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Abstract

Surgical guides are indispensable biomedical devices for the proper insertion of dental implants; Currently,
there are 2 types of guides available: the “restrictive” and the “non-restrictive”, the former offering a greater
degree of stability and accuracy, but at a very high cost. In this work we propose the development of a new type
of guide that combines a prosthetic determination and the incorporation of tomographic information with 3D
printing techniques to obtain a device with good fit and adequate accuracy, but at a lower price. The product
obtained was elaborated in polylactic acid and showed good adaptation, stiffness and stability properties which
can guarantee a good clinical performance. Although conventional guides are very economical, they present
stability problems that compromise the safety of the surgical procedure and therefore the patient’s health;
With the proposed technique, a precise and stable surgical guide can be obtained at a reasonable price while
preserving the principles of prosthetic predetermination and ensuring that surgical procedures are adequate
and safe. The elaboration of the device by 3D printing from a prosthetic predominance is technically feasible,
without major technical complexities and could be a real alternative to the restrictive guides which are still too
complex and expensive.

Keywords: prototyped; polylactic acid; biodevice odontology; implantology.

Resumen

Las guias quirtrgicas son dispositivos biomédicos indispensables para la insercion adecuada de los implantes
dentales; actualmente se dispone de 2 tipos de guias: las “restrictivas” y las “no restrictivas”, siendo las
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primeras las que brindan un mayor grado de estabilidad y exactitud, pero a un costo muy elevado. En este
trabajo se propone la elaboraciéon de un nuevo tipo de guia que combina una determinacién protésica y la
incorporacién de informacién tomografica con técnicas de impresion 3D para obtener un dispositivo con buen
ajuste y adecuada exactitud, pero a un menor precio. El producto obtenido fue elaborado en acido polilactico
y mostrd unas buenas propiedades de adaptacion, rigidez y estabilidad lo que puede garantizar un buen
desempenio clinico. Si bien las guias convencionales son muy econdmicas presentan problemas de estabilidad
que comprometen la seguridad del procedimiento quirtrgico y por lo tanto la salud del paciente; con la técnica
propuesta se puede obtener una guia quirdrgica precisa, estable y a un precio razonable conservando los
principios de la predeterminacion protésica y asegurando que los procedimientos quirtirgicos sean adecuados
y seguros. La elaboracion del dispositivo mediante impresion 3D a partir de una predominacion protésica
es técnicamente viable, sin mayores complejidades técnicas y podria ser una alternativa real a las guias
restrictivas las cuales aiin son demasiado complejas y costosas.

Palabras clave: prototipeado; acido polilactico; biodispositivo; odontologia; implantologi.

Introduction

Implant-supported dental prosthetic rehabilitation is a procedure increasingly requested by patients due to its
high success rates (Gomez de la Mata Galiana, Lora-Vazquez, Gémez de la Mata Galiana and Gutiérrez-Pérez
2006), it is estimated that only Approximately 5 million implants are placed per year in the United States of
America (Boyce and Klemons, 2015).

A diagnostic and/or surgical guide is a biomedical device that allows the preparation of the surgical
alveoli and the controlled insertion of the dental implants respecting the anatomical structures and guaranteeing
that the future rehabilitation is adequate.

The success of the insertion and the subsequent rehabilitation of the implants depends mainly on
a correct planning, which is carried out from a predetermination (Argiielllo, 2013); in partially edentulous
patients, the predetermination is based on a diagnostic wax-up and on fully edentulous patients in a line or a
replica of the prosthesis they are using, if it meets functional and aesthetic criteria (Oh and Saglik, 2008).

Once the predetermination has been made, in the case of entanglement, some clinical tests are carried
out to evaluate the smile line, the labial support, the facial expression, and the intermaxillary height; if it is
determined clinically that the predetermination meets the expectations, we proceed to elaborate the diagnostic
guide whose purpose will be to determine the relationship between the bone base and the soft and hard tissue
profiles in relation to implants, later it will be adapted to serve as a surgical guide in the orientation and
positioning of dental implants (Biotti and Garcia, 2014).

