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Dear Editors: 

    We are pleasure to accept the invitation from Editor Aaron Berard, and submit 

the enclosed manuscript entitled Application of 3D Printing in the Construction of 

Deep Brain Stimulation Implants, which we would like to be considered for 

publication in Journal of Visualized Experiments (JoVE). No conflict of interest 

exits in the submission of this manuscript, and manuscript is approved by all authors 

for publication. Recently, we published 3-D Printing for Constructing the Burr Hole 

Ring of Lead Fixation Device in Deep Brain Stimulation (J Clin Neurosci. 2018 

Dec;58:229-233. doi: 10.1016/j.jocn.2018.10.086. Epub 2018 Oct 24), which showed good effects of 

our novel methods. To share the methods in detail in the video format, I would like to 

declare on behalf of my co-authors that the work prepared was not under 

consideration for publication elsewhere, in whole or in part. All of 9 authors listed 

have approved the manuscript that is enclosed.  

   3D printing has been widely applied in the medical field since 1980s. Especially 

in the field of surgery, 3D printing has been gradually used in preoperative simulation, 

anatomical learning and surgical training. This raises the possibility of using 3D 

printing to construct a neurosurgical implant. Our study took the construction of the 

burr hole ring as an example, we described the process of using softwares like 

computer aided design (CAD), Pro/E and 3D printer to construct physical products. A 

total of 3 steps are required, the drawing of 2D - image of burr hole ring, then the 

construction of 3D – image of burr hole ring. Finally, using 3D printer to print the 

physical model of burr hole ring. Our study shows that the burr hole ring made of 

carbon fiber can be rapidly and accurately molded by 3D printing. Our study 

indicated that both CAD and Pro/E solfwares can be used to construct the burr hole 

ring via integrating with the clinical imaging data and further applied 3D printing to 

make the individualized consumables.    

   I hope this paper is suitable for JoVE in the Section of Behavior. 

 

   We deeply appreciate your consideration of our manuscript, and we look forward 

to receiving comments from the reviewers. If you have any queries, please don’t 

hesitate to contact me at the address below. 

Thank you and best regards. 

 

Yours sincerely, 

Jun Wang 

 

Corresponding author: 

 

Jun Wang Ph.D.,B.Med.. 

Department of Neurosurgery, Nanfang Hospital, Southern Medical University 

Guangzhou 510515, China 

Tel: (+86) 020-61641804 

E-mail: smuwangjun@163.com 
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 31 

SUMMARY: 32 

Here, we present a protocol to demonstrate 3D printing in the construction of deep brain 33 

stimulation implants. 34 

 35 

ABSTRACT: 36 

3D printing has been widely applied in the medical field since the 1980s, especially in  surgery, 37 

such as preoperative simulation, anatomical learning and surgical training. This raises the 38 

possibility of using 3D printing to construct a neurosurgical implant. Our previous works took the 39 

construction of the burr hole ring as an example, described the process of using softwares like 40 

computer aided design (CAD), Pro/Engineer (Pro/E) and 3D printer to construct physical products. 41 

That is, a total of three steps are required, the drawing of 2D-image, the construction of 3D-image 42 

of burr hole ring, and using a 3D printer to print the physical model of burr hole ring. This protocol 43 

shows that the burr hole ring made of carbon fiber can be rapidly and accurately molded by 3D 44 
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printing. It indicated that both CAD and Pro/E softwares can be used to construct the burr hole 45 

ring via integrating with the clinical imaging data and further applied 3D printing to make the 46 

individual consumables.  47 

 48 

INTRODUCTION: 49 

3D printing has been applied in the medical field since the 1980s, especially in surgery for 50 

preoperative simulation, anatomical learning and surgical training1. For example, in 51 

cerebrovascular operations, preoperative simulation can be conducted by using 3D printed 52 

vascular models 2. With the development of 3D printing, the texture, temperature, structure and 53 

weight of cerebral blood vessels can be simulated to the greatest extent of clinical scenarios. 54 

Trainees can perform surgical operations such as cutting and clamping on such models. This 55 

training is very important for the surgeons3-5. Currently, titanium patches formed by 3D printing 56 

have also gradually been applied6, since the skull prostheses developed by 3D printing after 57 

imaging and reconstruction are highly conformal. However, the development and application of 58 

