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Abstract—Analyzing changes in gait patterns is a common 
method for evaluating injury severity and progression during 
rehabilitation, including in rats with contusion spinal cord injury 
(SCI). This study aims to examine the correlation between gait 
parameters and locomotor speed in rats with contusion SCI using a 
newly developed walkway system. Thirteen female Wistar rats (7 
uninjured and 6 injured) were selected for this experiment. All of 
them walked through a walkway and a camera below the walkway 
recorded their motion. Their gait and speed data were analyzed to 
provide insights into post-injury locomotion. The system output 
shows that injured rats exhibit slower speeds, shorter stride lengths, 
and wider stance widths compared to the uninjured, proving that 
their gait and speed of the injured rats were altered due to the 
injury. Additionally, Pearson correlation analysis revealed a strong 
positive correlation (r = 0.746) between speed and stride length for 
uninjured rats, while injured rats showed a moderate correlation (r 
= 0.471). Furthermore, stance width demonstrated a moderate 
negative correlation with speed for both uninjured (r = -0.503) and 
injured rats (r = -0.488). These relationships, although not 
statistically significant due to sample size limitations, suggest 
meaningful trends and provide a foundation for future research 
where the relationship between the speed and gait parameters can 
be used to further justify the condition of SCI in rats. Future studies 
with larger sample sizes might strengthen these findings and clarify 
the role of speed-related gait changes in SCI rehabilitation process. 

Keywords—gait parameters, locomotion speed, rat, spinal cord 
injury, walkway system 

I. INTRODUCTION 
Motor vehicle crashes and sports related accidents are 

among the leading causes for spinal cord injury (SCI) in 
Malaysia [1], [2], [3]. It negatively impacted both the 
individuals and their families [4]. Spinal cord serves as the 
means of transferring information between the central 
nervous system (CNS) and peripheral nervous system 
(PNS) [5]. Damage to the spinal cord, either partially or 
entirely, disrupts communication between the brain and 
body, leading to impaired limb movement and locomotion 
[6], [7]. 

Locomotion is one of the behaviors than can be used to 
understand the impact of SCI on human. By analyzing 
locomotion changes through gait analysis, researchers can 
gain insights in understanding the severity of the injury and 
the treatment progression a patient undergoes. For ethical 
reasons, scientists study on gait abnormalities due to SCI 

with valid animal substitutes that can replicate human 
biological traits, such as rats [8], [9]. Rats were chosen for 
this research because they are relatively easy to handle and 
exhibit similar responses to SCI as human [10]. 

From previously reported studies, gait analysis is an 
effective tool for assessing injury conditions in rats with 
SCI [11], [12]. Besides assessing injury severity, it can also 
be used in monitoring rehabilitation progress or recovery 
efforts, as reported from the studies by Zheng et al. and Guo 
et al. [13], [14]. Gait analysis needs specialized apparatus 
that is capable to capture and analyze them, such as the 
commercially available CatWalk system by Noldus. Due to 
cost constraints, this study built an affordable yet reliable 
walkway system. This walkway system records videos of 
the rats in motion and analyzes it to determine the gait 
parameters. From the parameters, conclusions about the 
injury condition of the rat can be drawn. SCI-injured rats 
adjust their gait to compensate for limitations and 
difficulties resulting from the injury. By monitoring these 
changes in gait patterns, the injury condition and 
progression can be assessed and provides meaningful 
information. 

In addition to gait parameters, the locomotion speed of 
the injured rats will also be affected. However, most studies 
have focused on gait analysis and have not extensively 
explored on this aspect when reporting their findings. 
There are studies reported by Danner et. al which indicates 
that different injuries can lead to changes in rats’ speed 
with variations depending on the type of injury, including 
contusion SCI [7]. This proves that speed can be another 
dimension that need to be investigated when analyzing gait 
parameters of SCI-injured rats. Hence this study also take 
speed into account in its analysis. 

