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Pairwise comparisons were tested with Dunn's test.
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Chapter |
INTRODUCTION

Background and rationale

Treatment planning for implant placement follows today a prosthetically
driven concept in order to achieve long term successful treatment outcomes. As the
malposition of dental implants can predispose to esthetic, biological and mechanical
failures, prosthetically-driven treatment planning and the accuracy of the implant
placement in the ideal planned position are among the major challenges in implant

dentistry at present (1).

The recent introduction of computer-assisted implant surgery (CAIS) allows for
increased accuracy in achieving the ideal planned implant position through two main
approaches; dynamic and static. The sCAIS utilizes a virtual implant planning system
and a computer-designed surgical guide (2, 3). Many studies have by now
documented the ability of sCAIS to reach significantly higher accuracy of implant

position than conventional freehand techniques (4-7).

Nevertheless, sCAIS utilizes a workflow with many steps and the overall
accuracy depends on the sum of individual errors from each step of the protocol,
starting from the CT radiographic assessment all the way to the surgical implant
placement (8, 9). Moreover, the exact configuration of the components and the
procedures utilized at the surgical execution, can impact the accuracy of implant
placement. For example, the “gap”, or tolerance between the drill and the guiding
sleeve can allow a certain extent of lateral and rotational movement of the drill
during surgery potentially resulting in deviations (10, 11). Such errors can be
categorized as an “intrinsic” (9, 12). Cassetta et al (9) assessed the clinical relevance
of the potential error caused by the size of the gap between the sleeve of the
surgical guide and the drill, attributing 62.6% of the total deviation to the intrinsic

error. Such results suggest the intrinsic error to be a significant influence compared to



all of potential factors which could affect the accuracy of computer-aided implant

placement.

As each component of the drill guidance system can have an impact on the
accuracy of implant placement, different designs of surgical drilling systems have
been developed aiming to decrease the potential for errors originating from the fit of
the different components (12-14). Consequently, different levels of “tolerance” of
movement of the drill within the guiding sleeve have been introduced in different
systems (12, 15-17). The sCAIS protocols are still evolving in different directions,
utilizing different techniques and modifications. While several different approaches
are proposed by manufacturers, very little is known as to the impact of design

features to the accuracy and performance.

Hence, the present study aimed to compare the accuracy of implant position
using five different sCAIS drilling systems, each with a different drill stabilization
configuration. The study was based on an in vitro experimental model, which can

eliminate most confounding variables and control each step of the procedures.



Research question
Are there any differences in implant position accuracy in five different drilling

systems of static CAIS in an experimental model?

Objective
To compare the accuracy of dental implants placed with a static CAIS system

by using different drilling systems.

Hypothesis
The null hypothesis is that the accuracy of implant placement is not different

in each group of static CAIS system.

The alternative hypothesis is that the accuracy of implant placement is

different in each group of static CAIS system.

Conceptual framework

Type of static Computer - Assisted
Implant Surgery (static CAIS)

Sleeve-in-sleeve
Sleeve-in-sleeve with self-locking >
Mounted sleeve-on-drill

Integrated sleeve-on-drill with
metal sleeve

Integrated sleeve-on-drill without
metal sleeve

Accuracy
analysis of

implant
position

Figure 1 Conceptual framework



Chapter Il
REVIEW OF LITERATURES

2.1 Computer-assisted implant surgery (CAIS)

The conventional dental panoramic film with a radiographic template has a
limitation, such as distortion, setting error, and position artifacts. This radiograph did
not provide 3-dimensional (3D) information of the dental arch. When conventional
surgical templates were used, the clinical outcome was often unpredictable (3). They
neither reference the underlying anatomical structures nor provide accurate 3D
guidance (18). The deviation of the position of the implant may be compromised

prosthetic outcome (3).

The introduction of cone-beam computed tomography (CBCT) scanning to
implant dentistry as a three dimensional (3D) imaging tool led to a breakthrough in
this field, because of these scanning devices result in lower radiation doses than
conventional computed tomography (CT) scanners (19). CBCT allows the practitioner
to visualize cross-sectional, axial, and panoramic views of the patient’s jaws for more

precise planning of the implant therapy (20).

When combining the CBCT and implant planning program, it can create virtual
planning to provide the optimal implant position concerning both prosthetic and
anatomical parameters (18, 19). The predicted ideal implant position could be
achieved that includes the precise dimension of the implant, the ideal depth, and
angulation of the implant without damaging the surrounding anatomical structures

(19, 20).

Computer-assisted implant surgery(CAIS) was categorized into static and
dynamic systems (18). First, the static systems or static computer-assisted implant
surgery was any virtual implant planning system using a 3D software application in
combination with implant placement by using a CAD/CAM-processed to create a

surgical guide. The implant position depended on the stent, which not allow altering



position during surgery (2, 21). Second, the dynamic system or dynamic computer-
assisted implant surgery use the optical technologies to track the patient and the
handpiece and to display images onto a monitor. So the drill was seen in realtime
relationship to the three-dimensional image of CBCT, allowed intraoperative changes

in implant position (2, 18, 19).