3D printing in neurosurgery is still limited. 59 

 60 

The burr hole ring, as a part of the lead fixation device, has been widely used in deep brain 61 

stimulation (DBS)7-10. However, current burr hole rings are made by medical device manufacturers 62 

according to the unified specifications and dimensions. This standard burr hole ring is not always 63 

suitable for all conditions, such as skull malformation and scalp atrophy. It may increase the 64 

uncertainties of operation and reduce the acurracy. The emergence of 3D printing makes it 65 

possible to develop individualized burr hole rings for patients in clinical scenarios5. At the same 66 

time, the burr hole ring, which is not easy to obtain, is not conducive to extensive preoperative 67 

demonstration and surgical training1.  68 

 69 

To address the problems mentioned above, we proposed to construct a burr hole ring with 3D 70 

printing. A previous study in our lab described an innovative burr hole ring for DBS11. In this study, 71 

this innovative burr hole ring will be regarded as an excellent example to exhibit the detailed 72 

production process. Therefore, the purpose of this study is to provide a modeling process and a 73 

detailed technical process of building a solid burr hole ring using 3D printing.  74 

 75 

PROTOCOL: 76 

 77 

1. Drawing a two dimensional (2D)-image of a burr hole ring 78 

 79 

1.1. Open the 2D computer aided design (CAD) software and then create a graphical document. 80 

 81 

1.2. Click Draw | Line and draw a reference point with a solid line on the drawing. Click Modify | 82 

Offset, and type the specific offset distance in the command line. 83 

 84 

1.3. Click on the object and press by the left mouse button to create a solid line. Click Modify | 85 

Trim, select the area to be trimmed and click on the extra line. 86 

 87 



1.4. Take the inner burr hole ring for example, draw three different views of the inner ring based 88 

on the predetermined size in the CAD software. First, draw the front view and modify the graph 89 

carefully until it matches the structure expected (Figure 1d).  90 

 91 

1.5. Draw the top view by clicking Draw | Line to construct the reference point first and then click 92 

on Draw | Circle | Center, Diameter, and input the quantitative value of specific radius of circle 93 

or diameter in the command window. Click on the center of the reference point to form a circle 94 

(Figure 1f). 95 

 96 

1.6. Draw the left view of the inner burr hole ring with the same approach as that of the front 97 

view (Figure 1e). 98 

 99 

1.7. Click on Dimension | Diameter, and then click on the circumference to mark the diameter of 100 

the circle (Figure 1f). 101 

 102 

1.8. Click on Dimension | Linear and mark the length and thickness of all associated structures  103 

(Figure 1d,e). Click Dimension | Radius to mark the angle of the chamber (Figure 1d). 104 

 105 

1.9. Using the same protocol, construct two-dimensional drawings of the outer burr hole ring, 106 

and mark the actual size and the labeling (Figure 1a‒c). 107 

 108 

1.10. Add technical requirements of the production process, including strength, toughness and 109 

lack of cracks. Moreover, smoothing of the outer wall is needed. 110 

 111 

1.11. Clink on Save to save the 2D-image of the burr hole ring. 112 

 113 

NOTE: All of these structures mentioned above are in the units of millimeters (mm). 114 

 115 

2. Construction of a 3D-image of the burr hole ring 116 

 117 

2.1. Start the 3D drawing software (see the Table of Materials). Select New | Part | Solid and 118 

uncheck using the default template. Select part_solid in new file options and click on Ok to create 119 

a new interface for setting up a physical part model. 120 

 121 

2.2. Click on Part feature in the menu manager on the right and select Create | Solid | Add sheet. 122 

In the SOLID drop-down menu, select Rotate | Done. Click on the trace of the preliminary sketch. 123 

Select the “front” plane as the sketch plane, then click default under SKET VIEW. 124 

 125 

2.3. Select the dotted line on the right toolbar of the window and draw the top section of the part 126 

in the two-dimensional sketch. The specific size shall be subject to the two-dimensional drawing. 127 

Then click Conform, and select Done in the Protrusion window of protrusion. Click on the Datum 128 

plane icon. 129 

 130 



2.4. In menu manager, select Create | Solid | Add sheet, and Rotate | Done. Click Bilateral in the 131 

properties menu and click Done. 132 

 133 

2.5. Click on Front | Forward | Default and then Datum plane | Dotted Line to construct the 134 

cross section of the hook of the outer burr hole ring. Then click Conform followed by Done in 135 

menu manager. Input “50: in Angle in indicated direction[45.0000], and then click Done in the 136 

