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Abstract
Objective ‒ The main objective of this study is to design
a custom-made weight-drop impactor device to produce a
consistent spinal cord contusion model in rats in order to
examine the efficacy of potential therapies for post-trau-
matic spinal cord injuries (SCIs).
Methods ‒ Adult female Sprague-Dawley rats (n = 24, 11
weeks old) were randomly divided equally into two groups:
sham and injured. The consistent injury pattern was pro-
duced by a 10 g stainless steel rod dropped from a height of
30mm to cause (0.75mm) intended displacement to the
dorsal surface of spinal cord. The neurological functional
outcomes were assessed at different time intervals using
the following standardized neurobehavioral tests: Basso,
Beattie, and Bresnahan (BBB) scores, BBB open-field loco-
motion test, Louisville Swim Scale (LSS), and CatWalk gait
analysis system.
Results ‒ Hind limb functional parameters between the
two groups using BBB scores and LSS were significantly
different (p < 0.05). There were significant differences (p
< 0.05) between the SCI group and the sham group for the
hind limb functional parameters using the CatWalk gait
analysis.

Conclusion ‒ We developed an inexpensive custom-
made SCI device that yields a precise adjustment of the
height and displacement of the impact relative to the
spinal cord surface.

Keywords: spinal cord injury, rat model, spinal cord
impactor, contusion model

1 Introduction

Approximately 300,000 Americans live with permanent
disability due to acute spinal cord injury (SCI) [1]. The
number of prevalent cases of SCI globally was almost 27
million in 2016 [2]. A further understanding of the neu-
rological regeneration potential has proven that central
nervous system regeneration can be feasible by modu-
lating the secondary inflammatory response, scarring,
and/or myelination, and this discovery contradicts the
previous belief that recovery was near impossible [3,4].
Rodents have been the most used animal models of SCI in
the literature owing to their ease of handling, close patho-
physiological resemblance to humans, and the fact that
they are more cost-effective than many other models [3,5].

Spinal cord contusion models are more relevant to
clinical practice than transection and distraction models
since contusion is the most common injury mechanism in
humans [6–9]. The secondary inflammatory response to
SCI can be used in translational research for testing dif-
ferent potential experimental therapies [4].

The New York University (NYU)/Multicenter Animal
Spinal Cord Impactor Study (MASCIS) impactor uses a
weight-drop technique to induce contusion SCI [10]. On
the other hand, the Ohio State University impactor and
the Infinite Horizon impactor are computer-controlled
electromagnetic devices that have also been developed
for rat [11,12]. However, these systems are costly and
not available in all research centers in the developing
world.
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For individual laboratories or small animal research
facilities, a manually operated spinal cord impactor,
which is relatively inexpensive and easier to install and
operate, might be a feasible alternative. In this study, we
developed a new customized SCI device that allows a
precise adjustment of the height and displacement of
the impact relative to the surface of the spinal cord.

2 Materials and methods

2.1 Animals

Adult female Sprague-Dawley rats (n = 24, 11 weeks old,
200–240 g)were randomly divided into two groups: sham
(n = 12) and injured (n = 12). Sham-operated rats under-
went the same surgical procedures, including a lami-
nectomy, as the SCI group, although they did not sustain
an SCI.

2.2 Customized spinal cord impactor device

We used this customized impact device to induce experi-
mental SCIs in rats by adopting Allen’s concept of dropping

a known amount of weight from a known height to cause a
contusive type of damage at the thoracic level (T10). The
device consisted of an articulating base, two working
towers, and an impactor dropping tower. The articulating
base had two adjusting knobs for macro- and micro-
motions in two planes to adjust the animal position under
the impactor. The two working towers are made of stain-
less steel with an articulating connection that permits rota-
tory, horizontal, and vertical movements. The working
towers can be used to attach the forceps and retractors
to rigidly stabilize the spinal vertebrae. The impactor drop-
ping tower has articulating parts that allow two planes of
motion (Figure 1) (SDC: Video 1). The impactor part is made
of a 10 g stainless steel rod, plastic tube, plastic stopper, and
metal pin. We created the tube from a medical syringe with
predrilled holes at regular intervals (25–35mm) to adjust the
height of the rod drop using a metal pin (Figure 2).

