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SUMMARY: 29 
This protocol describes how to create a precise laminectomy for induction of stable transection-30 
type spinal cord injury in the mouse model, with minimal collateral damage for spinal cord injury 31 
research. 32 
 33 
ABSTRACT:  34 
Spinal cord injury (SCI) largely leads to irreversible and permanent loss of function, most 35 
commonly as a result of trauma. Several treatment options, such as cell transplantation methods, 36 
are being researched to overcome the debilitating disabilities arising from SCI. Most pre-clinical 37 
animal trials are conducted in rodent models of SCI. While rat models of SCI have been widely 38 
used, mouse models have received less attention, even though mouse models can have 39 
significant advantages over rat models. The small size of mice equates to lower animal 40 
maintenance costs than for rats, and the availability of numerous transgenic mouse models is 41 
advantageous for many types of studies. Inducing repeatable and precise injury in the animals is 42 
the primary challenge for SCI research, which in small rodents requires high-precision surgery. 43 
The transection-type injury model has been a commonly used injury model over the last decade 44 
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for transplantation-based therapeutic research, however a standardized method for inducing a 45 
complete transection-type injury in mice does not exist. We have developed a surgical protocol 46 
for inducing a complete transection type injury in C57BL/6 mice at thoracic vertebral level 10 47 
(T10). The procedure uses a small tip drill instead of rongeurs to precisely remove the lamina, 48 
after which a thin blade with rounded cutting edge is used to induce the spinal cord transection. 49 
This method leads to reproducible transection-type injury in small rodents with minimal 50 
collateral muscle and bone damage and therefore minimizes confounding factors, specifically 51 
where behavioral functional outcomes are analyzed.  52 
 53 
INTRODUCTION:  54 
Spinal cord injury (SCI) is a complex medical problem that results in drastic changes in health and 55 
lifestyle. There is no cure for SCI, and the pathophysiology of SCI is not thoroughly understood. 56 
Animal SCI models, in particular rodent models, offer an invaluable tool for trialing new 57 
treatments, and have been used to explore SCI for decades. To date, over 72% of pre-clinical SCI 58 
studies have employed rat models, as compared to a mere 16% that have used mice1. Although 59 
rats, due to their larger size and tendency to form cavities akin to human SCIs, have traditionally 60 
been the preferred model animals for studying novel therapeutic approaches, mice (including 61 
many transgenic mouse models) are now being used more frequently to study cellular and 62 
molecular mechanisms of the SCI2. The mouse model offers additional benefits in terms of easier 63 
handling, faster reproductive rates and lower costs than rats; mice also exhibit a high degree of 64 
genomic similarity with humans1-3. The major disadvantage of the mouse model has been 65 
identified as the significantly smaller size that creates challenges for surgical interventions for 66 
creating and treating spinal cord injuries4,5.  67 
 68 
There is a gap in the existing literature that highlights the need for a robust and reproducible 69 
surgical protocol to induce stable SCI in the mouse model. Therefore, we provide a novel and 70 
precise surgical approach in this protocol to overcome these limitations. This protocol provides 71 
in-depth guidelines to induce a transection-type injury in mice, as this injury type has been 72 
recognized to be the most appropriate to study regenerative and degenerative changes following 73 
an injury6, as well as neuroplasticity, neural circuitry and tissue engineering approaches7. We 74 
have chosen to induce the injury in the lower thoracic region, since thoracic level SCI is used most 75 
commonly in the literature1. 76 
 77 
PROTOCOL:  78 
All procedures were carried out with the approval of the Griffith University Animal Ethics 79 
Committee (ESK/04/16 AEC and MSC/04/18 AEC) under the guidelines of the National Health and 80 
Medical Research Council of Australia.  81 
 82 
1. Animal set-up procedure for the surgery 83 
 84 
1.1. Anesthetize and stabilize the animal. 85 
 86 



   

   
 