Protrusion window and finally, click on the Coloring button. 137 

 138 

NOTE: The unit of the angle is degree (°). 139 

 140 

2.6. Select Redefine in the part feature and click the line structure of the hook. Input the 141 

command Section | Define | Sketch. 142 

 143 

2.7. Click the Dotted line icon, create two square embossments on the hook section, then input 144 

command OK | Done | Coloring. 145 

 146 

2.8 Click the Datum axis icon, then input the command Insert a datum | Cross, click the center 147 

axis of the line structure, click Angle in datum plane, and then click the "front" plane in the line 148 

structure view. Click input value in the offset menu. Input “‒45” in “Angle in indicated 149 

direction[45.0000]. 150 

 151 

NOTE: The unit of the angle is degree (°). 152 

 153 

2.9. Click on Features | Copy | Mirror. Click on the hook as the object and input command Done 154 

select | Done. Click the datum plane to complete the copy. Similarly, the remaining two hooks 155 

are copied in this way. Click on Create concentric circle to construct a circle with a radius of 7.23 156 

mm, click the Segmentation of primitives at selected points icon to remove the unnecessary lines 157 

of the circle.  158 

 159 

2.10. Click the Solid line button in the right toolbar to create a complete outer wall section. Then 160 

input the command OK | Done. 161 

 162 

NOTE: The unit of the radius is millimeter (mm). 163 

 164 

2.11. Input “4” in Enter depth, then click on Coloring. Input the command Mirror | Done. Then 165 

click on the object and click Done. Click the datum plane to complete the copy. 166 

 167 

2.12. Input the command Copy | Mirror | Done, and select two outer walls in different directions, 168 

click Done to conform. Click the datum plane to complete the copy. 169 

 170 

2.13. Input the command View | Model Settings | Color and appearance | Add. Adjust the RGB 171 

color slider and adjust the color to brown to show the graphic details more visually. Then input 172 

the command Close | Settings | OK. 173 

 174 



2.14. Click the button Eliminating hidden lines, click the Create concentric circle, continue to 175 

create an outer edge on the outer wall, click the Segmentation of primitives at selected points 176 

button to remove excess lines, and click the Solid line button to connect the newly added outer 177 

edge into a complete section. Click Ok. 178 

 179 

2.15. Input “0.8” in Inter depth. Click Ok in the Protrusion window. In menu manager, input the 180 

command Copy | Mirror | Done. Click the object and click done. Input the command Generate 181 

benchmark | Offset. 182 

 183 

NOTE: The unit of the depth is millimeter (mm). 184 

 185 

2.16. Click the Input value in the Offset and enter “0.4” as the Isometric of the specified direction, 186 

then click Done. 187 

 188 

NOTE: The unit of the offset is millimeter (mm). 189 

 190 

2.17. Input the command Copy | Mirror | Done, click the outer wall. Input the command Done 191 

select | Done. Click Done select and click Done. Click the datum of the image to complete the 192 

copy. In this way, the mirror operation of the outer wall and the square embossing is completed 193 

respectively. 194 

 195 

2.18. Input the command File | Copy, select save format as STL (*stl) in the part type drop-down 196 

menu, enter part number and click Ok. 197 

 198 

2.19. In the Output STL dialog box, adjust the chord height to 0.006 and the angle control to 199 

0.00001. Input the command Apply | OK. 200 

 201 

2.20. Use the same methods as above to build the 3D image of the inner ring. 202 

 203 

3. Using 3D printer to print the physical model of burr hole ring 204 

 205 

3.1. Open the model detecting software, input the command Project | Open, choose one STL file 206 

in the Open file pop-up dialog box, then click Open. In this software, a warning will appear if 207 

defects are detected in this model (Figure 3). If found, repair the model before printing. If there 208 

are no defects, click Output. 209 

 210 

3.2. After confirming that the outer ring is complete, input the command Part | Export part | as 211 

STL | Save. Use the above instructions to detect the defects of the inner ring. 212 

 213 

3.3. Following model detection, the printed path needs to be designed. Open the slicing software, 214 

click File | Load model file, click on one STL file and click Open to import. 215 

 216 



3.4. Click the left mouse button to choose the moving track of the part, adjust the position of 217 

parts. On the left side of the screen, set the print speed to 30 mm/s, printing temperature to 218 

210 °C and bed temperature to 80 °C (Figure 4). 219 

 220 

3.5. Click Toolpath to SD to save the file in Gcode format to generate printed path (Figure 3). 221 

 222 

3.6. Start the 3D printers, click the Preheating button on the main interface, set the preheat 223 

temperature of the bed to 80 °C and the nozzle temperature to 210 °C. Click Print when the 224 

temperature rises to the preset value, select the target file and click Confirm to start printing. 225 

