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ABSTRACT

Introduction: Spinal Cord Injury (SCI) is a devastating disease with poor clinical outcomes.
Animal models provide great opportunities to expand our horizons in identifying SCI
pathophysiological mechanisms and introducing effective treatment strategies. The present
study introduces a new murine contusion model.
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Methods: A simple, cheap, and reproducible novel instrument was designed, which consisted
of a body part, an immobilization piece, and a bar-shaped weight. The injury was inflicted to
the spinal cord using an 8-g weight for 5, 10, or 15 minutes after laminectomy at the T9 level in
male C57BL/6 mice. Motor function, cavity formation, cell injury, and macrophage infiltration
were evaluated 28 days after injury.

Results: The newly designed instrument minimized adverse spinal movement during injury
induction. Moreover, no additional devices, such as a stereotaxic apparatus, were required to
stabilize the animals during the surgical procedure. Locomotor activity was deteriorated after
injury. Furthermore, tissue damage and cell injury were exacerbated by increasing the duration
of weight exertion. In addition, macrophage infiltration around the injured tissue was observed
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models, Mice : in mice. No accessory elements are needed, which can be used in future SCI studies.
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Highlights
* A simple and precise method has been introduced for creating Spinal Cord Injury (SCI) in mice by a novel device.
* The device consists of a body part, an immobilization piece, and a bar-shaped weight.

* Assessment of locomotor activity, tissue damage, and macrophage infiltration confirmed the capability of the new
SCI method.

* Reduction of adverse spinal movements and working without any accessory elements are the key points of this new
animal model of SCI.

Plain Language Summary

Spinal Cord Injury (SCI) is a medical problem that can cause the permanent motor and sensory dysfunction. Traffic
accidents, falls, and violence are the most frequent causes of SCI, often affecting young people. Patients and even their
families may encounter other problems, including reducing life quality, psychological burden, and enormous medical
costs. Despite scientific and technological advances, no effective treatment has been found for SCI. Therefore, animal
models help study damage mechanisms and evaluate novel treatment strategies. All SCI research centers require an
economical and reproducible device without using complex surgical procedures by experienced surgeons to minimize
variations in damage to the spinal cord. In this study, a simple, cheap, and reproducible novel instrument for SCI in-
duction is introduced. The instrument consists of various parts, including a body part, an immobilization piece, and a
bar-shaped weight. An 8-g weight was used for 5, 10, or 15 minutes to inflict injury to the spinal cord. Behavioral and
tissue studies indicated that SCI could be induced in rodents in different severity without other elements. This instru-
ment can be used in future investigations for SCI studies, including tissue engineering, stem cell therapy, and drugs
delivery to access effective treatment.

o, 2012). Transection SCI models include all forms of
spinal cord laceration. Two common transection models
consist of complete transection, in which the distal part
of the whole spinal cord is disconnected from the more
proximal parts, and hemisection, in which half of the spi-
nal cord is severed. Complete severance of axons and
the formation of a glial scar occur in the transected area
(Breyer et al., 2017; Oniferet, al., 2007; Xu, Guénard,
Kleitman, & Bunge, 1995).

1. Introduction

pinal Cord Injury (SCI) is a major medical
problem with severe disability and a high
mortality rate. Because of the important role
of the spinal cord as the connecting path-
way for most neural control mechanisms,
its injuries cause dysfunction of motor, sen-
sory and autonomic systems (Khan, Havey,
Sayers, Patwardhan, & King, 1999; Yip & Malaspina,

2012). SCI is created not only by primary mechanical
damage but also through secondary mechanisms. De-
spite all scientific and technological advances, there is
still no definitive treatment for this progressive neuro-
logical disease. Thus, animal models can be helpful in
terms of understanding the molecular pathways involved
in secondary damages and evaluating novel treatment
strategies (Cheriyan et al., 2014; Onifer, Rabchevsky, &
Scheff, 2007).

