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Abstract: Numerous types of prosthodontics surgical guides, with and without metallic sleeves,
have been found to be useful in clinical studies. The aim of this in vitro research was to compare the
time required to complete the surgical procedure with two differently designed surgical prosthetic
templates. Ten identical prototype models of mandible based on a CBCT and optical scan of a partially
edentulous patient with missing teeth numbers 37, 46, and 47 were prepared and then printed. Five of
these models were used for implant site preparation with a surgical guide without metal sleeves and
dedicated surgical kit, and the other five models were used for the same procedure performed with a
surgical guide with metal sleeves and a dedicated surgical kit. The time of implant site preparation
was measured and recorded. Statistical analysis was performed using Student’s t-test for independent
samples. Differences between groups were found to be statistically significant (t = −9.94; df = 28;
p = 0.0000) with a lower value in favor of the surgical templates without metallic sleeves. Different
types of prosthodontics surgical guides, with or without metallic sleeves, seemed to be an important
factor which can significantly impact the time of implant site preparation and, therefore, the overall
surgical procedure.

Keywords: digital prosthetic guides; CAD/CAM; metallic sleeves; dental prostheses; time of surgery;
guided surgery

1. Introduction

Dental implantology is a branch of dentistry that aims to restore missing teeth by
inserting alloplastic screws (of different materials) into the bone structure (dental implants).
Basically, implantology is a rehabilitation procedure aimed at those who have lost their
natural teeth [1,2]. Artificial teeth are designed to replace real teeth that are missing in
terms of both aesthetics and chewing function [3].

The cutting-edge dental implantology techniques allow a permanent rehabilitation of
chewing and, in recent years, have aimed to improve aesthetic results [3,4]. The predictabil-
ity of these rehabilitations is becoming increasingly high, especially due to the introduction
of digital dentistry. Thanks to the advent of digital technologies, it is possible to program,
diagnose, and plan a treatment with a completely digital workflow [4].
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Guided implantology is a modern technique for positioning dental implants in patients
who suffer from edentulism (lack of one or more teeth) or who have undergone a dental
extraction. Using software, the patient’s oral cavity is scanned, creating a 3D model on
which the dentist can plan the surgery and preview it. The main advantage of this technique
is that it allows the surgery to be carried out exactly as it was programmed on the computer,
thus improving mechanical performance and, therefore, predictability [5]. The first step
is to conduct an oral examination of the patient; the oral cavity is scanned using a 3D CT
scan to assemble the digital model of the dentition. Radiographical examination captures
crucial information such as the position of the sensory nerves, the position of the maxillary
sinus, and other anatomical points of reference [6–9].

This simulation is then sent to specialized centers that create a “surgical guide” used to
perform the surgery without affecting the gingiva; the screw is positioned inside the tissues
and, consequently, the visible dental crown. Thanks to the precise planning that takes place
before the intervention, the procedure is completed quickly [10,11]. The recent scientific
literature, including in vitro studies, systematic reviews, multicenter clinical trials, and
randomized controlled trials, leads to the conclusion that using customized, CAD/CAM
(computer-aided design/computer-aided manufacturing) surgical guides should be con-
sidered the gold standard to achieve high implant accuracy, according to a prosthetically
driven treatment plan [12–20]. Stereolithographic surgical guides are also one of the most
popular applications of 3D printing in oral and maxillofacial surgery [21–24]. D’Souza
divided the implant guides into (a) nonlimiting, (b) partially limiting, and (c) completely
limiting design, according to the amount of surgical restriction offered by the surgical
guide templates. Within these, the completely limiting design group is most advanced
and accurate [25], and it can be divided into three subgroups: (c1) guides with main metal
sleeves, (c2) guides without metal sleeves, with plastic only, and (c3) open-frame plastic
or metal guides [26]. Most studies have focused on the accuracy of guided surgery using
different template designs, concluding that surgical templates without metallic sleeves
are more accurate than those where metal sleeves are bonded. In addition, some studies
have also reported that the surgery time used for guided implant placement is shorter
comparing to the freehand approach [15,18–20,27–30]. On the other hand, other studies
showed several limitations of the guided approach [13,14,31–34]. However, there are no
studies comparing the time of surgery with different surgical template designs.

