p < 0.05, ## p < 335 
0.01. 336 
 337 
Figure 7. Accuracy of automated analysis. (A) The automated system significantly differs from 338 
manual scoring when measuring BOS, though this may be due to variations in manual centroid 339 
selection rather than detection errors. (B) The automated system is not significantly different 340 
from manual scoring for stride length. These accuracy results are consistent with those from 341 
other available systems. Data are means ± SEM, n = 21. Paired samples t-test differences were as 342 
follows: # p < 0.05. 343 
 344 
Figure 8. Comparison of temporal parameters. Temporal gait patterns for an animal treated with 345 
saline (A) and low dose haloperidol (B). (C) An illustration of the bracing-escape response from a 346 
rat given high dose haloperidol. As in Figure 5, colored blocks indicate when the paw was in 347 
contact with the ground (stance phase) and the white spaces indicate when the paw was in the 348 
air (swing phase). Abbreviations: FL, front left; HL, hind left; FR, front right; HR, hind right.  349 
 350 
Table 1. Experimental design. This table illustrates the experimental design used in this study. 351 
We used a within-subject design in which every rat was tested in the high dose haloperidol (HalH), 352 



   

 
 

low dose haloperidol (HalL) and saline (Sal) conditions. Rats were divided into two groups; testing 353 
was counterbalanced for time of day and order of condition.  354 
 355 
Table 2. Description of gait parameters. This table describes the most commonly used gait 356 
parameters; those used in this study are indicated in bold.  357 
 358 
DISCUSSION:  359 
In this study, we tested PrAnCER, a new automated gait analysis system that utilizes contrast-360 
enhanced videos produced using a translucent floor to obscure the animal’s body and to yield 361 
clearly defined paw prints for simple automated detection. PrAnCER accurately identifies paw 362 
prints and is sensitive to changes in motor function. We used PrAnCER to assess gait alterations 363 
in an acute haloperidol model of PD. Although haloperidol did not induce the expected motor 364 
deficits of a robust PD model, we were nonetheless able to demonstrate that PrAnCER can 365 
accurately detect changes in gait patterns. Finally, we quantified the accuracy of PrAnCER and 366 
demonstrated that its measurement of key gait parameters is comparable to that of manual 367 
scoring. 368 
 369 
In both haloperidol treated conditions, we observed a high incidence of freezing behavior 370 
(akinesia) followed by an escape response of running or bounding forward. While akinesia has 371 
been observed at a similar dose (0.25 mg/kg) in several studies16,23, this bounding behavior is not 372 
consistent with typical Parkinsonian symptoms3,14,19,24. Interestingly, we found that high dose 373 
haloperidol treatment resulted in significantly increased stride length. This finding was initially 374 
surprising because other haloperidol models of PD have shown a decrease in stride length3,19. 375 
However, they make sense in light of the ‘bracing-escape’ behavior pattern described by De Ryck 376 
et al. (1980), who reported that rats run to escape after akinetic periods, and that high speed 377 
gaits such as running and bounding are associated with increased stride length4,25 (Figure 8C). 378 
High dose treatment also resulted in significantly increased maximum contact area of the hind 379 
paws. Low dose haloperidol treatment resulted in more characteristic PD gait alterations 380 
including a significant increase in stance duration and maximum contact area (Figure 8A-B). 381 
These results may be a reflection of the muscle rigidity associated with haloperidol-induced 382 
akinesia.  383 
 384 
Despite the unusual bracing-escape behavior, we were able to demonstrate that PrAnCER can 385 
indeed detect alterations in gait. We showed that in the correct lighting conditions, a translucent 386 
floor can produce a highly contrasted and detailed image of the paws. In the present study, we 387 
made a transparent floor translucent by covering it with vellum. The same effect could be 388 
achieved by placing another translucent covering, such as Mylar, over a transparent floor. 389 
Alternatively, the floor itself could be translucent by using, for example, frosted plexiglass. The 390 
translucent floor and simple plexiglass walkway are inexpensive and can be constructed in an 391 
afternoon. Our edge-detection-based analysis system is resilient to many variations in the 392 
apparatus and offers adjustable thresholds to adapt the system to different setups, disease 393 
models, or smaller animals such as mice. 394 
 395 
Some gait parameter analyses were altered from conventional formulas because of aspects of 396 



   

