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Abstract

A surgical guide is widely used in dental implant surgery for positioning a fixture. There are various designs of
surgical guides from each company. This study aimed to compare the accuracy of 2 static computer-guided implant
systems; a metal sleeve with a key handle (Nobel guide, Nobel Biocare) and a metal sleeve without a key handle (Dentium
full guide kit, Dentium), when placing the implant in bone models. A total of 20 polyurethane bone models were fabricated
to simulate human bone. The dental implants for each system were placed in the bone models following the company’s
recommended protocols. After the dental implants were installed, the digital scans were done by an extraoral scanner.
The deviations of the implant position were evaluated between the post-implant placement and reference model by GOM
inspect software. The data were analyzed using an independent sample t-test. The data were from 20 bone models, 10
models for each system. The accuracy of the dental implant position was not significantly influenced by the difference in
the surgical guide system (p>0.05). However, more deviation of the implant position was found in a metal sleeve with
key handle type (Nobel guide), except in the angular deviation. Within the limitations of this study, the accuracy of
implant placement of two types of surgical guides was similar. Hence, the operators can choose the surgical guide system
according to the preference.
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1. Introduction

The dental implant is widely used in partially and fully edentulous patients because of the high
survival and success rates in clinical use (Adell et al., 1981; Buser et al., 2012; Buser, Sennerby & De Bruyn,
2017; Chappuis et al., 2018). The proper treatment plan is a key to success in the dental implant for the long-
term outcome. One of the most complications of dental implant failure is the malposition of the fixture leading
to prosthetic failure, peri-implant failure, and unesthetic (Romanos, Delgado-Ruiz & Sculean, 2019). Then
the concept of the dental implant placement for high success result is the prosthetic driven design concept.
The dental implant fixture should be placed according to the proper position for support restoration and
loading. Today, the malposition of the dental fixtures can be solved with the assisted devices to improve the
accurate implant placement by using a computer-guided implant system. Many studies have shown more
accuracy in the dental implant fixture using guided surgery than conventional surgical guide or free-hand
placement (Colombo et al., 2017; D'Haese et al., 2017; Hultin, Svensson & Trulsson, 2012; Park et al., 2009;
Schneider et al., 2009). There are two types of computer-guided surgery; static and dynamic (D'Haese et al.,
2017). This study will concentrate on the static computer-guided implant surgery that frequency used more
than dynamic type when guided surgery is suggested (Kaewsiri et al., 2019).

The static computer-guided implant surgery helps to guide the position of the dental implant fixture
to place into the correct position. It also reduced the probability of injury to the vital critical structures such
as nerves, maxillary sinus, adjacent roots, and mandibular concavity. Moreover, the guided surgery allows
the surgeon to know the implant fixture position before the final implant placement and the ability to create
an immediate restoration on the implant on the same day (Johansson, Friberg & Nilson, 2009; Meloni et al.,
2010; Tahmaseb et al., 2012). A systematic review and meta-analysis (Tahmaseb et al., 2018) revealed the
total mean error of 1.2 mm at the entry point, 1.4 mm at the apical point, and a deviation of 3.5° in the axis.
The accuracy of the dental implant placement using the computer-guided implant surgery system depends on
many factors. The overall error or deviation can occur from the plan until the placement of the fixture. Errors
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during data acquisition, data transfer, data processing, treatment planning, guide design, and production, as
well as surgical performance, might cause increased deviations from the virtually planned implant position
(Cassetta, Di Carlo, et al., 2013; Cassetta et al., 2015; Cassetta, Di Mambro, Giansanti, Stefanelli & Barbato,
2013; Cassetta, Di Mambro, Giansanti, Stefanelli & Cavallini, 2013; Cassetta, Giansanti, et al., 2013;
Cassetta, Stefanelli, et al., 2013; Muller et al., 2016; Schneider et al., 2015).