2.2 Static computer-assisted implant surgery

The static computer-assisted implant surgery (sCAIS) used CT-generated
computer-aided design and computer-aided manufacturing to created a surgical
guide. Traditionally, The surgical guide contained holes for metallic drill-guiding
sleeves or metal tube, which use combined with guided surgical kits (2). Recently,
sleeve-incorporated stereolithographic guide template design has introduced (12, 16).
These type of guide template eliminates the need for additional insertion of metal
guide sleeves into the guide template and allow to design the template with a
closed or opened hole. Consequently, the workflow was more simple and faster (16).
The advantage of sCAIS was the design of guide restricting the drilling process and
placement of the implant in three dimensions. The result of implant placement was

more predictable and limiting the ability to change the implant position (2, 12).

The workflow of the static computer-assisted implant surgery was
summarized (Figure 2). sCAIS requires three-dimensional (3D) imaging of the bone and
the planned prosthesis (10). A cone-beam CT scan (CBCT) was used to the
visualization of critical anatomic structures and bone configuration for more precise
treatment planning and presurgical preparation. The Digital Imaging and
Communications in Medicine (DICOM) data was generated from the CBCT scan (22).
Conventionally, the CBCT scan was taken with the prosthetic plan in the mouth as
an imaging guide. Fabrication of the imaging suide requires laboratory work before
scanning, which will necessitate time delays and additional cost to the team and,

hence, added cost to the patient (6). At present, a virtual computerized prosthetic



wax-up or digital scanning from an analog wax-up can be used as an alternative way

to visualize the ideal prosthetic setup.

Because of the poor contrast resolution of the CBCT imaging, the information
for soft tissue was inaccurate. Optical scanning technology was used to provide soft
tissue profile information as well as accurate information of teeth contours because
the optically scanned model was scattered free. Optical scanning was divided into
two types; model scan and intraoral scan. This scanning system provides the STL
(Standard Tessellation Language) file (23). Both STL file and DICOM file were
imported into the implant planning software which matching to create a 3D model
for virtual planning of implant sureery. When the planning completed, the plan will
be uploaded to fabricate a surgical guide with CAM rapid prototyping or an analog
method (3D printing or milling). Once the guide stent has been delivered, the surgery

can be performed (10).

)|

CT scan

: DICOM file

-

Software planning 3D printer Surgical execution

Design in 3D model : Printing of surgical guide

Digital impression

: STL file

Figure 2 Workflow of the static guided surgery

2.3 Accuracy of static computer-assisted implant surgery (static CAIS)

Several recent systematic reviews of static computer-assisted implant
placement summarized the accuracy of implant placement (Table 1). For analyzing

the accuracy, the planned position of the implant was compared with the placed



position of the implant after insertion (19). Data from the latest systematic by
Tahmaseb er al. (2018) (24) review reported that the accuracy (20 clinical) revealed a
total mean error of 1.2 mm (1.04 mm to 1.44 mm) at the entry point, 1.4 mm (1.28
mm to 1.58 mm) at the apical point and deviation of 3.5%3.0° to 3.96°). This review
concluded data from a total of 2,238 implants in 471 patients that had been placed
using static guides in partial and fully edentulous human subjects. There was a
significant difference in accuracy in favor of partial edentulous comparing to fully

edentulous cases.

Previously, the systematic review by Tahmaseb et al. (2014) (19) was also
analyzed the accuracy of guided implant surgery in various type of study. Data
included from the total of 24 articles; 14 clinical studies, 5 model studies, and 5
cadaver studies. Overall mean deviation at the entry point of 0.9 mm (95% Cl 0.7—
1.1), with a maximum of 4.5 mm. The corresponding data at the apex were 1.3 mm
(95% Cl 0.05-1.5), with a maximum of 7.1 mm. The overall mean deviation in
angulation was 3.5° (95% Cl 3.0-4.1), with a maximum of 21.2 mm. Statistically
significant differences were observed for all three parameters in the clinical trials

versus the model studies. Model studies showed significantly better accuracy.

Recently, the systematic review by Bover-Ramos F et al. (2018) (25) analyzed
the accuracy relate with study type (model, clinical and cadaver). Data included from
the total of 34 articles; 22 clinical studies, 8 model studies and 4 cadaver studies.
The outcome was measured in 2D deviation. Significantly less horizontal apical
deviation and angular deviation were observed in model studies compared to clinical
and cadaver studies, but there were no statistically significant differences in a vertical
deviation between the groups. Only 14 of the 34 articles of the meta-analysis
measured vertical deviation. The overall vertical deviation was 0.64+0.09 mm (95% Cl
0.47-0.82). Mean value of 0.28+0.05 mm for cadaver studies, 0.74+0.10 mm for

clinical studies, and 0.61+0.15 mm for model studies.
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2.4 The tolerance within the surgical guide

However, The deviations between the placed and the planned implant are
summations of all individual errors. An error can occur at each step of the protocol;
starting from imaging to the transformation of data into a guide, to the improper

positioning of the guide during surgery (8-11) (Figure 3).

Possible individual errors result from both intrinsic sources and extrinsic
source, the intrinsic was include issues with radiography quality, file conversion, CAD
software; and extrinsic sources, which relate to the fit of the surgical guide, the
mucosal thickness at the surgical site, the position of the edentulous area, and the

surgeon’s experience (12).