 226 

3.7. The outer ring will be printed first (Figure 5a). After the bottom supporting grid has been 227 

constructed, the printing nozzle begins to construct the outer ring vertically layer by layer (Figure 228 

5b‒d). This process takes about 13 min. 229 

 230 

3.8. After the outer ring is formed, the printer nozzle continues to make the inner ring on the right 231 

side (Figure 5c,d), which takes about 8 min. 232 

 233 

3.9. Remove both parts from the platform after cooling and being formed (Figure 5e,f). 234 

 235 

4. Measurement of absolute error 236 

 237 

4.1. To measure the absolute error, select five printed parts randomly. Measure and record the 238 

parameters of each part with Vernier calipers. Choose the measurement accuracy at 0.02 mm. 239 

 240 

4.2. Calculate the mean error of each part and the error range of the absolute error (Figure 6a,b).  241 

 242 

REPRESENTATIVE RESULTS: 243 

Three views of 2D images were built through commercial CAD software (see the Table of 244 

Materials). In these images, practical size and technical requirements have also been added 245 

(Figure 1). Further, three-dimensional data were constructed in (Figure 2) and saved in STL format 246 

(Figure 3). As presented in Figure 4, solid parts were built on the platform of the printer. Choosing 247 

five groups of these parts, absolute error and error range was calculated (Figure 6 a,b). The result 248 

showed that, in outer ring, the maximum absolute error and minimum absolute error were found 249 

in the outside diameter of the waist and in the thickness of the top respectively. In the inner ring, 250 

the maximum absolute error and the minimum absolute error were found in the inside diameter 251 

and thickness of the top respectively. The total error range was [0.00, 0.59] (Figure 6 a,b). 252 

 253 

The STL file is further be converted to Gcode file in the slicing solfware. After that, the Gcode file 254 

is transmitted into the 3D printer using an SD card. In the 3D printer, carbon fiber was fed through 255 

feeding port. A temperature control unit was used to control the melting of the carbon fiber and 256 

the nozzle was used to control the release of printing material and construct the solid model.  257 

 258 

FIGURES LEGENDS: 259 

 260 



Figure 1: 2D image of burr hole ring. (a‒c) 2D views (front view, left view and top view, 261 

respectively) of the outer ring. (d‒f) 2D views (front view, left view and top, view respectively) of 262 

the inner ring. Unit: mm.    263 

  264 

Figure 2: 3D image of the burr hole ring. (a‒c) 3D views (front view, left view and top view, 265 

respectively) of the outer ring. (d‒f) 3D views (front view, left view and top view, respectively ) of 266 

the inner ring. 267 

 268 

Figure 3: The flowchart for constructing a burr hole ring via 3D printing. 269 

 270 

Figure 4: The process of slicing the burr hole ring by slicing solfware. In the slicing solfware, the 271 

STL model was sliced into 0.1 mm thick layers (the black solid arrows). Parameters such as speed 272 

and temperature were set (red box) as follows: printing speed at 30 mm/s, printing temperature 273 

at 210 °C and bed temperature at 80 °C. Finally, we pressed Save toolpath, and the STL file was 274 

converted into Gcode files for 3D printing directly.   275 

 276 

Figure 5: The example of constructing burr hole ring via 3D printing. (a)The solid arrow on the 277 

left indicated the nozzle and the solid arrow on the right side showed the touching buildplate, 278 

which was used to host the solid model. (b) The outer ring (the solid arrow) was constructed on 279 

the touching buildplate. (c) The inner ring was built on the touching builplate (the solid arrow). 280 

(d) The inner ring was built on the right side of the bed (the solid arrow). (e‒f) Example of inner 281 

ring and the outer ring (the solid arrow) after polishing. 282 

 283 

Figure 6: Measurement of absolute error. (a) Absolute error and error range of outer rings (AE = 284 

| MV – SV |; main structures: (1) outer diameter of the top; (2) outer diameter of the waist; (3) 285 

thickness of main body; (4) thickness of the top; (5) width of the hook; (6) inner diameter of the 286 

top ). (b) Absolute error and error range of inner rings (AE = | MV – SV |;  main structures: (1) 287 

outside diameter of the top; (2) outer diameter of the bottom; (3) inner diameter; (4) total height; 288 