Animal models of SCI are classified into transection,
contusion, and compression models. Transection is rare-
ly seen clinically, but contusion and compression inju-
ries are more common (McDonough & Martinez-Cerde-

In contusion injuries, a weight drop method or a dedi-
cated apparatus such as the New York University, Ohio
State University, or Infinite horizon impactor is used
(Cheriyan et al., 2014). The severity of the injury de-
pends on the weight or the height from which the im-
pactor tip is dropped. This experimental model results
in cavity formation within the spinal cord tissue while
the glia limitans remain intact (McDonough & Martinez-
Cerdeflo, 2012). Application of the available devices for
SCI induction is limited by their expensive costs and the
requirement of complex surgical procedures by experi-
enced surgeons to minimize variations in damage (Fa-
rooque, 2000; Kwon, Oxland, & Tetzlaff, 2002).
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The compression injury can be created by calibrated
forceps (McDonough, Monterrubio, Ariza, & Martinez-
Cerdeflo, 2015; Plemel et al., 2008), aneurysm clips (Riv-
lin & Tator, 1978), or putting weight directly on to the spi-
nal cord (Wu, Shibuya, Miyamoto, Itano, & Yamamoto,
2005). Compression is similar to contusion in pathological
features and neurological impairment. The severity of an
injury can be increased by enhancing compression pow-
er; aneurysm clips can apply greater pressure or increase
the duration of the spinal cord compression (Cheriyan et
al., 2014). Calibrated forceps are a simple, inexpensive,
consistent and highly reproducible method. However, re-
cording the amount of force is not possible.

In clip compression, the force velocity and compres-
sion extent cannot be recorded (Abdullahi, Annuar, Mo-
hamad, Aziz, & Sanusi, 2017). In the weight-drop com-
pression model, the spinal cord is only briefly impacted,
and thus, it does not reproduce the effect of prolonged
cord compression. Considering these limitations, im-
provement of the current SCI animal models is required.

The present study introduces a feasible method for
creating SCI in rodents using a simple, inexpensive, and
well-designed novel instrument. For calibration, several
factors were evaluated, including quantitative functional
outcomes, size of tissue damage, rate of cell injury, and
macrophage infiltration.

2. Methods

First, a new device was designed and built to induce
SCI in rodents. Then to evaluate the effectiveness of our
new device, 22 adult male BALB/C mice (26 to 30 g
weight) were used to develop compression SCI. Mice
were randomly divided into four groups, including one
control (CNT) group, which underwent laminectomy
without cord injury, and three SCI groups in which dam-
age was induced with an 8-g weight applied for 5, 10,
and 15 min. Subsequently, behavioral and histological
assessments were performed. The animals were pur-
chased from the Center of Comparative and Experimen-
tal Medicine at the Shiraz University of Medical Scienc-
es in Iran. They were housed in the Animal Lab of the
School of Advanced Medical Sciences and Technolo-
gies in accordance with standard conditions of ambient
temperature (22+2°C), 12:12 h light:dark cycle, and free
access to water and food. All procedures were done fol-
lowing the institutional guidelines of Shiraz University
of Medical Sciences for animal care and use.
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SCI apparatus

As shown in Figure 1, the SCI induction device con-
sists of a body part, an immobilization piece, and a bar-
shaped weight. On each side of the body, a three-legged
stand is fixed on a 35%25 cm long plate to increase the
stability of the device at the top of the instrument, and a
15x%3.5 cm-long rectangular piece with a hole in the mid-
dle. The immobilization piece is similar to the above-
mentioned rectangle plus four prong-like pieces below.
The immobilization piece can be moved up and down in
avertical line up to 2.5 cm. This part of the device is used
to fix the spine and prevent its probable vertical and hori-
zontal movements during the SCI procedure. The weight
is an 8-g stainless steel metal rod with 27 cm in length
and a 1x2 mm tip. The tip is curved to fit completely
on the surface of the spinal cord. When used, the rod is
passed through the holes in the middle of the upper part
and the immobilization piece. A 10x32 cm plate is con-
sidered the animal bed, serving the purpose of keeping
the animal under the device.

