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Bone infection results from bacterial invasion, which is extremely difficult to treat in clinical, 44 
orthopedic, and traumatic surgery. The bone infection may result in sustained inflammation, 45 
osteomyelitis, and eventual bone non-union. Establishment of a feasible, reproducible animal 46 
model is important to bone infection research and antibiotic treatment. As an in vivo model, 47 
the rabbit model is widely used in bone infection research. However, previous studies on rabbit 48 
bone infection models showed that the infection status was inconsistent, as the amount of 49 
bacteria was variable. This study presents an improved surgical method for inducing bone 50 
infection on a rabbit, by blocking the bacteria in the bone marrow. Then, multi-level evaluations 51 
can be carried out to verify the modelling method. 52 
 53 
In general, debriding necrotic tissue and implantation of vancomycin-loaded calcium sulphate 54 
(VCS) are predominant in antibiotic treatment. Although calcium sulphate in VCS benefits 55 
osteocyte crawling and new bone growth, massive bone defects occur after debriding. 56 
Autogenous bone (AB) is an appealing strategy to overcome bone defects for the treatment of 57 
massive bone defects after debriding necrotic bone. 58 
 59 
In this study, we used the tail bone as an autogenous bone implanted in the bone defect. Bone 60 
repair was measured using micro-computed-tomography (micro-CT) and histological analysis 61 
after animal sacrifice. As a result, in the VCS group, bone non-union was consistently obtained. 62 
In contrast, the bone defect areas in the VCS-AB group were decreased significantly. The 63 
present modeling method described a reproducible, feasible, stable method to prepare a bone 64 
infection model. The VCS-AB treatment resulted in lower bone non-union rates after antibiotic 65 
treatment. The improved bone infection model and the combination treatment of VCS and 66 
autogenous bone could be helpful in studying the underlying mechanisms in bone infection and 67 
bone regeneration pertinent to traumatology orthopedic applications. 68 
 69 
INTRODUCTION: 70 
Bone infection usually results from bacteria or other microorganism invasion after trauma, 71 
bone fracture, or other bone diseases1. Bone infection may induce a high level of inflammation 72 
and bone tissue destruction. In the clinic, Staphylococcus aureus (S. aureus) is the predominant 73 
causative agent of bone infection2,3. The bone infection is painful, debilitating, and often takes a 74 
chronic course that is extremely difficult to treat4. At present, debridement of necrotic tissue 75 
and implanting of vancomycin-loaded calcium (VCS) beads have been confirmed as an efficient 76 
strategy for controlling local infection5,6. However, 10% to 15% of patients experienced a 77 
prolonged bone repair process, delayed union, or non-union after anti-infection treatment7. 78 
The large segment of a bone defect is the most difficult issue for orthopedic surgeons. An 79 
autologous bone graft is considered the optimal bone replacement in bone non-union 80 
treatment8,9. 81 
 82 
To date, most of the studies on bone infection and autologous bone implantation have been 83 
conducted in various kinds of animal models, such as rats, rabbits, dogs, pigs and sheep10,11. 84 
Rabbit models are most commonly used for bone infection studies, as first performed by 85 
Norden and Kennedy in 197012,13. In our previous study, we used rabbit models following 86 
Norden's method, and we found that the quantity of S. aureus injected into bone marrow could 87 



  

 

not be quantified accurately, as the blood leaking out of bone marrow led to bacteria solution 88 
overflow. 89 
 90 
This article presents an improved surgical method for inducing bone infection on rabbits. At the 91 
end of the procedure, a blood biochemistry test, a bacteriological examination, and a 92 
histopathologic examination were performed to verify the bone infection model. Then, VCS was 93 
implanted to inhibit infection, and autogenous bone was implanted to promote bone 94 
regeneration. 95 
 96 
PROTOCOL: 97 
 98 
The rabbits used in the present study were treated in accordance with the Guide for the Care 99 
and Use of Laboratory Animals. All the experimental procedures were followed by the rules of 100 
the Bioethics Committee of Zhejiang Academy of Traditional Chinese Medicine.  101 
 102 
1. Preparation of the bacterial suspension 103 
 104 
1.1. Dissolve 0.5 mg of S. aureus freeze-drying powder (ATCC 6538) with 0.3 mL of Luria-Bertani 105 
culture medium. Mix suspension completely. 106 
 107 
1.2. Streak the bacteria suspension onto tryptic soy agar plates and incubate the bacterial 108 
colonies at 37 °C for 16 h. 109 
 110 
1.3. Select a single bacterial colony forming unit (CFU) and culture in tryptic soy broth tubes for 111 
24 h. Perform a subculture for approximately 24 h at 37 °C, and obtain mid-logarithmic growth 112 
phase bacteria after 16 to 18 h, when the optical density (OD) value is 0.6 at 600 nm14. 113 
 114 
1.4. Transfer 1 mL of bacteria suspension into a centrifuge tube. Centrifuge for 5 min at 825 x g 115 
and 4 °C, and discard the supernatant. Resuspend and wash the bacteria with 100 µL of 116 
phosphate buffered saline (PBS); repeat this step 3 times. Finally, resuspend bacteria with 3 mL 117 
of PBS. 118 
 119 
1.5. Estimate the bacteria concentration using McFarland's turbidimetry15. 120 
 121 
1.5.1. Transfer 100 to 500 µL of bacteria suspension to a colorimetric tube until the turbidity 122 
is equivalent to a 0.5 McFarland standard.  123 
 124 
1.5.2. Assess turbidity by visual comparison to the 0.5 McFarland, when the content of 125 
bacteria reaches approximately 108 CFU/mL. 126 
 127 
NOTE: Make sure the volume of bacteria suspension is sufficient for the following protocols. For 128 
every rabbit, the volume of bacteria suspension is less than 1 mL. 129 
 130 