1.1.1. Use 8–10-week old female C57BL/6 mice. Use 5% isoflurane in 1 L/min oxygen for 87 
induction of anesthesia. For maintenance of anesthesia, use 1.5–2% isoflurane in 1 L/min oxygen. 88 
Confirm appropriate anaesthetization by establishing a lack of pain reflex in tail and hind paws.  89 
 90 
1.2. Keep the animal’s body temperature steady at 37 °C with a heating pad. 91 
 92 
1.2.1. Shave the back fur to expose the surgical area over the dorsal spine. Remove the shaved 93 
fur from surgical area before sterilizing the incision site. Sterilize the shaved area with sterile 94 
cotton swabs soaked in povidone iodine antiseptic liquid and surgical spirit. 95 
 96 
1.3. Administer buprenorphine (0.03 mg/kg body weight) for analgesia and enrofloxacin (10 97 
mg/kg body weight) for antibiotic cover, subcutaneously according to body weight. 98 
 99 
1.4. Tape the paws of the mouse to the surgical area to stabilize the animal (Figure 1A). Place an 100 
oval window drape over mouse (Figure 1B). 101 
 102 
2. Laminectomy  103 
 104 
2.1. Make a vertical midline incision at the T10 vertebral level using a surgical scalpel. 105 
 106 
2.1.1. Locate the spinous process of T10 vertebra to determine the site of laminectomy. The body 107 
of the vertebra lies slightly cranial to the tip of the spinous process8 (see Figure 2). The tip rests 108 
approximately at the midpoint of the T11 vertebra8.  109 
 110 
2.1.2.  Make the incision ~2.5 cm long, so that the spine of T10 vertebra is approximately at the 111 
middle of the length of the incision. 112 
 113 
2.2. Reflect the skin and retract with retractors. 114 
 115 
2.2.1. Use the straight forceps to lift the skin from the underlying fascia. This will create space for 116 
the retractors to be placed; these will keep the surgical field open. 117 
 118 
2.3. Perform blunt dissection of subcutaneous tissue and fascia to expose the spinous processes. 119 
 120 
2.3.1. Use the blunt edge of the scalpel to make a small midline incision in the subcutaneous 121 
tissue and underlying fascia to expose the spines of T9–T11 vertebrae. Use the fine tip forceps 122 
(non-sharp) to perform blunt dissection and reflect the fascia. 123 
 124 
2.4. Split and separate the para-spinous muscles to expose the laminae. 125 
 126 
2.4.1. Use the blunt tip of the scalpel to split the dorsal trunk muscles and para-spinous muscles 127 
along the spines of the T9–T11 vertebrae. Use the blunt fine tip forceps to perform blunt 128 
dissection of the muscles in layers and expose the laminae of the vertebrae. This should minimize 129 
any bleeding.  130 



   

   
 

 131 
NOTE: If there is any bleeding, use warmed saline (37 °C) irrigation and cotton swabs to control 132 
it and clear blood from the surgical field. 133 
 134 
2.4.2. Use the same forceps to make small pockets around the transverse processes of T10 135 
vertebra. Use the curved forceps to stabilize the T10 vertebral body by hooking its prongs under 136 
the transverse processes, in the pockets created (Figure 1C).  137 
 138 
2.4.3. Thoroughly rinse the T10 laminae with warm saline and gently wipe clean with cotton 139 
swabs to clearly visualize the bony surface. Make sure that no muscle/ligament attachments 140 
remain along the surface bilaterally. 141 
 142 
2.5. Use a drill with a fine tip (0.55 mm diameter, 7 mm length) to break the laminae bilaterally. 143 
 144 
2.5.1. Use the tip of the drill to trace a vertical path from T9–T10 intervertebral space to T10–T11 145 
intervertebral space along both the T10 laminae, without turning the drill on. This is to ensure 146 
that the drill bit does not catch any tissue (Figure 1D). 147 
 148 
2.5.2. Now turning the drill on, slowly and carefully dig a vertical trench on the right lamina of 149 
the T10 vertebra. This part of the laminectomy should create a precise surgical defect throughout 150 
the thickness of the bone in a straight vertical line. Maintain the grip with the curved forceps to 151 
keep the vertebra stable. 152 
 153 
2.6. Make sure that the tip of the drill does not penetrate through the bone and injure the spinal 154 
cord. Repeat the same process on the left side of the lamina, keeping the vertebra stable with 155 
the curved forceps. Irrigate with warm saline to wash away any remaining bone fragments. 156 
 157 
2.7. Lift and remove the posterior part of the neural arch (Figure 1F). 158 
 159 
2.7.1. Use the angled fine tip forceps to grip the spinous process and remove the whole dorsal 160 
segment of the laminae separated by the bilateral drilling. Irrigate and swab again if there is any 161 
bleeding, to clearly visualize the spinal cord exposed under the laminectomy window (Figure 1E). 162 
 163 
3. Transection 164 
 165 
3.1. Induce the spinal cord injury by transection of the exposed cord with a single slice of the 166 
blade. 167 
 168 
3.1.1. Use the narrow, round cutting edged blade to slice the cord at the center of the 169 
laminectomy window. Ensure to sweep the lateral recesses of the spinal column to induce a 170 
complete transection injury (Figure 1G). 171 
 172 
3.2. Confirm completeness of the transection injury using the blunt fine tip forceps and remove 173 
any remaining connections at the transection site. 174 



