
Introduction  
Spinal cord injuries are an important part of central 
nervous system disorders which lead to significant 
neurological disabilities that reduce the quality of life as 
a result of loss of sensory and motor function.1 Efforts to 
increase knowledge about the pathological mechanisms 
of spinal cord injuries and the effectiveness of treatment 
strategies depend on animal modeling. Achieving the 
appropriate animal model is crucial in confirming 
research findings.2 Significant progress has been made 
since 1911 when Allen pioneered the first model of 
spinal cord injury.3 Most of the available information on 
the pathophysiology of spinal cord injuries and related 
interventions are findings from animal studies. However, 
the heterogeneity of spinal cord injuries acts as a barrier 
in translating these findings to similar conditions in 
human.4

Most previous animal models of spinal cord injury 
required laminectomy and exposure of the spinal cord to 

induce direct injury, which leaves a surgical artifact that 
affects imaging data analysis.5 Laminectomy itself is used 
as a treatment for reducing the secondary damage of spinal 
cord injuries. Soft tissue destruction during this procedure 
alters the surrounding regenerative environment, which 
is critical for spinal cord regeneration and therefore leads 
to undeniable effects on research results. Laminotomy is 
another approach used to access the epidural space, which 
is less extensive than a laminectomy. This procedure also 
causes damage to the vertebrae and surgical intervention 
is necessary. Therefore, this approach, similar to 
laminectomy, has disadvantages such as soft tissue 
damage and the risk of infection.6

In this study, we introduce a simple approach to access 
the epidural space in cats. This closed and percutaneous 
approach from the lumbar-sacral region reduces the risk 
of infection and because of the absence of major arteries 
and nerves in this region, the possibility of serious injury 
is minimized. Improved magnetic resonance imaging 
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(MRI) results, is another advantage of this approach. 
Also, unlike previous methods, it is simple and can be 
performed with no need for facilities such as fluoroscopy. 
One of the applications of this approach is balloon 
catheter placement in the epidural space and minimally 
invasive spinal cord injury induction models in spinal 
cord injury studies.

Materials and Methods
Animal Model
All stages of the present study were performed under the 
National Institutes of Health (NIH) Guide for the Care 
and Use of Laboratory Animals7 and the approval of 
the Ethics Committee for Animal care of the Faculty of 
Veterinary Medicine, University of Tehran.

In this study, 15 adult male domestic shorthair cats 
weighing 3-5 kg were used. All animals were kept in 
individual cages one week before the start of the study and 
were evaluated for general and neurological health.

Cannula Insertion  
The area between the seventh lumbar vertebra and the 
first sacral vertebra was selected to enter the spinal canal 
and access the epidural space with minimal invasion. Pre-
medication was administrated by intramuscular injection 
of ketamine 10% (5 mg/5 kg) and medetomidine (10 to 
40 μg/kg). Intramuscular injection of tramadol (2 mg/kg) 
was also used to induce analgesia. The lumbosacral region 
was prepared for a standard surgical procedure. Because 
of the minimally invasive process and the lack of a surgical 
incision, there was no need to perform the procedure in 
the operating room, and the whole process was performed 
on a CT scan table. Siemens (Somatoma, Germany) was 
used for CT scan. To enter the epidural space, a stainless 
teel cannula was designed with an inner diameter of 3 
mm and a length of 8 cm, which contained a mandarin 
with a sharp point, which is necessary for easy entry of 
the cannula into the spinal canal (Figure 1). Induction 
of anesthesia was performed by intravenous injection 
of ketamine 10% (5 mg/kg) and diazepam (0.28 mg/kg) 
and isoflurane gas was used to maintain anesthesia. The 
lumbosacral junction gap can be found either by counting 
the lumbar vertebras from cranial to caudal up to the last 
lumbar vertebrae (L7) or by palpating iliac wing tuberosity 
and drawing a line which crosses them perpendicular to 
the longitudinal axis of spine (Figure 2a). A 2 mm incision 
was made on the skin with a surgical blade to facilitate 
cannula entry and prevent damage to the skin at the entry 
site. The cannula and mandarin enter the spinal canal at a 
60-degree angle to the longitudinal axis of the spine, and 
then the mandarin is removed (Figure 2b). While passing 
the cannula into the spinal canal, penetration through the 
dorsal surface ligaments is sensible by the performer.