SCI induction

Before surgery, all surgical tools were sterilized to pre-
vent any possible contamination. Firstly, the animal was
weighed and then anesthetized by ketamine (90 mg/kg)
and xylazine (10 mg/kg). Then, the mouse was placed on
a surgical table, sterilized with 70% alcohol. A heat pad
was used to maintain body temperature. To ensure prop-
er anesthesia, the animal was checked for reflexes using
the toe pinch. The dorsal side was covered by a surgi-
cal drape with an aperture above the surgical arca. To
prevent ocular damage, eye ointment was applied to the
cornea. After shaving the dorsal area around the incision
site, the skin was cleaned with Betadine solution, and
a longitudinal incision was made using a scalpel blade
to expose muscles and vertebral column at the T8-T12.

To keep the incision widely open, the skin was held
back with a retractor, and muscles and fascia along the
spinal cord were cut. The tissue was detached from the
spinous process and posterior lamina of T9. Without any
damage or pressure to the spinal cord, connections be-
tween the upper and lower vertebrae were slowly drilled,
and the T9 posterior lamina was carefully removed with
forceps to expose the spinal cord. Subsequently, the
mouse was kept on the animal bed and transferred under
the SCI device. After that, the immobilization piece was
completely fixed on the upper surface of the spine so that
the middle hole was placed adjacent to the exposed spi-
nal cord. Then, the weight was passed through the holes
in the middle of the upper part and the immobilization

Zeraatpisheh, Z, et al. (2022). A New and Simple Method for Spinal Cord Injury Induction. BCN, 13(1), 47-56



http://bcn.iums.ac.ir/

January, February 2022 Volume 13, Number 1

Figure 1. Spinal Cord Injury (SCI) apparatus
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The device used to create SCI in rodents is illustrated in A. The injury is made by a bar-shaped weight (blue arrow). The immobiliza-
tion piece (B) can move up and down in a vertical line (yellow arrow). Four prong-like pieces (C, green arrow) are located below the
immobilization piece for fixing the spine. The tip of the weight is curved (D, pink arrow), similar to the surface of the spinal cord. The

device works without any accessories.

piece and placed on the top of the exposed spinal cord
for a defined period (Figure 2). After setting the weight
on the spinal cord, sterile saline was applied to regain
and keep homeostasis. The muscular layer and skin over
the spinal cord were carefully sutured. One milliliter of
saline was injected subcutaneously to prevent dehydra-
tion. When the animals were awakened, 1.5 mg/kg of

Figure 2. Induction of Spinal Cord Injury (SCI) by the new device

tramadol was given and repeated every 12 hours for 48
hours. In addition, 4 mg/kg of gentamicin was adminis-
trated once a day for 3 days. Mice were separately kept
in cages in an environment with appropriate temperature
and a 12-h light-dark cycle for 4 weeks after surgery.
Mice were weighed on the first day after surgery and
then at the end of each week. The bladder was manually

After laminectomy and exposing spinal cord (A), the animal was transferred under the SCI device (B), and the spine was fixed by

prong-like pieces of immobilization piece (C).
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Figure 3. Locomotor behavior and body weight following Spinal Cord Injury (SCI)

A) The Basso Mouse Scale (BMS) scores were calculated every week to evaluate the locomotor behavior of mice after SCI. B) The ani-

mals” bodyweight was assessed weekly in the different groups.

$: P<0.01 vs the other groups, @: P<0.001 vs the 10-min and 15-min groups, &: P<0.01 vs the 10-min group, *: P<0.05 vs the 10-min and

15-min groups, #: P<0. 05 vs the 5-min and 10-min groups

expressed three times a day until bladder reflex occurred.
In the first days, animals were monitored for infection
(bloody or cloudy urine), weight loss, and mobility.