(5) thickness of the bottom; (6) thickness of the top. P = part, MV = measured values, SV = 289 

standard values, AE = absolute error, ER = error range. Accuracy = 0.02mm; Unit =mm. 290 

 291 

DISCUSSION: 292 

These results showed that the software used were practicable to build 3D models of burr hole 293 

rings (Figure 1 and Figure 2), and 3D printing can be used to build solid models with designated 294 

materials (Figure 4). In terms of the size of the solid model, there was an absolute error from 0 295 

to 0.59 mm determined through the measurement made by Vernier calipers (Figure 6). To some 296 

extent, the error is unavoidable since such absolute error comes from many factors, such as the 297 

quality of the printing instrument. Industrial printers can have better precision. In addition, when 298 

building smaller and more precise parts, the absolute error is more obvious. In general, as shown 299 

in Figure 3, the process that constructed the model and further formed the solid model by 3D 300 

printing is effective and feasible. Although there is an absolute error, such error can be reduced 301 

by improving the quality of the printers and accurately adjusting the printing parameters. 302 

 303 



An innovative burr hole ring for DBS was published previously11. In this study, the same model 304 

was applied as an example to further demonstrate the systematic process of making the related 305 

implants. Currently, in the limited clinical application of 3D printing, model building generally 306 

adopts two methods: Firstly, CAD modeling has been used to generate 3D models for further 3D 307 

printing operations12. Secondly, imaging data (like in the format of DICOM) has been used to 308 

reconstruct the bone structure of patients in three dimensional models according to CT and MRI 309 

data. After rendering, the data could be further converted into editable STL files, and then the 310 

highly simulated anatomical structure can be produced by 3D printing12-14. Similarly, patching or 311 

implanting materials that are highly suitable for morphology can be designed according to the 312 

anatomical structure of three dimensional reconstruction15-17. This method has been applied in 313 

cranioplasty. A previous study showed titanium skull patches constructed by 3D printing 314 

technology6. Although using 3D printing technology to construct burr hole rings through credible 315 

flow visualization in this study in possible, this modeling method has certain limitations in practice.  316 

 317 

Being different from the traditional production of burr hole rings, this study proposed to use 3D 318 

printing to construct these implantable parts. In fact, traditional products are mostly uniform in 319 

size, which does not apply to some patients with skull shape variation and scalp atrophy. The 320 

application of 3D printing would potentially provide the implants customized for different 321 

patients. Previous studies have proposed and implemented the application of 3D printing to 322 

produce skull fragments for skull defect repairment, and has showed its permanent effect6. The 323 

efficacy of DBS for functional neurosurgical diseases has been widely recognized (such as 324 

Parkinson's disease, dyskinesia)18-20, but the popularity of this treatment is limited, which may be 325 

the result of economic burden caused by high consumable costs. Products made by 3D printing 326 

have the advantages of high production efficiency, low cost and customization, which makes 3D 327 

printing of great potential in the field. The development and application of this technology may 328 

provide more patients with an opportunity to receive DBS surgery. However, there are few reports 329 

on the use of 3D printing to produce consumables for DBS in the literature. 330 

 331 

Moreover, the burr hole ring constructed by 3D printing can have other advantages. This rapid 332 

prototyping product can be used for preoperative demonstration, which will better inform 333 

patients and their families about the procedure of electrode implantation and enhance doctor-334 

patient communication effectively. Clinicians can carry out preoperative simulation and surgical 335 

training through 3D printed products to maximize the simulation of DBS surgery, which will 336 

effectively improve their surgical skills. In the surgical treatment of cerebrovascular tumors and 337 

cranioplasty, 3D printed products have been applied to surgical training 2,5. 338 

 339 

This study used carbon fiber, which has good strength and toughness, as the printing material to 340 

show the production process of 3D printing. In practice, many factors of implant material should 341 

be considered. Firstly, whether the implant has excellent disinfection performance and can keep 342 

its properties unchanged under ethylene oxide and hot steam for a long time12. Secondly, 343 

implants need to have good biocompatibility and can be placed for a long time without rejectiong 344 

by the body. Thirdly, implants need to have excellent mechanical strength, toughness and 345 

chemical resistance. 346 

 347 



In this study, the construction of a burr hole ring as an example was demonstrated to 348 

systematically describe the process from modeling to 3D printing. This is a complete process 349 

example. In the future, the use of CAD software, imaging data (e.g., DICOM) and 3D printing to 350 

construct the burr hole ring should be encouraged. As mentioned above, 3D reconstruction of 351 