  

 

1.6. Transfer 0.2 mL of bacterial suspension to an agar plate and apply it evenly. Incubate the 131 
plate at 37°C for 16 h. Count the bacteria colonies to verify the CFU of bacteria suspension. 132 
 133 
2. Preparation of bone infection models 134 
 135 
2.1. Keep male New Zealand white rabbits, aged 3 months, in individual cages, under 136 
air-controlled conditions (20 ± 1 °C) and 12 h/12 h light-dark illumination cycles. Offer routine 137 
diet and tap water daily. 138 
 139 
2.2. Ensure that at the time of surgery that the rabbit weighs more than 3 kg. 140 
 141 
2.3. Anaesthetize rabbits by intraperitoneal injection with pentobarbital sodium (3 mg per 100 142 
g of body weight). Make sure rabbits are fully anesthetized by a failure to respond to a paw 143 
pinch. Fix rabbits on the operating table during operation procedure. 144 
 145 
NOTE: Make sure that the modeling procedure duration is less than 1 h. 146 
 147 
2.4. Shave the proximal tibia region using an electric shaver against the direction of hair growth. 148 
Disinfect the skin by applying a povidone-iodine solution. 149 
 150 
2.5. Mark the upper end of the tibia and the drilling hole position for injection with S. aureus 151 
(the distance to the upper end of the tibia is 1.5 cm) with pen and ruler. Make sure the drilling 152 
hole positions are in the middle of the tibial plateau horizontally (Figure 1A). 153 
 154 
2.6. Cut tibia skin using a No. 11 scalpel and make a 1 cm incision in the periosteum (Figure 155 
1B,C). Punch a 2 mm diameter hole in the tibia using an electric bone drill unit (Figure 1D). 156 
 157 
2.7. Press the 2 mm diameter holes in the tibial plateau with a cylinder of bone wax of 2 mm 158 
diameter and 2 mm height (Figure 1E). Remove the spare bone wax along the horizontal plane 159 
of the tibial plateau (Figure 1F). Check that the 2 mm hole is full of bone wax (Figure 1G). 160 
 161 
NOTE: Ensure that the holes are full of bone wax by checking the hole with or without blood 162 
overflow. 163 
 164 
2.8. Sew up the periosteum and skin with absorbable surgical suture in a vertical mattress 165 
suture to prevent the animal from chewing the sutures (Figure 1H). 166 
 167 
2.9. Inject 1 x 108 CFU/mL of S. aureus solutions (30 µL per 100 g of body weight) with a 1 mL 168 
asepsis injector (Figure 1I). Make sure the needles penetrate the bone wax and inject the S. 169 
aureus solution into bone marrow slowly. 170 
 171 
2.10. Keep the animal in warm and clean conditions to avoid heat loss after modelling. 172 
Monitor respiratory rate and heart rate. After waking up, house the rabbits in individual cages 173 
with free access to food and water. 174 



  

 

 175 
3. Evaluation of bone infection model 176 
 177 
3.1. At days 7, 14, 21 and 28 after infection, place rabbits into the rabbit fixer with the head and 178 
ear outside of the fixer. 179 
 180 
3.2. Draw 2 mL of blood from the auricular veins into a dipotassium ethylenediaminetetraacetic 181 
acid (EDTA-K2) anticoagulant blood container. Draw 1 mL of blood from a blood vessel into a 182 
blood container. Centrifuge the serum for 10 min with a speed of 651 x g at room temperature.  183 
 184 
3.2.1. Determine white blood cell count (WBC) in whole blood using a blood biochemical 185 
analyzer, and C-reactive protein (CRP) by an enzyme-linked immunosorbent assay (ELISA) 186 
method16. 187 
 188 
3.3. At days 7, 14, 21 and 28 after infection, anaesthetize one model rabbit with pentobarbital 189 
sodium at the dosage of 3 mg per 100 g body weight. Cut tibia skin using a No. 11 scalpel and 190 
make a 2 cm incision in the periosteum (Figure 2A). 191 
 192 
3.4. Clean bone wax. Debride necrotic bone by punching two adjacent 4.8 mm diameter holes 193 
using an electric bone drill unit (Figure 2B). Debride necrotic bone marrow and granulation 194 
tissue using a bone spoon (Figure 2C). 195 
 196 
NOTE: Clean bone tissue during the debridement to avoid bone tissue remaining in the bone 197 
marrow. 198 
 199 
3.5. Scrape and clean the bone tissue between the two holes (Figure 2D). 200 
 201 
3.6. Spread 1 mL of bone marrow onto sheep blood agar plates. Incubate plates overnight at 37 202 
°C. Select plates of 30-300 colonies, and calculate the number of colonies. 203 
 204 
3.7. At the end of day 28 after infection, extract tibia specimens along the edges of knee and 205 
ankle joints. Fix the tibia specimens in 4% paraformaldehyde for 24 h. Decalcify the tibia 206 
specimens in 10% EDTA for 8 weeks.  207 
 208 
3.8. Dehydrate the tibia specimens in a graded series of ethanol dilutions, and then embed in 209 
paraffin wax. Cut 4 consecutive 5 µm sections from the coronal planes. Stain sections with a 210 
hematoxylin and eosin (H&E) staining kit.  211 
 212 
3.9. Use a microscope to view the stained sections and record transmitted light images with 213 
standard software. 214 
 215 
4. Preparation of VCS beads 216 
 217 



  

 