The guide is essential to contrast the information obtained through a tomographicstudy with a prosthetic
predetermination elaborated based on clinical findings and the projection of rehabilitation parameters, allowing
both surgical and prosthetic planning (Matta, Bergauer, Adler, Wichmann , and Nickenig, 2017), in surgery the
main function of the guide is to allow the correct three-dimensional positioning of the implant in the bone
structure (Volpato, Vasconcellos, Garbelotto, Manfro, and Ozcan, 2013).

In general, diagnostic and surgical guides must possess properties of rigidity, stability, and precision to
ensure accuracy and safety during implant insertion procedures (De Kok, Thalji, Bryington, and Cooper, 2014);
Ideally, they should have incorporated radiopaque markers, be retentive and stable intraorally, comfortable,
sterilizable and compatible with the tomographic technique (De Kok, et al., 2014).

The stability of the guide in partially edentulous patients is achieved by incorporating the remaining
remnant teeth, for example Shotwell, Billy, Wang, and Oh (2005), propose asimple guide made with polymerizable
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photo resin that uses as support the teeth neighboring the area edentulous but in totally edentulous patients,
stability becomes critical due to mobility problems, to ensure correct positioning and stability during surgical
procedures it is possible to use dental implants that have been previously placed (Zandinejad, Abdel-Azim,
Lin, and Morton, 2013) or surgical mini-screws or osteosynthesis to laterally fix the device (Cassetta, Mambro,
Giansanti, Stefanelli, and How, 2014).

Types of guide

Surgical guides can be classified according to the limitation or restriction they offer during the time of surgical
preparation or according to the manufacturing technique.

According to the restriction they can be non-restrictive, semi-restrictive or restrictive. The non-
restrictive tells the surgeon the position of the implants in relation to the prosthesis, prevents greater control
over direction or depth of milling which can cause errors of angulation, lack of parallelism or compromise of
anatomical structures. The semi restrictive type incorporates a guide tube that corresponds to the initial drill
of the preparation but the surgeon must continue freehand with the surgical protocol which can also cause
complications, while the restrictive limits the vestibular or lingual positions and has depth stops which leads to
the preparations will be accurate and in accordance with the planning (Stumpel, 2008).

Restrictive and semi restrictive guidelines can be obtained from the duplication of waxes or diagnostic
lines, but it is also possible to use pre-existing prostheses, if they show similarity with the proposed prosthetic
projection, in any case, they should incorporate radiopaque markers (De Kok et al., 2014).

Depending on the manufacturing technique, the guide can be of two types: Classic or laboratory guide
and computer-designed guide or CAD-CAM.

Classical or laboratory guide

This is the most common type of guide, originally designed to establish the relationship between the
predetermination and the bone ridge without being very precise, but has undergone multiple modifications
such as the incorporation of guide tubes in the sites of the perforations in a diameter that corresponds to the first
strawberry, being considered as a semi restrictive or semi-strict guide (Melej, Ibafiez, and Ilic, 2011).

In the guides, some modifications can be made such as the removal of the vestibular or lingual/
palatal portion of the preparation area (guide rails) to improve visibility, ensure parallelism and decrease the
intraosseous temperature during preparation by reducing friction and improve irrigation (Akga, Iplikcioelu,
and Cehreli, 2002); or the incorporation of parallelism pins to guide the positioning of the drill during the
surgical procedure (Patras, Martin, and Sykaras, 2012).

These devices are usually made from a sheet of thermoplastic acetate applied to the vacuum on a
gypsum duplicate of the prosthetic predetermination and reinforced with transparent polymethyl methacrylate
(PMMA), but there are alternative materials such as the photopolymerizable resin type Triad ® (Shotwell et al.,
2005).

