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Vaseline Coating on Paw Soles Alters the Spontaneous Gait of Rats
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Spontaneous walking behavior is modulated by various factors, but it remains almost unknown 
whether and how moisturizing paw soles of rats alters their gait. To this end, we allowed rats to sponta-
neously walk on a disk-shaped treadmill before and after their paw soles were coated with white petrola-
tum (vaseline) and monitored the rat’s walking. Using DeepLabCut- and DeepEthogram-based pipelines 
offline, we calculated the shoulder-elbow-wrist angle and defined the distance as the trajectory of the wrist. 
The distance was shorter in the stance phase but longer in the swing phase after vaseline was treated  
than before. The duration of the stance and swing phases was shorter in the vaseline-treated period. The 
angle at forepaw landing and takeoff was smaller and larger, respectively, in the vaseline period. These 
findings underscore the dominance of moisturizing sole skins over the well-organized dynamics of a spon-
taneous gait.
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INTRODUCTION

The spontaneous walking behavior of animals is realized 
by the naturally cooperative movement of the limbs, called 
gait, which is composed of the two periodic phases: stance 
and swing. The stance phase is the state in which either sole 
touches the ground, while in the swing phase the sole is in the 
air.1)

Kinematic gait analysis has been widely used, partic-
ularly in previous research on the rhythmic movements 
during free walking. This approach deals with the stance 
and swing phases in terms of the foot-strike and toe-
off events, each of which is manually or automatically 
annotated using videos captured from the side or bottom 
view.2–4) Ink prints have been employed to detect foot-
strikes semiautomatically, but due to the analog nature, 
this method has not been compatible with simultaneous 
physiological recordings of biosignals.5,6) In other studies, 
a bottom-view camera or frustrated total internal reflection 
imaging has been utilized.3,7–10) These methods were valid 
to some extent, but at the same time, they were restricted to 
transparent floors. In this light, these systems have not been 
ideal for studies examining the effects of floor textures 
on rhythmic movements or their associated physiological 
responses. Besides, a pressure-pad-aligned floor has been 
used to detect foot-strike and toe-off events2,11); however, 
these methods have also faced challenges when applied to 
different floor textures. Hence, we have recently established 

a deep learning-based system for automatic detection of 
foot-strike onsets, which relies only on a side view of walk-
ing animals.1) Indeed, this approach showcased its effective-
ness in accurately identifying floor contact during rhythmic 
movement.

Previous studies have also reported that the rhythmic move-
ment is altered by conditions of soles in humans and other 
animals.12–17) The methods in the studies included (i) pharma-
cologically inducing chronic pain in the paws and (ii) wearing 
shoes in humans and horses; however, in these approaches, a 
gait was possibly affected by (i) neuroinflammation and (ii) 
physical isolation of paws from floors, respectively. Addition-
ally, a gait can be altered by psychological states and joint 
deformities.18,19) In other words, all of these studies have been 
accompanied by pathological or psychological modification. 
Thus, it has been poorly investigated how the gait is affected 
by the condition of the paw soles in a relatively natural con-
text. For example, the physical and physiological properties 
of the paw sole skin are characterized by the epidermal water 
content and skin stiffness.20,21) In this regard, in particular, it 
remains unclear whether and how moisturizing the soles alters 
the gait.

To this end, we monitored the spontaneous behavior of 
trunk-fixed rats walking on a custom-made disk-shaped tread-
mill. After the baseline monitoring, we coated their soles 
with white petrolatum (hereafter referred to as vaseline) and 
recorded their gait again. We then analyzed the gait of rat 
forepaw before and after their soles were coated with vaseline, 
focusing mainly on their wrist, elbow, and shoulder, through 
our machine learning-based pipeline.1,22,23)

Note
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MATERIALS AND METHODS

Animals  Animal experiments were performed with the 
approval of the Animal Experiment Ethics Committee at the 
University of Tokyo (Approval Nos.: P29-7 and P4-15) and 
according to the University of Tokyo guidelines for the care 
and use of laboratory animals. While our experimental pro-
tocols mandate humane euthanasia of animals if they exhibit 
any signs of pain, prominent lethargy, and discomfort, such 
symptoms were not observed in any of the rats tested in 
this study. All efforts were made to minimize the animals’ 
suffering.