The first part of this study aimed to standardize the
surgical protocol and technique for the SCI device. To do
this, the SCI device was tested in three groups of rats (n =
12 in each group) using three different displacement para-
meters (0.5, 0.75, and 1.0 mm) and a standard drop height
of 30mm (Figure 3). The results of this testing showed that
the 0.5mm displacement group resulted in a minimal and
variable SCI effect, while the 1.0mm displacement group
had a high mortality rate. However, a consistent result
with a moderate incomplete SCI injury was observed

Figure 1: Customized weight-drop SCI impactor. A digitalized 3D model of the front view of the spinal cord impactor.
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when the rod was dropped from a height of 30mm and the
displacement was set at 0.75mm. Therefore, these para-
meters were chosen for use in this study.

The displacement calibration was conducted as fol-
lows: the tube rod assembly was pressed against a flat
hard surface to make the tip flush to the same level as the
lower edge of the tube, while the upper part of the rod
with its handle was moved away from the upper part of
the tube (Figure 4a and b). The distance between the
upper rod handle and the upper part of the syringe was
marked as the distance that caused zero displacement. A
red plastic tube (stopper) was made with the same length

of zero displacement distance (distance A: Figure 4c). The
desired amount of displacement (distance B) was made
by subtracting distance B from distance A, and in our
case, 0.75 mm shortening was done to the red plastic
tube (Figure 4d). The rod syringe assembly with its
0.75 mm distal protruded rod tip was lowered gradually
until it touched the exposed dorsal surface of the spinal
cord. After that, the impactor tip was lowered further to
the intended displacement (0.75 mm) into the spinal cord
and became flushed with the tube. This step was con-
firmed by compressed blood flow in the posterior spinal
artery. Afterward, the rod was retracted, and the pin was
placed at the desired height (30mm). When we released
the pin in the presence of the plastic stopper, the rod falls
onto the spinal cord at a specific depth (Figure 5) (SDC 2:
Video 2).

2.3 SCI surgery procedure

The animals were anesthetized with a mixture of 60mg/kg
ketamine HCl and 3.2mg/kg xylazine intramuscularly. A
4 cm midline dorsal skin incision was made. A thoracic 10
(T10) laminectomy was performed to expose the spinal
cord (Figure 6a and b); the intact dura matter was main-
tained, and pressure on the thecal sac was avoided. The
spinous processes of the 9th and 11th vertebrae were
rigidly clamped and fixed to the surgical frame to stabilize
the spinal cord against displacement during injury (Figure 6a).
The injury was inflicted by dropping a steel rod, 2mm in
diameter and weighing 10 g, from a height of 30mm, while

Figure 2: Impactor parts: (a) 10 g rod with a handle on top and a 2.0 mm impactor tip. (b) Plastic syringe. (c) The red tube is used to adjust
the displacement of the rod into the spinal cord. (d) A metal pin is used for height adjustment. (e) The overall assembly of the impactor.

Figure 3: Survival rate 1-week post-SCI with 10 g weight free fall
from 30mm height with a depth of 0.5, 0.75, and 1.0 mm displace-
ment of spinal cord dorsal surface.
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the tube was placed central and perpendicular to the
exposed dorsal surface of the spinal cord (Figure 6c). There
was no visible gross displacement of the spinal cord at
the moment of impact. Subsequently, the lesion was veri-
fied by three researchers who identified the appearance
of the hematoma on impact under a surgical microscope.
Moreover, we observed hind limb twitching and tail lifting

in rats, indicating successful spinal cord contusion with
our custom-made impactor. In all experimental animals,
this step was performed on all the rats using the same
microsurgeon.

2.4 Neurological function test following SCI

An essential part of any experimental SCI study is the
evaluation of the animals’ neurological statuses through
neurological assessments during this study to provide
direct evidence of whether a model has the potential to
be used as an impactor [13]. For this objective, a battery
of tests was incorporated in this research, including
Basso, Beattie, and Bresnahan (BBB) scores [14], BBB
open-field locomotion test, Louisville Swim Scale (LSS),
and CatWalk gait analysis system (Noldus Information
Technology, The Netherlands) [15,16]. All the analysis
were carried out by two independent investigators who
were blinded to the assigned groups.

2.5 Statistical analysis

All statistical analyses were performed using GraphPad Prism
7.0 software (GraphPad, La Jolla, CA, USA). The data were
presented asmean ± SEM. The statistical differences between

Figure 5: Height drop distance. (a) Height adjusted to 30mm using a
metal pin. (b) After releasing the pin, the rod causes spinal cord
contusion at the T10 level.