The aim of this in vitro study was to compare the overall time used to prepare the
implant sites using two different surgical guides and surgical kits, dedicated to the same
taper implants (TSIII, Osstem Implant, Seoul, South Korea ®) but with different template
designs: plastic guide with and without metallic sleeves. The null hypothesis was that
there is no difference in time between the two different protocols.

2. Results

A total of 10 surgical templates were printed and then used for the present study.
Models were randomly divided into two groups of five models each. Three implants of
4.0 mm diameter and 10 mm length were planned at positions 37, 46, and 47. A total of
30 implant sites were prepared: 15 sites in five models using the One Guide Kit ® (Osstem
Implant, Seoul, South Korea 2016 ®) (OGK) and 15 sites in the other five models using the
Guide Kit Taper ® (Osstem Implant, Seoul, South Korea 2010 ®) (GKT).

Table 1 presents the results of statistical analysis. The mean time in the test group
(without metallic sleeves, OGK) was 99.63 ± 31.91 s, and that in the control group (with
metallic sleeves, and GKT) was 207.81 ± 27.53 s.
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Table 1. Results of basic statistical analysis.

Sample Sample Size Mean
(s)

Minimum
(s)

Maximum
(s) Standard Deviation

OGK group-surgical guide without metal sleeves 15 99.63 64.77 153.66 31.91
GKT group-surgical guide with metal sleeves 15 207.81 175.73 273.82 27.53

The statistically significant difference between test and control group was verified
with Student’s statistical t-test. The t-value of the test was −9.94 with 28 degrees of freedom.
The p-value was lower than 0.05 (p = 0.000), proving that preparation time was statistically
significantly lower in the OGK group than in the GKT group. Figure 1 shows the differences
in terms of the time of implant site preparation in the two groups.
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Figure 1. Comparison of data distribution based on type of surgical guide: group 0, without metal
sleeves, OGK; group 1, with metal sleeves, GKT.

The difference in time per tool for each group was also verified with Student’s t-test.
The average time of use each of tool was calculated in both groups, and the data were
analyzed. The t-value of the test was −2.70 with 28 degrees of freedom. The p Rafael
Delgado-Ruiz -value was lower than 0.05 (p = 0.011), proving that the preparation time per
tool was also statistically significantly lower in the OGK group than in GKT the group. The
comparison is presented as boxplots (Figure 2).
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Figure 2. Comparison of time of implant site preparation per tool depending on the type of surgical
guide: group 0, without metal sleeves, OGK; group 1, with metal sleeves, GKT.

Analysis of the boxplots demonstrated a statistically significant difference between
the groups. Post hoc power calculation was performed to evaluate the statistical power of
the study. Given the endpoint means and number of subjects, with alpha set to 0.05, the
post hoc power was 100% (Figure 3).
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Figure 3. Post hoc power analysis: n1 = sample size for group 1; n2 = sample size for group 2;
∆ = |µ2 − µ1| = absolute difference between two means; σ1, σ2 = variance of means 1 and 2;
α = probability of type I error (usually 0.05); β = probability of type II error (usually 0.2); z = critical
Z-value for a given α; Φ() = function converting a critical Z-value to power.
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3. Discussion