 
 

the walkway. For example, our method of calculating speed differs from other gait studies; the 397 
translucent floor combined with LED lighting obscures the view of the body, so it is not possible 398 
to track body position to calculate speed as is usually done. For this study, speed was calculated 399 
by dividing the distance travelled between two contacts of the same paw by the time from first 400 
contact to second contact. Of course, other formulas could be used. For example, if an overall 401 
measure of speed is needed, one could divide the distance from the average of forepaw locations 402 
at the beginning and end of the run by the duration of the run.  403 
 404 
Our analysis confirms that, while not identical to manual scoring, our automated system 405 
performs with high accuracy and generates reliable measures of gait. The apparatus described 406 
here was optimized for a simple, low-cost analysis of motor function. However, several 407 
alterations could be made that would expand the usefulness of PrAnCER. One limitation of our 408 
system is that the semitransparent floor, while allowing excellent paw detection, obscures the 409 
animals’ body axis. Although we have not found it necessary, this could be addressed by adding 410 
an overhead camera to the system. Another improvement would be the use of a video camera 411 
with a higher frame rate. While we were able to obtain consistent estimates of temporal 412 
parameters, the accuracy of these measures is compromised at frame rates below 100 fps8. 413 
Adding a high-speed video camera would require no alteration of the analysis software while 414 
increasing the accuracy and precision of temporal measures. Additionally, several other gait 415 
systems use a mirror to simultaneously record the lateral and ventral views of the rat2,8,13. Adding 416 
this feature to our apparatus would permit more accurate quantification of speed and better 417 
observation of behavior during runs. 418 
 419 
In this study, we showed that the use of a semitransparent floor effectively isolates paw prints 420 
by blocking the visibility of objects not in contact with the walkway floor. We developed an 421 
automated scoring system that takes advantage of this high contrast paw print to accurately 422 
identify paws. We showed that this system, PrAnCER, quantified gait parameters with an 423 
accuracy comparable to commercial systems. We determined that administration of a high dose 424 
of haloperidol increased stride length and maximum contact area compared to saline. While this 425 
change is the opposite of what we expected, further review of existing literature indicates that it 426 
is likely part of the escape behavior observed in response to acute administration of haloperidol. 427 
Low dose haloperidol treatment resulted in more typical PD symptoms such as increased stance 428 
duration and maximum contact area. We conclude that while acute high dose haloperidol 429 
administration is a poor model to study gait impairments associated with PD, our study 430 
nonetheless demonstrated the ability of PrAnCER to accurately detect changes in motor function. 431 
In the future, we hope to further validate PrAnCER by studying the locomotor changes in other 432 
disease models. 433 
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Parameter Definition

Stride Length Distance between successive contacts of the same paw

Step Length

Distance between successive contacts of contralateral front or 

hind paws along the axis of the direction of motion

Base of Support (BOS)

Distance between successive contralateral front or hind paws 

perpendicular to axis of the direction of motion

Maximum Contact Area The maximum detected area of a hind print

Interlimb distance Distance between ipsilateral front and hind paws

Stance Duration The length of time a paw was in contact with the ground

Swing Duration The length of time a paw was not on the ground

Stance to Swing Ratio (SSR) Stance duration/swing duration

Discrete Speed Stride length/(stance duration + swing duration) for a paw

Average Speed Average of discrete speeds in the period used in analysis

Speed Variability Percent change in discrete speeds during a run
Run Speed Time to cross the tunnel/length of tunnel

Gait Parameters
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Name of Material/ Equipment Company
Catalog 

Number

Approximate 

Price
Comments/Description

Gait Walkway Apparatus

1/4" clear plexiglass

RISD 3D Store, 

Providence, RI $50 

1 piece cut to 3 1/2" W x 36" L; 2 pieces cut to 

4 1/2" W x 36" L                                                                              

Note: We made our walkway 36" long based 

off of an exisiting plexiglass table we had in 

house, it could easily be made longer if 

desired.

1/4" clear plexiglass

RISD 3D Store, 

Providence, RI $10 

4 pieces, cut to 1" W by 4" L                                                                             

These will be used to keep the tunnel in place

10 series 80/20 framing pieces, 1" x 1" 

T-Slotted Profile 80/20 Inc.           1010-S $16 2 pieces cut to 36" L

12V Flexible LED Strip Lights, 

16.4ft/5m LED Light Strips, Daylight 

White Amazon $10 

Bostik Blu-Tack Adhesive Amazon $8 

Clearprint 1000H drafting vellum, 16 

LB cotton fiber  

Dick Blick Art 

Supplies 11101-1046 $50 

Cut to 4" W x 36" L                                                                                              

Note: This particular vellum comes as a roll; 

we kept it on the roll and cut it to 4" W. Mylar 

Logitech HD Pro Webcam C920, 1080p Amazon $50 

Mobile Laptop Computer Desk Cart 

Height-Adjustable  Amazon $40 

Small table to place the animals' home cage on 

at the end of the walkway. 
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Plastic ramp Pets Warehouse $6 

Optional: Ramp to assist the animals descend 

into home cage

RetiCAM Tabletop Tripod with 3-Way 

Pan/Tilt Head Amazon $30 

SCIGRIP #16 solvent cement for acrylic - 

clear, medium bodied Amazon $8 

Plexiglass table

15 series 80/20 framing pieces, 1.5" x 

1.5" T-Slotted Profile 80/20 Inc.           1515 $110 

6 pieces cut to 36" L, 2 pieces cut to 12"                                                              