Figure 4: Displacement calibration. (a) The rod tube assembly. (b) The rod and tube are pressed against a hard flat surface. (c) A red plastic
stopper is placed on top (Distance A = zero displacement). (d) Distance B was created by removing 0.75 mm from the red plastic tube
(distance A) to create the desired displacement (0.75 mm).
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the two groups were analyzed using an established t-test,
Kruskal–Wallis test followed by Dunnett’s multiple compar-
ison test and two-way repeated-measures ANOVA followed
by Bonferroni’s multiple comparison test. The difference was
considered statistically significant at p < 0.05.

Ethical approval: The research related to animals’ use has
been complied with all the relevant national regulations
and institutional policies for the care and use of ani-
mals. All procedures were performed according to the
protocol approved (approval code: ZM05/15) by the Animal
Care and Ethics Committee of the Health Sciences Center,
Kuwait University.

3 Results

The progress of the recovery of hindlimb function after
incomplete moderate SCI was evaluated with the BBB
scale in the sham-operated group (sham) and the SCI
group on days 3, 7, 14, 21, 28, 35, 42, 49, and 56 after
surgery (Figure 7a). There was a remarkable improve-
ment in the BBB score of the SCI group within the first
14 days. For the injured group, the BBB curves appeared
to be approaching a plateau at 5 weeks like what has been
reported in other injury models [14,17]. Furthermore, the
injury group’s BBB scores were significantly different
from those of the sham group (p < 0.05).

Figure 6: Surgical setup. (a) The spinous processes are stabilized with two holding forceps. (b) T10 laminectomy exposing the spinal cord
and dorsal spinal artery is apparent. (c) Adjusting the impactor height perpendicular to the dorsa cord surface.

Figure 7: Recovery of hindlimb function: (a) the BBB scale and (b) the LSS score. Data are expressed as mean ± SEM. Statistically significant
differences in comparison with sham-operated rats *p < 0.05 (two-way repeated-measures ANOVA followed by Bonferroni’s multiple
comparison test).

A custom-made spinal cord impactor in rat model  5



Figure 7b shows the progress in the recovery of hindlimb
function after incomplete moderate SCI as evaluated with the
LSS in the sham-operated (sham) and SCI groups at weeks 1,
3, 7, 11, and 15. The LSS curves for the injured group appeared
to be approaching a plateau at 3weeks. Furthermore, the LSS

scores for the injury group differed significantly from those of
the control group (p < 0.05). It is important to note that at all
time points where the BBB scores and LSS scores were eval-
uated, and the SCI group was compared to the sham group,
the p-value was less than 0.0001.

Figure 8: Paw parameters at week 0 and after SCI (weeks 7 and 11): (a) regularity index, (b) step pattern, (c) hind paw intensity, (d) forelimbs
and hindlimbs paw intensity difference, (e) swing speed, and (f) hind paw stride length. Statistically significant differences in comparison
with baseline: #p < 0.05 (Kruskal–Wallis test followed by Dunnett’s multiple comparison test). Statistically significant differences in
comparison with sham-operated rats *p < 0.05 (two-way repeated-measures ANOVA followed by Bonferroni’s multiple comparison test).
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Figure 8 shows the CatWalk gait analysis for the
sham and SCI groups at weeks 0, 7, and 11. The interlimb
coordination of the rats, measured by the regularity
index, was 100% (Figure 8a) at baseline (week 0), indi-
cating that the placements of the paws of all the rats
followed a normal step sequence, and each paw was
placed four times as the rat walked [15]. The interlimb
coordination of the sham-operated rats did not change
during the experiment (p > 0.05; Figure 8a). However, the
regularity index of SCI rats decreased significantly to 62.5
± 20.8% in week 7 post-operation compared to baseline
and sham-operated rats (p < 0.05), indicating that SCI
rats had lost interlimb coordination but recovered in
week 11 (p > 0.05; Figure 8a).

Rats use the Ab alternate step sequence most of the
time, and it decreases in SCI rats due to missteps [15]. The
percentage of the Ab alternate step sequences from sham-
operated rats did not change significantly during the
course of the experiment (p > 0.05; Figure 8b). However,
the percentage of the Ab alternate step sequence of SCI
rats decreased significantly from 90.8 ± 5.3 to 30.0 ± 10.0%
and 13.3 ± 8.2% in weeks 7 and 11 post-operatively, respec-
tively (whole duration of the experiment) compared to
baseline and sham-operated rats (p < 0.05; Figure 8b).

