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Abstract

Background: Animal spinal cord injury (SCI) models have provided a better perception of the mechanisms related to traumatic SCI
and evaluation of the effectiveness of experimental therapeutic interventions.

Objectives: The aim of this study is to develop a cost-effective modified Allen’s device to induce contusive spinal cord injury.
Methods: Adult male Wistar rats were subjected to contusive spinal cord injury using a customized weight drop model through
10-g weights delivered from a 25-mm height onto an exposed spinal cord. Locomotor and sensory function during 28 days were
assessed. Moreover, histopathological changes were assessed at one week and 28 days post SCI.

Results: All the SCI rats showed hind limb paralysis up to 48 h post SCI and neuropathic pain after injury. Histological changes
similar to the previous reports for contusion model were observed.

Conclusions: According to our findings, little variability was observed in the BBB score of individual rats at 28 days after injury. Our
customized device to induce spinal cord injuryis a simple and inexpensive alternative method to the highly sophisticated contusion

device commonly used to induce SCI.
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1. Background

Traumatic spinal cord injury (SCI) is generally consid-
ered as a sudden damage to the spinal cord from an ex-
ternal mechanical force. The primary injury damages cells
and initiates secondary cascades of cellular, biochemical,
and vascular events that exacerbate neural function (1). It
can also lead to permanent deficits in the spinal structure
and functions and even cause death. Spinal cord injury is
characterized by sensory, motor, and autonomic dysfunc-
tion at or below the level of injury. Spinal cord injury repre-
sents a major public health problem and remains the most
frequent life-long disability that significantly impairs a pa-
tient’s quality of life (2).

Currently, the most common causes of SCI in the de-
veloping countries are falls, motor vehicle accidents, and
sportrelated injuries. The global incidence of SCI in the
developing countries has been estimated at 2.1 to 130.7 per
million (3). But in under-developed countries such as Iran,
based on the latest update, the prevalence of SCI is an esti-
mated 318.45 per million (4). In this regard, any attempt to

understand the pathophysiology of SCI and develop new
treatment strategies is critical. Therefore, pre-clinical ex-
periments must be designed with an aim to provide better
insight into the secondary mechanism and potential ther-
apy to address the problem (5, 6). Because of the limita-
tion of the clinical setting, animal models are essential for
studying the cellular and molecular events of human SCI.

The SCI model was selected based on the aim of re-
search. Contusion, compression, transection, and chemi-
cal models are the most widely used animal models to in-
duce SCI (7-9). Indeed, both contusion and compression
models are most frequently used to better stimulate hu-
man secondary mechanism and are more common in clin-
ical patients (10). However, because of the complexity of
human SCI, animal models are not able to mimic all as-
pects of the human pathology of injury. Currently, rodent
models are widely used due to their size, low cost, ease of
handling, and fast reproduction (11). Rats are widely ap-
plied because of their close pathological relationship to
humans, involving proven similarities, including forma-
tion of cavities and fluid-filled cysts (12). It is obvious now
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that the contusion model has contributed to a much bet-
ter understanding of the cellular and molecular mecha-
nisms of SCI and its subsequent neuropathological out-
comes. Initially, the Allen weight drop model was devel-
opedin191itodeliver the impactto the intact dura through
a laminectomy that leads to controlled spinal cord contu-
sion, which was first employed on a dog. Later on, modi-
fied models were developed to induce injury in rodents to
promote understanding of the pathophysiology of SCI.

Three types of contusion devices commonly used to
induce SCI in rats include New York University’s MASCIS
impactor (NYU), Ohio State University’s electromagnetic
spinal cord injury device (OSU impactor), and the Infinite
horizon (IH)devices(1,13). Each of these devices has its own
advantage and limitation. Although these instruments
came into use considerably, the use of these sophisticated
instruments is not available in all research labs. In addi-
tion, several factors limit the use of these tools, such as
high cost, need for highly trained operators, and sophisti-
cated software (1).

2. Objectives

The purpose of this study was to develop a cost-
effective, simple, and feasible device to produce experi-
mental contusion spinal cord injuries.