4.1. Add 1 g of vancomycin hydrochloride powder to 9.5 g of medical grade calcium sulphate, 218 
and then add 3 mL of normal saline to the mixed power. Mix them thoroughly with a spatula for 219 
30 to 45 s. 220 
 221 
4.2. Place the mixed product into a flexible silica gel mold (cylinder of 4.8 mm diameter and 4.8 222 
mm height), and dry at room temperature for 15 min. Remove the VCS beads by flexing the 223 
mold. 224 
 225 
5. Antibiotic treatment and implantation of autogenous bone 226 
 227 
5.1. Anaesthetize model rabbits with pentobarbital sodium at the dosage of 3 mg per 100 g 228 
body weight on the 28th day after infection. Shave the proximal tibia region using an electric 229 
shaver. Disinfect the skin by applying povidone-iodine solution. 230 
 231 
NOTE: Make sure that the modelling procedure is less than 1 h. 232 
 233 
5.2. Shave the tail region using an electric shaver and disinfect the tail by applying 234 
povidone-iodine solution. 235 
 236 
5.3. Cut down the tail using surgical scissors. Cut tail skin using a No. 11 scalpel and reveal the 237 
tail bone. Remove any muscle, soft tissue and periosteum. 238 
 239 
5.4. Detach the tail bone at each joint and transfer the bone fragment to a 100 mm plastic dish 240 
containing sterile saline. 241 
 242 
5.5. Sew up the skin at the tail region with absorbable surgical sutures in a vertical mattress 243 
suture to prevent the animal from chewing the sutures. 244 
 245 
5.6. Implant 4 pieces of VCS beads (cylinder of 4.8 mm diameter and 4.8 mm height, 1.25 mg 246 
vancomycin per piece of bead) into the marrow cavity using curved tweezers (Figure 2E). 247 
 248 
5.7. Fill the bone defect with 8 pieces of autogenous bones (cylinder of 2 mm diameter and 4 249 
mm height per each piece) using curved tweezers (Figure 2E). 250 
 251 
5.8. Sew up the periosteum and skin with absorbable surgical sutures in a mattress suture 252 
manner (Figure 2F). 253 
 254 
NOTE: Keep the temperature at 25 °C during the surgery. 255 
 256 
5.9. Keep the animal in warm and clean conditions to avoid heat loss after surgery. Monitor 257 
respiratory rate and heart rate. After waking up, house the rabbits in individual cages with free 258 
access to food and water. 259 
 260 
6. Assessments of antibiotic activity 261 



  

 

 262 
6.1. Put rabbits into a rabbit fixer, and place the head and ear outside of the fixer at 2, 4, 6 and 263 
8 weeks after treatment. 264 
 265 
6.2. Draw blood from auricular veins with EDTA-K2 anticoagulant blood vessel. Draw 1 mL of 266 
blood from a blood vessel into a blood container. Centrifuge the serum for 10 min with a speed 267 
of 651 x g at room temperature.  268 
 269 
6.3. Determine the white blood cell count (WBC) in whole blood by using blood biochemical 270 
analyzer, and C-reactive protein (CRP) by an ELISA method16. 271 
 272 
7. Assessments of bone regeneration 273 
 274 
7.1. Euthanize rabbits by injecting with an over dosages of pentobarbital sodium, at the end of 275 
8 or 12 weeks after treatment. 276 
 277 
7.2. Extract tibia specimens, along the edges of knee and ankle joints. Debride muscles and 278 
fascial layers. 279 
 280 
7.3. Analyze structure of tibia by using micro-computed tomography (micro-CT). Choose an oval 281 
area 4.8 mm diameter and 9.6 mm long as the region of interest (ROI). Reconstruct 3D model 282 
images using bitmap data. 283 
 284 
7.4. Choose scores of the ratio of bone volume/tissue volume (BV/TV), trabecular thickness 285 
(Tb.Th), trabecula number (Tb.N) and trabecular separation (Tb.Sp)from the3D models to assess 286 
bone regeneration. 287 
 288 
REPRESENTATIVE RESULTS:  289 
Evaluation of Bone Infection Model 290 
After infection with S. aureus, the pathological manifestations of rabbits were similar to the 291 
representative symptom of chronic osteomyelitis in the clinic. In our study, 30 rabbits were 292 
infected, and subjected as a model group, and 10 rabbits were subjected as control animals. All 293 
the model rabbits have infected sinuses of the tibia local site, with white and yellow pus over 294 
flow from the sinuses (Figure 3A). The results of H&E staining indicate that bacterial aggregates 295 
are located around dead bone in the model group, and normal osteocytes cannot be identified. 296 
The levels of CRP and WBC are higher in the model group than the control group (Figure 3B). 297 
The necrotic bone marrow lysates are streaked on agar plates, which result in an increased 298 
number of colonies for the model group after infection (Figure 3C). At the end of modelling, 299 
there were 3 rabbits dead because of serious infection. The remaining infected rabbits were 300 
identified as the bone infection model and were divided into 3 groups: model group, VCS group, 301 
and VCS-AB group. 302 
 303 
Assessments of Antibiotic Activity and Bone Regeneration 304 



  

 