The primary objective of this study is to analyze 
changes in gait parameters, namely the stride lengths and 
stance width of the rats with contusion SCI using the newly 
developed walkway system and relate them with their 
locomotor speed. For comparisons, gait of healthy, 
uninjured rats was also analyzed. By investigating these 
parameters, the relationship between speed and gait in both 
groups can be explored. 
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II. METHODOLOGY 

A. Animal Preparation 
This study used 13 adults female Wistar rats weighing 

approximately around 200-250g each. They were randomly 
subjected to two groups: 7 uninjured and 6 injured. Access 
to food and water was given ad libitum. All rats were 
purchased from Laboratory Animal Facility and 
Management (LAFAM), UiTM and all procedures were 
approved by UiTM Committee on Animal Research and 
Ethics (UiTM CARE) (reference code2/2023/(412/2023). 
The injured rats were subjected to contusion SCI injury 
using NYU Impactor Device (WM Keck Center for 
Collaborative Neuroscience, USA), as shown in Fig. 1 
below. Surgical procedures and animal care post-surgery 
was done delicately as outlined by Yusof et. al [15]. For 28 
days post injury (dpi), the rats were closely monitored while 
performing the required tests. At the 28 dpi, they were all 
euthanized through overdose of carbon dioxide inhalation. 

B. Walkway System 
The walkway system records rat’s gait data by 

capturing video footage from below the walkway and 
analyzing the parameters. The walkway was built using 
transparent acrylic with dimensions of 80mm (width) x 
900mm (length) x 80mm (height) and 10mm thickness as 
shown in Fig. 2(a). The ceiling and floor of the walkway 
were equipped with controllable light emitting diodes 
(LED) strips to illuminate the rats’ paws when walking on 
and to control the amount of light inside the walkway 
during test. Dark backdrops were used to enhance the paws 
from the background. The motion capture system for the 
walkway consists of a camera and a workstation. The 
camera is a GoPro Black 10 camera from GoPro Inc, while 
the workstation is a personal computer powered with 11th 
Gen. Intel Core i7. Frame frequency of 60 frames-per-
second (fps) was chosen for the walkway test at it is the 
optimum condition to balance between processing time and 
to avoid image losses. 

The captured videos were edited and sent for analysis 
using the Python code developed specifically for this task 
to track and calculate the gait parameters and the speed. 
Stride length measures the distance covered between the 
point of initial contact of a foot with the ground and the 
next contact of the same foot with the ground again. Stance 
width, on the other hand, is the average distance between 
left and right hindlimb during walking, while walking 
speed is the ratio of distance over time the rat took to walk 

from the first stride to the final stride inside the walkway. 
To identify and track the motion of the rat, a Python-based 
open-source software developed by Dr Mackenzie Mathis 
named DeepLabCut (DLC) was used. DLC is a software 
tool for marker-less pose estimation that can track body 
parts such as the paws without initially setting a physical 
marker [17], [18]. This makes the software suitable for 
dealing with active and small animals like the rats. Using 
this software, the location of the paws in each frame in the 
videos were identified and marked. The paws of the left 
hindlimb were selected to measure the rats’ stride, while 
both hindlimbs were tracked for the stance width data. Fig. 
2(b) displayed the captured frame from a video of an 
injured rat. From the image, the location of the hindpaw 
was identified and tracked for analysis. The hindlimbs were 
selected because they are among the body parts that receive 
significant impact from the contusion injury [13]. 

To identify which paw is touching the floor of the 
walkway at a particular time, each of the four paws were 
marked with different color thresholds by the DLC. The 
pixel location of the markers at both the left and right 
hindlimb of each frame was identified and recorded before 
the stride length, stance width and speed of the rats were 
calculated. From Fig. 2(c), if (xb,yb) is the coordinate for 
the centroid of a left hindlimb’s paw at position b, and 
(xb+1,yb+1) as the coordinate for the same paw’s subsequent 
position, then the stride length of the left hindlimb was 
calculated using (1). Subsequently, for the stance width, if 
(xb,yb) is the coordinate for the centroid of the left 
hindlimb’s paw at position b, and (xc,yc) is the coordinate 
for the centroid of the right hindlimb at position c, then the 
stance width of the hindlimb of the rat was calculated using 
(2). 

 
Fig. 1. Image depicts the NYU impactor delivering a 25mm drop onto the 
exposed T9/T10 vertebrae during surgical procedure. A successful contusion 
SCI can be visually confirmed through the jerking of the rat’s hindlimbs when 
the impactor hits rat’s spinal cord. [16]. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2. (a) Setup of the walkway system during experiment. The camera was 
placed at 0.38m below the walkway for best view. Every time the paws touch 
the floor, light from the LED strips brightens up the rat’s paw. (b) Camera view 
from the bottom of the walkway. (c) Definition of stride length and stance 
width. 
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 𝑆𝑆𝑆𝑆 = �(𝑥𝑥𝑏𝑏+1 − 𝑥𝑥𝑏𝑏)2 + (𝑦𝑦𝑏𝑏+1 − 𝑦𝑦𝑏𝑏)2 (1) 