In order to visualize radiographically the projection of the teeth in relation to the bony ridge, to the guide,
some radiopaque markers are incorporated in the places where the implants would go; the most frequently
used are pellets and metal tubes, gutta-percha and barium sulfate (Scherer and Roh, 2015); additionally, Zahran
and Fenton (2010) proposed using a radiopaque silicone (vinyl polysiloxane) as a marker in order to identify the
contours of the rehabilitation and its relationship with the bone flange.
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Of the radiopaque materials used, the metal pellets are the least recommended since they only act as
a position marker making it difficult to determine the trajectory of the future implant, while the tubes and the
gutta-percha fulfill their function of being a guide and allowing to determine trajectories ( Almog, Torrado,
Moss, Meitner, and LaMar, 2002).

The main advantages of this type of guide are its low cost and ease of processing but it has as a
disadvantage the inability to guarantee good stability and precision (Madriz and Martin, 2009). Furthermore, the
relationship between the anatomical structures and the guide itself is not very accurate (Orentlicher, Goldsmith,
and Abboud, 2012).

Computer-designed guide (CAD-CAM)

The development of programs to manage tomographic information allowed the emergence of the concept
“Computer-guided implant surgery”, which consists of the precise realization of a treatment plan from a
computerized axial tomography and a prosthetic predetermination, since it provides an Accurate knowledge
of the anatomy of the area and the possibility of designing the position of the implants, in addition through the
manufacture of personalized guidance devices, the transfer of this information to the patient allows minimally
invasive protocols and precise rehabilitations (Carlevaris and Armijo, 2013) .

As in the other types of guides, we start with a prosthetic predetermination that is scanned and
complemented with the tomographic information to elaborate a device that is anchored to the maxillary bone
to allow the insertion of the implants and the installation of the rehabilitation, which It is developed by rapid
prototyping techniques (Marchack, Charles, and Pettersson, 2011).

By using software the information captured by the scanner is processed to determine the positions and
dimensions of the implant in relation to the bone levels of width and height, this will allow to develop a guide
that will transfer to the patient in a very precise way the position of the implants (Turbush and Turkyilmaz,
2012) and to project at the same time the planned prosthetic rehabilitation, in this way the technique grants a
visualization of the three structures that are relevant in the planning (the bone with the anatomical details, the
projected implants and the proposed prosthesis), (Sanna, Molly, and van Steenberghe, 2007).

The combination of the volumetric images of the bone with the information obtained through the
scanning of the prosthetic predetermination, allows to realize prototyped surgical guides by means of CNC
machining or 3D printing that incorporate implant images positioned virtually in a very realistic way (Ganz,
2015), with the shapes and dimensions of numerous trademarks leading to very safe surgical and rehabilitative
procedures, because there is a true integration between the tomographic information, the surgical plan and the
prosthetic plan (Greenberg, 2015).

Despite its high cost and requires a detailed and accurate planning process, the CAD-CAM guides
are considered the Gold standard because they are restrictive, that is, they only allow the passage of milling
cutters with an exact diameter and length. which guarantees the safety of the procedure, they also facilitate
surgical procedures, reduce intra-surgical time, are stable and allow less invasive procedures (Molina et al.,
2013; Narayanan, Vernekar, Kuyinu, and Laurencin, 2016).

Techniques of rapid prototyping in biomedical

The techniques of rapid prototyping (PR) were a contribution of engineering to health sciences, biomedical
prototyping emerged in the late 1980s, initially for educational purposes (Nogueira, Alencar, Roque-Torres,
and Groppo, 2015) but it was soon used in planning and performing surgical procedures.
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Rapid prototyping includes different techniques such as stereoscopic lithography (SLA), selective laser
sintering (SLS), molten deposition modeling (FDM), laminated objects manufacturing (LOM) and systems based
on inkjet and three-dimensional printing (3DP), among others, that can be classified as an additive, subtractive
and additive/subtractive techniques (Banoriya, Purohit, and Dwivedi, 2015).

3D printing is an additive technique, was developed by Hideo Kodama of the Nagoya Municipal
Industrial Research Institute in 1981, it has the advantage of allowing the construction of complex shapes,
including hollow structures and currently allows the use of various metallic or polymeric materials (Kaye,
Goldstein, Zeltsman, Grande, and Smith, 2016).