== Total of inaccuracies

Figure 3 Deviations may reflect the sum of all errors occurring from imaging to the
transformation of data into a guide, to the improper positioning of the latter during
surgery. From “Computer-supported implant planning and guided surgery: a
narrative review” by Vercruyssen M et al., 2015, Clin Oral Implants Res, 26(Suppl11),

69-76
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An error can also occur during surgery due to the tolerance of the drill within
the metal sleeve (11, 13). The tolerance caused by the gap between the drill and
metal sleeve, which allowed lateral movements and rotational movement of the
drill during surgery (Figure 4). This error can be defined as an intrinsic error. (9, 12)
This error might be critical in a clinical situation where difficult to access of
instrument, especially in the posterior region. When using static guide surgery in the
posterior region, the eccentric force might accidentally occur during the drilling
process, thereby affecting the overall accuracy (8). On the other hand, static CAIS use
a tolerance between the drill and sleeve to prevent friction-related heat and cutting
of metal sleeve during the surgery (7, 8). During the drilling process, the surgeon
should be aware of the direction of the drill within the sleeve. The drill should keep

parallel to the guide in a centric position (11).

Figure 4 The tolerance of the drill within the guiding sleeve.

The intrinsic error impacted the accuracy of computer-aided implant
placement. Cassetta et al. was assessed the clinical relevance of the potential
mechanical error (intrinsic error) caused by the cylinder-burr gap in fully edentulous
patients. The result of a fixed Safe® guide (External Hex Safe®, Materialise Dental,
Leuven, Belgium) gave a mean angular deviation of 4.11 degrees. These compare to

a theoretical angular error was 2.57 degrees. The intrinsic error was 62.6% of the total
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error, indicating that the intrinsic error was a significant factor compared to all of the

factors which could affect the accuracy of computer-aided implant placement (9).

Some experimental model study showed to evaluated the degree of
deviation that can occur during the drilling procedure due to the tolerance of the
drill in the guiding sleeve (Table 2). Van Assche N and Quirynen M (11) estimate the
amount of the deviation due to the tolerance of the drill in the drill key in two static
guide system. A mean of angular deviation was 4.7 degrees and coronal deviation
was 0.8 mm and 1.8 mm at the apex of implant length 13 mm. Koop et al. (13)
found that the maximum deviation of angulation was 5.2 degrees and a maximum
coronal deviation of 1.3 mm and apical deviation of 2.4 mm for implant length 13

mm.

Laederach et al. (8) compare the deviation of different systems for guided
implant surgery related to the tolerance between drills and sleeves. Four different
systems were tested: Camlog Guide® (CG), Straumann Guided Surgery® (SG), SIC
Guide® (SIG), and NobelGuide® (NG). There were statistically significant differences in
angular deviation between centric and eccentric drilling for all four systems. Coronal
and apical deviations, showed no statistical significance between centric and
eccentric drilling for SIG and NG, in contrast to CG and SG. The angular deviation
ranged from 0 (SG) to 5.64 degrees (CG). The apical deviations ranged between 0.01
mm (SIG) and 3.2 mm (NG) and the coronal deviations ranged from 0.01 mm (SIG) to
1.60 mm (NG)_(8). A significance analysis between the individual systems were not
analyzed because each system has the difference of cavity depth preparation, sleeve
length, the distance of sleeve to bone and finally drill diameters. Therefore, the
deviation of each system was depended on the design of the surgical guide
components. However, the degree of deviation that caused by tolerance of the drill

in the guiding sleeve has limited evidence to be evaluated and inconclusive.
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2.5 Factor influence the accuracy due to the tolerance within the surgical guide

Each component of the drill guidance system has been shown to impact the
accuracy of implant placement. Some study showed to investigate the effect of the

different guide components on the accuracy of the guide system.

Koop et al. (13) evaluated the degree of deviation that can occur due to the
tolerance of the drill in the sleeve insert by using an plexiglass box for representing
the bone. The drill was maximum inclination of the to the left and right. The degree
of deviation was measured from theoretically ideal osteotomy and concluded in
term of coronal, apical and angular deviation (Figure 5c). The study reported in
descriptive data. They suggested that different type of sleeve insert affect to degree
of deviation. The result showed that the hand hold sleeve inserts was less deviation
than the drill hold sleeve insert (Figure 5a). Moreover, the deviation increased by
longer distance of the sleeve to the bone (Figure 5b), shorter drill key height (Figure
6), shorter sleeve height (Figure 7) and longer implant length. The result coincided
with Van Assche N and Quirynen M (11) who estimated the amount of the deviation
due to the tolerance of the drill in the drill key in two static guide system using an
experimental model. The study revealed that apical deviation depended on implant
length in any distance on the sleeve to the bone. The coronal and apical deviation
also increased if the distance from sleeve to bone and implant length increased. The
author also suggested that increased drill key height will minimize the inaccuracy.
And during the surgery, the drill should be used in a centric position to reduced the

deviation (11, 13).
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Figure 5 (a) At left the drill hold sleeve insert and at right the hand hold sleeve
insert attached to the drill. (b) Box representing surgical guide (from left to right) with
sleeves at a distance of 3, 5, 7 and 9 mm from a plexiglass box. (c) Plexiglass

box after preparation of osteotomies with maximal inclination of the drill within the
sleeve insert to the left and right placed on millimeter paper (dotted line represents
the theoretically ideal osteotomy). Measured distances and angle from theoretically
ideal osteotomy, mean of mesial and distal measurements; c, coronal deviation; a,

apical deviation; O, deviation in angulation.
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Figure 6 At left 5 mm and at right 8 mm hand hold sleeve insert (drill key).

