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Abstract: In implantology, among the key choices, to obtain predictable results, it’s essential to establish, using
CBCT, the bone site where to insert the implants; these sites must be identified on the mucosa and secondarily,
during the surgical phase, on the cortical bone. Surgical templates are a valid aid especially in complex cases
which require several implants. In cases of single implant, on the other hand, surgical guides are rarely used and
the implant is inserted freehand and the identification of the implant site on the oral mucosa is more difficult; for
this reason the clinician uses the teeth in the arch as a reference. This experimental study is based on the use of a
thermo-printed mask, containing radiopaque references which, worn by edentulous patients during the execution
of the CBCT, helps to evaluate the identification of the implant sites on the patient when surgical guides are not
used and the free hand technique is adopted. This method is certainly reserved for experienced operators capable
of identifying the correct angle of the implants with the freehand technique. The level of experience remains
fundamental in the clinician’s decision whether or not to use surgical guides; in fact, doctors with little experience
should use surgical guides even in the simplest cases to reduce the risk of error.
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INTRODUCTION

In implantology it’s a priority to establish where to insert the implants and which angle to give
them. CBCT has allowed, through computerized image processing, a simplified and precise
organization of surgical procedures [1,2]; in fact, CBCT permits the clinician to accurately evaluate
the maxillary or mandibular bone to decide the best sites for the fixtures.

The three-dimensional CBCT images can be imported into implant planning software, through
which they are analyzed in order to determine the bone density and the number, position and correct
inclination of the implants.

DICOM data from computed tomography also allow, through their software processing, to
produce, using 3D printers, three-dimensional objects such as surgical guides [3-5] which simplify
the clinical localization of the implant site, guaranteeing predictable results [6-10].

The surgical guides are made with through holes, inside which there are metal bushings that
correspond to the position and insertion angle of the implants in order to guide the surgical drills
necessary for the creation of the artificial socket.

The surgical guides would guarantee the patient a more comfortable, less invasive and risky
surgical procedure (sometimes flapless) and short recovery times.

Nowadays computer-assisted implant planning also permits additional services such as the
digital workflow, which allows the dental practice or laboratory to digitalize the entire process, using
intraoral and plaster scanners, CAD/CAM system and 3D printers.

On the other hand, the creation of such guides, in some cases, could be an excessively complex
and onerous solution when compared to the size of the edentulous site and the number of implants
to be inserted [11-13]. In some clinical conditions where few implants are foreseen, expert operators
prefer, even in totally edentulous arches, to insert the implants freehand. When surgical guides are
not used, during the surgical procedures, to identify with certainty where to insert the fixtures
becomes a difficult task.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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During freehand procedures it’s essential to consider anatomical references, such as the teeth in
the arch, which help, first of all, to identify the chosen site on the patient’s mucosa and on the bone.

In the case of mono edentulism, the risk of error in identifying the implant site is minimal thanks
to the presence of mesial and/or distal teeth close to the implant area. The error can become greater
when the width of the edentulous area increases; the distance between the natural teeth, used as a
reference, and the presumed area where the implant will be inserted, can influence the surgeon’s
ability to identify the site on the mucosa [14-17].

If the arch is totally edentulous, identifying the implant sites chosen on the CBCT on the mucosa
and secondarily on the bone cortex could be very difficult or even impossible without the help of a
surgical guide.

This study proposes a much simpler alternative (although reserved for expert operators) to
complex surgical guides when a free hand technique is performed in totally edentulous arches.

In fact, it’s possible to build a thermo printed mask with radiopaque references to be worn by
patients during the CBCT procedure.

These simple devices could improve the ability to identify the selected implant sites on CBCT,
initially on the mucosa and secondarily on the bone cortex.

MATERIALS AND METHODS

This study is part of a bigger research on how to organize the entire implant protocol optimizing
any single step based on the clinical needs of the patient and the implant surgeon.

This clinical research was conducted in accordance with the Declaration of Helsinki and
approved by the Institutional Review Board of the Paolo Giaccone University of Palermo (Protocol
Code: #4-19-04-23).

All patients taking part in the study read and signed a declaration of consent to participate in
the research and to publish the data.

From a sample of 54 edentulous patients, 22 patients with total edentulism were selected for
whom prosthetic rehabilitations with multiple implants were planned.

In total 128 implants were programmed on 32 totally edentully arches.

Preliminary panoramic radiograph were taken on all patients as well as alginate impressions in
order to obtain plaster models.

By interfacing the clinical and radiographic data (panoramic x-ray), an expert implantologist has
previously identified the sites where the implants could possibly be positioned, identifying a higher
number than the actual number to be inserted. The chosen points were then marked on the plaster
models with a marker.