DICOM data obtained by imaging can be further converted into STL files that can be used for 3D 352 

printing. This is also the mainstream modeling method in clinical scenarios 12,13. This method has 353 

not been applied in the DBS surgery.  354 

 355 

ACKNOWLEDGMENTS: 356 

This work is supported by grants from Natural Science Fund of Guangdong Province (No. 357 

2017A030313597) and Southern Medical University (No. LX2016N006, No. KJ20161102).  358 

 359 

DISCLOSURES:  360 

The authors have nothing to disclose. 361 

 362 

REFERRENCES: 363 

1 Pucci, J. U., Christophe, B. R., Sisti, J. A., Connolly, E. S., Jr. Three-dimensional printing: 364 

technologies, applications, and limitations in neurosurgery. Biotechnology Advances. 35 (5), 365 

521-529, doi:10.1016/j.biotechadv.2017.05.007, (2017). 366 

2 Mashiko, T. et al. Development of three-dimensional hollow elastic model for cerebral 367 

aneurysm clipping simulation enabling rapid and low cost prototyping. World Neurosurgery. 83 368 

(3), 351-361, doi:10.1016/j.wneu.2013.10.032, (2015). 369 

3 Chae, M. P. et al. Emerging Applications of Bedside 3D Printing in Plastic Surgery. Frontiers 370 

in Surgery. 2, 25, doi:10.3389/fsurg.2015.00025, (2015). 371 

4 Doyle, B. J. et al. Improved assessment and treatment of abdominal aortic aneurysms: the 372 

use of 3D reconstructions as a surgical guidance tool in endovascular repair. Irish Journal of 373 

Medical Science. 178 (3), 321-328, doi:10.1007/s11845-009-0318-4, (2009). 374 

5 Kimura, T. et al. Simulation of and training for cerebral aneurysm clipping with 3-375 

dimensional models. Neurosurgery. 65 (4), 719-725; discussion 725-716, 376 

doi:10.1227/01.NEU.0000354350.88899.07, (2009). 377 

6 Park, E. K. et al. Cranioplasty Enhanced by Three-Dimensional Printing: Custom-Made 378 

Three-Dimensional-Printed Titanium Implants for Skull Defects. Journal of Craniofacial Surgery. 379 

27 (4), 943-949, doi:10.1097/SCS.0000000000002656, (2016). 380 

7 Ray, C. D. Burr-hole ring-cap and electrode anchoring device. Technical note. Journal of 381 

Neurosurgery. 55 (6), 1004-1006, doi:10.3171/jns.1981.55.6.1004, (1981). 382 

8 Yamamoto, T., Katayama, Y., Kobayashi, K., Oshima, H. & Fukaya, C. Dual-floor burr hole 383 

adjusted to burr-hole ring and cap for implantation of stimulation electrodes. Technical note. 384 

Journal of Neurosurgery. 99 (4), 783-784, doi:10.3171/jns.2003.99.4.0783, (2003). 385 

9 Wharen, R. E., Jr., Putzke, J. D., Uitti, R. J. Deep brain stimulation lead fixation: a 386 

comparative study of the Navigus and Medtronic burr hole fixation device. Clinical Neurology 387 

and Neurosurgery. 107 (5), 393-395, doi:10.1016/j.clineuro.2004.11.002, (2005). 388 



10 Patel, N. V., Barrese, J., Ditota, R. J., Hargreaves, E. L., Danish, S. F. Deep brain stimulation 389 

lead fixation after Stimloc failure. Journal of Clinical Neuroscience. 19 (12), 1715-1718, 390 

doi:10.1016/j.jocn.2012.02.017, (2012). 391 

11 Chen, J. et al. 3-D printing for constructing the burr hole ring of lead fixation device in deep 392 

brain stimulation. Journal of Clinical Neuroscience. 58 229-233, doi:10.1016/j.jocn.2018.10.086, 393 

(2018). 394 

12 Hoang, D., Perrault, D., Stevanovic, M., Ghiassi, A. Surgical applications of three-395 

dimensional printing: a review of the current literature & how to get started. Annals of 396 

Translational Medicine. 4 (23), doi:10.21037/atm.2016.12.18, (2016). 397 

13 Bustamante, S., Bose, S., Bishop, P., Klatte, R., Norris, F. Novel application of rapid 398 

prototyping for simulation of bronchoscopic anatomy. Journal of Cardiothoracic and Vascular 399 