Most major implant brands have their own static computer-guided implant surgery system. There
are many studies on the accuracy of static computer-assisted implant surgery for implant placement. However,
most of the studies chose only one implant system to be compared (EI Kholy, Janner, et al., 2019; El Kholy,
Lazarin, et al., 2019; Koop et al., 2013; Park et al., 2009; Sarment, Sukovic & Clinthorne, 2003). Studies that
examine the accuracy of different computer-guided implant surgery are still lacking. Different guide designs,
components, protocols, and the shape of drill designs may affect the efficiency of each guided implant system.
Currently, the static surgical guide that available in Thailand can be divided into two major systems; a metal
sleeve with a drilling key handle type and a metal sleeve without a key handle type, which are designed for
the individual technique and skill of the surgeon. The advantage of using a key handle is to allow the surgeon
to reach the planned position of the dental implant fixture. However, the surgeon needs to pay attention to
two hands when drilling. The surgical guide without a key handle type was produced for reducing the error
of the implant position because the operator can concentrate only one hand when drilling. However, there is
no study on the accuracy between two types of static computer-guided implant surgery.

2. Objective

This study aimed to compare the accuracy of dental implant placement using static computer-guided
implant surgery between a metal sleeve with a drilling key handle type (Nobel guide, Nobel Biocare) and a
metal sleeve without a key handle type (Dentium full guide kit, Dentium) in vitro study. The accuracy of the
implant placement was evaluated between the post-implant placement and reference model by GOM inspect
software.

3. Materials and Methods

The dental implants were chosen in this study from two companies (Nobel Biocare, Goteborg,
Sweden, and Dentium Co, Seoul, Korea). The dental fixture’s size used for Nobel Biocare (Nobel active) was
4.3x13 mm and 4.0x12 mm for Dentium (Dentium Superline). The materials used in this study were shown
in Tablel.

Table 1 Materials used in this study

Material Manufacturer Lot number
Guided surgery metal sleeve (RP) Nobel Biocare, Géteborg, Sweden 126997
Guided surgery metal sleeve Dentium Co, Seoul, Korea 201809190171
Temporary abutment engaging (RP) Nobel Biocare, Géteborg, Sweden 13059007
Plastic temporary abutment Dentium Co, Seoul, Korea 201812040178
Nobel active implant fixture (dummy) Nobel Biocare, Géteborg, Sweden -
Dentium Superline (dummy) Dentium Co, Seoul, Korea -

3.1 Preparation of surgical guides

The surgical guides were prepared following two company systems; Nobel guide (Nobel Biocare,
Goteborg, Sweden) and Dentium full guide kit (Dentium Co, Seoul, Korea). The models were designed by
Meshmixer 3.5 software (Autodesk, San Rafael, CA, USA), which can design the 3D model, export into .STL
file, and send to the 3D printer (Form 2, Formlabs, Somerville, MA, USA), printing with model resin at 50-
micron resolution (Figure 1-2).
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Figure 1 The 3-dimensional design of surgical guides. A) Metal sleeve w/ a key handle (top view), B) Metal sleeve w/o
a key handle (top view), C) Metal sleeve w/ a key handle (side view), and D) Metal sleeve w/o a key handle (top view)

Figure 2 The 3D printing surgical guides (The alphabets on the surface used for indicating side when scanning)

3.2 Preparation of bone models
20 Polyurethane bone models (Shore D 60-70 according to 1SO 868), (Axson, Germany) simulating
human bone with a cortical thickness of 1 mm and the rest as cancellous bone were prepared (Figure 3).
The guides and bone models were fixed together using cyanoacrylate super glue. Then, the metal
sleeves were inserted inside the guide (Figure 4-5).

Figure 4 The surgical guide was bonded with bone model
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Figure 5 The final preparation of surgical guides with bone models. A metal sleeve w/ a key handle
(Left picture), A metal sleeve w/o a key handle (Right picture)

3.3 Experimental testing

Drilling was done by a single dentist who works in the dental implant field following the protocol
from each implant’s company as recommended. Then, the implant fixtures were inserted through the surgical
guides. After placing the implant fixtures, the metal sleeves were removed and the diameter of the holes was
increased with the drill to insert the temporary abutment as the size of the temporary abutments was larger
than the metal sleeve diameter (Figure 6).

Then, the surgical guides with the temporary abutments above the implants were scanned with the
Extraoral scanner (Ceramill map 600, Amann Girrbach, Koblach, Austria) for scanning the surface. The 3D
scanned data were saved as .STL file format for the deviation measurement.