 𝑆𝑆𝑆𝑆 = 𝑦𝑦𝑐𝑐 − 𝑦𝑦𝑏𝑏 (2) 

The output of the walkway system (stride length of left 
hindlimb and stance width) was validated by comparing it 
to manual measurements obtained by identifying the 
location of each paws’ placement in the respective frames 
by using ImageJ, a JAVA based image analysis software 
developed by United States National Institutes of Health 
[19]. The location of each paw was recorded, and the 
outputs were calculated. The Pearson correlation 
coefficient, r, for the stride length was obtained to be 0.995 
and 0.990 for the uninjured and injured group, respectively. 
Similarly, for stance width, the r-values were found to be 
0.991 and 0.941 for the uninjured and injured rats. These 
results demonstrate the reliability of the walkway system to 
be used in measuring gait parameters for rats in this study. 

C. Experimental Procedures 
From their cage, the rats were be released at the entrance 

of the walkway as marked in Fig. 2(a) and walked 
spontaneously through to the other end. During this event, 
the camera placed below the walkway will record rat’s 
movement. After each test, the rats was transferred back to 
the respective cage and the walkway was cleaned with 
disinfectants before the next rat was released inside it. 

III. RESULTS AND DISCUSSION 
Table I displays the average speed, stride length and 

stance width of the uninjured and injured rats obtained 
during the period of this study. It is clearly seen that 
uninjured group exhibit faster average speed, longer 
average stride and shorter stance width when compared to 
the injured group. These are expected as they are showing 
similar results with what was observed in previous studies 
[7], [20]. Uninjured rats typically have longer stride lengths 
than the injured rats because they have better 
communication between the brain and the spinal cord, thus 
leading to a better coordination in their limb movement. 
Furthermore, in terms of the stance width, injured rats tend 
to have it wider to overcome their instability due to the SCI 
injury [20]. The differences recognised in Table I between 
the two groups indicate the injury is impacting their 
locomotion ability. The speed and gait parameters of the 
injured rats were altered to overcome the adjustments after 
the effective SCI injury. 

Fig. 3 investigates the relation between the first gait 
parameter in this experiment, the stride length, and the 
speed. In both groups of uninjured and injured rats, 
increased in speed generally results in an increase in 
average stride length, as seen from the plots and positive 
Pearson’s r value. This is because as the rats move faster, 
they take longer strides to cover more distance is less time. 

In healthy rats, the relationship is stronger between 
locomotor speed and stride length (r = 0.746) as compared 
to the moderate correlation in injured group (r = 0.471). 
This is in line with other findings that states stride length 
increased as speed increases [7]. In SCI-injured rats, 
although the trend is like the uninjured rats, the relationship 
is not as strong. This might be due to the existence of SCI-
induced impairments that limits the ability of the rats to 
extend their stride length even at higher speeds. On the 
other hand, the p-values is insignificant due to some 
possible reasons, including the small sample sizes, where 
only seven and six samples each for the uninjured and 
injured group. Although the p-value does not allow for a 
statistically solid conclusion, the data still provides 
valuable information about the strength and direction of the 
relationship between speed and stride lengths for injured rats. 

From Fig. 4, stance width and speed in general is having 
moderate negative correlation. This negative correlation 
between speed and stance width was clearly reflected in the 
negative Pearson coefficient value for both groups, 
contrary to the relationship between stride length and speed. 
The trend is similar for both the healthy and injured rats: as 
the speed increases, the stance width decreases, with 
uninjured rats’ r value is slightly stronger than the injured’s 

TABLE I.  AVERAGE SPEED, STRIDE LENGTH AND STANCE WIDTH OF 
THE UNINJURED AND INJURED RATS DURING WEEK 1 OF THE EXPERIMENT 

Output 
Parameters 

Uninjured 
Rats 

Injured 
Rats 

Difference 
(%) 

Speed (cm/s) 20.644 16.445 25.53 

Stride (cm) 10.655 9.986 6.7 

Stance width (cm) 2.957 3.454 14.39 

 

 

 
(a) 

 
(b) 

Fig. 3. Correlation between locomotion speed and average stride lengths for 
(a) uninjured and (b) injured rats. 
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r at -0.503 and -0.488, respectively. Similar to the strides 
for the injured rats, slightly weaker correlation between the 
speed and stance width suggests significant locomotor 
impairment of the SCI-injured rats. However, the trend is 
not conclusive because the correlation is not statistically 
significant (p-value > 0.05). Similar to stride length, small 
sample size might contribute to this. In this situation, with 
the stance width for injured rats have moderate correlation 
when compared to the walking speed while the stance 
width of the injured rats is larger than the uninjured, it can 
be concluded that this data still provides significant 
information regarding the relationship between walking 
speed and stance width of injured rats. 