Figure 7 Surgical guide (from left to right) with different sleeve heights of 3, 5, 7 and
9 mm respectively.

El Kholy et al. (14) evaluated the effect of guided sleeve height (distance
from the apical border of the sleeve to the implant shoulder) (Figure 8), free drilling
distance (FDD) (Figure 9), and drill key height on the accuracy of sCAIS by using 30
acrylic models simulating human bone with 6 potential sites for implant placement
corresponding to FDI positions 12, 15, 21, 23, 25, and 26. And the surgery was
performed according to manufacturer's recommendations (Straumann® Guided
Surgery, Straumann AG, Basel, Switzerland). Pre-planned and post-surgical implant
position were superimposed in the implant planning software (coDiagnostiX software,
Dental Wings GmbH, Chemnitz, Germany). The 3D deviation at implant platform and
implant apex and angle deviation were measured. Data was analyzed using
multivariate analysis ANOVA. The result showed that the accuracy of implant position
was not influenced significantly by suided sleeve height and implant length alone.
However, the FDD and guided key height or drill key height were markedly affected

on the accuracy of the implant position.
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The free drilling distance (FDD) defined as the linear measurement from the
bottom of the guided sleeve to the tip of the surgical drill (bottom of the
osteotomy). The FDD was calculated into three groups; 14 mm, 16 mm and 18 mm.
The results of the analysis demonstrated significant effects of the FDD (P < .01). FDD
18 mm resulted in a significantly higher deviation, when compared to FDD 14 mm or

16 mm, irrespective of sleeve height or implant length (P < .01).

Moreover, the drilling key height had a significant effect on the accuracy of
implant position (P < .01). Key height 3 mm resulted in significantly less 3D deviation
than 1 mm key height (P < .01). The result can be concluded that decreasing the
FDD (by using shorter sleeve heights or shorter implants) and increasing of the guided

key height above the sleeve can significantly improve the accuracy of static CAIS.
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Figure 8 Sleeve height: Distance from the apical border of the sleeve to the implant

shoulder
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Figure 9 Free drilling distance (FDD) calculation in static CAIS.
Free drilling distance = drill length — (sleeve length + guided key height).

Cassetta M et al. (9) determined the accuracy of a ‘single type’
stereolithographic surgical guide (External Hex Safe®, Materialise Dental, Leuven,
Belgium) in fully edentulous patients. The study showed the tolerance between the
master tube and internal tube allows for a theoretical error of 2.86° in a condition
which internal tube has a diameter 0.2 mm smaller than master tube and master
tube height 4 mm. The tolerance between the internal tube and the drill leads to a
theoretical angular error of 2.29° in a condition of internal tube height 5 mm and 0.2
mm is the difference between the diameters of the internal tube and the drills. If the
angular deviation between the master tube and the internal tube, and the angular
deviation between the internal tube and drills were summed together, it results in a
theoretical total angular deviation of 5.15° (2.86° + 2.29°). The authors’ calculations
showed that the length of sleeve height is one of the variables that affect accuracy.
A longer tube, while maintaining the other variables constant, corresponds to less
deviation between the pre-planned and post-surgical implant positions. This result
was consistent with Choi M et al. (26) They conducted in vitro study and found that
the length of the surgical guide channel may be the primary factor in controlling the

angular deviation of implant.

Cassetta M et al. (9) also found that in the coronal and apical deviation also

influenced by the mucosal thickness and implant length. The conclusion suggested
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that the mucosa thickness affects coronal and apical deviations, whereas the implant
length only affects the apical deviation. These finding was similar to the previous
study conducted by Van Assche N and Quirynen M (11) showed that that coronal
and apical deviations increased with an increasing distance of the sleeve from the

bone and longer implant.

Schneider et al. (13) evaluated the tolerance of the surgical guide
components by using 3-D printing with reduced sleeve diameter compared with
conventional metal sleeves from two different manufacturers; Astra Facilitate Guided
Surgery System (Astra Tech Dental, MOlndal, Sweden) and Straumann Guided Surgery
System (Institute Straumann AG, Basel, Switzerland). The 3-D printing with reduced
sleeve diameter and the metal sleeve was inserted in a T-shaped 4-mm-thick device

containing two holes simulating a surgical guide.

3-D printing with reduced sleeve diameter was used to decrease amount of
the tolerance between the printed sleeves and the drill-guiding keys. The results
revealed that the amount of lateral movement of the tip of the drill was statistical
significance reduced in both groups. The use of 3-D printing with reduced sleeve
diameter can decrease the amount of lateral movement due to tolerance between
the sleeve and the drill key was reduced. And the author also concludes that the
lateral movement of the drill can be further reduced by using a shorter drill and a
higher drill key. For geometric reasons, the amount of lateral movement at the tip of
the drill also depended on the length of drills and drill keys. A longer guiding
channel was found to be reducing the angular deviations of implants in an in-vitro
investigation (26). Based on the lever principle, longer drills exhibit more lateral
movement. Longer drill keys lead to longer guidance of the drill within the drill key,
and therefore, the lateral movement of the drill is reduced. Also, the movement
between the drill key and the sleeve seems to be reduced by increasing the drill key

height.
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Nowadays, sCAIS had developed various designs of surgical guide templates.

