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Abstract

Background & Aims: The considerable growth of 3D printing technology in recent years
has led to the application of this emerging technology in many medical fields, in which
recently performed studies have shown the special importance of this technology which can
enhance the results of the treatment method. Since, surgery is one of the main modalities to
treat patients, the advent of 3D printing technology in surgery and the creation of different
patient organs with 3D printers, improve the surgeon's performance. Hence, the accuracy and
quality of the surgery can be enhanced. The aim of this study was to review the current
statues and the applications of the 3D printing technology in surgery.

Methods: By searching the indexed articles in Persian and Latin databases, Scopus,
PubMed, Science direct, Scholar, 34 studies were reviewed.

Results: 3D printing applications in surgery: Generally, the ability to generate a physical
object with complex structures from a digital model has been introduced as the 3D printing
technology which offers many advantages over the traditional manufacturing. The most
important advantage of 3D printing technology is the ability to produce objects based on
individual needs in which can reduce the costs of their production. Furthermore, complex
preoperative procedures can be practiced. In other words, 3D printed models allow
physicians to become familiar with medical procedures which possible problems created
during the operation, can be identified before the operation. This modern technology
generally includes three main steps to generate 3D objects from imaging data. The first step
is the acquisition of image data. Then, the interest region is extracted which is termed as the
segmentation. Finally, the digital data is transferred to the 3D printers to produce the 3D
object. For 3D model production, printer selection highly depends on speed, accuracy, cost,
and availability of the printing materials. Recent advances in 3D printing technology have
made it possible to use various biocompatible materials such as titanium and degradable
polyesters to produce 3D models.

Complex surgeries require more precise visual understanding before the surgery to ensure
about the success of the treatment. In this regard, 3D printing technology can be a promising
way to produce faster and cheaper models. In addition, this modern technology enables
producers to produce highly specialized products for a wide range of patient organs.
Applying a physical model results in better performance and greater visual perception about
the desired treatment area, which can significantly reduce the side effects during surgery.
Since a large contribution of the surgical process can be performed outside the operating
room hence, 3D printed models can reduce the operation time. In fact, before the operation,
surgeons will have enough time to make decisions, evaluate solutions and focus on other key
elements during the operation. So, based on the basic role of 3D printing technology in
surgery, the purpose of the present review is to investigate the current state of 3D printing
technology and its clinical application in surgery for the construction of various 3D organs
via medical imaging data. In this paper, some applications such as maxillofacial, spinal,
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liver, etc., are briefly discussed.

Maxilla-facial and cranial facial reconstruction are the complex procedure which have been
one of the first and most proven applications of 3D printing in the field of surgery to correct
the facial deformities after the tumor resection. In this method with the application of 3D
printers, at first, a 3D model of the desired anatomy is prepared to reduce a significant
amount of time for linking the titanium plates to transplant adjacent bones (while the patient
is anesthetized). Also, the production of titanium implants using the 3D printers will result in
a very precise fit with the target tissue, the risks of maxillofacial surgery can be reduced.

The use of 3D printing applications before or during complex surgeries like congenital heart
defects has been reported in several studies. Since, acquiring to the real anatomical structures
in patients with complex congenital defects, are sometimes unpredictable, treatment planning
and surgical decision-making require a thorough understanding of three-dimensional
anatomy. Therefore, the 3D printing technique, as a widely used method in all medical fields
can overcome the defects of common preoperative imaging, especially in cardiovascular
surgery.

The other application of 3D printing technology includes spinal surgery in which due to the
complex anatomy of the spine and the delicate nature of the surrounding structures, 3D
printers will improve preoperative planning and increase the accuracy during the surgery.
Liver surgery can be another suitable candidate for performing 3D printing technology to
create 3D printing models. The two main applications of 3D printing technology in this field
include training or necessary planning for surgery and liver functional cell printing through
bio-printing technology that can be used in the study of liver disease and pharmaceutical
research.

Renal tumor resection is the other example of 3D printing applications in which 3D models
have an exclusive role to enhance the accuracy of renal surgery. The 3D printed models can
accurately display three-dimensional spatial relationships between different anatomical and
pathological structures. Three-dimensional printed kidney models may also facilitate
interdisciplinary communication and decision-making about the management of patients
undergoing renal surgery. In the field of renal surgeries, employing of 3D printed models
plays a specific performance to train young surgeons which consequently increases the
practical skills of surgeons which can accurately visualize the anatomical and morphological
relationship compared to volumetric imaging.

The obtained results of performed studies in the field of 3D printing show the potential
significance of this technology in surgery which can lead to improvement of therapeutic
outcomes. Since the printed models by 3D printing technology have an appropriate fit to the
anatomy, the use of these models can reduce the associated errors during surgery.

It is worth noting that despite the valuable advantages of this technology, some
disadvantages such as limited printing size and costly printing process can be discussed
which many studies try to address the deficiency of 3D printing technology in clinical
applications. The cost of 3D printed models varies according to the type of performed
printing method and applicable software which requires specialized users. The main
mentioned costs for 3D model creation include hardware, software, and printed materials. In
the future, the production costs of 3D models would be likely reduced in which the use of 3D
models would become more traditional in common clinical operation. The 3D printed
physical models are based on medical imaging which are prone to errors during the imaging
procedures. Hence, increasing the accuracy of creating printed models requires improving
the clinical imaging methods. Generally, with the advances in this modern technology, faster,
cheaper, and more accurate models can be produced.
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