At 2, 4, 6, and 8 weeks after treatment with VCS or VCS-AB, the levels of CRP and WBC are 305 
reduced significantly (Figure 4A). After 12 weeks of implantation of VCS and bone allograft, 306 
tibial defects of the VCS-AB group seemed fully coalescent. Tibial plateau surfaces of the 307 
VCS-AB group are flatter than that of the VCS group (Figure 4B). 2D reconstruction images 308 
indicate a progressive increase in bone volume during the 12 week period after treatment with 309 
VCS-AB and VCS, while bone loss is significant in the model group. To analyze the bone 310 
regeneration quantitative indexes, an oval area 4.8 mm diameter and 9.6 mm long was chosen 311 
as the region of interest (ROI) (Figure 4C), and 3D model images were reconstructed using 312 
bitmap data. The micro-CT indexes BV/TV in the model group were significantly lower than that 313 
in the VCS and VCS-AB groups. The Tb.N and Tb.Th scores in the VCS-AB group were 314 
significantly higher than those in the model and VCS group. Moreover, the Tb.Sp scores in the 315 
VCS-AB group are markedly lower than that in the model group and VCS group (Figure 4D). 316 
 317 
These results suggest that infection with S. aureus causes increasing WBC and CRP in the model 318 
group, which can be decreased using the VCS. The implantation of VCS is regarded as the 319 
optimal antibiotic treatment. However, the bone defect is observable in the VCS group. The VCS 320 
and autogenous bone treatment increase the trabeculae thickness and trabeculae number and 321 
decrease the trabecular separation. The VCS-AB treatment showed capability of promoting 322 
bone healing. 323 
 324 
FIGURE AND TABLE LEGENDS: 325 
 326 
Figure 1. Surgical preparation of the bone infection model. (A) Shows the punching position on 327 
the tibia. The distance between the drilling hole position for injection with S. aureus to the 328 
upper end of tibia is 1.5 cm. (B) Incision made in the skin to expose the periosteum. (C) Shows 329 
incision made through the periosteum to expose the tibia. (D) Punch a 2-mm diameter hole in 330 
the tibia. (E) Fill the 2 mm diameter hole full of bone wax. (F) Cut off spare bone wax. (G) Show 331 
the bone wax filling the bone defect. (H) Sew up the periosteum and skin. (I) Inject with S. 332 
aureus solution. 333 
 334 
Figure 2. Preparation of bone allograft and antibiotic treatment. (A) Incision made in the skin 335 
to expose periosteum. (B) Punch two adjacent 4 mm diameter holes. (C) Debride necrotic bone 336 
and inflammatory bone marrow. (D) Scrape and clean the bone tissue between the two holes to 337 
make a long circle of 4 mm diameter and 8 mm long. (E) Fill the hole with VCS and bone 338 
allograft. (F) Sew up the periosteum and skin.  339 
 340 
Figure 3. Evaluation of bone infection model. (A) Appearance features of the rabbit legs 341 
infected with S. aureus, and typical histopathology images of the rabbit tibia in the model and 342 
control groups. Blue arrow: osteocyte; pink arrow: bone trabeculae; yellow arrow: bacterial 343 
aggregates; green arrow: dead bone. (B) The WBC and CRP results in the rabbit serum at the 344 
time points of before modelling, 7, 14, 21 and 28 days after infection. The columns represent 345 
the mean ±SE, *p < 0.05 vs. the control group. (C) The number of bacterial colonies in the tibia 346 
marrow counted following overnight incubation. The columns represent the mean ±SE, *p 347 
<0.05 vs. the colony count at day 0. 348 



  

 

 349 
Figure 4. Assessments of antibiotic activity and bone regeneration. (A) The results of WBC and 350 
CRP in rabbit serum at the time points of 2, 4, 6 and 8 weeks after implantation of VCS and 351 
VCS-AB, the points represent the mean ±SE, #p < 0.05 and *p < 0.05 compared to the model 352 
group. (B) The coronal section images of tibia analyzed by micro-CT. (C) The location of ROI. (D) 353 
The histograms show the bone volume/tissue volume (BV/TV), trabecular thickness (Tb.Th), 354 
trabecula number (Tb.N), and trabecular separation (Tb.Sp) scores of ROI from five rabbits per 355 
group. The columns represent the mean ±SE, *p < 0.05 vs. the control group or the model 356 
group. 357 
 358 
Figure 5. The timeline of all the procedures. 359 
 360 
DISCUSSION: 361 
In the previous studies, various kinds of animal models were constructed to study both acute 362 
and chronic bone infection; however, the search for the ideal model still persists17,18. In addition, 363 
the ideal bone infection model is expected to simulate the pathological characteristics of bone 364 
infection in clinical setting, while the modelling periods, remain low cost and easy to carry out. 365 
So far, the rabbit bone infection model is the most common model in inflammatory bone 366 
disease research, as the rabbits are available, feasible and inexpensive. In our previous study, 367 
we compared the death rate and infection rate of rabbits with varying body weights. The 368 
results showed that the body weight should be more than 3 kg; otherwise, there would be a 369 
high death rate or a high incidence of haematosepsis and a higher mortality rate after surgery. 370 
 371 
Unlike earlier studies, the rabbit bone infection models and antibiotic treatment in our study 372 
are consistent with the pathological characteristics of human disease and the surgical therapy. 373 
In the previous study, animals injected with sodium morrhuate and S. aureus did not have 374 
pathologic status more than 60 days. Furthermore, the death rate was more than 20%12,19. The 375 
overflow S. aureus solution from bone defects had been proven to induce a low infection rate. 376 
We used bone wax to fill the 2 mm hole on the tibia, in order to block the S. aureus solution in 377 
the bone marrow and ensured that the holes were full of bone wax by checking the hole with or 378 
without blood overflow. As the thickness of a rabbit tibia was 2 mm, we pressed a cylinder of 2 379 
mm diameter and 2 mm height bone wax into the 2 mm diameter holes, which ensured the 380 
bone wax filled the hole and could not infiltrate into the bone marrow. Moreover, as the bone 381 
wax was flexible and stable, it filled the holes and could not melt or react with bone marrow. In 382 
our study, at the 28th day after infection, the bone wax was still complete and filled the holes 383 
fully. As the weights of rabbits were more than 3 kg and less than 3.2 kg, the volume of bacteria 384 
suspension was 900 µL to 960 µL. Because of the slow speed of injection and blocking function 385 
of bone wax, this volume of bacteria suspension could be injected into bone marrow without 386 
high pressure. The results showed that this protocol ensures the quantity of S. aureus infected 387 
in bone marrow. A 2 mm diameter hole was punched in the tibia to ensure that the distance to 388 
the upper end of the tibia is 1.5 cm, which locates the hole at the tibial plateau, ensuring 389 
sufficient space to debride and implant VCS beads and autogenous bone in the following 390 
treatment. During the modelling process, 3 rabbits died because of serious infection. The 391 
remained rabbits identified as bone infection rabbits, and the infection rate in the remaining 392 