   

   
 

 175 
3.3. Control the bleeding if any, before closing the surgical layers. 176 
 177 
3.4. Use the warm saline to irrigate and clear any bleeding that occurs from the transected cord 178 
stumps. Use a cotton swab to apply gentle pressure to achieve hemostasis if needed. Take care 179 
not to compress the spinal cord. 180 
 181 
4. Closure and immediate post-operative care 182 
 183 
4.1. Bring the muscles together and suture in layer. 184 
 185 
4.1.1. Once hemostasis is achieved at the transection site, release the curved forceps grip on the 186 
T10 vertebrae. Bring the edges of dissected muscles together along the midline to achieve good 187 
apposition.  188 
 189 
4.1.2. Suture the muscles in a layer using 5-0 polyglactin 910 absorbable sutures. Make sure that 190 
the natural curvature of the spine does not cause any tension at the suture line or open up the 191 
sutures, exposing laminectomy site.  192 
 193 
4.2. Close subcutaneous tissue and skin. 194 
 195 
4.2.1. Use 5-0 non-absorbable silk sutures to close the skin incision. Make sure that there is no 196 
bleeding, clots or debris remaining under the skin before closure. A final irrigation with warm 197 
saline may be necessary at this step. 198 
 199 
4.3. Stop the anesthesia. Observe the animal for 10–30 min until recovery. The animal should 200 
remain on the heating pad for this duration. Provide water gel and hydrated food in the cage. 201 
 202 
4.4. For post-operative care, include buprenorphine (twice daily), enrofloxacin (once daily) for 203 
the first two days prophylactically. Additionally, manually empty the bladder at least twice daily, 204 
adhering to the animal ethics committee’s guidelines.  205 
 206 
NOTE: The animals in this experiment were assessed twice daily for their general health and 207 
wellbeing, which included checking for persisting pain (to give additional doses of 208 
buprenorphine) or infection (additional enrofloxacin), their nutrition and hydration status (give 209 
injectable fluids if dehydrated) and any signs of autotomy (provide wound care if minor 210 
autotomy). It is strongly recommended that these aspects of post-operative care, including the 211 
euthanasia decisions must be determined with the guidance of the institutional animal ethics 212 
committee. 213 
 214 
5. Evaluation of the injury model 215 
 216 
5.1. Establishing the loss of motor function. 217 
 218 



   

   
 