Figure 6 Temporary abutment was inserted into the implant fixture

3.4 Deviation Measurement

A standard 3D model that added the cylinder shape as a temporary abutment for a scan body was
designed in Meshmixer 3.5 software (Autodesk, San Rafael, CA, USA) and printed by the 3D printer (Form
2, Formlabs, Somerville, MA, USA). Then, the standard 3D model was scanned with the Extraoral scanner
(Ceramill map 600, Amann Girrbach, Koblach, Austria). The 3D scanned data were saved as the .STL file
format for the deviation measurement.

The experimental 3D model and standard 3D model files were aligned by GOM inspect software
(GOM mbH, Braunschweig, Germany) using the corners and alphabet markers of the surgical guide. For each
planned and placed implant, 2 points were located (x, y, and z coordinates) on their long axes, and they were
converted into cylinders. The first point was the neck point (center of the most coronal portion of the implants)
of the implant whereas the second point was the apical point (center of the implant apex) of the implant. Both
the distance between the centers of the simulated and placed implant and the angle that occurred between the
long axis of the simulated and placed implants were measured using the software by a single observer. The
deviation measurement uses 3 parameters: Angular deviation (degree), 3D deviation at coronal (mm), and 3D
deviation at the apex (mm) (Figure 7).
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Figure 7 Deviation measurement: A. GOM inspect software and B. Deviation parameters

3.5 Statistical analysis

The statistical evaluation was performed using SPSS® software (SPSS statistics 18.0; Chicago, IL,
USA). To test the normality, Shapiro-Wilk Test was done at P-value >0.05. Descriptive statistics (mean, SD)
were used. The data were analyzed using an independent sample t-test between the means of the two groups.

4. Results and Discussion
4.1 Results

In this study, 20 dental implants were placed by using static computer-guided implant surgery to
mimic human bones (10 models for each system). All of them had primary stability. The mean and standard
deviation of implant placement using two types of surgical guides were shown in Table 2. The implant
placement using the surgical guide with a key handle revealed more deviation of implant position than another
type, except in the angular deviation. However, there was no significant difference in the position of the dental
implant found between the two types of static computer-guided implant surgery in all parameters; the angular
deviation, deviation at coronal, and deviation at the apex (p>0.05) (Table 3).

Table 2 Mean, standard deviation, minimum, and maximum of different parameters evaluated for the two
types of static computer-guided implant surgery groups

Parameter Sleeve with key handle Sleeve without key handle
Mean + SD Minimum Maximum Mean + SD Minimum Maximum
Angular
deviation 1.15+0.47 0.45 1.79 121+0.33 0.59 171
(degree)
Deviation at
coronal 0.32 +0.14 0.11 0.53 0.30+£0.10 0.12 0.46
(mm.)
Deviationat 4 o7 4 .39 0.40 1.54 0.76 +0.32 0.27 121
the apex
(mm.)
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Table 3 Independent samples t-test of different parameters evaluated for the two types of static computer-
guided implant surgery groups

Levene's Test for t-test for Equality of Means
Equality of Variances
F Sig. t df Sig. (2-tailed)
Angular  Equal variances are assumed 2.650 121 -.289 18 776
Equal variances are not assumed -.289 16.085 776
Coronal  Equal variances are assumed 1.649 215 .389 18 .702
Equal variances are not assumed .389 16.582 .702
Apex Equal variances are assumed 517 481 1.339 18 197
Equal variances are not assumed 1.339 17.423 .198

4.2 Discussion

The static computer-guided implant surgery is the tool that assists the surgeon to place a proper
position of the dental implant and reduces the complication of implants, such as restorative failure, peri-
implant failure, and unesthetic due to misplacement of the implant fixture. Furthermore, the surgical guide
reduces the surgical complications, decreases surgical time, controls the implant placement to avoid damage
to critical anatomical structures, and improves the patient’s confidence (Bencharit et al., 2018; Deeb et al.,
2017). There are many designs of static computer-guide according to each manufacturer of the dental implant.
This study was done considering the factor of different designs of the surgical guide from two companies
(Nobel Biocare and Dentium) that may affect the accuracy of the dental implant placement. The study found
that there was no significant difference between the two types of implant surgical guide system. However,
the measuring data showed that the 3D deviation at the coronal and apex in the case of the surgical guide
using a key handle (Nobel guide, Nobel Biocare) was slightly higher than another type. It may imply that the
more components of the surgical guide for drilling and placing the dental implant, the more errors in the
implant position will occur. More components will increase the error in the position of the fixture because
the surgeon needs to pay attention to two hands while drilling. Furthermore, the previous study (Valente,
Schiroli & Sbrenna, 2009) revealed that the gap between the drilling bur, a key handle, and a metal sleeve
affected the accuracy of the implant position. Corresponding with Cassetta et al. (Cassetta, Di Mambro,
Giansanti, Stefanelli & Cavallini, 2013) who found that the most affecting to the deviation between planned
and placed dental implant fixture are the tolerance among mechanical parts of computer-guided surgery
causing an error. Higher tolerance between the parts of the surgical guide produces the intrinsic error of the
part. On the other hand, lower tolerance between the parts of the guide will increase the friction between the
parts of the surgical guide that might cause the attachment of the components while implant bed preparation
and implant placement, and this can displace the surgical guide.