With both ends tapped with standard 5/16-

18 threads                                                                                              

Framing for the plexiglass table top and table 

legs

15 series 3 Way - Light Squared Corner 

Connector 80/20 Inc.           14177 $24 

4 connectors                                                                                                              

To connect the table top and legs

1/4" clear plexiglass sheet

RISD 3D Store, 

Providence, RI $50 
Cut at 15" W x 39" L

5/16-18 x 1" Button Head Socket Cap 

Screw 80/20 Inc.           3118 $5 
Quantity = 12

Deluxe Leveling Feet, 5/16-18 x 2" 80/20 Inc.           2194 $50 

Quantity = 4                                                                                                                              

For table legs

“T” Handle Ball End Hex Wrench, 3/16" 80/20 Inc. 6000 $5 
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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 
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of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non- 
exclusive right to use all or part of the Article for the non- 
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, length, 
quality, content and the like. 
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the 
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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We very much appreciate the comments of the editor and reviewers. Both reviewers had positive comments 
as well as some suggestions for improving the manuscript. We have addressed all comments as indicated 
below in blue text, and we think our manuscript is much improved.   

Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling 
or grammar issues.  We have edited the paper carefully for style, clarity and accuracy.  

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit 
permission can be expressed in the form of a letter from the editor or a link to the editorial policy that 
allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The 
Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].” 
We have replaced Fig. 1A with our own image, so copyright permission is no longer needed.  

3. Please adjust the number of all references. Please number all references in the order of their appearance 
in the manuscript. We have carefully gone through the text and revised the reference numbers based on 
order of appearance.  

4. JoVE cannot publish manuscripts containing commercial language. This includes company names before 
an instrument or reagent. Please remove all commercial language from your manuscript and use generic 
terms instead. All commercial products should be sufficiently referenced in the Table of Materials and 
Reagents. We have gone through the text and removed all company names.  

5. Please add a one-line space between each of your protocol steps. This has been corrected.  

6. Step 1.1: Please ensure that all text is written in the imperative tense. This has been corrected.  

7. 1.3: Please ensure that all text is written in the imperative tense. This has been corrected. 

8. 3.6: Please ensure that all text is written in the imperative tense. This has been corrected.  

9. 4.1.2: Please ensure that all text is written in the imperative tense. This has been corrected. 

10. 4.1.3: Please ensure that all text is written in the imperative tense. This has been corrected. 

11. 4.2.1-4.2.7: Please ensure that all text is written in the imperative tense. These steps have been 
eliminated.  

Response to reviewers Click here to access/download;Rebuttal Letter;Response to
reviewers_Final.pdf

https://www.editorialmanager.com/jove/download.aspx?id=980288&guid=58abc04b-0d1e-417e-926e-618e8d04e5ff&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980288&guid=58abc04b-0d1e-417e-926e-618e8d04e5ff&scheme=1


 

12. 4.3.1-4.3.7: Please ensure that all text is written in the imperative tense. These steps have been 
eliminated. 

13. 5.1-5.3: Please ensure that all text is written in the imperative tense. This has been corrected. 

14. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol steps 
(including headings and spacing) in yellow identifies the essential steps of the protocol for the video, i.e., the 
steps that should be visualized to tell the most cohesive story of the Protocol. This has been completed.   

15. For steps that are done using software, a step-wise description of software usage must be included in 
the step. Please mention what button is clicked on in the software, or which menu items need to be selected 
to perform the step. We have added a more step-wise description of how to use the program (Lines 192-
220). 

16. Please ensure that the references appear as the following:    Lastname, F.I., LastName, F.I., LastName, F.I. 
Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).  We have revised all of the references to 
follow this format.  

17. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx 
file. New .xls files for Tables 1 and 2 have been uploaded.  

Reviewers' comments: 

Reviewer #1: This manuscript is very well written - it is clear and concise. All the i's are dotted and the t's are 
crossed. You clearly explain what you are going to do, and then guide the reader through the steps needed 
to complete the task in an orderly, easy to follow manner. In this regard, I believe this manuscript, as it is 
currently written, is suitable for publication in JoVE. 

What this study lacks is sufficient justification as to why other researchers would ever use these methods. 
There is mention of PrAnCER being cheaper, yet there is no supporting evidence. There is mention of 
PrAnCER being more flexible, yet there is no evidence. And most worrisome of all is that there is mention of 
PrAnCER's semitransparent flooring being better because clear walkways can mask motor deficits - yet there 
is no evidence. 

We have revised the text to clarify our meaning that PrAnCER is a less expensive alternative to commercial 
systems (Lines 66-68). We did not intend to compare it to other open source systems.  