3. Methods

3.1. Animals

A total of 20 adult male Wistar rats (240 - 260 g) were
used. The rats were fed standard laboratory food, provided
tap water ad libitum, and kept in a conditioned animal
room (23°C, 12-hour artificial light-dark cycle). All animal
studies were approved by the Institutional Animal Care
and Use Committee at Tehran University of Medical Sci-
ences. For animal modeling purposes, the animals were
separated into the two groups of contusion injured (n =13)
and control group (n =7). All animals of the injured group
received a spinal contusion, as described below. Animals of
the control group did not undergo any surgical interven-
tions.

3.2. Customized Weight Drop Instrument to Create Contusive
Spinal Cord Injury

In this study, we designed a customized and cost-
effective weight drop instrument based on the weight drop
Allen model (14) with some modifications to induce con-
tusive spinal cord injury. The image of the apparatus and
its different components (Borj Sanat Co., Tehran, Iran) are

presented in Figure 1. The device is composed of four ma-
jor parts: (1) guiding metal tube with holes drilled all along
at regular intervals to induce graded injury; (2) stainless
metal impounder placed symmetrically to the center of
the exposed spinal cord with a 2.5-mm diameter. It is posi-
tioned at the end of the metal tube, which has contact with
the exposed spinal cord and prevents it from bouncing af-
ter impact; (3) a metal rod of 10 g weight with a 2.5 mm di-
ameter, which is supported by the pin and is dropped from
25 mm height onto the exposed spinal cord; (4) a pair of
fine artery forceps that is positioned on the mobile base
plate. It is necessary to stabilize the vertebral column in
the horizontal situation by holding the dorsal spine pro-
cess rostral and caudal to the laminectomy site in order to
avoid asymmetrical injury; (5) the most important part of
this device is controlling the dropped weight, which is re-
lated to a wire which does not allow the weight fully sup-
press the spinal cord and can be called the controlled con-
tusive weight drop model.

3.3. Surgical Procedure

Under sterile surgical conditions, the rats were anes-
thetized using a mixture of ketamine (80 mg/kg) and xy-
lazine (10 mg/kg). Sterile eye drops were used to moisten
eyes during anesthesia. After removal of hair, the surgi-
cal area was cleaned with betadine. Then, a midline dor-
sal incision (approximately 2.5 cm) was done on the rats.
Dorsal laminectomy at T10/T11 vertebrates was performed
first by removing the vertebral spinous process using a
micro rongeur. We applied a minimally invasive method
and only removed the T10 or Ti1 lamina to achieve an effi-
cient model. Then, the dorsal lamina of only one segment
(T10 vertebra) was drilled carefully with motorized dental
handpiece in order to expose the spinal cord (Figures 2A -
B). Then, the rat was placed on an impactor device, and the
vertebral column was fixed with two forceps rostral and
caudal to the laminectomy site (Figures 2C - E). Finally, the
metal rod was released, which impacted the spinal cord
(Figure 2F). The spinal cord injury model was verified by
the observation of the hind-limbs twitching and picking
up the tail of the animal. Next, the injured muscles were su-
tured, and the skin was closed with suture. The rats showed
hind-limb paralysis immediately after thoracic injury (Fig-
ure 2G).

3.4. Post-surgical Care

Two rats were housed in a cage after the surgery. In
addition to postoperative care, the animals were subcuta-
neously administrated 1 mL of 0.9% saline and 5 mg/kg of
gentamicin intraperitoneally once a day until five days fol-
lowing the operation to prevent urinary tract infection. In
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Figure 1. Photograph of the modified weight drop model used for thoracic contusive spinal cord injury model

all therats, the bladder was manually expressed twice a day
until spontaneous bladder function returned.

3.5. Behavioral Test for the Validation of Contusive Spinal Cord:
Locomotor Function and Thermal Hyperalgesia

3.5.1. Open Field Locomotion Testing

Hind-limb motor function of all the rats was assessed
using the open field Basso-Beattie-Bresnahan (BBB) rating
scale as described previously by (15). Briefly, BBB locomotor
rating scale is a grading score ranging from zero (fully par-
alyzed) to 21 points (complete functional recovery). Basso-
Beattie-Bresnahan represents locomotor activity accord-
ing to the joint’s movement and forelimb and hind-limb
coordination, which indicate functional recovery after SCI.
Behavioral alterations were assessed before surgery, on
days one and three post-injury, and subsequently, once per
week for 28 days after SCI. Scores for the left and right limbs
were averaged.