5.1.1. Assess motor behavior on the injured mice 2, 7, 14, 21 and 28 days after the injury in an 219 
open field using the Basso Mouse Scale (BMS) to determine the loss of function9 (Figure 3C–E). 220 
 221 
5.2. Histological confirmation of injury 222 
 223 
5.2.1. Harvest the injured spinal cords with the vertebral columns after euthanasia (done with 224 
carbon dioxide in this experiment, as approved by the animal ethics committee).  225 
 226 
5.2.2. Fix the tissue by overnight submersion in 4% paraformaldehyde and decalcify the bones by 227 
treatment with 20% ethylene diamine tetraacetic acid (EDTA) over 3 weeks, replacing fresh EDTA 228 
every 48 h.  229 
 230 
5.2.3. Prepare the decalcified spines for cryo-sectioning and cut them into 30 µm thick sections. 231 
 232 
5.2.4. Mount the sections on gelatin-coated glass slides for immuno-staining with anti-GFAP 233 
antibodies and Hoechst 33342.  234 
 235 
5.2.5. Image the slides on a fluorescent microscope (Figure 3A) and perform measurements of 236 
the injury size using image analysis software (e.g., Nikon analysis software - NIS Elements [Figure 237 
3B]).  238 
 239 
REPRESENTATIVE RESULTS: 240 
The resulting method as depicted in Figure 1, involves adequate stabilization of the mouse 241 
(Figure 1A) and good visualization of the spine and paraspinous tissue (Figure 1B). Spinous 242 
process and laminae can be clearly visualized with minimal muscle dissection and blood loss 243 
(Figure 1C, highlighted zone). The fine tip drilling is performed as shown in Figure 1D, to create a 244 
laminectomy window as shown by the rectangle. The resulting laminectomy window is clear and 245 
allows direct visualization and access to the spinal cord (Figure 1E, highlighted zone). The 246 
schematic concept of this process is explained in Figure 1F. The narrow transection blade can 247 
easily fit through the discrete laminectomy window (Figure 1G) and in a smooth swiping motion, 248 
a complete transection type injury can be created (Figure 1H–I). Thus, this method causes 249 
minimal muscle dissection, minimal collateral bone damage, and results in a stable complete 250 
transection type injury with minimal blood loss. Despite the induction of severe SCI in the 251 
animals, the surgical procedure and post-operative care resulted in high survival rates of the 252 
animals. All animals reported for this manuscript survived the spinal cord surgery; and 253 
subsequent surgeries by our lab have resulted in a survival rate of >99%. 254 
 255 
To assess whether this method for inducing transection-type SCI in mice was reproducible and 256 
consistent, we analyzed the injured spinal cord using histology/immunohistochemistry and 257 
behavioral testing (n = 8 animals) (Figure 2). Immunolabeling against the astrocyte marker glial 258 
fibrillary acidic protein (GFAP) demarcated the boundary of the intact spinal cord, with the injury 259 
site being the region between the cord stumps when viewed with longitudinal sections (Figure 260 
3A). A consistent-sized defect was induced at the transection site, with an average minimal 261 
distance of 550.4 ± 17.3 µm (Figure 3B). Behavioral data deploying the Basso Mouse Scale (BMS)9 262 



   

   
 