A blunt radiopaque wire designed for this purpose 
is passed through the cannula to confirm its correct 

placement in the canal (Figure 2c). Afterward Topogram 
and CT scan were performed for confirmation (Figure 
2d).

Behavioral Evaluation
Twenty-four hours, and 7 and 28 days after the cannula 
placement in the lumbosacral junction and entrance in the 
epidural space, all the cats were evaluated neurologically, 
as follows:
1. Ability to bear weight with balance on the hind limbs/

Inability in weight-bearing on the hind limbs
2. Normal gait/imbalance and inability to gait normally
3. Ability to voluntarily urinate/urinary retention
4. Positive anal reflex/Negative anal reflex

MR Imaging
MRI and diffusion tensor imaging (DTI) imaging was 
performed on days 7 and 28 after cannula placement by the 
MRI scanner (Siemens Magnetom Prisma 3T, Germany) 
using a 32-channel spine coil. All cats were placed in a 
supine position under deep anesthesia (intramuscular 
injection of ketamine 10% (5 mg /kg) and medetomidine 
(10 to 40 μg/kg)). To avoid spine deviation in anesthetized 
cats, a restraining device was designed that could be placed 
in the magnetic space of the MRI scanner. Lumbosacral 
region was considered for MRI and DTI imaging in all 
cats. Imaging with T1W and T2W sequences (in sagittal 
and transverse views), STIR, and also DTI imaging was 
performed using the parameters recorded in Table 1. The 
signal intensity index was evaluated for the T2-weighted 
and STIR sequences at the lumbosacral region, using 
e-film software (Workstation 3.4, 2010) to determine the 
severity of the possible injury. The DTI data were evaluated 

Figure 1. Stainless Steel Cannula.
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by data processing software Explore DTI V4.8.6. Three 
dimensional (3D) Tractography images were extracted for 
macroscopic evaluation of neural tracts.

Results
General Observations
All stages of anesthesia and cannula insertion were 
successfully performed in all studied cases. Correct 
cannula placement was confirmed in all cases by 
entering without resistance in wire passage and CT scan 
Topogram. No sign of active bleeding was observed at the 
site of insertion. CT scan images revealed no signs of bone 
damage at the vertebrae after cannula placement. During 

the study, the insertion site had no discharge or signs of 
infection in all subjects.

Behavioral Evaluation
After complete recovery, all cats had normal gait and kept 
balance on all four limbs. Also, there were no signs of 
injury to the cauda equina, such as urinary retention, tail 
dropping, lack of anal reflex, and so on. The behavioral 
assessment results in all cats on days 7 and 28 after the 
start of the study were similar to the first 24 hours.

MRI Results
The results of MRI evaluation 7 days after cannula 

Figure 2. Cannula Insertion. (a) Palpation and detection of lumbosacral region, (b) cannula insertion in 60-degree angle according to 
vertebral column, (c) radiopaque blunt wire insertion due to correct placement of cannula confirmation, and (d) Final confirmation of 
correct cannula placement in vertebral canal by Topogram. 

Table 1. DTI and MRI Parameters in T1-W, T2-W, and STIR Sequences

Parameter T2-Weighted Sequence T1-Weighted Sequence STIR Sequence DTI

Turbo factor 23 4 240 mm

Matrix 128 × 124

Field of view 220 mm 220 mm 220 mm

Slices 9 9 32 12

Slices thickness 3 mm 3 mm 2 mm 2mm

Voxel size 0.7 × 0.7 ×3 mm3 0.7 × 0.7 × 3 mm3 0.4 × 0.4× 3 mm3 1.9 × 1.9 × 2 mm3

Repetition time (TR) 3190.3 ms 647.0 ms 3170 ms 10000 ms

Echo time (TE) 101.0 ms 9.8 ms 47 ms 90.0 ms

Flip angle 150° 150° 150°

B-value 0 and 800 s/mm2

Phase-encoding direction cranial–caudal cranial–caudal right–left ventrodorsally
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placement in all sequences did not show a significant 
change in signal intensity index in the lumbosacral spinal 
nerves and only the soft tissue reaction was evident 
around the entrance site (Figure 3b). MRI images 28 
days after cannula placement also confirmed the initial 
imaging findings. Also, any abnormal changes in the 
cauda equina and nerve branches at the entry site were 
ruled out by tractography. Figure 3a shows a tractography 
image of the spinal nerves in the lumbosacral region with 
normal continuity.