  

 

rabbits was 100%. Compared with other bone infection protocols, such as the implantation of 393 
sponges soaked with S. aureus or the implantation of foreign matter, our protocols closely 394 
simulate bone infection in clinical setting, and have little effect on procedures, such as 395 
debriding necrotic bone and antibiotic treatment. 396 
 397 
Diagnosing bone infection is a challenge to surgeons. The laboratory test results, including 398 
serum inflammation marker detection, microbiology analysis and histopathology analysis were 399 
used to evaluate bone infection in clinical settings20. Also, diagnostic imaging, such as 400 
ultrasound, radiology, computed tomography, magnetic resonance imaging or Raman 401 
spectroscopy were applied to detect bone infection21. Unfortunately, diagnosing osteomyelitis 402 
through imaging methods is often delayed because bone necrosis is difficult to detect by plain 403 
radiography until week 3 of infection. In our study, we used serum inflammation marker 404 
detection and histopathology analysis to evaluate bone infection models, as these methods 405 
were effective, operable and the indexes were sensitive. The following were the most 406 
important steps of the surgical procedure to create a bone infection model in our study. Choose 407 
the rabbits with appropriate body weight to perform the surgery and treatment. Maintain a 408 
sterile environment during the raising and surgical procedure, and ensure warm conditions 409 
following the surgical procedure protocol. Punch a 2 mm diameter hole in the tibia, and ensure 410 
the distance to the upper end of the tibia is 1.5 cm. Fill the hole with bone wax, and sew up the 411 
periosteum and skin in order to block the bacteria solution. The most important steps of 412 
antibiotic treatment are the following. Ensure the pathological bone infection of the rabbits by 413 
detecting WBC in whole blood and CRP in the serum. Debride necrotic bone completely, punch 414 
two adjacent 4 mm diameter holes and scrape and clean the bone tissue between the 2 holes. 415 
Implant 4 pieces of VCS beads and 8 pieces of autogenous bone into bone marrow and bone 416 
defect. 417 
 418 
After antibiotic treatment, we observed that the rabbits in the VCS-AB group had a higher 419 
osteogenic potential than that in the VCS group. This may be because the autogenous bone 420 
contains activated osteocytes and bone formation growth factors, which produce bone matrix 421 
throughout the graft surface, whereas degradation of VCS induces scarce bone matrix at the 422 
defect region. Our results indicate that the autogenous bone has the superior osteogenic 423 
capability. Although autogenous bone harvesting is limited in volume and entails morbidity to 424 
the donor site, the importance of autogenous bone is not negligible22,23,24. In our study, the 425 
autogenous bone was acquired from the tail bone, which avoids systemic injury, and decreases 426 
death rate in comparison to gaining autogenous bone from iliac bone. Autograft bone from the 427 
tail bone is might be the preferred grafting material in the animal study of bone infection. 428 
 429 
In conclusion, an improved rabbit model of bone infection was established in this study. 430 
Inflammation indexes and blood biochemical indexes were used to estimate the bone infection 431 
model. Also, after antibiotic treatment, multi-level analyses were carried out to detect 432 
antibiotic activity and bone regeneration capability. The modeling, treatment protocols and 433 
evaluation methods are feasible and reliable. Further studies will be focused on taking 434 
advantage of multi-modality visual devices to monitor the pathologic process of bone infection 435 
and the bone repair process. 436 
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absorbable surgical suture Jinghuan 18S0604A

asepsis injector Jinglong 20170501

bone wax ETHICON JH5CQLM

CCD camera Olympus DP72

EDTA-K2 anticoagulant blood vessel XINGE 20170802

Electric bone drill unit Bao Kang BKZ-1

Electric shaver Codos 3800

flexible silica gel mold WRIGHT 1527745

Hematoxylin and Eosin Staining Kit Beyotime 20170523

Luria-Bertani culture medium Baisi Biothchnology 20170306

Medical-grade calcium sulphate WRIGHT 1527745

microcomputed tomography (micro-CT) Bruker SkyScan 1172 

Microscope Olympus CX41

New Zealand white rabbits Zhejiang Experimental Animal Center SCXK 2014-0047
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pentobarbital sodium Merk 2070124
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S. aureus  freeze drying powder
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Collection Center ATCC 6538

sheep blood agar HuanKai Microbial 3103210
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tryptic soy broth tubes HuanKai Microbial 3104260

Vancomycin Lilly C599180

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials revised.xls

http://www.editorialmanager.com/jove/download.aspx?id=923107&guid=78e8574a-b481-419d-9617-4b19c452c6a0&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=923107&guid=78e8574a-b481-419d-9617-4b19c452c6a0&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
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Editorial comments: 

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. 

  We have checked the manuscript in this revised manuscript.  

2. Keywords: Please provide at least 6 keywords or phrases. 

  Six keywords, "Bone infection, rabbit model, Staphylococcus aureus, tibia, vancomycin 

loaded calcium sulfate, autogenous bone" were provided in "line 34".  

3. Please shorten the Short Abstract to no more than 50 words. 

  The short abstract has been reduced to 45 words, "line38-42" . 

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. 

For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please 

refrain from using bullets, dashes, or indentations. 

  The numbering of the "Protocol" has been adjusted follow the "JoVE Instructions for 

Authors".  

5. Please revise the protocol to contain only action items that direct the reader to do 

something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such 

as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be 

written in the imperative tense may be added as a “Note.” Please include all safety 

procedures and use of hoods, etc. However, notes should be used sparingly and actions 

should be described in the imperative tense wherever possible. Please move the 

discussion about the protocol to the Discussion. 