The drill guidance varies upon the system. Most systems were used the metal sleeve

inserted into the surgical guide template to control the drilling. The drilling system

component was difference according to manufacturer recommendation (27) (Table3).

Implant company | System Surgical guide Guidance by Guidance for
Astratech, MOlndal, | Facilitate | Simplant Drill Positioning All drills and
Sweden SICAT Handle implants
BioHorizons, Pilog Pilog Multiple sleeves Pilot drills
Birmingham, AL, Compu- Compu-Guide
USA Guide
Biomet 3i, Palm Navigator = | Simplant Drill Positioning All drills and
Beach Gardens, FL, SICAT Handle implants
USA
Bredent, Senden, SKYplanX | SKYplanX Sleeve in sleeve All drills and
Germany implants
Camlog, Wimsheim, | Camlog coDiagnostiX Integrated sleeve | All drills and
Germany Guide med3D on drill implants

SICAT

Simplant
Dentsply Friadent, | ExpertEase | coDiagnostiX Mounted sleeve All drills and
Mannheim, med3D on drill implants
Germany SICAT

Simplant
Keystone Dental, Easy Easy Guide Sleeve Drills
Drillington, MA, USA | Guide
Nobel Biocare, Nobel Nobel Guide Drill Positioning All drills and
GOteborg, Sweden | Guide Handle implants
Straumann, Basel, Guided coDiagnostiX Drill Positioning All drills and
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Implant company | System Surgical guide Guidance by Guidance for
Switzerland Surgery med3D Handle implants
Scan2Guide
SICAT
Simplant

Table 3 Implant systems with instruments for guided surgery.

The recent study field of the accuracy of sCAIS developed the modified

system of the guide surgery component to decrease the error that originated from

tolerance of the drill within the guiding sleeve or an intrinsic error (Table 4). Cassetta

et al. (15) determined the effect of limiting tolerance among the mechanical

components (intrinsic error) on the accuracy of implants placement. They modified

mechanical components. Two tubes were used; the guide tubes were connected

directly to the head of the surgical handpiece (Figure 10), and a master tube was

attached to the surgical guide. Guide tubes were inserted into the master tube and

allowed movement only vertical direction (Figure 11). Because the tolerance

between the master tube and the guide tube was reduced. The guide tube has a

diameter 0.05 smaller than the master tube, and this leads to a maximum

theoretical angular deviation of 0.71°. Each system gave a mean of angular deviation

of 1.8° for modified components system and 4.3° for the system without the guide

tube. As a result, the modified mechanical component system showed statistically

significant better accuracy of angular deviation than the system without the guide

tube. These results confirm that accuracy is influenced by the surgical guide’s

intrinsic error showing that by limiting the error that originates from the mechanical

components, the total error could be statistically significantly reduced.
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Figure 11handpiece inserted into the master tube.

In the present, 3-D printing has becoming popular in industrial application.
Due to its relatively low costs and its high precision, this technology has also been
introduced for surgical guide production from biocompatible acrylate materials.
These surgical guides can be designed and modified using computer-aided design
(CAD) software. This guide allows to eliminate the incorporation of metal guiding

sleeves and possibly to decrease the tolerance between drill and sleeve.

Lee DH et al. (12) evaluated the accuracy of a direct drill-guiding system in
partially edentulous patients. This system design was modified by using shank-
modified drills and a sleeve-incorporated stereolithographic suide template. The
structure of shank-modified drills has three parts: The stopper part, the guide part,
and the drilling part (Figure 12). The guide part of the drill used as a guiding
component to limit drilling motion with little tolerance. And a metal sleeve was not
necessary because a guide sleeve integrated with the stereolithographic surgical

guide (Figure 13). The study showed the result of a mean horizontal deviation of
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0.642 mm and mean vertical deviation of 0.925 mm and a mean angular deviation
was 2.207°. The guiding surface makes direct contact with the inner surface of the
sleeve, the tolerance of the drill was markedly decreased. And the combination
using of shank-modified drill and sleeve integrated stent will restrict the implant

instruments and leads to more accurate implant placement.

Figure 13 Guide sleeve component of the guide template.

Tallarico M. et al. (16) investigated the accuracy of the sleeve-incorporated
stereolithographic guide template design (Osstem Guide Kit[Taper], Osstem) in
partially edentulous patients. The study design was a multicenter prospective study.
A total of 39 patients with 119 implants were evaluated. Implant placement
performed at two centers by two expert clinicians. At center one, the surgical
templates were sleeve designed with a closed hole in case of implants to be placed
between premolars, while open holes were designed for molars replacement. While,
at center two, all the surgical templates were sleeve-designed with closed holes

(Figure 14).
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Figure 14 A, Surgical templates designed with open holes used for molars
replacement. B, Surgical templates designed with closed hole in case of implants to
be placed between premolars

The total mean deviations were 0.53 + 0.46 mm (range 0.05-3.38 mm); 95% Cl
0.32-0.48 mm) in the horizontal plane (mesio-distal); 0.42 + 0.37 mm (range 0.0-1.53
mm; 95% Cl 0.26-0.40 mm) in the vertical plane (apico-coronal); and 1.43 + 1.98°
(range 0.03-11.8°% 95% Cl 0.31-1.01°) in angle. Moreover, the result of accuracy when
data of accuracy of open hole design template was excluded, the total mean
deviation of center one group was improved. The subgroup comparison of implants
accuracy between anterior and posterior implants revealed statistically significant
differences between groups with more accurate results for anterior implants in both
horizontal plane and angle. Viceversa, no statistically significant differences between

groups were reported for vertical plan accuracy.