The pressure of the hind paw, which was measured
using the light intensity of the hind paw [15] and repre-
sents the force used by the paws, increased over time for
the sham-operated rats, while it decreased for the SCI rats
(Figure 8c), and the difference between the two groups
was significant at 11 weeks post-operation (p < 0.05;
Figure 7c). SCI rats shifted weight/pressure from hin-
dlimbs to forelimbs; therefore, the difference between
forelimb intensity and hindlimb intensity increased signifi-
cantly in weeks 7 and 11 post-operation (whole duration of
the experiment) compared to baseline and sham-operated
rats (p < 0.05; Figure 8d).

Swing speed reflects the velocity of the moving limb
during the swing phase, and it has been reported to
decrease in animals with SCI [18]. The swing speed of
the sham-operated rats did not change significantly during
the course of the experiment (p > 0.05; Figure 7e). How-
ever, the swing speed of SCI rats decreased significantly
from 0.9 ± 0.1 to 0.5 ± 0.2m/s and 0.4 ± 0.1m/s in weeks 7
and 11 post-operation (whole duration of the experiment)
compared to baseline and sham-operated rats (p < 0.05;
Figure 8e).

There were no significant differences in hindlimb
stride lengths between sham-operated and SCI rats com-
pared to the baseline or between the two groups (p >
0.05; Figure 8f), which is like what has been reported
in previous studies [15,19].

4 Discussion

The standardization of injury in SCI models can be accom-
plished by standardizing the animal physiological parameters
and biomechanical parameters of the impactor device. The
standardized physiological parameters in our experiment
were the sex (females), body weight (200–240 g), and
age (77 days) of Sprague-Dawley rats’ species. Studies
have shown that the ideal age for a rodent animal model
is 77 days, in which the spinal cord diameter will be similar
betweenmales and females regardless of their body weight
[20]. Most spinal cord contusion devices control biome-
chanical factors such as the impactor weight, force, speed,
duration, and height of drop to produce different grades
of injury severity [10–12]. The spinal cord can deform up to
1/3 of its volume without any axonal damage provided
the deformation is gradual [21]. However, if the impact
velocity exceeds the critical velocity (0.5–1.0m/s), the
site of injury impact will travel caudal and cephalic along
the large myelinated axon, causing irreversible shearing
injury to the axons [3]. The current spinal cord impactors
can adjust the force and drop height to achieve the desired
critical velocity value [22]. In this study, we describe a
novel low-cost apparatus for SCI in a rat model. This spinal
cord impactor device provides an effective method by
which SCIs can be induced in laboratory animals such
as rats. This spinal cord impactor allows investigators to
standardize the biomechanical variables of SCIs in rats.
The main advantages of this system are (1) easy handling,
(2) reproducible impacts, (3) adjustable impactor falling
height, and (4) adjustable displacement in the spinal cord.
Thus, the functionality and versatility of the spinal cord
impactor device can be readily adapted to various levels of
SCI severity. There are many issues with drop-test devices
from a biomechanical perspective, primarily the interaction
between drop height and impact velocity. However, the cri-
tical velocity can be estimated in our model using a mathe-
matical equation (Vf

2 = Vi
2 + 2a Y∆ ) based on the facts that

earth gravitational acceleration (a) is constant and the initial
velocity (Vi

2) equals zero (V indicates the velocity in m/s, a
indicates the Earth’s gravitational acceleration = 9.8m/s2 Y∆
(drop height) inmeter (m)). The calculated velocitywas 0.77m/s

((Vf = ( )+ × ×0 2 9.81 0.03 = 0.77m/s) for a 10 g rod
falling from a 30mm height, which is within the acceptable
range of the defined critical velocity (0.5 – 1.0m/s) [3].