  The "Protocol" has been revised in the imperative tense, and discussion about the 

protocol has been added to the "Discussion" section. 

6. Please add more details to your protocol steps. There should be enough detail in each 

step to supplement the actions seen in the video so that viewers can easily replicate the 

protocol. Please ensure you answer the “how” question, i.e., how is the step performed? 

Alternatively, add references to published material specifying how to perform the protocol 

action. See examples below. 

  We have revised the details of the protocols. 

7. Lines 102-103: Please specify the mass of s. aureus freeze drying powder and volume 

of LB medium used. 

  The mass of s. aureus freeze drying powder and volume of LB medium have been 

added in " lines 102-103 " . 

8. Lines 106-107: How to confirm that the culture has reached the mid-logarithmic growth 

phase. 

  We confirmed the mid-logarithmic growth phase by detecting the OD value of bacteria 

suspension, and drawing growth curve. In mid-logarithmic growth phase, the quantities of 

bacteria increase in logarithmic growth manner. We performed the protocol following the 

reference 14. 

9. Line 108: Are the bacteria transferred from the agar plates to a centrifugation tube? Or 

the plates are directly centrifuged? Please specify. 

   The bacteria transferred into centrifugation tube. This step has been specified in "line 
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110". 

10. Line 109: What volume of PBS is used? 

   The volume of PBS has been added in "line 112". 

11. Line 110: Please describe how to estimate the bacteria concentration using 

McFarland’s turbidimetry. 

   We used McFarland’s turbidimetry to estimate the bacteria concentration, following the 

reference 15. The protocols have been added in "lines 113-116". 

12. Line 113: How to verify the concentration of bacteria suspension? Culturing the 

bacteria on what plates and at what conditions? Please specify. 

   We transferred bacteria suspension into agar plate, incubated the plate at 37 ℃, and 

counted the bacteria colonies to verify the concentration of bacteria suspension. The 

specific protocols have been revised in the "lines 121-123 ". 

13. Line 127: What is used to mark different positions? 

   The " ..., with marker pen and ruler " has been added in "line 138". 

14. Line 147: What volume of blood is drawn? 

   The " ..., 2 mL ...., and 1mL... " has been added in "line 162". 

15. Lines 108, 148, etc.: Please convert centrifuge speeds to centrifugal force (x g) 

instead of revolutions per minute (rpm). 

   The centrifuge speeds have been revised in "line 111 and line 163" 

16. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 

actions and maximum of 4 sentences per step. 

   The protocol steps have been revised.  

17. Please include single-line spaces between all paragraphs, headings, steps, etc. 

   All the paragraphs has been adjusted to single-line spaces. 

18. After you have made all the recommended changes to your protocol (listed above), 

please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. 

   The protocol that identifies the essential steps, and protocol for the video have been 

highlighted with yellow background. 

19. Please highlight complete sentences (not parts of sentences). Please ensure that the 

highlighted part of the step includes at least one action that is written in imperative tense. 

Please do not highlight any steps describing anesthetization and euthanasia. 

   The highlighted part has been checked. 

20. Please include all relevant details that are required to perform the step in the 

highlighting. For example: If step 2.5 is highlighted for filming and the details of how to 

perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details 

are provided must be highlighted. 

  The highlighted protocols and sub-steps have been marked.  

21. Please number the figures in the sequence in which you refer to them in the 

manuscript text. Currently Figure 3 (line 175) is introduced before Figure 2 (line 210). 

   The figures have been renumbered in the sequence in which refer to them in the 

manuscript text. Specifically, figure 2 and figure 3 has been exchanged order, also figure 

captions have been revised. 



22. Figures 2 and 4: Please define the scales bars and error bars in the figure legend. 

      The error bars have been added in the figure 3 (Figure 2 and figure 3 has been  

exchanged order) and figure 4 legends, "line 314 and 316", and "line 321 and 325".  

23. References: Please do not abbreviate journal titles. 

      The full names of journal titles have been added in "References" section. 

 

Reviewers' comments: 

 

Reviewer #1: 

 

Manuscript Summary: 

This study presented an improved rabbit model infected with Staphylococcus aureus, 

by blocking the same amount bacteria in bone marrow and then treated using 

vancomycin loaded calcium sulfate and autogenous bone.  

 

Minor Concerns: 

This manuscript is suitable for publication in JOVE. However, the english language is 

poor and should be enhance. Moreover, the authors have to compare their procedure 

with other similar methods, clearly. Why this method is more suitable than other one? 

   Thank you for your comment. In the previous studies, the rabbits were punched a 

hole and injected s. aureus solution. We prepared bone infection models followed the 

previous references, however, we found the s. aureus solution overflowed from the 

holes, which induced inaccurate dosages of s. aureus. In our study, a bone wax was 

used to fill the 2-mm hole on the tibia before injecting s. aureus, in order to block the s. 

aureus solution in the bone marrow. This protocol ensured accurate dosages of s. 

aureus injected into bone marrow. The specific description has been provided in the 

first two paragraphs in the "Discussion" section.  

 

Reviewer #2: 

 

Manuscript Summary: 

In this manuscript the authors endeavor to describe a new rabbit model for bone 

infection, which uses successive survival surgeries to develop and then treat a 

S.aureus infection using vancomycin loaded calcium sulfate beads vs autogenous 

bone harvested from the tail of the rabbit. Although this is a very important topic, the 

method described lacked many details necessary to allow not only a scientific 

assessment of the representative results shown, but more importantly, allow it to be 

reproduced. Additionally, the manuscript requires extensive copy-editing, which made 

several areas unclear. Several points are outlined below: 

 

Major Concerns: 

1. Preparing the bacterial suspension: 

a. How much LB broth are you using to dissolve the freeze dried bacteria? 