Behavioral assessment

We used the Basso Mouse Scale (BMS) locomotor
scoring system. It is a sensitive, valid, and reliable pre-
clinical screening tool to evaluate motor function recov-
ery in mice. Its scores range from 0 (complete paraly-
sis) to 9 (completely normal) for behavioral assessment

Figure 4. Lesion volume following Spinal Cord Injury (SCI)

(Basso et al., 2006). Animals were placed on a flat sur-
face, and hindlimb motor function was scored by two in-
dependent, blinded observers one day after surgery and
then once a week for 4 weeks.

Tissue preparation

At the end of the fourth week, the animals were anes-
thetized and sacrificed by intracardial perfusion of 0.9%
cold normal saline followed by 1% Paraformaldehyde
(PFA) in 0.1 M Phosphate-Buffered Saline (PBS) with

By using Nissl-stained sections, the sizes of injury induced by the apparatus in the control (CNT) (A), 5-min (B), 10-min (C), and 15-min
(D) groups were calculated, and quantitative results are illustrated in (E).

*: P<0.001 vs the 5-min and CNT groups, #: P<0.001 vs the 10-min group, Scale bar represents 200 pm.=
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Figure 5. Cell injury following Spinal Cord Injury (SCI)

Basic and Clinical

The percentage of dark cells (white arrow) per area was considered as an index of cell injury in the control (CNT) (A), 5-min (B), 10-min

(C), and 15-min (D) groups. The quantitative data are shown in (E).

*: P<0.001 vs the other groups, Scale bar represents 50 pm

a pH of 7.4. After opening dorsal skin and breaking the
ribs, the spinal column related to the damaged area was
removed, excess tissue around it was completely de-
tached and placed in 1% PFA for 24 h at 4°C. After the
fixation, the spinal cord was removed from the spinal
column by scissors and forceps. For histological stud-
ies, the tissues were dehydrated in 70%, 80%, 96%, and
100% alcohol, respectively, cleared in xylene and im-
pregnated in paraffin wax.

Nissl staining and measuring the lesion volume

To assess the volume of the lesion cavity, a series of
8-um sections with an interval of 80 um were prepared
and stained with 1% cresyl violet (Nissl staining) as de-
scribed elsewhere (Aligholi et al., 2014). The prepared
slides were studied under a light microscope, and photos
were taken. INFINITY ANALYZE software was used to
analyze the photos, and the lesion volume was calculated
by the following formula: 0.5D(A1+An)+D(A2+A+...
+An-1), where A is the area of the cavity and D is the
distance between sections (Guo et al., 2009).

Evaluation of cell injury

The Nissl-stained sections were used to evaluate cell
injury. The cells with shrunken features, and corkscrew-
like processes, were considered dark cells. The percent-
age of dark cells per defined area was calculated by the
following formula using INFINITY software.

The percentage of dark cells=(the number of dark cells/
total number of cells)*100 (Ooigawa et al., 2006).

Immunofluorescence assay

The presence of macrophages around the injury site
was investigated by measuring the expression of the
CD68 (ED1) as a macrophage marker using immuno-
fluorescence assay. Sections were incubated overnight
at 4°C with rabbit anti-CD68 primary antibody (1/200,
Abcam, Germany). Goat anti-rabbit secondary antibod-
ies (1/600, FITC, Abcam, Germany) were applied for 1
h at room temperature. Slides were visualized using an
Olympus microscope, and pictures were taken. Immuno-
fluorescence was quantified by ImageJ software (Jafar-
ian et al., 2019).

Statistical analyses

All data are presented as Mean+Standard Error of the
mean. Statistical analyses were calculated using SPSS
software, v. 23, Chicago, USA. For assessing changes
over different groups, we used 1-way ANOVA followed
by a pair-wise comparison of the groups using post hoc
testing with LSD correction. A repeated measure ANO-
VA with a Greenhouse-Geisser correction was used to
assess changes over time. In all analyses, the signifi-
cance level for the overall group effect and individual
pair-wise comparisons was set as P<0.05.