This study focused on the time required for implant site preparation using two differ-
ent surgical templates and the corresponding, dedicated, surgical kits. Within the present
research, each implant site was prepared in the same conditions (37, 46, 47), such that
only differences in surgical tools could influence the site preparation time. The results
showed that implant site preparation was significantly shorter using a surgical template
without metallic sleeves and OGK. On this basis, the null hypothesis of no difference was
rejected. Despite the small sample size and the in vitro nature of the present study, the
standard deviation was similar in both groups, which proves that the intragroup differences
were similar. This factor contributed to a very high post hoc power of the present study.
Investigators have found that the design of tapered drills with a smooth guiding part in
OGK allows using each drill diameter, as well as different components included in the kit,
with the same diameter tracking part provided by the printed plastic template. GKT drills
are cylindrical, with some having a smooth guiding part adjusted to the main metallic
sleeve and others not. This induces the need to use additional removable metallic sleeves
to reduce the diameter of the main guide sleeve to each particular drill in the sequence.
This creates a need to use more tools (drill + reduction sleeve) when working with GKT.

In the present research, one mistake occurred when choosing appropriate tools from
the GKT kit, while there were no mistakes with OGK.

The easier protocol of implant site preparation with sleeveless guide design and
OGK results in a lower risk of operator error, which might increase the safety of surgical
procedures. The reduced number of surgical tools not only reduces the time during the
drilling part of the surgery but may also lower the risk of operator or assistant errors and,
thus, the total risk of surgery.

Casetta et al. found that the clearance between drills and metallic sleeves incorporated
into plastic templates or even the clearance between drills and reduction sleeves may lead
to the inaccuracies during surgery [19]. The accuracy of two surgical guide designs and kits
(OGK and GKT) was compared in an RCT with 100 implants placed. Within this study, we
compared only the time of implant site preparation using exactly the same kit and template
design [15]. A total of 41 implants were placed with GKT and metal sleeves incorporated
into a plastic guide frame, while 49 implants were placed with OGK with a plastic guide
frame only. Surgical templates without metallic sleeves were found to be more accurate in
terms of the vertical plan and angle compared to the conventional template with metallic
sleeves. Comparing the requirements for the preparation of both kits, the investigators
noticed that incorporating a metallic sleeve into a 3D printed frame required 1 mm more
interdental space to design the guide has Although this had no effect on our experiment
planned at molar sites, it could have clinical limitations when limited interdental space is
available, e.g., premolars or lower incisors [15,35].

In addition to more space requirements, Cassetta et al. found that placing a prefab-
ricated metallic sleeve within the template can induce errors during the fabrication of a
surgical guide, and, as previously mentioned, the clearance margins between the main
sleeve and the reduction sleeve for a particular drill and between the reduction sleeve and
the drill can result in inaccuracies during surgery [36]. Another issue is the extra cost of
dedicated metallic sleeves, as well as the lab work to accurately place and bond them in the
guide frame. All of these factors increase the cost of treatment, especially in cases where
several implants are planned. Therefore, three-dimensionally printed surgical guides with
in-built nonmetal sleeves of smaller diameter have been suggested by Schneider et al. for
reducing lateral drill movement and instrument tolerance [29], as well as the cost. Fur-
thermore, when a plastic-only 3D printed guide frame is used as a surgical template, the
device and 3D printing technology used for manufacturing may also be key points for the
accuracy [37,38]. Another advantage of a 3D printed template without a metallic sleeve
is the possibility to design a buccal opening to facilitate drilling in the posterior region
(limited mouth opening). Nevertheless, so-called side open sleeves have been found to
provide lower accuracy comparing to closed plastic sleeves in printed templates, but higher
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accuracy compared to freehand implantation procedures [15,27]. On the other hand, side
open sleeves without metal incorporated elements may be the only possible design in some
clinical situations due to anatomical limitations including mouth opening and interdental
space [15,27,36].