Discussion
So far, many studies have been conducted to achieve 
a standard spinal cord injury model similar to human 
spinal cord injuries to help find an appropriate treatment. 
In this study, we introduced an approach to access the 
epidural space in the cat which is simple, causes minimal 
pathophysiological changes, and does not have the risk 
of complications such as bleeding and infection. This 
approach can be used in minimally invasive spinal cord 
injury modeling methods such as compression spinal 
cord injury using balloon catheters.

Laminectomy is a method in which part of the dorsal 
lamina of the vertebra is removed. This method is used 
for spinal cord injury treatment and reduces secondary 
damages. Laminectomy also damages surrounding 
tissues such as blood vessels and muscles, leading to scar 
tissue and fibrous adhesions formation. Also, spinal cord 
exposure can be associated with serious complications 
such as infection and spinal cord displacement.8

Over time, researchers have introduced approaches 
without the need for laminectomy to create models of 

spinal cord injury. Kuchner et al and Lim et al inserted the 
balloon catheter into the epidural space through a hole in 
the dorsal lamina.9,10 This method was also used by Yang 
and colleagues in a rabbit animal model which allowed 
spinal cord injuries to be induced in several different 
regions of the spinal cord simultaneously.11 Although no 
laminectomy was performed in mentioned procedures, 
damage to the surrounding muscle and bone following 
surgery for dorsal lamina exposure was inevitable.

Fukuda et al also used the lateral intervertebral foramen 
approach in dogs to access the spinal canal, but it should 
be noted that in their approach, access to the lateral 
intervertebral foramen is required through surgical 
intervention and separation of muscles and ligaments.12

To solve this problem, Purdy and colleagues used 
fluoroscopic guidance to access the lateral intervertebral 
foramina. Although the risk of infection decreased in this 
method, the risk of damage to the spinal nerves, the spinal 
branch arteries, and veins that pass through the lateral 
intervertebral foramina remained, which often resulted in 
severe bleeding.5,13

In the present study, as in the study by Lee and colleagues, 
the percutaneous approach without significant surgical 
incision was used. In this approach, the risk of infection is 
minimized, and also, the risk of vascular and neurological 
damage is lower than the method of Purdy and colleagues. 
The percutaneous approach to the lumbosacral region has 
recently been used in many studies, including studies by 
Yoon and colleagues in 2017 and 2018. They developed 
a closed spinal cord injury model that allowed them 
to accurately evaluate histopathological changes and 
compared them with changes in DTI findings.14,15 Lee 

Figure 3. a) Spinal Cord Termination Tractography. Cannula insertion region pointed by red arrow, b)  sagittal T2 weighted sequence of 
spinal cord termination. Cannula insertion region pointed by red arrow.
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and colleagues used fluoroscopic guidance for precise 
placement of the spinal needle and catheter.8 It should be 
noted that fluoroscopic guidance in small animals is not 
as practical as larger models, even in small dogs. For this 
reason, in Purdy and colleagues’ study, dogs weighing 18-
36 kg were used.5,13 Over the last three decades, cats, as 
spinal cord injury animal models, have been pioneers in 
the development of medical and surgical studies in this 
field. More advanced locomotor systems than rodents, 
more similar spinal cord to humans, and the possibility 
for easier and longer care than the monkey models are 
the advantages of using this animal model.16 However, 
the difficulty of fluoroscopy application in animals with 
smaller body sizes like cats, has limited using them for 
fluoroscopy dependent procedures. A challenge which 
was eliminated in this study, which allowed us to use 
the mentioned advantages of cat in spinal injury models 
without the need for fluoroscopy.   

We introduced a simple and practical approach to 
access the epidural space. It should be noted that the 
cannula used in this study has an inner diameter of 3 
mm, which provides good access to the epidural space 
for the desired interventions, including the placement of 
a balloon catheter. This percutaneous approach does not 
require fluoroscopy and also does not risk damaging the 
spinal nerves and blood vessels in the lumbosacral region. 
This minimally invasive procedure prevents MRI imaging 
artifacts and error in the evaluation of the study, and does 
not cause any unwanted damage along the spinal cord. 
Moreover, it minimizes the risk of infection and increases 
the similarity of the condition to spinal cord injury in 
humans. Therefore, the pathophysiological changes after 
spinal cord injury and its treatment can be performed at a 
higher level of accuracy.
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