One of the main aims in this study was to obtain a
reproducible injury, which was confirmed by the beha-
vior tests (BBB, LSS, and CatWalk) and compared to the
sham group. This study used a customized impactor
device to establish the SCI model, which can be used
to demonstrate the effectiveness of preclinical therapy.
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The BBB scores and the changes in CatWalk gait para-
meters such as step pattern and the regularity index of
coordination during walking, print area, and swing speed
were similar to what has been obtained by other groups
using commercially available impactors such as the
NYU impactor or MASCIS weight-drop device [23–25].
The locomotion assessment with gait analysis and the
recovery of walking function has more clinical impor-
tance to the patient and the physicians than other para-
meters [26]. This customized model, although not proven
to be superior to any commercially available SCI impactor
device, can still be viewed as a viable option. By using this
model, scientists and medical professionals can conduct
their research with more confidence in the consistency of
their results. This makes it an attractive option for them,
especially when resources and funds are limited. A recent
investigation showcased the development of another straight-
forward, custom-made weight-drop impactor device, empha-
sizing the growing necessity for creating SCI models to facil-
itate neurotherapeutic research in developing countries [27].
This trend underscores the importance of accessible and
affordable tools in advancing scientific knowledge and ther-
apeutic interventions for SCIs.

The main limitation of this study is that our device
was not compared to the current gold standard devices
on the market. Unlike commonly used devices, the finer
details of the impact, such as the moment of contact, the
velocity of impactor, and the spinal cord secondary motion,
cannot bemeasured and recorded. In addition, there was no
histopathological assessment of the injured spinal cord.
This study focused on the most standardized recovery out-
come, which was the locomotion assessment even though
the recovery of sensory and autonomic reflex components
could not be assessed.

5 Conclusion

We designed, built, and tested a unique and inexpensive
spinal cord impactor for rat models. Furthermore, beha-
vior tests were used to validate the patency of the appa-
ratus. Our customized spinal cord impactor device pro-
vides an effective method for producing SCIs in a simple
laboratory setting with minimal resources. The overall
expense of our spinal cord impactor is subject to variation
across different countries, primarily due to fluctuations in
manufacturing costs and material prices. Nonetheless,
the apparatus remains a more economical alternative to
existing commercial devices, thereby presenting a viable
option for researchers in the field of SCI studies.

Acknowledgements: We would like to acknowledge and
appreciate all the help given and the work that was done
by Mr. Rudoulf Kusy from our Biomedical Engineering
unit (BEU) at Kuwait University. We would also like to
thank our 3D artist and the producer of our video anima-
tions, Mr. Hasan Jaragh (instagram-@hanx.obj), for his
efforts and great work.

Funding information: This research was funded by the
Research Administration Department of Kuwait University
(ZM05/15).

Author contributions: All authors had complete access to
all study data and assume complete responsibility for the
integrity of the data and accuracy of data analysis: A.J. –
study concept/design and manuscript writing; A.S. –manu-
script editing and data analysis; G.A and F.A. – surgical
procedures and data collection; W.M. – data analysis and
content supervision; and S.S. – supervision and editing.

Conflict of interest: The authors state no conflict of
interest.

Data availability statement: The datasets used and/or
analyzed during this study are available from the corre-
sponding author on a reasonable request.

References

[1] National Spinal Cord Injury Statistical Center. Spinal cord
injury facts and figures at a glance. J Spinal Cord Med.
2013;36(1):1–2. doi: 10.1179/1079026813z.000000000136.
PubMed PMID: 23433327, PubMed Central PMCID:
PMC3555099.

[2] James SL, Theadom A, Ellenbogen RG, Bannick MS, Montjoy-
Venning W, Lucchesi LR, et al. Global, regional, and national
burden of traumatic brain injury and spinal cord injury, 1990-
2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet Neurol. 2019;18(1):56–87. doi: 10.1016/
s1474-4422(18)30415-0. PubMed PMID: 30497965, PubMed
Central PMCID: PMC6291456, Epub 20181126.

[3] Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic spinal
cord injury: An overview of pathophysiology, models and acute
injury mechanisms. Front Neurol. 2019;10:282. doi: 10.3389/
fneur.2019.00282. PubMed PMID: 30967837, PubMed Central
PMCID: PMC6439316, Epub 20190322.

[4] Kjell J, Olson L. Rat models of spinal cord injury: from
pathology to potential therapies. Dis Model Mech.
2016;9(10):1125–37. doi: 10.1242/dmm.025833. PubMed
PMID: 27736748, PubMed Central PMCID: PMC5087825.

[5] Verma P, Fawcett J. Spinal cord regeneration. Adv Biochem Eng
Biotechnol. 2005;94:43–66. doi: 10.1007/b99999. PubMed
PMID: 15915868.