Colombo et al. [33], in a critical review based on randomized controlled trials regard-
ing clinical applications and the effectiveness of guided implant surgery, concluded that
reductions in surgical time and postoperative pain are discussed during guided implant
surgeries. It is important to mention that the study was based on two RCTs and, in both
cases, bone or soft-tissue stabilized implant guides were used, which means that patients
underwent extensive surgical interventions. In another RCT, higher postoperative pain
and swelling at sites treated freehand were found compared to those with a guided ap-
proach [39]. The difference in patient postoperative experience in these studies may be
based on the range of surgery itself. In general, surgery where the extensive flap is elevated
and a guide is seated at the bone surface is more traumatic than mini flap or flapless guided
placement of single or multiple implants with a tooth-supported guide [40]. Thus, there
could be no significant difference for the patient if extensive surgery is done guided or free-
hand, whereas there may be significant differences for less extensive surgery. Furthermore,
the accuracy of guided implant placement varies depending on if it is a simple or complex
surgery [13,35]. The same time required for accurate guide stabilization with bone anchors
during extensive surgery may disappear when comparing the time required to conduct a
similar surgery freehand without this process. Nevertheless, the times of main surgery and
implant sites preparation may be shorter with a guided approach or even if simple guiding
devices are used [14]. Analyzing risk factors for postoperative complications following oral
surgery, Shigeishi et al. found prolonged operation duration to be a significant risk factor
in patients who underwent oral surgery [41].

Considering that different surgeries require different times for preparation of the
operative field, anesthesia, flap reflections, and template installation and fixation, a guided
approach provides increased accuracy during implant procedures [15,28,32,34].

There were limitations to this study. Accuracy comparison between tested guides and
kits was impossible to perform within the in vitro trial. This limitation was based on the
study model’s material properties. As the implant site performed in the stiff plastic model
according to the manufacturer’s recommendation for hard bone is smaller in the diameter
than the implant thread, and as the resistance of the polyamide is very high, it is impossible
to place an implant with appropriate torque. During implant placement, applied torque
led to immediate destruction of the implant transfer design to be used during guided
implant placement. Therefore, to accurately compare two identical template designs and
surgical kits in the RCT, it was decided to focus only on the time comparison within this
in vitro study. Another limitation is that the drilling time within native bone may differ
from drilling in plastic models. However, depending on the bone type or its hardness,
drilling procedures at different sites or in different patients can take different amounts of
time. It is almost certain that the absolute amount of time required for site preparation in
the bone may be different from that in plastic models [42]. Nevertheless, the results of this
study suggest that using a sleeveless guide with OGK may significantly reduce the time
of implant site preparation compared to a sleeve guide and dedicated GKT. This can be
especially important if multiple implants are placed during surgery.

In addition to all the intra-surgical aspects of template-based implant therapies, these
procedures are preceded by a careful diagnostic process. A planning phase with the use of
CBCT images, scans of oral tissues, and visualization of the final restoration plan may be
helpful during patient–doctor communication [43]. Understanding the treatment plan and
all its benefits, including lower invasiveness, less pain, better precision, and, as indicated in
this study, shorter surgery time with digital supported implant therapy, may be beneficial
to reduce fear and anxiety among patients [44–47].
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4. Materials and Methods

Models for the experiment were created on the basis of previously collected data
from a 56 year old partially edentulous man, with missing teeth numbers 37, 46, and
47. The DICOM (Digital Imaging and Communications in Medicine) data of the patient
were derived from a previous CBCT (cone beam computed tomography, NewTom 5G
XL, CEFLA s.c., Imola, Italy) scan. The stored gypsum model representing the hard-
and soft-tissue anatomy was digitalized with a lab scanner (Ceramill Map 600, Amann
Girrbach AG, Koblach, Austria), and the data were imported into the DDS-Pro software (JST,
Częstochowa, Poland). The digitalized model was saved as an STL (Standard Triangulation
Language) file, and then printed using SLS (Selective Laser Sintering) technology and
polyamide powder material (SL01, Sondasys, Ogrodzieniec, Poland). An external printing
center prepared all the models (Sondasys, Ogrodzieniec, Poland). Figure 4 shows the 3D
printed model.
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Figure 4. The 3D printed model used in the research.

