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What is Three-Dimensional Printing?

Traditional manufacturing methods involve the establishment of large-scale infrastructure and consequently have prohibitive set up costs. The basis of these methods rely on subtractive manufacturing, a process that involves the progressive removal of material by drilling, cutting and sanding until the eventual formation of the desired end product. Three-dimensional printing (3D-Printing) on the other hand lays down material in progressive layers, corresponding to the cross section of the end product until the eventual formation of the end product. This additive process cuts down on wasted material, reduces the cost of retooling and allows for the instant manufacture of one-off products, without an expensive factory line in tow. 
Since the development of 3D printing in the 1990s, the portfolio of materials that can be printed have expanded exponentially.  Utilising newly developed technologies such as selective laser sintering and sterolithography, materials such as titanium and ceramic have been added to the portfolio of printable materials. These developments have allowed 3D printing to expand from its previous role as a rapid prototyping tool into a viable manufacturing method [1].

Three Dimensional Printing in Surgery

 Various surgical fields have already embraced the so-called “third industrial revolution” as it has recently become cost effective and more readily accessible. In maxillofacial surgery, 3D printing has been used to construct mandibular prostheses post ameloblastoma resection. This has been successfully implanted with reduced operative time when compared to iliac bone grafting [2]. 
3D printing has also been applied in orthopaedic surgery to provide cheap and rapidly produced models for pre-operative planning. In a patient presenting with isolated acetabular injury, a mirror image of the un-fractured side was produced from the CT images (Fig. 2). This was then used to print a hip joint that reproduces the bone configuration prior to fracture, allowing for plate sizing and moulding as well as screw trajectory planning [5]. More recently, custom titanium acetabular resurfacing cups have been developed and implanted at the University of Southampton. Using a unique porous design and stem cell grafting, the implant is intended to better allow integration between bone and the implant.
Further, research groups are conducting feasibility studies on 3D printed surgical instruments for military surgery [3]. Surgeons from the University of Arizona have successfully 3D printed an army/navy retractor from polylactic acid (PLA) filament that was able to tolerate 13.6Kg of tangential force both pre and post sterilisation. Additionally, the cost of printing was around a tenth of the cost of a pre-manufactured retractor and took only 90 minutes to produce. Further concepts utilising rapid additive manufacturing processes are being researched employed to improve surgical practice. 

Three-Dimensional Printing in Urology

3D printing technology has far reaching implications for urological surgery. For example, as presented at the European Association of Urology congress in Stockholm earlier this year, 3D printing was used to reproduce a kidney affected by renal cell carcinoma to allow for robotic surgical planning [6]. As the kidney was encased in a see through resin, the authors were able to better visualise the vasculature path and tumour outline allowing for greater precision and safety in resection. This development has the potential to overcome one of the greatest challenges in modern simulation training. By providing the capability to simulate complex anatomy and challenging cases that are infrequently encountered by trainees, it will allow for further progression along the learning curve of minimally invasive procedures. To prove this point Chung et al. recently developed and performed face validation on 3D printed paediatric models for laparoscopic pyeloplasty [4]. The model consisted of a paediatric kidney with an obstructed uteropelvic junction that was cast from silicone rubber. This inexpensively produced model was tested on 24 paediatric urology fellows and 3 experienced members of faculty. Overall participants rated (out of 5) 4.75 ± 0.29 for overall impression, 4.50 ± 0.41 for realism, and 4.38 ± 0.48 for handling. Urologists have been at the forefront in the development of simulation training and robotic surgery. 3D printing will allow for the development of simulation models with higher fidelity and more complex pathology to further improve the validity of simulation trainers. 
The possible applications of 3D printing in Urology are far reaching. In a recent TED talk, Anthony Atala demonstrated his research on three dimensional, in-vitro reconstructions of human kidney structures. Renal cells were isolated from donor kidneys and placed in a three dimensional culture system to form tubules. Albumin uptake assay showed colocalisation of albumin and proximal convoluted tubule markers, attesting to functionality. This structure was implanted into athymic rats and survived to a maximum of 6 weeks ［7］. 
We feel that with time, growing interest in 3D printing technology will bring about an even greater number of applications in the urological sciences. Many avenues are still yet to be explored. For example testicular implants can be feasibly printed to replicate the patient’s own testicle in size and shape allowing for greater fidelity. Additionally, penile and labial prostheses can be designed and modified in consultation with patients to achieve greater postoperative satisfaction in transgender surgery. Further, 3D printed prostate modules for pre-operative planning could allow for familiarisation of individual patient anatomy, especially with regards to the locations and pathways of nerves. This may reduce rates of incontinence and erectile dysfunction complications following radical prostatectomy. 

We read with excitement the innovative ways in which additive manufacturing is transforming various surgical specialties. We eagerly anticipate future developments and novel techniques that apply 3D printing technology to urological surgery.
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Fig. 1 Three Dimensional Printer in use at MSK Lab, Imperial College London
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Fig. 2 Three-dimensional printed acetabulum used to contour a Synthes® fixation plate intraoperatively.
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