For each patient, steel spheres with a diameter of 3 millimeters were glued onto the diagnostic
plaster models exactly in the points marked by the felt-tip pen. Thermo-printed templates (thickness
0.5 mm - soft consistency) were made on the plaster models thus modified.

These templates, during the hot thermoforming, detached and incorporated the tiny spheres
previously positioned on the plaster; in this way each template has a radiopaque sphere in
correspondence with the presumed implant site.

Figure 1. Plaster model.


https://doi.org/10.20944/preprints202312.0792.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2023 doi:10.20944/preprints202312.0792.v1

) ©

Figure 2. Experimental template with radiopaque sphere.

A total of 32 masks were thermoformed for each edentulous arch and CBCT was performed for
all patients during which the masks with radiopaque references were worn.

Each individual CBCTs was analyzed by an expert implantologist in order to find the best sites
where to place the implants.

For a total of 26 implant sites chosen in the panoramic radiograph, the preliminary site selection
was confirmed; for the remaining 102 implants a different site was chosen on the CBCT.

During the free hand surgical phase, planned and performed by an expert operator with more
than 20 years of experience, in order to best identify the implant sites chosen on the CBCT on the
mucosa, the patients wore masks with radiopaque references.

A mark was made on the mucosa in correspondence with the radiographic landmark with an
indelible felt-pen.

In this way, these signs, simulating certain and visible anatomical landmarks in the CBCT, have
enormously facilitated the identification of the implant site on the cortex which is a very critical phase
in the free hand technique (See Table 1).

By interfacing the information coming from the plaster models, from the panoramic
radiography, from the CBCT, from the clinical examination of the patient’s mucosa with the mask
worn, the risk of error has been minimised.

Table 1. Flow chart.
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Figure 3. Panoramic view on CBCT.
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Figure 4. Cross section on CBCT.

DISCUSSION

Nowadays the use of computers and information technology in dental practices and dental
laboratories is widespread and a large part of patient information follows a digital flow which makes
clinical procedures faster. All clinical information from the doctor to the dental technician moves
digitally and quickly with advantages for the patient. The construction of surgical guides represents
an example of how the digital flow of information can help the implantologist especially in complex
cases with multiple implants.

In certain clinical conditions, such as monodentulism, it’s easy to identify the spot on the mucosa
where to place the implant. In these cases, the presence of contiguous teeth (mesial and/or distal)
adjacent to the edentulous site offers the implantologist certain points of reference. When the
presumed implant site is far from a natural tooth and when the latter are only mesial or distal
(Kennedy class I or II), precisely identifying the exact point of the mucosa where to insert the implant
is more difficult.

This imprecision, due to the reduced ability of the human eye to evaluate distances as the
reference anatomical finding moves away, often pushes the implantologist to use surgical templates
which also give important indications on the angle to be given to the axis of the fixture [18].

In totally edentulous patients, lacking natural teeth that are used as landmarks, it is even more
difficult to locate the sites chosen on the CBCT on the mucosa.

This is the reason why surgical guides, in these clinical conditions, are widely used, also
providing valuable information on the insertion axis of the implants [19,20].

This preliminary study was conducted by expert implantologists and this could represent a
limitation in the experimentation which will be extended to clinicians with different levels of
experience in order to obtain more detailed results.

Naturally, the type of information provided by these thermo-printed guides is reduced to the
mere identification of the point on the mucosa and bone where to insert the fixture without the aid
of additional information on the angle.

Regarding the angulation of the implants, the clinician must refer to the data acquired through
a CBCT as normally occurs in the execution of freehand techniques [21-23].

In more complex cases, however, the use of more expensive and complex surgical guides
appears more appropriate [24,25].

In any case, guided system still remains a more acceptable and stable option for beginners [26].

CONCLUSIONS

This research is part of a study that examines a whole series of preliminary evaluations that the
implantologist carries out during the setting of the intervention. The design of such a delicate
treatment, which has a high biological cost for the patient, requires attention and is aimed at obtaining
predictable results. This study is based on thermo-printed templates that, in particular clinical
conditions, could be a valid and chip alternative to the classical surgical dime.
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It is important to clarify that dentists should inform patients that computer guided surgery
implies additional costs; however the cost-effectiveness involving some positives, like the reduction
of surgery time, post-operative discomfort and better soft tissue healing, may render it worthwhile.
While implant software is a great help in making clinical decisions, it is important to realize that
responsibility for the outcome and patient safety during guided surgery remains with the surgeon.

The level of experience is fundamental in the clinician’s decision whether or not to use surgical
guides; in fact doctors with little experience should use surgical guides even in the simplest cases to
reduce the risk of error.

This new method, proposed as an alternative to the complex creation of classic surgical guides,
can certainly be improved and is the subject of study, in fact further research on what can help the
surgeon in the phase planning phase is currently underway.
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