The DDS-Pro software was used to virtually plan implants of 4.0 mm diameter and
10 mm length, in the correct, prosthetically driven positions. Two types of surgical guides
(Figure 5) were designed according to the manufacturer’s recommendations, to be used
with two different surgical kits, for placement of the same tapered implants (TSIII SA
Implants, Osstem Implants, Seoul, South Korea). A surgical template without metallic
sleeves was designed to be used with the novel OneGuide Kit (Test group, OGK, Osstem
Implants), while a second surgical template was prepared to incorporate metallic sleeves
dedicated to 4.0 mm diameter implants (Green metal sleeve, Osstem Implants) with Guide
Kit Taper (Control group, GKT, Osstem Implants).
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Figure 5. Guide design. Only diameters of the guide holes were changed in the designs for the
OneGuide Kit (5.0 mm) and Guide Kit Taper (6.0 mm).

Guides were designed in the same shape, such that the only difference between them
was the diameter of the holes, prepared according to the different surgical kit requirements
(Figures 6 and 7). The GKT required 1 mm more to incorporate and bond the dedicated
metallic sleeve into the surgical guide. Both templates were 3D printed at an external
printing center (Natrodent, Łódź, Poland) using multi-jet technology (MP3000, 3D Systems,
material: supports S100, guide MP100, 3D Systems, Rock Hill, SC, USA). After printing,
the surgical templates were placed in a freezer for a few minutes. This allowed easy
removal of printouts from the printer build plate. Once surgical templates were removed
from the build plate, the support material was removed in a convection oven at 70 ◦C for
30 min. After that, any remaining support material was removed with a paper towel and
an ultrasonic bath at approximately 65 ◦C (5 min). Finally, the surgical templates were
rinsed with warm soapy water and dried with a paper towel and dry compressed air. After
being checked, the surgical templates were sent for the in vitro test.
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included the time needed to change the drills, and they were taken, independently, for 
every single implant site. All tools were stored in the kit and checked before each site 
preparation procedure. The drilling protocol required for implant site preparation (e.g., 
4.0 mm diameter and 10 mm length) was as suggested by the manufacturer. Nevertheless, 
it was not equal in both surgical kits. For the sleeveless surgical guides (OGK), only three 
surgical drills were used, whereas, with the kit requiring metallic sleeves (GKT), five sur-
gical drills and three metallic reductions (keys) were needed to prepare the site (Figure 8). 

Figure 7. Two types of surgical guides fitted on models.

All models were randomly divided into two groups. The first group involved the
use of a guide with metallic sleeves and the GKT, while, in the second group, the surgical
templates was produced without metallic sleeves, to be used with the OGK.

Three implant sites were prepared in each study model, according to the virtual plan
and the manufacturer’s instructions. Drilling procedures were conducted by the same
expert operator with both surgical kits (Ł.Z.), using the Implantmed surgical device (W&H
Dentalwerk Bürmoos GmbH, Bürmoos, Austria) with a speed of 1200 rpm and maximal
torque under cold saline irrigation.

Time measurements were done with a digital stopwatch (iPhone 8, Apple Inc., Cupertino,
CA, USA). The time period started after surgical template placement and finished upon
removing the last drill. Time measurements were recorded in minutes, seconds, and
hundredths of a second, and they were reported in Excel software (Microsoft Corpora-
tion, Redmond, Washington, DC, USA) by the same outcome assessor (M.C.). Measured
times included the time needed to change the drills, and they were taken, independently,
for every single implant site. All tools were stored in the kit and checked before each
site preparation procedure. The drilling protocol required for implant site preparation
(e.g., 4.0 mm diameter and 10 mm length) was as suggested by the manufacturer. Nev-
ertheless, it was not equal in both surgical kits. For the sleeveless surgical guides (OGK),
only three surgical drills were used, whereas, with the kit requiring metallic sleeves (GKT),
five surgical drills and three metallic reductions (keys) were needed to prepare the site
(Figure 8).
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compared to traditional, metal-sleeved templates. There have been many changes in the
technology since 1992 when the era of digital implantology started. With the improvements
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