of an open field test showed that the injured mice exhibit no hind limb movement after the injury 263 
(Figure 3C). This is represented by a score of 0 on the BMS for up to 28 days post-injury. Thus, 264 
the protocol produces complete and reliable transection-type injury resulting in complete loss of 265 
function below the injury level and does not lead to spontaneous reversal of the paralysis (Figure 266 
3D,E).  267 
 268 
FIGURE LEGENDS:  269 
 270 
Figure 1: Key steps in the transection injury protocol. (A) Animal set up and stabilization prior to 271 
surgery. Schematic and photograph from the surgery are both shown. (B) Schematic and 272 
photograph showing incision, retractor placement and blunt dissection to expose the deep 273 
muscle layers. (C) Stabilization of spine with forceps and exposing laminae of T10 vertebra. The 274 
rectangle in the photograph highlights laminae and spinous process of the T10 vertebra. (D) Fine 275 
tip drill to perform laminectomy. The rectangle in this photograph traces the laminectomy 276 
window. (E) Complete laminectomy window highlighted by the rectangle, within which the spinal 277 
cord is clearly visible. (F) Series of schematic drawings showing the drilling concept to perform a 278 
complete laminectomy, in a cross-sectional orientation. (G) This photograph depicts the use of a 279 
fine blade transection knife to perform the complete transection type injury, and in (H) the 280 
complete injury is visible inside the rectangle, as a dark red transverse line across the spinal cord. 281 
(I) Schematic showing the overall view of the laminectomy and injury site. 282 
 283 
Figure 2: A schematic explaining the vertebral landmark identification for T10. The spinous 284 
process of T10 vertebra is one of the most prominent landmarks that can be palpated at the 285 
natural curvature of the thoracic spine. At this point the spinous processes change the 286 
morphology so that the tips of the spinous processes cranial from T10 point caudally, and the tips 287 
of the spinous processes caudal from T10 point cranially. 288 
 289 
Figure 3: Representative results from transection type injury induced in C57BL/6 mice. (A) A 290 
longitudinal section of the spinal cord reveals the complete transection-type injury.Tissue was 291 
imaged on an inverted microscope. Anti-GFAP immunolabelling labels astrocytes (red) while 292 
nuclei are labeled with Hoechst 33342 (blue). The injury gap using a lineal measurement of the 293 
shortest point was 550 µm. Scale bar = 200 µm. IS = injury site, IVD = intervertebral disc, SC = 294 
spinal cord, VB = vertebral body. (B) Injury size was measured in 8 animals. The mean injury size 295 
was 550.4 ± 17.3 µm with maximum being 577.8 µm and minimum 525.4 µm. (C) Motor behavior 296 
scored on Basso Mouse Scale (BMS), which was 9 in all mice prior to the injury and remained at 297 
0 for 4 weeks after the injury, indicating a complete loss of motor function below the injury site 298 
(n = 8 mice). (D) Gait of a healthy mouse before the injury. (E) Gait of the same mouse after the 299 
injury. 300 
 301 
DISCUSSION:  302 
This method induces a complete transection type injury at the T10 vertebral level in mice, which 303 
results in complete paraplegia of the animal, below the level of injury. Overall, this method 304 
results in minimal bleeding, negligible collateral damage and a stable, reproducible injury. As 305 
compared to previously published methods of transection without laminectomy10, this method 306 



   

   
 

offers the benefits in terms of direct visualization without manipulating the curvature of the 307 
spine, better control over completeness of the injury, and enhanced ability to control bleeding 308 
and achieve hemostasis. The advantage of this method is that the protocol can be modified for 309 
use at any other vertebral levels other than T10, as well as to perform other injury types such as 310 
hemi-sections, partial dorsal transections, dorsal root avulsions, crush and contusions. 311 
 312 
A major component of this protocol is that it employs the use of a fine-tip drill. While the use of 313 
the drill may require a high skill level and more extensive training, it achieves a clean and 314 
complete laminectomy. Another crucial factor is the use of a narrow-bladed knife for transection, 315 
instead of micro-scissors. This results in less unwanted collateral damage as compared to using 316 
scissors. Conversely, however, if too much lateral pressure is exerted, the blade can cause some 317 
injury to the vertebral body. The described protocol may require the surgeon to perform some 318 
troubleshooting. If the laminectomy is not performed properly, there may be bone spurs 319 
remaining, which can restrict access to the laminectomy window. Inserting one of the prongs of 320 
the fine tip forceps can enable the surgeon to grasp and break off any remaining bone spurs. 321 
However, care must be taken to not injure the exposed spinal cord in the process. If the 322 
laminectomy results in a jagged bone edge, the drilling can be performed again to straighten the 323 
laminectomy margin. This may be impractical if the laminectomy window is already wide enough, 324 
in which case, the transection should be performed without tampering with the laminectomy 325 
site.  326 
 327 
It is strongly recommended that the users practice the laminectomy procedures at least 8–10 328 
times at the relevant spinal level in a cadaveric dissection prior to attempting in a live survival 329 
surgery. Although, the drill holding and maneuvering techniques are simple, they may require 330 
the users to get acquainted with the equipment. Here, we also provide some useful advice to 331 
help with spine and hand stabilization during the drilling procedure. If the user is right handed, 332 
the spine should be stabilized by using the curved forceps with the left hand so that the forceps 333 
approach the spine from the cranial aspect. This keeps the caudal aspect of the spine clear to 334 
approach with the drill held in the right (or the predominant) hand. The drill should be held with 335 
a pincer grip between thumb, index and middle fingers. The hand should be well supported along 336 
the medial edge of the wrist and the outstretched fifth finger. Keeping the arm completely 337 
adducted so that the elbow touches the body may help achieve better control over the drill grip 338 
during practice. The drilling action should only involve motion at the fingers holding the drill and 339 
not at the wrist, not unlike using a pen for writing. 340 
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Name of Material/Equipment Company Catalog Number