Anesthesia. 28 (4), 1122-1125, doi:10.1053/j.jvca.2013.08.015, (2014). 400 

14 Lan, Q. et al. Development of Three-Dimensional Printed Craniocerebral Models for 401 

Simulated Neurosurgery. World Neurosurgery. 91 434-442, doi:10.1016/j.wneu.2016.04.069, 402 

(2016). 403 

15 Li, W. Z., Zhang, M. C., Li, S. P., Zhang, L. T., Huang, Y. Application of computer-aided three-404 

dimensional skull model with rapid prototyping technique in repair of zygomatico-orbito-405 

maxillary complex fracture. The International Journal of Medical Robotics. 5 (2), 158-163, 406 

doi:10.1002/rcs.242, (2009). 407 

16 Wang, L., Cao, T., Li, X. & Huang, L. Three-dimensional printing titanium ribs for complex 408 

reconstruction after extensive posterolateral chest wall resection in lung cancer. The Journal of 409 

Thoracic and Cardiovascular Surgery. 152 (1), e5-7, doi:10.1016/j.jtcvs.2016.02.064, (2016). 410 

17 Xu, N. F. et al. Reconstruction of the Upper Cervical Spine Using a Personalized 3D-Printed 411 

Vertebral Body in an Adolescent With Ewing Sarcoma. Spine. 41 (1), E50-E54, 412 

doi:10.1097/Brs.0000000000001179, (2016). 413 

18 Brozova, H., Barnaure, I., Alterman, R. L. & Tagliati, M. STN-DBS frequency effects on 414 

freezing of gait in advanced Parkinson disease. Neurology. 72 (8), 770; author reply 770-771, 415 

doi:10.1212/01.wnl.0000339385.187472.7d, (2009). 416 

19 Moreau, C. et al. STN-DBS frequency effects on freezing of gait in advanced Parkinson 417 

disease. Neurology. 71 (2), 80-84, doi:10.1212/01.wnl.0000303972.16279.46, (2008). 418 

20 Oyama, G. et al. Unilateral GPi-DBS as a treatment for levodopa-induced respiratory 419 

dyskinesia in Parkinson disease. Neurologist. 17 (5), 282-285, 420 

doi:10.1097/NRL.0b013e318217367b, (2011). 421 

 422 

 423 

 424 



a  b c

d e f

Figure1 Click here to access/download;Figure;Figure 1.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064655&guid=27d51f21-d939-4c3f-bc4b-f452c805272b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064655&guid=27d51f21-d939-4c3f-bc4b-f452c805272b&scheme=1


e f

Figure2 Click here to access/download;Figure;Figure 2.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064656&guid=ab07ea6c-6e8c-4a52-80bd-80f80257bcda&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064656&guid=ab07ea6c-6e8c-4a52-80bd-80f80257bcda&scheme=1


Figure3 Click here to access/download;Figure;Figure 3.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064657&guid=163d21ba-feea-48dc-8545-125eefd3b16b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064657&guid=163d21ba-feea-48dc-8545-125eefd3b16b&scheme=1


Figure4 Click here to access/download;Figure;Figue 4.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064658&guid=5e03be50-522a-4f2e-bc30-534696e7d8d4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064658&guid=5e03be50-522a-4f2e-bc30-534696e7d8d4&scheme=1


Figure5 Click here to access/download;Figure;Figure 5.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064659&guid=7d9662a0-ccaf-45de-a097-f9e4e4311489&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064659&guid=7d9662a0-ccaf-45de-a097-f9e4e4311489&scheme=1


Figure6 Click here to access/download;Figure;Figure 6.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1064660&guid=83b743da-9fa8-44bb-b265-43482ca2ffa6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1064660&guid=83b743da-9fa8-44bb-b265-43482ca2ffa6&scheme=1


Name of Material/Equipment Company Catalog Number Comments/Description
Adobe Photoshop Version 14.0 Adobe System，US _ Only available with a paid subscription.

Allcct 3D printer

Allcct technology co., LTD, WuHan, 

China 201807A794124CN

Allcct_YinKe_V1.1

Allcct technology co., LTD, WuHan, 

China The software is provided by the 3D printer manufacturer and there is no Catalog number associated with it

AutoCAD 2004 Autodesk co., LTD，US

666-12345678

Software for 2D models

Carbon Fibre

Allcct technology co., LTD, WuHan, 

China PLA175Ø5181Ø3ØB The material is provided by the 3D printer manufacturer
Netfabb Studio Basic 4.9 Autodesk co., LTD，US - The software is provided by a 3D printer manufacturer and is open to access

Pro/E 2001

Parametric Technology Corporation, 

PTC, US _ Software for 3D models; Only available with a paid subscription.