Small sample size was used in this study due to logistic 
and financial constraints. Despite the limitation, the 
analysis of 13 rats – 7 uninjured and 6 injured – provides 
meaningful observations into the relationship between 
speed and gait parameters for SCI-injured rats, enhancing 
understanding on the subject. The lack in statistical 
numbers in the results is likely attributable to limited 
sensitivity from the small sample sizes rather than without 
any important relationships. Future studies with larger 
sample sizes will be necessary to confirm these findings 
and establish more definitive conclusions. 

IV. CONCLUSION 
This research article presented the analysis of 

locomotion speed, stride length and stance width of healthy 
and injured rats using a walkway system four days after a 
contusion SCI surgery. From the results, SCI-injured rats 
experience slower speed and shorter stride length, while 
showing larger stance width when compared to the 
uninjured rats, proving that their SCI-injury is impacting 
their locomotion ability. Furthermore, when investigating 
the relationship between speed and the two gait parameters, 
it is shown that stride length have positive correlation with 
speed, while the stance width have negative correlation. 
Although the correlation trend is similar for both uninjured 
and injured rats, the weaker correlation observed in the 
injured rats indicates significant locomotor impairment, 
despite the small sample size. In summary, from this study, 
the relationship between the speed and gait parameters 
involved can be used to further justify the presence of SCI 
in rats. This correlation also has the potential to be used to 
measure both injury severity and its progression during 
rehabilitation exercise. Future research with larger sample 
sizes is required to further validate these findings and draw 
more solid inferences. 

ACKNOWLEDGMENT 
This research is funded by the Yayasan Penyelidikan 

Otak, Minda dan Neurosains Malaysia (YPOMNM), grant 
no.100-TNCPI/GOV 16/6/2 (059/2020). 

REFERENCES 
[1] J. P. Engkasan, N. Hasnan, Y. Mohd Yusuf, and L. Abdul Latif, 

“People with spinal cord injury in Malaysia,” Am J Phys Med Rehabil, 
vol. 96, no. 2, pp. S90–S92, Feb. 2017, doi: 
10.1097/PHM.0000000000000598. 

[2] S. A. Roohi, A. S. Naicker, M. H. Shukur, and A. R. Mohammad, 
“Spinal injuries in a level-one trauma centre: A demographic study,” 
Medical Journal of Malaysia, vol. 61, pp. 30–35, Feb. 2006. 

[3] Z. H. Zulkipli and S. A. M. Faudzi, “Spine and whiplash injuries related 
to passenger car crashes in Malaysia,” Journal of the Society of 
Automotive Engineers Malaysia, vol. 4, no. 3., pp. 362–371, Sep. 01, 
2020. doi: 10.56381/jsaem.v4i3.29. 

[4] A. Ibrahim et al., “Epidemiology of spinal cord injury in hospital Kuala 
Lumpur,” Spine (Phila Pa 1976), vol. 38, no. 5, pp. 419–424, Mar. 
2013, doi: 10.1097/BRS.0b013e31826ef594. 

[5] H. Al-Nashash et al., “Spinal cord injury detection and monitoring 
using spectral coherence,” IEEE Trans Biomed Eng, vol. 56, no. 8, pp. 
1971–1979, 2009, doi: 10.1109/TBME.2009.2018296. 

[6] F. Inanici, L. N. Brighton, S. Samejima, C. P. Hofstetter, and C. T. 
Moritz, “Transcutaneous spinal cord stimulation restores hand and arm 
function after spinal cord injury,” IEEE Transactions on Neural 
Systems and Rehabilitation Engineering, vol. 29, pp. 310–319, 2021, 
doi: 10.1109/TNSRE.2021.3049133. 

[7] S. M. Danner, C. T. Shepard, C. Hainline, N. A. Shevtsova, I. A. 
Rybak, and D. S. K. Magnuson, “Spinal control of locomotion before 
and after spinal cord injury,” Exp Neurol, vol. 368, Oct. 2023, doi: 
10.1016/j.expneurol.2023.114496. 