Tallarico M et al. (28) also compared the accuracy of implant placement
between surgical template with and without metallic sleeves. They found that the
angle deviation were significant difference. And the implant placed with template
without metallic sleeve were lower vertical deviation. Hence, these studies suggest
that surgical template without metallic sleeve were more accurate in term of the
vertical and angle of implant placement when compared to the metallic sleeve

template.
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The sleeve-in-sleeve concept (Figure 15) was popular system for drill
guidance. In briefly, the system uses the drill key as a main component of guidance.
The drill key has cylindrical guide sleeves which an external diameter that fits
precisely into the sleeve. The surgical drill kit was passed through this guide sleeve
to make precise guidance during the drilling procedure. The drill key composes of
two different heights as the optional for surgeon to adjust according to clinical

situation.

Figure 15 lllustrating device of sleeve-in-sleeve system

Smitkarn P et al. compare the accuracy of implant position between sCAIS
and freehand implant surgery in a single tooth space. Fifty-two patients received 60
single implants. The guide implant surgery was done by using Straumann® Guided
Surgery (Straumann AG, Basel, Switzerland) which used sleeve-in-sleeve system. The
median (IQR) deviations in angles, platform and apex were 2.8 (2.6)°, 0.9 (0.8) mm
and 1.2 (0.9) mm, respectively, in the sCAIS group, and 7.0 (7.0)°, 1.3 (0.7) mm and 2.2

(1.2) mm, respectively,

Recently, the sleeve-in-sleeve with self-locking system (Figure 16) was newly
developed. This system was used for placement of implant BLX by guided surgery
(Straumann® VeloDrill™ Guided Surgery, Straumann AG, Basel, Switzerland). This

system was modified drill key that guides sleeves with an exterior surface and a
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sleeve that an internal surface defining a through bore configured to receive the
guide sleeve of the drill key. This modified design supported an anti-rotation function
and locked the drill key into the sleeve. The drill key height and sleeve height was

like previous system.

External slots on
self-locking handle

Internal slots on
self-locking T-sleeve

Figure 16 Illustrating the self-locking design component.
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Chapter llI

MATERIALS AND METHODS
3.1 Materials

3.1.1 Material for model preparation

® Synthetic polyurethane foam block (Sawbones®, Washington, United States)

® Grey Resin P Pro (Straumann AG, Basel, Switzerland)

3.1.2 Cone Beam Computed Tomography (CBCT) scanner

® X-mind Trium (de Gotzen S.r.l.-Acteon Group, Varese, Italy)

3.1.3 Implant guided surgery kit

® Straumann® Guided Surgery (Straumann AG, Basel, Switzerland)
® Straumann® VeloDrill™ Guided Surgery (Straumann AG, Basel, Switzerland)

® Astra Tech Implant System® EV Guided surgery (Dentsply Sirona, Pennsylvania,

United States)

® Dentium Guide Kit (Dentium, Seoul, South Korea)

3.1.4 Implant

® |mplant Bone level tapered (BLT), RC @ 4.1 x 12 mm (Straumann AG, Basel,

Switzerland)
® |mplant BLX @ 4.0 x 12 mm (Straumann AG, Basel, Switzerland)

® |mplant Astra Tech OsseoSpeed EV conical @ 4.2 x 11 mm Dentsply Sirona,

Pennsylvania, United States)

® |mplant Superline Il @ 4.0 x 12 mm (Dentium, Seoul, South Korea)

3.1.5 Planning and accuracy analysis software

® coDiagnostiX software (Dental Wings GmbH, Chemnitz, Germany)

3.1.6 Surface scanner



29

® 3shape intraoral scanner (3shape, Copenhagen, Denmark)

® (Cares 7 SERIES (Dental wings, Montreal, Quebec, Canada)

3.1.7 Surgical guide stent

® P Pro Surgical Guide (Straumann AG, Basel, Switzerland)

3.1.8 3D Printer

® Straumann® CARES® P30+ (Straumann AG, Basel, Switzerland)

3.1.9 Statistic analysis software

® |BM SPSS Statistics software version 22 (SPSS Inc., Chicago, Illinois)

3.2 Method
3.2.1 Sample assighment

The models were randomly assigned according to a computer-generated
randomization list into five groups (A-E); group A: sleeve-in-sleeve system
(Straumann® Guided Surgery, Straumann AG, Basel, Switzerland), group B: sleeve-in-

sleeve with self-locking system (Straumann® VeloDrill™

Guided Surgery, Straumann
AG, Basel, Switzerland), group C: mounted sleeve-on-drill system (Astra Tech Implant
System® EV Guided surgery, Dentsply Sirona, Pennsylvania, United States), group D:
integrated sleeve-on-drill with metal sleeve system (Dentium Guide Kit, Dentium,
Seoul, South Korea), and group E: integrated sleeve-on-drill without metal sleeve

system (Dentium Guide Kit, Dentium, Seoul, South Korea). Each group used five

models and ten implants.