Baytril injectable 50 mg/mL, 50 mL Provet BAYT I

Betadine 500 mL Provet BETA AS

Castroviejo needle holder, locking ProSciTech T149C
Ceramic zirconia blade, round with sharp sides, single edge, angled ProSciTech TXD101A-X

Cotton swabs (5pcs) Multigate 21-893

Dremel Micro DREMEL 8050-N/18
Dressing forceps fine Multigate 06-306

Drill bits Kemmer Präzision SM 32 M 0550 070

Dumont #7b forceps Fine Science Tools 11270-20

Dumont tweezers, style 5 ProSciTech T05-822

Fur trimmer WAHL WA9884-312

Iris scissors, Ti, sharp tips, straight, 90mm ProSciTech TY-3032

Isoflurane isothesia NXT 250 Provet ISOF 00 HS

Colibri Retractor - 4cm Fine Science Tools 17000-04

Scalpel handle ProSciTech T133

Signature latex surgical gloves size 7.5 Medline MSG5475

Sodium Chloride 0.9% STS PHA19042005

Sterile Dressing Pack Multigate 08-709

Sterile Fluid Impervious Drape 60x60 cm Multigate 29-220

Surgical spirit 100 mL Provet # SURG SP

Suture Material - SILK BLK 45CM 5/0 FS-2 Johnson & Johnson Medical 682G

Suture Material - Vicryl 70CM 5-0 S/A FS-2 Johnson & Johnson Medical VCP421H
Temgesic 0.3 mg in 1 mL, x 5 ampoules (class S8 drug) Provet TEMG I
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Post-operative care drug
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Single use disposable
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Dear Xiaoyan Cao, 

 

Thank you for the opportunity to revise the manuscript. We have aimed to address all the 

comments made by reviewers and editorial board by making the following changes.  

 

 

Editorial comments: 
 

Changes to be made by the author(s): 

 

Changes to be made by the author(s) regarding the manuscript: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. The JoVE editor will not copy-edit your 

manuscript and any errors in the submitted revision may be present in the published 

version. 

Response: we have proofread the manuscript for spelling and grammar errors. 

 

2. 1.1.1: Please mention how proper anesthetization is confirmed. 

Response: Thank you for the suggestion, we have added the details in step 1.1.1 (Lines 84-

85). 

 

3. 5.2.1: Please describe in the imperative tense how to harvest the injured spinal cords 

and prepare for staining and imaging, and how to perform the injury size 

measurements. Please specify the euthanasia method. 

Response: We have altered the text to the imperative in section 5.2.1. 

 

4. References: Please do not abbreviate journal titles; use full journal name. 

Response: we have included full journal names 

 

Reviewers’ comments: 
 

Reviewer #4: 

Manuscript Summary: 

Reshamwala and colleagues provided a research article on the method of conducting a 

complete transection of a mouse spinal cord. The practical part has sufficient details, 

but there can be more additional information to make the article more user-friendly. 
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Major Concerns: 

1) During the laminectomy section, many scientists find it difficult to identify certain 

vertebra level (i.e. T10). Therefore, it would useful if the authors could provide specific 

landmarks to guide the scientist. Furthermore, a schematic diagram would also be 

beneficial. 

Response: Thank you for this suggestion. We have added a schematic explaining the 

identification of T10. This schematic is now Figure 2, with the former Figure 2 now being 

Figure 3. Additionally, readers can consult the cited paper at this step (Harrison et al, 2013) 

for an in-depth and thorough information regarding the anatomy of the murine spine.  

2) It is unclear if the spine was held when carrying out the laminectomy to stop the 

vertebra from moving. If yes, how. If not, does it not require stabilisation or that the 

movement not hinder the laminectomy procedure? 