3. Results
Effect of SCI on locomotor behavior

As illustrated in Figure 3A, a repeated-measures ANO-
VA with a Greenhouse-Geisser correction indicated that
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Figure 6. Macrophage infiltration following Spinal Cord Injury (SCI)

The percentage of ED1-positive cells (white arrow) per area was considered as an index of macrophage infiltration in the control (CNT)
(A), 5-min (B), 10-min (C), and 15-min (D) groups. (E) indicates the quantitative data.

*: P<0.001 vs the CNT group, Scale bar represents 100 pm.

BMS mean score differed significantly between time
points (F(,,)11.8)=11; P<0.01). Placing the weight on
the spinal cord for 5 minutes could cause mild hindlimb
paralysis at day 1 post-injury. BMS mean score in this
group was decreased to 7+0.4 on day 1 and recovered
to 9+0 on day 28. BMS score in the 5-min group was
significantly higher on days 1, 7, 14, 21, and 28 post-in-
jury than that of 10- and 15-min groups (P<0.01). On the
other hand, complete hindlimb paralysis was achieved
by placing the weight on the spinal cord for 10 and 15
min on day 1 post-injury. The recovery process was ac-
celerated in the 10-min group from day 7 post-injury so
that the BMS score of animals in the 10-min group was
significantly different from that of the 15-min group on
days 21 and 28 post-injury (P<0.01).

Effect of SCI on body weight

The body weights of the mice were also evaluated at
days 1, 7, 14, 21, and 28 post-injury (F6,36:14, P<0.05).
One day after surgery, all mice showed weight loss,
which continued during the first week after surgery in
the 15-min group. After that, the weight-gaining process
was observed in all groups until 28 days after surgery.
However, the body weights of animals in the 5- and 10-
min groups were considerably higher than that of ani-
mals in the 15-min group on days 21 and 28 post-injury
(P<0.05; Figure 3B).

Effect of SCI on lesion volume

The size of the cavity created by SCI was measured
using Nissl-stained sections. The results showed that
this parameter increased as the time of SCI induction
increased (Figure 4). The size of cavity in the spinal
cord of animals in 10-min group (0.25+0.02) was sig-
nificantly more than that of animals in the 5 min group
(0.013+0.0014, P<0.001). In addition, the size of injury
in the 15-min group (0.4+0.02) was considerably larger
than that of the 5- and 10-min groups (P<0.001).

Effect of SCI on cell injury

The percentage of dark neurons as an index of cell
injury was evaluated by Nissl staining (Figure 5). The
results showed that the number of dark neurons around
the injury site in the 10-min group (32+0.8) was signifi-
cantly more compared to the 5-min group (18.26+0.6,
P<0.001). Moreover, this index in the 15-min group
(52+1.2) significantly increased compared to the 5-min
and 10-min groups (P<0.001). The percentages of dark
cells in the 5-min, 10-min, and 15-min groups were re-
markably higher than those of the CNT group (P<0.001).

Effect of SCI on macrophage infiltration

The distribution of ED1 (macrophage marker) was
studied by immunofluorescence assay. The results re-
vealed that the distribution of macrophages was signifi-
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cantly higher in the 5-min, 10 min, and 15 min groups
than those of the CNT group (P<0.001). In addition,
macrophage infiltration showed an increasing trend from
the 5-min group to the 15 min group; however, there was
no statistical significance among the groups (Figure 6).

4. Discussion

The present study introduced a novel, simple, reproduc-
ible, and economical method to produce a mice model of
SCI. The efficiency of the method was confirmed by the
worsening of locomotor activity scores, increasing tissue
damage, and cell injury indices after an increase in injury
induction time.