Vernier caliper 

 Beijing Blue Light Machinery Electricity 

Instrument Co,. LTD, China GB/T 1214.1-1996 
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Dear Editor,   

We really appreciate your response and comments on our manuscript. We sincerely apologize 

for the great time it has taken us to respond to these comments, and hope that a revised 

version of the manuscript will still be considered by your precious JoVE. We have modified 

the paper in response to the extensive and insightful comments. We will respond to the 

comments point counter point. 

 

 

Editorial comments: 

 

Please note that you are within our videographer’s network and having us come to film and 

produce your video will greatly increase its quality and production value. Please let me know 

if you would like to switch from an author produced video to a JoVE produced video. 

It sounds like the narration audio is different from the last submission. The audio now is more 

heavily compressed and has very harsh compression/noise on anything sibilant (i.e. all of the 

'S' sounds). This makes the voice harder to understand and makes for an uncomfortable 

listening experience for the audience. The audio quality needs to meet the level of the 

previous December 24 submission. 

Please upload the revised video file here:  

https://www.dropbox.com/request/4pmoq6l4ZO2NR14LpCW8?oref=e 

 

Please perform thorough language editing of the manuscript or employ a professional editing 

service. 

 

Response: 

We try all our best to improve the quality of our video, and redo the Introduction part.  

However, it is impossible to make sure that the quality of the video as good as the one 

produced by you. Therefore, we upload the the new version of video with the narration script, 

which may help you narrate for us. Please polish our video with JoVE produced video based 

on our video. In addition, we do thorough language editing of the manuscript.  
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Response: 

Thanks for your comments. 
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The manuscript is likely to be of interest to investigators focused on DBS technology 

development. I have a few comments that should be addressed in a revised manuscript: 

1). First, the manuscript could use some copy-editing as the manuscript has several typos in 

the introduction and discussion. 

2). The table showing the supplies and materials appears to be disorganized and it is difficult 

to determine which product number is associated with each item. Some clarification could be 

made regarding the software used. Is the software open access or is it only available with a 

paid subscription? 

3). I'm wondering if the authors could re-do the introduction to the video - there is some 

background noise (maybe a phone) that is somewhat distracting. In addition, the camera 

zooms in on the narrator during the introduction which is also distracting. Some additional 

polishing of this part of the video could be done in a revision. 

 

Response: 

 

1). First, the manuscript could use some copy-editing as the manuscript has several 

typos in the introduction and discussion. 

Thanks, the typos have been corrected.  

In line 12 of INTRODUCTION，the word “the” has been corrected to “a”;  

In line 18 of INTRODUCTION，the word “individulised” has been corrected to 

“individualized”;  

In line 20 of INTRODUCTION, the sentence “which are very important and necessary” has 

been deleted; 

In line 21 of INTRODUCTION，the sentence “To address the above-methioned 

problems” has been corrected to “To address the problems mentioned above”;  

In line 21 of INTRODUCTION，the word “the” has been corrected to “a”;  

In line 23 of INTRODUCTION，the word “thus” has been deleted; 

In line 13 of DISCUSSION，the word “preveiously” has been corrected to 

“previously”;  

In line 29 of DISCUSSION，the word “Different” has been corrected to “being 

different”;  
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In line 41 of DISCUSSION，the sentence “may make more patients have the opportunity to 

receive” has been corrected to “may provide more patients with an opportunity to receive 

DBS surgery”;  

In line 57 of DISCUSSION，the word “which” has been added to the sentence“can be 

placed for a long time without causing the phenomenon of mutual exclusion with the body”;  

In line 62 of DISCUSSION，the word “sofeware” has been corrected to “software”;  

In line 64 of DISCUSSION，the word “advocated” has been corrected to 

“encouraged”; 

 

 

2). The table showing the supplies and materials appears to be disorganized and it is 

difficult to determine which product number is associated with each item. Some 

clarification could be made regarding the software used. Is the software open access or 

is it only available with a paid subscription? 

 

We have rearranged the table. The software is only available with a paid subscription. 

 

3). I'm wondering if the authors could re-do the introduction to the video - there is some 

background noise (maybe a phone) that is somewhat distracting. In addition, the 

camera zooms in on the narrator during the introduction which is also distracting. 

Some additional polishing of this part of the video could be done in a revision. 

 

We have redone the introduction of the video. 
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