The printing technique is based on obtaining a virtual model by scanning an object or by 3D modeling,
to subsequently materialize the object by adding a material layer by layer; In the biomedical area, 3 selective
laser sintering systems (SLS), fusion-deposition modeling and ink-jet printing are used (Martelli et al., 2016).

The SLS uses a laser to selectively fuse the material particles during the construction of the object;
molten deposition modeling is based on the same principle as classical two-dimensional printing and constructs
the object by depositing layers of small pearls of material; while inkjet printing uses a printhead that deposits
thermal ink or other material to form the object (Martelli ef al., 2016).

The main materials currently used for 3D printing are thermoplastic polymers such as acrylonitrile

butadiene styrene (ABS), polylactic acid (PLA), polyamide (PA), polycarbonate (PC), as well as thermosetting
polymeric materials such as resins. epoxies (Wang, Jiang, Zhou, Gou, and Hui, 2017).

Technique proposed

This article presents a new method for developing low-cost surgical guides incorporating a prosthetic
predetermination and 3D technology to convert the diagnostic guide into a rigid and precise surgical guide,
using polylactic acid (PLA) as a thermoplastic material.

This work was carried out in two phases: design and prototyping.

The clinical description of the patient

It is a totally edentulous patient with a total prosthesis, to which the pre-prosthetic evaluation was made:
e Evaluation of lip support principles

e Analysis of the smile line

* Vertical dimension measurement

e Study of facial profiles and aesthetics

Once the examination was carried out, it was determined that it was feasible to use the prosthesis as a
prosthetic predetermination, which is a usual procedure (De Kok et al., 2014).

Preparation of the diagnostic guide

The prosthetic predetermination was doubled (waxed or lined), in this case, the patient’s prosthesis was given an
alginate impression and a duplicate was prepared by casting in self-curing polymethylmethacrylate (PMMA),
to obtain an acrylic model (Figure 1).
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Figure 1. Duplication process of the prosthesis. A: Duplicate; B. Pouring with polymethyl methacrylate (PMMA);
C: Obtaining the duplicate of the prosthesis
Source: the authors.

Perforations were made in the acrylic model, in the areas corresponding to the teeth where it was
proposed to place the implants; at this point, it is necessary to take into account that normally the number of
implants will depend on the type of rehabilitation planned, for a fixed rehabilitation 6 to 8 are recommended
and for a removable one (on denture) 3 or 4 implants, preferably splinted, in this case, several sites were selected
(Figure 2).

Figure 2. Diagnostic guide in PMMA with radiopaque markers in the
proposed areas to place the implants
Source: the authors.

Clinical verification of the guide and request for tomographic examination

Therelative stability of the device was verified in the patient; it wasnotnecessary, butifitisrelevant, areadaptation
can be carried out in situ with PMMA or with silicone for relining, and the tomographic examination with the
guidance in position is requested (Figure 3).

Figure 3. Tomographic examination. A: Guide in PMMA placed on the patient

Source: the authors.
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Revo tomographic information and repositioning of the position of the implants

If the tomographic evidence indicates the repositioning of the areas where the implants are going to be, the new
positions in the tomography are determined and they are transferred to the guide by making new perforations.

Development of the 3D surgical guide

Once the definitive positions of the implants are determined, the guide is scanned in PMMA to obtain a duplicate
in polylactic acid (PLA) by 3D printing.

The guide was covered with white radiopaque paint, since it generates greater contrast with the base
and highlights details of the piece, making the 3D scanner more accurately capture the shapes and textures of
the product. Later it was placed on a black base with reflective points that function as position targets for the
scan, which at the same time were located in the guide at strategic points (Figure 4).

Figure 4. Determination of position targets
Source: the authors.

We proceeded to scan the device using a Handyscan 3D to obtain the digital representation of the guide
at the highest resolution (0.2 mm) (Figure 5).

Figure 5. Scan process of the diagnostic guide
Source: the authors.