3.5.2. Hot-Plate

The hot-plate test (Borj Sanat, Tehran) was used to eval-
uate thermal nociception. Briefly, all groups of rats were
habituated to the room temperature test 1 h before the test.
During the tests, the rats were placed on a metal surface
at a constant temperature of 52 &= 0.5°C. Response latency,
which is the time taken to observe a nociceptive behavior
from the plate (foot-licking, jumping, or rapidly removing
paw or vocalization), was recorded on day 0 (before the
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surgery), 7, 14, 21, and 28 after the SCI induction. The rats
were removed from the hot-plate surface once a reaction
was observed or after a 20-s cut-off time if no response was
observed to prevent tissue damage at 52°C. Each animal
was tested twice separated with a 30-minute interval be-
tween them (16).

3.6. Histology

To measure the lesion area and moto neuron survival,
H&E and toluidine blue were measured. Four rats were
randomly selected in SCI group and sacrificed at 1 weeks
and 4 weeks after SCI for histopathological examination.
All rats were deeply anesthetized with ketamine and per-
fused transcardially first with physiological saline, fol-
lowed by100 mL 4% paraformaldehyde in 0.1M phosphate-
buffered saline (PBS), pH 7.4 to pre-fix. The lesion center
of spinal cord was dissected and post-fixed in formalin
overnight. Sections were embedded in paraffin and cut
into 9 pm thick transverse sections. Spinal cord sections
were stained with hematoxylin & eosin (H & E) or tolui-
dine blue using the standard protocol. Five toluidine blue
stained sections were randomly selected to calculate the
average numbers of ventral motor neurons. The sections
were visualized under an optic microscope. Five sections
from each animal were randomly selected for neuronal
counts.
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Figure 2. Spinal cord thoracic contusion model; (A) Anesthetize rat under ketamine and xylazine then hair was removed. A longitudinal midline dorsal incision was made
after being sterilized with betadine; B- C, The T10-Ti1 lamina was removed to expose the spinal cord; D, The rat was placed under the device, and the spinal column was stabilized
with forceps; E - F, Impact injury was performed by releasing the removable pin; G, Hind limp paralysis one day post injury was noted.

4. Results

All the animals in SCI group tolerated the procedure
well. The assessment of locomotion by BBB and sensory
test by hot-plate was carried out during 4 weeks after
surgery. Animals were sacrificed 7and 28 days post SCI, and
spinal cord was dissected out and sent for histopathologi-
cal outcome.

4.1. Locomotor and sensory

We developed a cost-effective weight drop model to
induce contusive thoracic spinal cord injury. The behav-
ioral alternation in the SCI group was examined during
four weeks. A sensitive and reliable BBB scoring system
was used to estimate the severity and recovery of locomo-
tor function following the thoracic SCI. Prior to the SCI,
all the animals showed a normal BBB score. Based on the

BBB scores, the animals were measured for two consecu-
tive days after surgery, and no limb movement was ob-
served, revealing complete hind-limb paralysis (Figure 2G).
The average BBB score was 2 at 4 days after SCI. Slight spon-
taneous improvement was observed in SCI animals, and
BBB score reached a plateau at 28 days. The mean BBB score
at 28 days was about 9, indicating plantar step. However,
no hind limb-fore limb coordination suggests no recovery
was observed in the SCI group at the end of four weeks (Fig-
ure 3A) and BBB score reached a functional plateau on day
21.

To evaluate sensory function at different time points af-
ter SCI, we estimated thermal hyperalgesia using the hot-
plate test (Figure 3B). Paw withdrawal latency in response
to thermal stimulation in rats from control and SCI groups
was measured. Thresholds of hind-paw withdrawal were
constant during four weeks in the control group (7 - 8 s).
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One week after injury, the animals showed a significant de-
crease in thermal response, which persisted throughout
the experiment during four weeks in SCI rats (P < 0.001 for
all the groups compared to the control).