8  Ali Jarragh et al.

https://instagram-@hanx.obj
https://doi.org/10.1179/1079026813z.000000000136
https://doi.org/10.1016/s1474-4422(18)30415-0
https://doi.org/10.1016/s1474-4422(18)30415-0
https://doi.org/10.3389/fneur.2019.00282
https://doi.org/10.3389/fneur.2019.00282
https://doi.org/10.1242/dmm.025833
https://doi.org/10.1007/b99999


[6] Krishna V, Andrews H, Jin X, Yu J, Varma A, Wen X, et al.
A contusion model of severe spinal cord injury in rats. J Vis Exp.
2013;78:e50111. doi: 10.3791/50111. PubMed PMID: 23979022,
PubMed Central PMCID: PMC3855925, Epub 20130817.

[7] Sharif-Alhoseini M, Khormali M, Rezaei M, Safdarian M,
Hajighadery A, Khalatbari MM, et al. Animal models of spinal
cord injury: a systematic review. Spinal Cord.
2017;55(8):714–21. doi: 10.1038/sc.2016.187. PubMed PMID:
28117332, Epub 20170124.

[8] Soubeyrand M, Laemmel E, Court C, Dubory A, Vicaut E,
Duranteau J. Rat model of spinal cord injury preserving dura
mater integrity and allowing measurements of cerebrospinal
fluid pressure and spinal cord blood flow. Eur Spine J.
2013;22(8):1810–9. doi: 10.1007/s00586-013-2744-2.
PubMed PMID: 23508337, PubMed Central PMCID:
PMC3731496, Epub 20130319.

[9] Verma R, Virdi JK, Singh N, Jaggi AS. Animals models of spinal
cord contusion injury. Korean J Pain. 2019;32(1):12–21. doi: 10.
3344/kjp.2019.32.1.12. PubMed PMID: 30671199, PubMed
Central PMCID: PMC6333579, Epub 20190102.

[10] Young W. MASCIS spinal cord contusion model. Animal models
of acute neurological injuries. Totowa, NJ: Humana Press;
2009. p. 411–21.

[11] Bannerman CA, Ghasemlou N. Spinal cord injury in the mouse
using the infinite horizon spinal cord impactor. Methods Mol
Biol. 2022;2515:193–201. doi: 10.1007/978-1-0716-2409-8_
12. PubMed PMID: 35776353.

[12] Jakeman LB, McTigue DM, Walters P, Stokes BT. The Ohio State
University ESCID spinal cord contusion model. In: Chen J, Xu ZC,
Xu X-M, Zhang JH, editors. Animal models of acute neurological
injuries. Totowa, NJ: Humana Press; 2009. p. 433–47.

[13] Ahmed RU, Alam M, Zheng YP. Experimental spinal cord injury
and behavioral tests in laboratory rats. Heliyon.
2019;5(3):e01324. doi: 10.1016/j.heliyon.2019.e01324.
PubMed PMID: 30906898, PubMed Central PMCID:
PMC6411514, Epub 20190308.

[14] Basso DM, Beattie MS, Bresnahan JC. Graded histological and
locomotor outcomes after spinal cord contusion using the NYU
weight-drop device versus transection. Exp Neurol.
1996;139(2):244–56. doi: 10.1006/exnr.1996.0098. PubMed
PMID: 8654527.

[15] Hamers FP, Koopmans GC, Joosten EA. CatWalk-assisted gait
analysis in the assessment of spinal cord injury. J
Neurotrauma. 2006;23(3–4):537–48. doi: 10.1089/neu.2006.
23.537. PubMed PMID: 16629635.

[16] Zheng G, Zhang H, Tail M, Wang H, Walter J, Skutella T, et al.
Assessment of hindlimb motor recovery after severe thoracic
spinal cord injury in rats: classification of CatWalk XT® gait
analysis parameters. Neural Regeneration Res.

2023;18(5):1084–9. doi: 10.4103/1673-5374.355763. PubMed
PMID: 01300535-202305000-00027.

[17] Ridlen R, McGrath K, Gorrie CA. Animal models of compression
spinal cord injury. J Neurosci Res. 2022;100(12):2201–12.
doi: 10.1002/jnr.25120.

[18] Forgione N, Karadimas SK, Foltz WD, Satkunendrarajah K,
Lip A, Fehlings MG. Bilateral contusion-compression model
of incomplete traumatic cervical spinal cord injury.
J Neurotrauma. 2014;31(21):1776–88. doi: 10.1089/neu.2014.
3388. PubMed PMID: 24949719, PubMed Central PMCID:
PMC4186801, Epub 20140912.