      0.3 mL Luria-Bertani culture medium was used to dissolve the freeze dried bacteria. 



The volume has been add in "line 103". 

b. What OD600 was defined as mid-log phase? 

      We confirmed the mid-logarithmic growth phase by detecting the OD value of 

bacteria suspension, and drawing growth curve. In mid-logarithmic growth phase, the 

quantities of bacteria increased in logarithmic growth manner. We performed the 

protocol following the reference 14. In the step 1.5, we used McFarland’s turbidimetry 

to estimate the bacteria concentration, following the reference 15.  

    c. Where the bacteria centrifuged at room temperature or 4 C? 

      The bacteria centrifuged at 4℃. The specific description has been added in "line 

111". 

2. It is unclear if 2 or three surgeries are being performed. Please clarify. 

      In our study, we prepared moderate and enough bacteria suspension for the 

following experiments. For every rabbit, the dosage of bacteria suspension was 

30µL/100 g of body weight, the volume of bacteria suspension injected into bone 

marrow was less than 1mL. The emphasis of enough volume of bacteria suspension 

for more than one rabbits surgery has been added in "line 119". 

   3. Preparation of bone infection models: 

a. How long does the anesthesia last? 

      The rabbits were anaesthetized by intraperitoneal injecting with pentobarbital 

sodium (3mg/100g of body weight). Under this dosage, the anesthesia was lasting 1 

hour. The duration of molding has been added in "line 134". 

b. Why should a distance of 1.5 cm be used? How large was the incision? 

      In our experience, the distance of 1.5 cm from the upper end of the tibia to the hole 

" makes the hole locate at the tibial plateau, which ensures enough space to debride 

and implant VCS beads and autogenous bone in the following treatment. The specific 

description of the reason has been added in "lines 357-360". The "1 cm incision" has 

been added in "line 140". 

    c. In step 6, are more than 1* 2-mm hole being drilled? How much bone wax was 

used? What was the temperature of the bone wax? How do you check if the 2-mm 

hole is full of bone wax and that it has not infiltrated into the marrow space? What 

happens if it infiltrates into the marrow space? 

      In step 2.6, "line 140", we punched a 2-mm diameter hole in the tibia by using 

electric bone drill unit. In step 2.7, "line 143", the 2-mm diameter and 2-mm height  

bone wax was used to fill the hole. All of the operations were under room temperature 

(25 ℃). We ensured the holes were full of bone wax by checking the hole with or 

without blood overflow. As the thickness of rabbits tibia was 2 mm, we pressed a 

cylinder of 2-mm diameter and 2-mm height bone wax into the 2-mm diameter holes, 

which ensured the bone wax filled the hole and could not infiltrate into the bone 

marrow. Moreover, as the bone wax was flexible and stable, it filled the holes fully and 

could not melt or react with bone marrow. In our study, at the 28th days after infection, 

the bone wax was still complete and filled the holes fully. The specific discussion were 

added in "line 347-352". 

d. What suture pattern was used? In our experience, a mattress suture is needed to 

prevent the animal from chewing the sutures. 



      The suture pattern has been added in "line 149 and 206".  

e. 30 microliters/ 100 grams of weight for the suspension seems like a very large 

amount? What is maximum volume that can be injected? Does it put additional 

pressure on the marrow space? 

      The dosage of bacteria suspension was 30µL/100 g of body weight ("line 150").  

As the weights of rabbits were more than 3000g and less than 3200g, the volume of 

bacteria suspension was 900µL to 960µL. Because of the slow speed of injection and 

blocking function of bone wax, this volume of bacteria suspension could be injected 

into bone marrow without high pressure. The description was added in "line 352-356". 

    4. Evaluation of the Bone Infection Model: 

a. Step 3: How much bone marrow was plated? What happens to the bone wax? Can 

it hinder bone regrowth? What is the debridement procedure? 

      In our study, We cleaned bone wax before debridement necrotic bone. The bone 

wax was used to avoid bacteria suspension overflow the 2-mm holes in the molding 

process. Actually, in the modeling process, bone regrowth was slight that can be 

ignored. 1mL bone marrow was spread on top of sheep blood agar plates. The 

debridement procedure has been revised in "line 166-175 ". 

5. Preparation of VCS Beads and Autogenous Bone 

a. Was this procedure done at 28 days after the evaluation or was the evaluation 

done and sewn up prior to bone retrival? 

      VCS beads preparation was carried out before antibiotic treatment and 

implantation of autogenous bone. The description of autogenous bone preparation 

has been moved to steps 5.2- 5.5.   

b. Was there any sterilization of the tail bone fragments? Was this done as a sterile 

procedure? 

      The process of molding, preparation of autogenous bone and implantaion of VCS 

beads and autogenous bone were under sterile environment. 

c. What kind of sutures were used for the tail region to avoid chewing? 

      The suture was added in "line 206". 

6. Antibiotic Treatment and Implantation of Autogenous Bone 

a. What size incision was made in the periosteum? 

      A 2-cm incision in the periosteum was made, "step 3.3 , line 166" (the procudure of 

debride necrotic bone were added in the step 3.3). 

b. Step 3: Using 2 adjacent 4-mm diameter holes seems like it would mechanically 

destabilize the tibia. What was the incidence of spontaneous fracture? 

      As 2 adjacent 4.8-mm diameter holes were punched on the tibial plateau, and the 

width of tibial plateau was more than 10 mm. The rabbits were housed in individual 

cage, which avoided collision damage on tibia. As a result the incidence of 

spontaneous fracture was low that can be ignored. In fact, in our study, spontaneous 

fracture did not happen in the infected rabbits. 

    c. Step 4: What is the size and shape of the implant site after debridement? 