Adult male Wistar rats (Japan SLC, Shizuoka, Japan) were 
individually housed under conditions of controlled tempera-
ture and humidity (22 ± 1°C, 55 ± 5%) and maintained on a 
12/12-h light/dark cycle (lights off from 7:00 a.m. to 7:00 
p.m.) with ad libitum access to food and water. Rats were 
acclimatized to the experimenter by daily handling for at least 
2 d before the start of the habituation period and subjected to 
water restriction until the recording period.

Apparatus  The disk-shaped running wheel employed 
in the current study featured a freely rotating disk with a 
diameter of 90 cm and a coarse sandpaper surface.1) A water 
spout was positioned in front of the restrained rats. The water 
reward was synchronized with the rotation of the disk, moti-
vating the rats to walk on the wheel.

Behavioral Test  The rats underwent a 12-h water depri-
vation period before the test and were trained to associate the 
water reward with their activity on the running wheel. The 
water-deprived rats were weighed by experimenters every day. 
When their body weight was less than 85% of their original 
weight, the subsequent experiments were canceled; however, 
note that such extreme reductions of the body weight were 
never observed.1)

After the training period, a gait was monitored in the base-
line and vaseline-treated periods. In the baseline period, the 
rat body was restrained using a custom-made jacket harnessed 

to a fixed pole. Rats spontaneously walked on the disk-shaped 
treadmill for water reward for 8–10 min. After the baseline 
period, vaseline was manually treated with the forepaws and 
hindpaws of the rats. Rats were returned to the treadmill, and 
they walked again in this vaseline-treated period for another 
8–10 min. During both periods, a video was concurrently 
captured from the left side of the rat at a frame rate of 60 Hz 
using a USB camera module. Footstep onsets were manually 
labeled post-hoc with agreement from two skilled experiment-
ers.

Data Analysis  All data analyses were conducted offline 
using custom Python routines. Unbounded data are sum-
marized as the mean  ±  standard error of the mean, whereas  
circular data (e.g., angles) are represented in the form of 
mean ± standard deviation.24–26) The significance level was set 
at 0.05, and the null hypothesis was rejected when p < 0.05 
based on two-tailed tests unless otherwise specified.

Instantaneous positions of the wrists, elbows, and shoulders 
of rats were determined utilizing DeepLabCut.1,23,27) DeepEth-
ogram was further employed to reliably isolate the stance and 
swing phases from the cycle (i.e., a trajectory from landing to 
next landing).1,22)

RESULTS

We allowed trunk-restrained rats to spontaneously walk 
on the disk-shaped treadmill before and after their paw soles 
were coated with vaseline. We monitored their walking from 
the left side (Figs. 1A, 1B). Using DeepLabCut and DeepEth-
ogram,1,22,23) we precisely identified the coordinates of their 
shoulder, elbow, and wrist in the video frames, and calcu-
lated the relative coordinates of the wrist and elbow from the 
shoulder. Using the coordinates, we classified their states into 
the stance and swing phases; the forepaw was on the ground 
in the stance phase, whereas the forepaw was away from 
the ground in the swing phase (Figs. 1A, 1B). The moments 
when the left forepaw touched and left the ground were  

Fig. 1.  Video Monitoring of a Rat Walking on a Disk-Shaped Treadmill
(A) Successive frames from the swing phase (navy) to the stance phase (red), captured by a stationary camera. Frame N indicates the moment of landing. (B) Successive 

frames from the stance phase (red) to the swing phase (navy). Frame N indicates the moment of takeoff. (C) Positions of the rat shoulder (white), elbow (green), and wrist 
(blue), identified by the DeepLabCut-based pipeline. An angle formed by the shoulder, elbow, and wrist is indicated in yellow. (D) A trajectory of the wrist (blue) is defined 
as the distance (white curve).
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named “landing” and “takeoff,” respectively (Figs. 1A, 1B). To 
quantify the effects of vaseline on the extent of bending and 
stretching, we calculated the wrist-elbow-shoulder angle in 
each cycle, including one stance phase and one swing phase 
(Fig. 1C, Supplementary Fig. S1). Moreover, we determined 
the wrist trajectory as the distance (Fig. 1D, Supplementary 
Fig. S1).