[8] J. R. Swearengen, “Choosing the right animal model for infectious 
disease research,” Animal Model Exp Med, vol. 1, no. 2, pp. 100–108, 
Jun. 2018, doi: 10.1002/ame2.12020. 

[9] D. L. Hickman, J. Johnson, T. H. Vemulapalli, J. R. Crisler, and R. 
Shepherd, “Commonly used animal models,” in Principles of Animal 
Research for Graduate and Undergraduate Students, 2017, pp. 117–
175, doi: 10.1016/B978-0-12-802151-4.00007-4. 

[10] T. Cheriyan et al., “Spinal cord injury models: A review,” Spinal Cord, 
vol. 52, no. 8., pp. 588–595, Jun. 10, 2014. doi: 10.1038/sc.2014.91. 

[11] C. C. Diogo et al., “Kinematic and kinetic gait analysis to evaluate 
functional recovery in thoracic spinal cord injured rats,” Neurosci 
Biobehav Rev, vol. 98, no. Dec. 2018, pp. 18–28, 2019, doi: 
10.1016/j.neubiorev.2018.12.027. 

 
(a) 

 
(b) 

Fig. 4. Correlation between locomotion speed and average stance width 
for (a) uninjured and (b) injured rats. 

331
Authorized licensed use limited to: University of Greenwich. Downloaded on February 24,2025 at 01:51:55 UTC from IEEE Xplore.  Restrictions apply. 



[12] W. Li et al., “A multimode markerless gait motion analysis system 
based on lightweight pose estimation networks,” in Proc. BioCAS 2022 
- IEEE Biomedical Circuits and Systems Conference: Intelligent 
Biomedical Systems for a Better Future, Proceedings, 2022, pp. 694–
698, doi: 10.1109/BioCAS54905.2022.9948540. 

[13] G. Zheng et al., “Assessment of hindlimb motor recovery after severe 
thoracic spinal cord injury in rats: Classification of CatWalk XT® gait 
analysis parameters,” Neural Regen Res, vol. 18, no. 5, pp. 1084–1089, 
May 2023, doi: 10.4103/1673-5374.355763. 

[14] Y. Guo, H. Hu, J. Wang, M. Zhang, and K. Chen, “Walking function 
after cervical contusion and distraction spinal cord injuries in rats,” J 
Exp Neurosci, vol. 13, Aug. 2019, doi: 10.1177/1179069519869615. 

[15] Y. Yusof, M. Nor Azmi Ab Patar, A. Patar, and J. Mahmud, “A novel 
walkway system for measuring the spatial gait parameters of rats with 
spinal cord injury,” International Journal of Integrated Engineering, 
in press. 

[16] A. Jarragh, A. Shuaib, G. Al-Khaledi, F. Alotaibi, S. Al-Sabah, and W. 
Masocha, “A custom-made weight-drop impactor to produce 

consistent spinal cord injury outcomes in a rat model,” Transl 
Neurosci, vol. 14, no. 1, Jan. 2023, doi: 10.1515/tnsci-2022-0287. 

[17] A. Mathis et al., “DeepLabCut: Markerless pose estimation of user-
defined body parts with deep learning,” Nat Neurosci, vol. 21, no. 9, 
pp. 1281–1289, 2018, doi: 10.1038/s41593-018-0209-y. 

[18] T. Nath, A. Mathis, A. C. Chen, A. Patel, M. Bethge, and M. W. 
Mathis, “Using DeepLabCut for 3D markerless pose estimation across 
species and behaviors,” Nat Protoc, vol. 14, no. 7, pp. 2152–2176, 
2019, doi: 10.1038/s41596-019-0176-0. 

[19] C. A. Schneider, W. S. Rasband, and K. W. Eliceiri, “NIH Image to 
ImageJ: 25 years of image analysis,” Nature Methods, vol. 9, no. 7., 
pp. 671–675, Jun. 28, 2012. doi: 10.1038/nmeth.2089. 

[20] F. P. T. Hamers, G. C. Koopmans, and E. A. J. Joosten, “CatWalk-
assisted gait analysis in the assessment of spinal cord injury,” J 
Neurotrauma, vol. 23, no. 3–4, pp. 537–548, 2006, doi: 
10.1089/neu.2006.23.537. 

 

 

332
Authorized licensed use limited to: University of Greenwich. Downloaded on February 24,2025 at 01:51:55 UTC from IEEE Xplore.  Restrictions apply. 