Besides the more component of the guide that resulting in implant displacement, the drill bur shape
and surgical protocol may be the important factors that affect the accuracy of implant position (Figure 8). In
the Nobel guide, the shape of the drilling bur is twist-cylinder then it may slip while drilling. Furthermore,
the initial and the final drilling burs for implant bed preparation protocol use the same length of the drill. If
the osteotomy with the initial drill is done in the wrong position or angulation, it will be difficult to correct
the direction of the dental implant. However, in the Dentium guide, the design of the drilling bur is twist-
taper with the side cutting and the initial drilling bur is shorter than the final bur. The slowly increasing the
length from the first drill to the final drill can correct the implant angulation and position while drilling
because it is easy to resolve the deviation after the initial short drill. However, in this study, the authors found
less deviation in angular deviation in the surgical guide that containing a key handle. It could be the longer
key handle (6.5 mm) in the Noble guide than the Dentium guide sleeve (4 mm), then the more part of drilling
bur in key handle let the more accuracy of implant direction. The more part of the drill is in the key
handle/sleeve that reduced the free drilling distance (the distance below the lower border of the key
handle/guided sleeve until the bottom point of osteotomy). The previous study (EI Kholy, Janner, et al., 2019)
found that reducing the free drilling distance led to a significant increase in the accuracy of surgical guides.
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Another important finding of this study was the implant position at the apex had more deviation than
the coronal part in both types of the surgical guide, which can be described by the technique of implant drilling
and placing through static computer-guided surgery. The more distance from the guided sleeve, the more
error will be found, as distinguished by previous studies with higher deviation at the apex than the coronal
deviation (Cassetta, Stefanelli, et al., 2013; Tahmaseb et al., 2014; Van Assche et al., 2012).

The results of this study showed a wide range of standard deviation. The large standard deviation
indicates that the data points are far from the mean in both groups because the gap between the components
of the surgical guide allows the surgeon to place the dental implant in various directions. Moreover, there is
a limited sample size in this study. Thus, further study should include a larger amount of sample size.

In this study, the deviation values were similar to the previous study (Yeung et al., 2019) that
measured the accuracy of dental implant placement using 3-D printed implant surgical guides with different
implant systems in bone models. They found the angular deviation of the dental implant in mesiodistal and
labiopalatal were 1.69° and 1.56°, respectively, and the coronal displacement of the dental implant was 0.02
to 1.26 mm. However, our results showed lesser deviation values than the results of a systematic review and
meta-analysis that collecting only clinical studies (Tahmaseb et al., 2018). They found the mean angular was
3.5° with deviation at coronal 1.2 mm and 1.4 mm at the apex. The reason for lesser deviation values of the
dental implant position in our study because this study was an in vitro study and have excluded various factors
such as bone density, saliva, blood, adjacent teeth, tongue, and the other environment in the mouth that can
affect the accuracy of implant position. In the future, a similar study can be performed clinically to study the
accuracy of implant placement in different types of surgical guides from two companies (Dentium and Nobel

Biocare).

(A (B)
Figure 8 The drilling burs from initial to final drill: (A) Nobel guide drill, (B) Dentium guide drill

5. Conclusion

Within the limitations of this in vitro study, many factors can affect the implant position such as
guide designs, components, protocols, as well as the shape of drill designs. However, it can be concluded
from the results that the accuracy of the implant placement evaluated by GOM inspect software between the
two types of static computer-guided implant surgery were similar. Then, the surgeons can select the system
of the surgical guide according to their preference.
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