Consistent with the wrist and elbow trajectories (Fig. 2A), 
we observed significantly longer distance per cycle in the 
vaseline-treated period (Fig. 2B, Supplementary Table S1), 

although the running speed of rats during the two periods 
was not significantly different (34.2 ± 4.1 cm/s (baseline) vs. 
30.9 ± 2.5 cm/s (vaseline), p = 0.34, t5 = 1.04, n = 6 sessions from 
4 rats, paired t-test; Supplementary Fig. S2). Intriguingly, the 
distance in the stance phase was significantly shorter in the 
vaseline period (Fig. 2C, Supplementary Table S1), whereas in 
the swing phase, the distance was significantly longer in the 
vaseline period (Fig. 2C, Supplementary Table S1).

We next questioned how the length of each phase in the 
cycles changed before and after vaseline treatment. The 

Fig. 2.  Parameters of the Gait Analysis
(A) Representative trajectories of the elbow (green) and wrist (blue) during the baseline (left) and vaseline-treated (right) periods. Note that the position of the shoulder 

(black) is superimposed onto the origin of the xy-coordinate system. (B) The histogram of the distance per cycle during the baseline (gray) and vaseline-treated (purple) 
periods. Vertical lines signify the median. Note that a cycle includes stance and swing phases. (C) Analogous to (B) but for the distance in the stance (left) and swing 
(right) phases. (D) The cumulative probability curve of the duration per cycle during the baseline (gray) and vaseline-treated (purple) periods. (E) Analogous to (D) but 
for the distance in the stance (left) and swing (right) phases. (F) Analogous to (D) but for the angle at landing. (G) Analogous to (D) but for the angle upon takeoff.
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duration of cycles was significantly shorter in the vase-
line-treated period (Fig. 2D, Supplementary Table S2). It took 
rats a significantly longer time to undergo the stance phase 
when their soles were not yet covered with vaseline than when 
covered with vaseline (Fig. 2E, Supplementary Table S2), as 
was the case with the swing phase (Fig. 2E, Supplementary 
Table S2).

Finally, we estimated to what extent rats bent and stretched 
their arm at landing and takeoff before and after vaseline 
treatment. Upon landing, rats bent their arms to a significantly 
larger extent in the vaseline-treated period (Fig. 2F, Supple-
mentary Table S3). In contrast, rats stretched out their arms 
significantly farther at takeoff after vaseline treatment than 
before (Fig. 2G, Supplementary Table S3).

DISCUSSION

We scrutinized the dynamics of their gait before and after 
we coated the rats’ paw soles with vaseline. We discovered 
that the rats with vaseline-coated soles walked a short dis-
tance briefly with their feet on the ground and their legs were 
stretched more when their feet took off from the ground. 
Moreover, the rats extended their paws farther in a short 
amount of time and landed with their legs bent more.