3.2.2 Sample size calculation

The sample size was calculated using mean and standard deviations obtained
from a previous study by Laederach V et al (8). The mean of the angle deviation of

four groups of static CAIS systems were 1.2, 1.01, 0.02 and 0.04, with SD within each
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group was 0.7. The calculation was performed using statistical software (G*Power 3.1,
Franz Faul, Christian-Albrechts-Universitat Kiel, Kiel, Germany) for ANOVA test with
90% of study power and a significant level (Q) of 0.05. Based on these settings, we
obtained 36 implants and for drop out 10%. We needed ten implants per group. The

total samples were 50 implants.

3.2.3 Model preparation

The intraoral scan were obtained from a subject with an edentulous site at
both sides of the maxillary first premolar. The subject was scanned using the 3shape
intraoral scanner (3shape, Copenhagen, Denmark) to generate the Standard
Tessellation Language (STL) file used as a model prototype. The SLT file was
imported into Meshmixer version 3.5.474 (Autodesk Inc., California, United States) to
create a digital horseshoe-shaped full-arch model with a bar. The hollow was
designed into a digital model for inserting a cylinder-shaped bone block size 7 mm in
diameter and 15 mm in length at both sides of the edentulous area. The slicing
software, like Netfabb Premium 2020 (Autodesk Inc., California, United States) was
used to prepared digital model for 3D printing. This file was imported to Netfabb
Premium 2020 to generated support and sliced object into layer with specific code
file. The digital models were printed with P Pro Master Model Grey (Straumann AG,
Basel, Switzerland) at a layer thickness of 0.05 mm using a Straumann® CARES® P30+
(Straumann AG, Basel, Switzerland). The model was rinsed with isopropyl alcohol and
cured with UV. The hollow was filled with the polyurethane block density 0.32 g/cc
(Sawbones®, Washington, United States) to simulate the cancellous bone of low-to-
medium density at edentulous areas (29). Synthetic polyurethane foams are a similar
structure and equivalent mechanical characteristics of bone. The American Society
for Testing Materials was shown that synthetic polyurethane foam used as a standard
material for performing mechanical tests on orthopaedic devices and instruments
(30). Twenty-five models were printed. The model preparation was summarized

(Figure 17).
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Step 1: Intraoral scan as model

prototype (3shape intraoral scanner)

shapes

Step 2: Created horseshoe-shaped full-arch model with a bar

(Meshmixer version 3.5.474)

Step 3: Prepared model for printing
(Netfabb Premium 2020)

Step 4: Printing the model
(Straumann® CARES® P30+)

Step 5: Finished model

Figure 17 Model preparation
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3.2.4  Presurgical preparation

The models assigned randomly to five modalities according to the drilling
system; sleeve-in-sleeve system, sleeve-in-sleeve with self-locking system, mounted
sleeve-on-drill system, integrated sleeve-on-drill with metal sleeve system, and

integrated sleeve-on-drill without metal sleeve system.

Each model scanned by using desktop scanner (Cares 7 SERIES, Dental wings,
Montreal, Quebec, Canada) with scanning accuracy 0.015 mm and exported as the
Standard Tessellation Language (STL) files. CBCT scans were acquired using the X-
mind Trium machine (de Gotzen S.r.l.-Acteon Group, Varese, Italy) at the following
settings: 7 mA, 70 kV, 63-second exposure time, 0.15x0.15x0.15 mm voxel size, field
of view 11x9 cm. The scans exported as the Digital Imaging and Communications in

Medicine (DICOM) files.

The DICOM format file of CBCT data and STL files of the models imported to
the implant planning software (coDiagnostiX software version 9.7, Dental Wings
GmbH, Chemnitz, Germany). The software matched between the DICOM and STL file
and created the 3D model for virtual planning of implant surgery. A digital wax up
was conducted on the prosthesis design software (CARES Visual software, Straumann
AG, Basel, Switzerland) with the proper crown shape and size for bilateral first
premolar. One investigator planned all implants in the optimal prosthetic position
and designed all 25 surgical guides, aiming for the implant position and angulation to

be the same plan in all cases.

Fifty implants were then planned, ten for each of the five drilling protocols.
Each protocol utilizes a specific surgical kit, sleeve height, sleeve position, and
implant design. Furthermore, due to differences in the available implant dimensions
among different systems, implant diameter, and implant length slightly varied in
some of the groups. (Table 5). To reduce the discrepancy between the guided sleeve

and the surgical drill’s tip, the free-drilling-distance (FDD) was calculated (14). The
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implant length selection was done in order to set an equal FDD length in all groups.

The parameter of guide surgery set as following (Table 5).

® Group A: sleeve-in-sleeve system
Implant BLT, RC @ 4.1 x 12 mm (Straumann AG, Basel, Switzerland) was
planned. According to the Straumann® Guided Surgery (Straumann AG, Basel,
Switzerland) protocol, the distance between the apex of the sleeve and the

bone was 6 mm and guided key height 1 mm.