      The VCS bead was cylinder of 4.8-mm diameters and 4.8-mm heights. The tail 

bone was detached at each joint, each autogenous bone implanted into bone defect 

was cylinder of 2-mm diameters and 4-mm heights. The specific sizes and shapes 



were added in "lines 190, 2156 and 219". 

d. Step 5: How much autogenous bone was used to fill the defect? 

      The bone defect was filled with 8 pieces of autogenous bones. The description was 

added in "line 219". 

e. Step 7: Was there temperature control during the surgery? How long was the 

surgery? 

      The temperature was 25 ℃,during the surgery, see "line 223". The surgery was 

lasting less than 30min. After surgery, the rabbits were housed in warm cages to 

avoid heat loss.   

7. Assessments of Antibiotic Activity: 

a. Step 3: What is necrotic bone marrow? Why was there still necrosis after treatment? 

How much bone marrow is spread on the agar plate? What happened to the VCS 

beads? 

      In our study, the WBC and CRP indexes were used to assess antibiotic activity. As 

the bacteria colonies count should be carried out after euthanasia, it was not feasible 

to assess bacteria colonies. The "step 3" has been deleted. 

    i. No data or procedure found for colony counts. 

      The protocol of bacteria colonies counting has been deleted.  

8. Assessments of Bone Regeneration: 

a. How were tibia specimens extracted? 

      The specific protocol of tibia specimens extraction has been revised in "line 243". 

b. After so much debriding wasn't bone formation compromised? 

      In our study, debriding necrotic bone marrow was essential for clear infection 

lesions. And also, 2 adjacent 4.8-mm diameter holes were punched for debriding 

dead bone and make the bone defects consistent. As the results showed that these 

holes did not affect bone formation at the end of 12 weeks after treatment. However， 

different sizes of bone defects will be performed in bone infection models in the 

further studies. 

c. It is difficult to understand the timeline of all the procedures done. An overall 

timeline would be helpful. 

      The timeline of all the procedures has been added in figure 5. 

d. No description of histology methods, but results shown. 

      The introduction of micro-CT analyze has been added in "lines 245-250". 

e. Was there any determination of residual bacteria? 

      As the indexes of WBC and CRP were reduced significantly, at the 8 weeks after 

treatment, the determination of residual bacteria did not perform in our study. 

However, in the further study, the residual bacteria detection will be added. 

9. Results: 

a. There was no description of the number of rabbits in each group or the groups 

used. Was a power analysis done? There is no method described for statistical 

analysis. 

      In our study, 30 rabbits were infected, and subjected as model group, 10 rabbits 

subjected as control animals. At the end of molding, there were 3 rabbits dead 

because of serious infection. The remained infected rabbits were divided into three 



groups, model group, VCS group, and VCS-AB group. The number of rabbits in each 

group, and group information have been added in "lines 255 and 262-265". 

b. There was no mention of the CRP and WBC done at the 56th day in the methods, 

but it was shown in the results. 

      The CRP and WBC indexes were detected at the 2 , 4, 6, 8 weeks after treatment. 

The step 6.1 has been revised in "line 231". 

c. Bacterial Counts weren't mentioned in the results. 

      The bacterial counts in the model group has been described in line "261". 

d. Is VCS-AB the same as VCS-BA (line 223)? 

      The "VCS-BA" has been revised as "VCS-AB" in "line 273".  

e. Although at least 9E7 CFU of bacteria were inoculated after 7 days, less than 5E3 

CFU was found. Did the rest leak out even though bone wax was used? Were the 

bacteria killed by the vancomycin? 

      In the "preparing of bone infection models", less than 1×108 cfu/mL s. aureus 

solutions were injected into bone marrow, and less than 0.5×105 colony count could 

be detected in the bone marrow at the end of 7th day after infection. The different 

amounts of bacteria might because the invasion of s. aureus inducing activation of 

autoimmune response, which reduced the amounts of active bacteria. However, at 

the end of 28th day after infection, the colony count was more than 1.0×105, which 

illustrated the bacteria were proliferated in the closed bone marrow cavity. 

    f. How much bone was used to get the colony count? 

     1mL bone marrow was spread on top of sheep blood agar plates to calculate the 

bacteria colony, as concerned in "line 174". 

    10. Figure 4: The legend only mentions 2 data points, but more data points are 

shown. 

       The legend has been revised in "line 320". 

11. Discussion: 

a. What age rabbits were used? This could significantly impact the rate of bone 

healing. 

       In our study, three months rabbits were used. The animal information has been 

added in the "line 126". 

b. More explanation is needed for the assertion that the model presented is 

consistent with the pathological characteristics of human disease and the surgical 

therapy (lines 275-276 and 284). How is infection clinically diagnosed? Just through 

CRP and WBC (line 292)? 

      Actually, there were several indexes to evaluate the bone infection pathological, 

and pathological characteristics in clinic. However, the serum inflammation markers 

and histopathology results were the most important indexes. The discussion were 

revised in "line 366-374". 

c. What happens if chunks of bone are broken off and displaced into the marrow 

during the surgery and/or debridement? 

      The step of bone tissue cleaning has been added in "lines 171-172".  

d. More detail needs to be included about how many VCS-beads should be implanted 

(line 295). 



       In our study, 4 pieces of VCS beads were implanted into the marrow. The details 

of VCS-beads implantation has been revised in the "lines 384-385".  

e. Assertion of allograft bone being the preferred grafting material (line 305-306) 

seems inconsistent with the study and needs better justification. 

      The "allograft bone" has been revised as "autograft bone", in "line 394". 

f. What is the rate of infection creation for this model? 

  In our study, there were 3 rabbits dead because of serious infection during 

modeling process. The remained rabbits identified as bone infection rabbits, and the 

infection rate in the remained rabbits was 100%. The specific clarification has been 

added in "lines 360-362". 
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