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Abstract

Purpose: Surgical templates produced by digital simulation and CAD/CAM
allow for three-dimensional control of implant placement. However, due to
clinical limitations, there are complications during the use of the template.
The purpose of this study was to summarize the complications associated
with the use of surgical templates for static computer-aided implant surgery.
Methods: Complications were collected during the observation period, and
then their implant sites were reanalyzed with simulation software. Results:
There were 104 cases during the observation period, 5 cases had complica-
tions. Mechanical complications were observed in four cases, including three
cases in which the frame of the template fractured during implant placement
surgery and one case in which the sleeve fell off the surgical template. In one
case, there was an error in the planned position. All cases were mandibular
molar cases, and all cases of frame fracture were at the free end defect site. All
cases had a Hounsfield unit of more than 700 at the implant site, and some of
them had a significantly small jaw opening. Conclusion: Although the spread
of CAD/CAM surgical templates has made it possible to avoid problems
caused by the position of the implant, it has been difficult to avoid fractures
in cases of mandibular free end defects with high Hounsfield unit.
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1. Introduction

The use of a surgical template for implant placement has become common, but
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with the development of digital technology, there has been a shift from relatively
loose guidance using a finely tuned diagnostic template to full guidance using
CAD/CAM processing that allows precise control of the depth of implant
placement [1] [2] [3]. In recent years, dynamic navigation systems have begun to
be introduced, and there have been many accuracy verifications. But in the cur-
rent situation, coexistence with static navigation is essential due to the problem
of equipment diffusion [4] [5]. Static navigation is generally produced by a 3D
printer by superimposing scanner data and CBCT data and provides very strong
guides. However, there are some clinical complications such as fractures during
use and errors in placement. Therefore, the purpose of this study was to collect

cases of problems with static navigation systems.

2. Materials and Methods

A total of 104 tooth-supported surgical templates used between July 2019 and
May 2021 were validated with respect to complications during surgery. Surgical
templates were fabricated using STL data from intraoral scanner impressions
(TRIOS3: 3 Shape) and DICOM data from helical CT imaging superimposed on
simulation software as full guides, except in cases with small mesio-distal dis-
tance (Nobel Guide or Straumann Guide). The implants were placed by two
dentists with more than 10 years of experience. Photographs of the guides were
taken after all problems occurred, and the causes of the problems were verified

using simulation software (DTX Studio or coDiagnostiX).

3. Results

Of the 104 cases, 5 cases had complications caused by the surgical template. The
implant placement surgery was not aborted because all fractures occurred after
the formation of the smallest or second diameter drill. There were four mechan-
ical complications (Figure 1), including three cases in which the frame of the
surgical template fractured during implant placement and one case in which the
sleeve fell off the surgical template. All four cases were mandibular molar place-
ment cases.

In one case, there was a larger-than-expected error in the planned position
(Figure 2). The positional error was approximately 2 mm buccal displacement.
Since sufficient initial fixation was obtained in this case, the buccal-side defect
was filled with carbonate apatite (Cytrans Granule, GC JAPAN), and a sufficient

healing period was set.

4. Discussion

The widespread use of 3D simulation software has made implant treatment sa-
fer, and the fabrication of surgical templates using 3D printers has further ad-
vanced this trend [1] [2]. However, it is difficult to insert the drill in molar cases
where the opening is difficult to secure, so drill guides that slide in from the side

as well as the vertical insertion direction have been developed. There is a study
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that fabricates surgical templates with cobalt-chromium alloys, but it cannot be
applied to all cases [6]. In recent years, 3D navigation has become commercially
available as a method to eliminate these mechanical problems, and its wide-
spread use may eliminate these mechanical problems. However, since it requires
special equipment, it is likely that surgical templates made by 3D printers will
continue to be the mainstream method for a while, considering its worldwide
popularity. Therefore, in order to avoid this kind of mechanical problem, it is
recommended to keep in mind that mechanical problems may occur in cases
where the opening volume is small or the Hounsfield unit of the implant site ex-
ceeds 700.

Figure 1. Mechanical complications of static computer-aided implant
surgery. Photographs of surgical template with mechanical complications
during implant placement surgery (left panel) and CT image (right
panel). The first to third rows show the cases surgical template body were
broken. The fourth row is a case which the mesial sleeve fell off during
surgery and then the template body was broken. The numbers on the CT
image are the Hounsfield Unit around the implants calculated from the
simulation software, and the values over 700 are shown in red.
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Figure 2. A case of misalignment despite static computer-aided
implant surgery. Surgical template (upper left) , CT images (upper
right) and the recovery of the buccal V-shape bone defect (lower
panels). Numbers on the CT images are the Hounsfield Unit around
the simulated implants, and the values over 700 are shown in red.

Even if the surgical template is solidly made, the possibility of malposition
should be kept in mind. In the case where malposition occurred, the implanta-
tion surgery was performed two weeks after the guide was completed, and the
guide was stored in a light-shielded environment. Therefore, there were two
possible causes of malpositioning: an error in the superimposition of DICOM
and STL, and deflection of the surgical template during implantation because of
the free edge defect. The bone quality at the site was also above 700. Therefore,
caution may be necessary when the HU value is high due to mechanical prob-
lems and malpositioning. However, considering that CBCT is commonly used in
the implant simulation process, it may be necessary to integrate the results of
this study with the results of CBCT observation [7] [8].
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