4.2. Histological Change

We also examined the histological changes of the
spinal cord at lesion site at one and four weeks post-injury.
The H & E stained sections from the injury model indi-
cated that a large central cavity at lesion segment, which
is characteristic of contusive injuries in rats. Our results
indicated tissue loss after spinal cord injury at one and
four weeks post SCI (Figure 3C). Toluidine blue staining
was done to evaluate the numbers of motor neurons in
the spinal cord anterior horn the spinal cord one and four
weeks after SCI. Toluidine blue staining revealed a higher
decrease in the number of motor neurons in the anterior
horn of the injured spinal cord of rats than in that of the
control rats (Figure 3D).

5. Discussion

Animal models of human SCI are valuable tools to un-
derstanding the secondary mechanism of the injury to
achieve new therapeutic findings. Based on the study de-
sign, appropriate animal models should be selected or
modified (17). For SCI research, the most important point
is to establish an ideal animal model similar to clinical
SCI. Furthermore, technical availability, low cost, feasibil-
ity, and reproducibility of the device to stimulate injury
are important to develop an ideal animal model. We de-
scribed the SCI model using a modified weight drop device
to excite a specific height force by the impounder for in-
ducing controlled contusive injury. We selected a 25-mm
fall height, which was applied in the NYU impactor weight
drop model to induce moderate injury in the rats. By using
an impounder in our device, the risk of multiple injuries
wasreduced due to bouncing of a weight when dropped to
the spinal cord. Therefore, this design leads to an accurate,
precise, and specific model compared to the conventional
weight loss method and the NYU shock.

Based on recent findings, in this experiment, we ap-
plied novel surgical techniques instead of conventional
methods to expose the spinal cord, including laminec-
tomy, using the motorized drill (18). We also applied a min-
imally invasive technique (19) to remove only the T10 or T11
vertebra segment to achieve an efficient spinal cord model.

Several behavioral paradigms have been used to mea-
sure the neurological impairment following SCI, including
motor test, sensory test, locomotor test, and sensory mo-
tor test (7). Behavioral assessment should also be selected
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on the basis of reliability, validation, and sensitivity. BBB
score and thermal sensory are commonly used in spinal
cord contusion in rats. We obtained a mean BBB score of
9 for the 25-mm height injury. Consistent with previous
studies, motor deficits are observed following spinal cord
injury using a similar weight drop model or other experi-
mental SCI models, such as NYU and Infinite horizon mod-
els of spinal cord injury. Motor deficits produced with our
device are consistent with the BBB scores obtained from
other weight drop devices, such as NYU and IH devices.

Aprevious study investigated thoracic contusive injury
results in hind-paw heat hyper-reactivity after SCI(20). Our
results showed that response to the thermal stimulus in
the SCI group was faster than the sham group in our de-
signed model.

In addition, the severity of neurological deficits from
mild to moderate injury could be increased by changing
the dropping height in our device. We showed that this
device uses a simple procedure to create repeatable spinal
cord injury with less variability among SCI rats. The behav-
ioral and histological findings in the presented study in-
dicated that this device can be used to establish moderate
to severe SCI models. Based on the findings of this study,
our designed SCI model can be a valid and suitable model
for inducing spinal cord injury in rats in experimental SCI
studies.
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Figure 3. A, BBB score test showing hind-limb partial recovery until four weeks after SCI. The scores differed between the sham and spinal cord injury groups 28 days post
spinal cord injury; B, Thermal hyperalgesia by the hot-plate test in rats subjected to SCI. The scores differed between the sham and spinal cord injury groups 28 post spinal
cord injury [**P < 0.001; t-test revealed a significant difference in latency to response in the SCI group (n=13) compared to the sham group (n=7)]. C- D, Lesion center of the
rat spinal cord C, H & E image; and D, toluidine blue staining of injured spinal cord at one and four weeks post-SCI. Changes to the spinal cord structure at one week showed
little changes, whereas at week 4 cavitation and loss of tissue mass were noted.
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