In regard to being cheaper to construct, we have added approximate prices for each item in our Table of 
Materials.  

All references to flexibility have been removed. We have also clarified the statement about ‘masking motor 
deficits’, which was intended to reference treadmill gait systems, not transparent flooring (69-73). 

I use automated gait analysis all the time. If you want me to use PrAnCER, prove to me that it is cheaper 
than AGATHA. Show me what I'm missing by using a clear walkway. Take a known injury model (not your 
haloperidol model presented here) and show that with a clear walkway PrAnCER shows exactly what 
CatWalk shows. Then put the vellum on the glass and have PrAnCER show me what I've been missing all 



these years. But be careful… animal body axis is a huge aspect of rodent gait. There is going to be a trade-
off. Show me that the loss of body axis info is worth it to have a semi-transparent walkway. 

In our introduction, we expanded upon why using semi-transparent flooring is advantageous, citing previous 
work that demonstrates the effects of treadmills systems and clear flooring on natural behavior (lines 69-
73). We acknowledge that the loss of body axis information is a trade-off with our system. This limitation 
and ways to address it are covered in the discussion (352-355).  

By having a variable measuring device AND a variable injury model I don't know where the reported changes 
are coming from. In this regard, I believe this study, as it is currently constructed, is unsuitable for 
publication. Of course, editors and other reviewers often disagree with me, so below are some minor 
comments. 

Although we appreciate the reviewers concern, our goal in this study was to demonstrate that our system 
could identify gait changes in a model in which gait changes would be expected, and we have done this. As is 
evident in Figure 6, in Experiment 1 a high dose haloperidol significantly increased stride length and 
maximum contact area compared to the saline condition. In Experiment 2, haloperidol significantly 
increased stance duration and maximum paw contact area. Finally, when comparing the haloperidol treated 
conditions from both experiments, the high dose haloperidol increased base of support, maximum contact 
area and interlimb distance compared to the low dose condition.  

Ln35 - very awkward sentence, please re-write. This sentence has been rephrased. 

Ln47-this is a red flag in my eyes. Is this unexpected finding a result of the injury model or an error with 
PrAnCER?  We have provided an explanation for why this finding occurred (Line 47).  

Ln68- Noldus is incorporated in Wageningen, The Netherlands. Their US sales office is in Leesburg  Deleted 
all company names so this no longer applies.   We have removed all company names from the text so this is 
no longer applicable.   

Ln71- if this is your big selling point please expand. We have expanded on this point (lines 68-73). 

Ln78 - "computationally expensive algorithms"??? I'm not sure what this means. Does PrAnCER save me a 
few teraflops?  This wording has been deleted. 

Ln132 - tunnel feels like the wrong word, corridor or walkway seem more accurate. We have replaced 
“tunnel” with “walkway” (Line 134). The rest of the text reflects this change as well.  

Ln286- the biggest reason to use automated gait analysis over manual is the labor involved. Please include 
how many man hours were saved by using PrAnCER. We added a sentence estimating the approximate time 
it takes to run one video through PrAnCER analysis vs. the time it takes to manually score the same video 
(Lines 297-301).  

Ln324- I find this a bit misleading. You tested the accuracy of manual vs automated classification of the 
recorded videos. You didn't test if PrAnCER was mis-recording paw prints in the first place. We have 
rephrased this sentence to reflect what we actually tested (Lines 310-312).  

Ln344 - NO! You did not show that a translucent floor eliminates anything.  This sentence has been 
rephrased (Line 330-331).  



Ln356 - maze? What maze? The word ‘maze’ has been replaced with ‘walkway’ (Line 341). 

Figures - I know you want to differ yourself from CatWalk, but they are the industry leader, and a vast 
majority of gait analysis researchers have adopted their color assignments. Please stick to RF-cyan, RH-
magenta, LF - yellow, LH-green.  We have revised all applicable figures with these color assignments.  

Reviewer #2:  

Manuscript Summary: 

The document proposes a system and a protocol to perform gait analysis of rodents while walking free in a 
custom made tunnel. The system consists of a camera that records the foot prints of the rodent, then an 
automatic image segmentation method is used to identify the coordinates of the foot on each step and then 
measure important parameters such as length of step and speed. The system is validated using a Parkinson 
model using a small number of rodents. 

Major Concerns: 

The system may be useful for people doing research using rodent models, especially because the current 
options are costly. My concern is that the authors presents an open source system, but I do not see where I 
can download the code of the software in order to be able to reproduce the results they present. I will 
recommend that the code and detailed instructions of how to build the system are shared in a webpage or 
repository, otherwise the proposed system makes no sense.  

We provide a link to the GitHub website where you can download the code on Line 222. Also included on 
this website are instructions on how to build together the walkway apparatus. 

 