During the stance phase, we observed that altering tactile 
sensory stimulation by applying vaseline to the paw soles 
reduced friction between the paws and the ground. Conse-
quently, the traveled distance of the wrist decreased, and 
the time spent was shortened. This led to a well-coordinated 
walking pattern with greater energy efficiency compared with 
when no intervention was applied.28) In addition, since apply-
ing vaseline reduces the friction between the paws and the 
ground, the rats may reduce the wrist-elbow-shoulder angle as 
much as possible to prevent slipping at foot contact. In con-
trast, upon takeoff, the paw with vaseline becomes more prone 
to slip than usual, which may result in a larger angle. Since 
rats are larger than mice in size, it is easier to characterize 
the dynamic motion of the joints, tendons, and muscles in rats 
regardless of the video resolution.29–32) In this sense, ideally, 
the paw slipperiness ought to be quantified by calculating the 
coefficients of kinetic friction to evaluate the friction between 
the paws and the ground in terms of classical mechanics, 
which may confirm the contribution of friction to the vase-
line-induced alteration in a spontaneous gait. However, it is 
hard to precisely determine such coefficients of kinetic friction 
because rats cannot be simply regarded as mass points or rigid 
bodies. An additional point is that simultaneous recordings 
of treadmill rotation speeds (with the aid of rotary encoders) 
and instantaneous walking speeds of rats would help deepen 
the understanding of paw slippage in terms of mechanics; 
however, we failed to empirically monitor instantaneous tread-
mill rotation speeds due to the lack of rotary encoders in the 
current apparatus. This quantification would be achieved by 
relatively complicated simulations in physics and more sophis-
ticated apparatus.

Cutaneous sensory receptors, including mechanoreceptors, 
thermoreceptors, and nociceptors, are distributed in the rat 
limb.33) For moisturization of the paw soles, we used vaseline, 

a drug not having anesthetizing or antibiotic effects. Compared 
with local anesthetics such as lidocaine and prilocaine, vase-
line neither directly affects peripheral neural activity (which is 
related to sodium ion channels),34) nor induces inflammation,35) 
suggesting that vaseline does not affect nociceptors in the limb 
skin. In contrast to nociceptors, vaseline may have an influ-
ence on some mechanoreceptors, such as Meissner corpuscles 
and Merkel cell complexes36); note that neither Ruffini recep-
tors nor Pacinian corpuscles are found.36) Meissner corpuscles 
in glabrous pads are required for gentle touch perception,37) 
discriminative vibration sensation,37) and response to slip 
between the skin and an object,38–40) which provides critical 
feedback for grip control and fine sensorimotor control.41) 
Merkel cell/neurite complexes also serve as mechanoreceptors 
in the detection of curvature, shape, and texture38,42–44) and 
further function as osmoreceptors.45) Although we could not 
empirically measure skin hydration (using corneometry) or 
skin stiffness (using indentometry),21) past studies have con-
sistently confirmed that vaseline improves epidermal moisture 
content or reduces transepidermal water loss in humans21,46,47); 
note that the effect of vaseline on skin stiffness and elasticity 
is controversial.21,46,47) In this light, we assume that coating the 
rat paw soles with vaseline at least maintains, or possibly even 
increases, moisture retention capacity, which may modulate 
mechanoreceptor activity and further contribute to sensorim-
otor control. These features of mechanoreceptors and vaseline 
enable us to evaluate the pure effects of altered tactile sensa-
tion and sensorimotor feedback on a spontaneous gait. Nev-
ertheless, we did not monitor the gait after the vaseline was 
removed; that is, we failed to confirm how long the altered 
gait pattern persists or when the moisturizing effect ceases. 
In this regard, it will be necessary to determine whether the 
effects of vaseline treatment are temporary or stably main-
tained over a certain period of time.

Furthermore, the gap between the vaseline treatment and 
behavioral consequences still remains unexplored. This issue 
will be addressed by physiology regarding cutaneous and 
muscular afferents from the limb and sensory fusion pro-
cessing48) and comprehensive analysis on various parameters 
including step length, step width, step angle, stride length, 
cadence, and speed.49,50) Additionally, the next challenge is to 
elucidate how the vaseline-modulated gait is processed in the 
brain. In this light, behavioral neurophysiology is required 
to understand how tactile stimuli are processed in the pri-
mary somatosensory cortex,27,51) and how this information 
processing is, in turn, reflected in motor control by the motor 
nerve and/or motor cortex.51–54) These empirical approaches 
will shed light upon the effects of moisturizing on behavior 
and may further provide a platform for clinical applications 
including rehabilitation and treatment of neurological and 
peripheral disorders such as arthritis and Parkinson’s dis-
ease.55,56)
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