Response: Yes, the T10 was held securely with the help of a curved forceps throughout the 

laminectomy procedure. As described in the step 2.4.2, and reiterated in 2.5.2 as well as 2.6, 

the spine is to be held securely to maintain stabilisation during drilling. In fact, the grip 

should be maintained until the step 4.1.1, where it is advised to ‘release the curved forceps 

grip on the T10 vertebra’. 

 

3) No mention of how certain materials (i.e. cotton swab) were sterilized for surgical 

use. 

Response: All the consumable materials (including cotton swabs) were purchased in sterile 

packaging from the supplier. The details of the supplier and product code are in the ‘Table of 

Materials’. All the reusable tools were sterilised with the autoclave as per usual. Since the 

autoclaving was not actually a part of the surgical technique, it was not included in the 

protocol.  

 

4) (line 156) After transection, cotton swab pressure was applied. Where was the 

pressure applied? On the cord directly? 

Response: The pressure, only if required, is to be applied gently at the laminectomy site. This 

would be over the cord, not directly on the cord. This distinction is now added to the step 

3.3.1 (Line 177-178).  

 

5) (Line 146) Would a new blade be required at each transection or could it be reused? 

If the latter how often can it be re-used? 

Response: As mentioned in the Table of Materials, the blade is reusable. The number of re-

uses depends on the handling and care of the blade. From our experience, the blade could be 

used for at least 50 transections.  

 

6) (Line 165) The muscle was sutured in layers? How many layers are there as I thought 

there was just one layer? 

Response: The meaning here was to suture the muscles in a layer i.e. not to overlap them or 

to bundle them together while suturing. We have amended the misleading text (Line 186). 

 

7) The complete transection is a severe spinal cord injury since the animal is completely 



 

paralysed for at least 28 days as demonstrated by a BMS of 0. If so, then it is important 

to provide high-quality post-operative care for these animals due to ethical concerns. It 

is important to state how post-operative care was provided (e.g. how often to empty 

bladder, prevention urine scalding of the abdomen, prevent autotomy, etc) and what 

survival rate after such surgery. 

Response: We completely agree with this point. We suggest that these aspects of post-

operative care must be determined in adherence with the policies of the institutional animal 

ethics committee, especially the euthanasia decisions. This can vary from institute to institute; 

therefore, we chose not to advise the users in this aspect. However, we have described the 

post-op care done in this experiment in the newly added point 4.3.1 to provide an example. 

Lines 200-209. 

All our animals survived in the experiment reported for this manuscript. Our group has 

subsequently performed 300+ surgeries with a survival rate of >99%. This information has 

been added to lines 246-250. 

 

8) Explain how was the injury size was measured, since if the tissue was submerged in 

sucrose, then there will be shrinkage of tissue and this may retract the tissue giving a 

false enlargement of tissue rather than in absent in sucrose. 

Response: The tissue was not submerged in sucrose; hence, a false enlargement of the injury 

site was not a concern here. The section, however, is reformed in imperative voice as 

instructed by the editor. The injury size was measured using the Nikon analysis software 

(NIS-Elements) as mentioned in the step 5.2.1.  

 

9) The need to discuss the issues with using a pair of rongeur, since many scientists uses 

a pair of rongeur to carry out the laminectomy in both mice and rats. 

 

Response: The small size of mice vertebrae can be a problem for performing a laminectomy 

with the rongeurs. Using rongeurs can involve manipulation of the spine, or injury to the 

muscle around it, and at the very least, more muscle dissection is needed to avoid the 

collateral damage. However, we have not used the rongeurs in this experiment and hence, it 

was not included in the discussion. The distinct advantages of using our method are discussed 

at length in the manuscript.  

 

 

Minor Concerns: 

10) Some minor errors in the manuscript: line 34. Spinal cord injury rather than spinal 

cord injuries, (line 36) SCI not SCIs, (line 37) Use SCI rather than spinal cord injury in 

full. 

Response: We have changed the SCIs to SCI. 

 

 

 

Yours sincerely, 

 

A/Prof James St John 