Once the digital representation in the form of a polygonal mesh was obtained, a mesh refinement was
carried out using the Rapidform XOR3 software, reaching a generation of the preliminary surface, which was
subsequently polished in the SolidWorks 2013 software, where the definitive solid was obtained. of the guide.

To finish the prototyping process, the 3D model of the guide was exported and finally, the G code was
generated to print it in PLA with the Prusa Tairona 3D printer at a resolution of 0.1 mm, (Figure 6).
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Figure 6. Refinement of surfaces and obtaining three-dimensional printing
Source: the authors.

Finally, the finished product was drilled in the areas where the implants would go, medical-grade steel
guide tubes were adapted to turn it semi-restraint and the lateral guides were adapted to guarantee stability
during the surgical procedures (Figure 7)

Figure 7. A printed guide with 2 guide tubes in position and 2 lateral markers for osteosynthesis screws
Source: the authors.

Discussion

The guide for thermoplastic splint type implants is the most used due to its low cost and ease of manufacture,
however it has problems such as lack of rigidity which influences the adaptation and depending on the contrast
medium used it can be difficult to establish a good relationship between the prosthetic predetermination and
the bony ridge, some authors such as Zahran and Fenton (2010) have proposed to change the contrast medium
for a radiopaque silicone, however in this work the use of gutta-percha in bars with good condensation allowed
good vision of the insertion axis of the future implants as can be seen in figure 3 B.
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In a review carried out by Boyce and Klemons (2015), among the main complications related to surgical
guides are guide fracture, lack of stability, increase in temperature during intraosseous preparation and decrease
invisibility.

Misir, Sumer, Yenisey, and Ergioglu (2009) compared the generation of heat during surgical preparations
with and without surgical guidance finding significant differences, however it is accepted that the use of a guide
will reduce the risks inherent in the procedure (Aljadi, Thompson, Izumi, and Ziebert, 2011) propose a semi
restrictive guide design that combines the one of rail with the incorporation of guide tubes, which would allow
the initial preparation in a precise way (using the tubes) and the reduction of heat by friction in the final stage
of the preparation when using a tongue groove.

The lack of stability of the guide is considered one of the most important risk factors directly influencing
the agreement or not between the position of the implants and rehabilitation, in an attempt to control this factor
has come to propose the use of minimizers to support the guide in mucosal or unstable ridges (Simon, 2002), or
occlusal stops to verify the correct position of the guide during the preparations (Briccoli, Barone, and Clauser,
2012).

If it is possible to guarantee the stability of the conventional guide, the procedure can be as safe as a
computer-guided system (Barnea, Alt, Kolerman, and Nissan, 2010), but even these should be fixed to the bone
ridge by means of osteosynthesis screws for guarantee its accuracy (Verhamme, Meijer, Bergé, and Maal, 2015).

In a study carried out by Matta et al., (2017) they find that both the thermoplastic guide (classic) and the
CAD-CAM are suitable for transferring planning information to the clinical environment, however, it must be
taken into account that this study It was performed in partially edentulous patients and therefore the guides
were tooth-supported; As already mentioned in patients without teeth, the soft intraoral tissues, of a mobile
nature, are not a guarantee of the stability of the prosthesis and this should be reinforced with some of the
aforementioned methods.

In the type of device proposed in this work it was possible to guarantee the accuracy of the guide
from a predetermination that was first adapted clinically and subsequently duplicated in a stable and resistant
material, on the other hand, guide tubes were incorporated to improve the accuracy and they included lateral
intraosseous anchors with osteosynthesis screws to guarantee a perfect fit between the guide and the bone
flange.

Conclusions

Although conventional guides are very economical, they present stability problems that compromise the
safety of the surgical procedure and therefore the patient’s health; With the proposed technique, a precise
and stable surgical guide can be obtained at a reasonable price while preserving the principles of prosthetic
predetermination and ensuring that surgical procedures are adequate and safe.

The development of the device by 3D printing from a prosthetic predominance is technically feasible,
without major technical complexities and could be a real alternative to restrictive guidelines that are still too
complex and expensive.
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