[19] Kloos AD, Fisher LC, Detloff MR, Hassenzahl DL, Basso DM.
Stepwise motor and all-or-none sensory recovery is asso-
ciated with nonlinear sparing after incremental spinal cord
injury in rats. Exp Neurol. 2005;191(2):251–65. doi: 10.1016/j.
expneurol.2004.09.016. PubMed PMID: 15649480.

[20] Young W. Chapter 17. Spinal cord contusion models. In:
McKerracher L, Doucet G, Rossignol S, editors. Progress in brain
research. Vol. 137. New York, USA: Elsevier; 2002. p. 231–55.

[21] Blight A. Mechanical factors in experimental spinal cord injury.
J Am Paraplegia Soc. 1988;11(2):26–34. doi: 10.1080/
01952307.1988.11735792. PubMed PMID: 3076595.

[22] Cheriyan T, Ryan DJ, Weinreb JH, Cheriyan J, Paul JC, Lafage V,
et al. Spinal cord injury models: a review. Spinal Cord.
2014;52(8):588–95. doi: 10.1038/sc.2014.91. PubMed PMID:
24912546, Epub 20140610.

[23] Koopmans GC, Deumens R, Honig WM, Hamers FP,
Steinbusch HW, Joosten EA. The assessment of locomotor
function in spinal cord injured rats: the importance of objec-
tive analysis of coordination. J Neurotrauma.
2005;22(2):214–25. doi: 10.1089/neu.2005.22.214. PubMed
PMID: 15716628.

[24] Singh A, Murray M, Houle JD. A training paradigm to enhance
motor recovery in contused rats: effects of staircase training.
Neurorehabil Neural Repair. 2011;25(1):24–34.

[25] Pajer K, Bellák T, Redl H, Nógrádi A. Neuroectodermal
stem cells grafted into the injured spinal cord induce
both axonal regeneration and morphological restoration
via multiple mechanisms. J Neurotrauma.
2019;36(21):2977–90.

[26] Diogo CC, da Costa LM, Pereira JE, Filipe V, Couto PA, Geuna S,
et al. Kinematic and kinetic gait analysis to evaluate functional
recovery in thoracic spinal cord injured rats. Neurosci
Biobehav Rev. 2019;98:18–28. doi: 10.1016/j.neubiorev.2018.
12.027. PubMed PMID: 30611796, Epub 20190103.

[27] Hashemizadeh S, Hosseindoost S, Pestei K, Hadjighassem M. A
simple and cost-effective weight drop model to induce contu-
sive spinal cord injury: functional and histological outcomes.
Arch Neurosci. 2021;9(1):e118775. doi: 10.5812/ans.118775.

A custom-made spinal cord impactor in rat model  9

https://doi.org/10.3791/50111
https://doi.org/10.1038/sc.2016.187
https://doi.org/10.1007/s00586-013-2744-2
https://doi.org/10.3344/kjp.2019.32.1.12
https://doi.org/10.3344/kjp.2019.32.1.12
https://doi.org/10.1007/978-1-0716-2409-8_12
https://doi.org/10.1007/978-1-0716-2409-8_12
https://doi.org/10.1016/j.heliyon.2019.e01324
https://doi.org/10.1006/exnr.1996.0098
https://doi.org/10.1089/neu.2006.23.537
https://doi.org/10.1089/neu.2006.23.537
https://doi.org/10.4103/1673-5374.355763
https://doi.org/10.1002/jnr.25120
https://doi.org/10.1089/neu.2014.3388
https://doi.org/10.1089/neu.2014.3388
https://doi.org/10.1016/j.expneurol.2004.09.016
https://doi.org/10.1016/j.expneurol.2004.09.016
https://doi.org/10.1080/01952307.1988.11735792
https://doi.org/10.1080/01952307.1988.11735792
https://doi.org/10.1038/sc.2014.91
https://doi.org/10.1089/neu.2005.22.214
https://doi.org/10.1016/j.neubiorev.2018.12.027
https://doi.org/10.1016/j.neubiorev.2018.12.027
https://doi.org/10.5812/ans.118775

	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Customized spinal cord impactor device
	2.3 SCI surgery procedure
	2.4 Neurological function test following SCI
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