Different models and devices have already been intro-
duced for SCI induction (McDonough & Martinez-Cerde-
o, 2012; Plemel et al., 2008; Rivlin & Tator, 1978). One
of the most commonly used models is the weight-drop
technique established by Allen in 1911 (Allen, 1911). Af-
ter that, efforts were made to create more precise, control-
lable models that led to the creation of some complex and
expensive devices (Deep et al., 2015). Here, we designed
and introduced a simple instrument that can be made eas-
ily. One of the advantages of this new device is that one
can induce SCI without additional devices, like the stereo-
taxic apparatus. In this sense, the immobilization part of
the device helps us to induce SCI with the least adverse
spinal movement. Moreover, the induction time and the
weight can be changed to create SCI models with differ-
ent intensities. Furthermore, the device is applicable for
induction of SCI in other rodents like rats.

This model of SCI affects the motor function of the
hindlimb and the function of the urinary system. Af-
ter a manual massage of the bladder, the bladder reflex
generally returned during the first week after the injury.
Using analgesic drugs in the first few days after SCI
helps the animal to tolerate pain and facilitate seeking
for water and food. The behavioral assessment revealed
that hindlimb motor dysfunction correlated with the
compression time. In other words, BMS scores reduced
when compression time increased. Based on the results
of the BMS test, 5 min compression created a weak SCI
that was completely recovered after 28 days. However,
10 min and 15 min compression created a moderate to
severe SCI, respectively, which remained for 28 days.

Whole-body weight as a general indication of health
was measured in this study. We observed weight loss that
usually occurs after SCI (Landry, Frenette, & Guertin,
2004). Almost all mice had 1-2 g body weight loss one
day after injury due to the direct effect of surgery. In the

Basic and Clinical

5-min group, mice compensated for this weight loss
quickly during the first week after injury, depending on
the injury and consuming enough water and food. In the
10-min group, weight gaining was slower, but the mice
compensated for their weight loss around the second
week and then followed the natural process of weight
gaining. Although the weight gaining was very slow in
the 15-min group, there was no excess weight loss after
the first week after the injury.

The formation of a cavity after SCI is one of the main
pathological features that occurs following secondary in-
jury (Ahuja et al., 2017; Chen et al., 2016; Osaka et al.,
2010). During the first hours after primary SCI, the sec-
ondary injury starts through several mechanisms, includ-
ing an increase in intracellular calcium ion, activation of
proteases, activation of autophagy, secretion of inflam-
matory elements, activation of microglia, and migration
of macrophages and astrogliosis. Although the first aim
of these mechanisms is supporting the damaged tissue,
they act as a double-edged sword. After activation of the
secondary mechanisms and elimination of the damaged
tissue, a cavity is formed during the early weeks follow-
ing SCI. Thus, the formation of a cavity is one of the
necessities in properly establishing animal models of
SCI (Deep et al., 2015; Sroga, Jones, Kigerl, McGaughy,
& Popovich, 2003; Surey, Berry, Logan, Bicknell, &
Ahmed, 2014). In this study, we observed cavity forma-
tion in all three groups. The cavity was very small in the
5-min group, but by increasing the induction time, the
cavity became larger so that they were more obvious in
the 10- and 15-min groups. It is worth pointing out that
cavity formation in animal models of SCI is an interest-
ing option for scientists’ working on neuro-regeneration
using tissue engineering.

In the present study, macrophage infiltration was evalu-
ated after SCI. In this sense, the presence of macrophages
around the damaged tissue was observed 4 weeks after
SCI. Spinal cord injury is associated with macrophage
activation; however, the effect of this phenomenon has re-
mained controversial. Like previous reports, the activation
of these cells was maximum between 3 and 7 days post-
injury (Carlson, Parrish, Springer, Doty, & Dossett, 1998;
Zhang, Krebs, & Guth, 1997), but Wu et al. demonstrated
that they were observed at 4 weeks and reduced around 12
weeks after injury in rats (Wu, et al., 2005). Thus by using
our model of SCI, the activation of macrophages can be
evaluated up to 4 weeks post-injury in mice.
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5. Conclusion

In conclusion, using this new and simple apparatus, a
controllable SCI can be induced in rodents without ac-
cessory elements. The creation of compression injury
with a clear cavity can be helpful in future tissue engi-
neering-based investigations for SCL
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