® Group B: sleeve-in-sleeve with self-locking system
Implant BLX, RB @ 4.0 x 12 mm (Straumann AG, Basel, Switzerland) was
planned. According to the Straumann® VeloDrill™ Guided Surgery (Straumann
AG, Basel, Switzerland) protocol, the distance between the apex of the sleeve

and the bone was 6 mm and guided key height 1 mm.

® Group C: mounted sleeve-on-drill system
Implant OsseoSpeed™ EV conical @ 4.2 x 11 mm (Astra Tech, Dentsply Sirona,
Pennsylvania, United States) was planned. According to Astra Tech Implant
System® EV Guided surgery (Dentsply Sirona, Pennsylvania, United States)
protocol, the distance between the apex of the sleeve and the bone was 6

mm and sleeve on drill ND type was selected.

® Group D: integrated sleeve-on-drill with metal sleeve system
Implant Superline Il @ 4.0 x 12 mm (Dentium, Seoul, South Korea) was
planned. According to Dentium Guide Kit (Dentium, Seoul, South Korea)
protocol, the distance between the apex of the sleeve and the bone was 5.3

mm.

® Group E: integrated sleeve-on-drill without metal sleeve system
Implant Superline Il @ 4.0 x 12 mm (Dentium, Seoul, South Korea) was
planned. According to Dentium Guide Kit (Dentium, Seoul, South Korea)
protocol, the distance between the apex of the sleeve and the bone was 5.3

mm.
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Sleeve height Sleeve position* Specific FDD**

Group (mm) (mm) instrument Drill length (mm) (mm)
Sleeve-in-sleeve 5.0 6.0 Drill key height 1 24 18
(Group A) mm
Sleeve-in-sleeve with 5.0 6.0 Drill key height 24 18
self-locking system 1 mm
(Group B)
Mounted sleeve-on-drill 4.0 6.0 Drill sleeve height 23 18
(Group C) 5 mm
Integrated sleeve-on-drill with 4.0 5.3 N/A 22 18
metal sleeve system
(Group D)
Integrated sleeve-on-drill 4.0 53 N/A 22 18

without metal sleeve system

(Group E)

*Sleeve position, Distance between bottom of the sleeve to implant platform.

**Free drilling distance (FDD), the distance from the bottom of the guided sleeve to the surgical drill's tip

Table 5 According to the manufacturer's recommendation, the parameters were set
up for the five different sCAIS.

When the planning completed, the surgical guide exported to Netfabb
Premium 2020 (Autodesk, United States) to fabricate the surgical guide template by
using P Pro Surgical Guide (Straumann AG, Basel, Switzerland) with Straumann®
CARES® P30+ (Straumann AG, Basel, Switzerland). All the surgical templates design
with @ minimum of four inspection windows of 5 mm of diameter. The thickness of
the surgical templates was 2.0 mm. The clearance between the surgical guide and

tooth was set at 0.05 mm. The printer was set at layer thickness of 0.1 mm.

3.2.5 Surgical stage

® Guides were checked for proper seating on the model.
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® The surgery was conducted with the models mounted on a phantom head in
the supine position, with the operator sitting at the right rear position (11

o'clock) (Figure 18).

N

Figure 18 The surgery was simulated in phantom head. (A) A Model mounted into

phantom head. (B) The phantom head was set in the supine position.

® One experienced operator performed all guided surgeries for implant
placement. The five different drilling systems (group A-E, Figure 19) were

described as follows:

Group A: sleeve-in-sleeve system (Straumann® Guided Surgery, Straumann AG,

Basel, Switzerland, Figure 19A)

Group B: sleeve-in-sleeve with self-locking system (Straumann® VeloDrill™

Guided Surgery, Straumann AG, Basel, Switzerland, Figure 19B).

Group C: mounted sleeve-on-drill system (Astra Tech Implant System® EV

Guided surgery, Dentsply Sirona, Pennsylvania, United States, Figure 19C).

Group D: integrated sleeve-on-drill with metal sleeve in the guide system

(Dentium Guide Kit, Dentium, Seoul, South Korea, Figure 19D).

Group E: integrated sleeve-on-drill without metal sleeve in the guide system

(Dentium Guide Kit, Dentium, Seoul, South Korea, Figure 19E).
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® Sequence of drilling was performed according to the manufacturer's
recommendations (Table 6-9). And implant insertion with fully guided by
using a guided adapter. Minor adjust of implant position with a torque wrench

if necessary.

Figure 19 The simulation of the final drill of each drilling system used. (A) Sleeve-in-

sleeve system which used the drill key insert into metal sleeve within the surgical
cuide template. And the drill was guided by the drill key. (B) Sleeve-in-sleeve with
self-locking system which modified from group A. The sleeve and drill key
component were changed into self-locking design. (C) Mounted sleeve-on-drill
system which used drill sleeve insert into metal sleeve within the surgical guide
template. The drill sleeve mounted on the drill while drilling. (D) Integrated sleeve-
on-drill with metal sleeve system which used modified shape of the drill by using
drill sleeve integrated on the drill. The shank part of the drill was modified to fit into
the metal sleeve in surgical guide template. (E) Integrated sleeve-on-drill without
metal sleeve system which modified from group D by using sleeve designed

incorporated into the surgical guide template.



Ww Ty &

Wd1SAS aA33)5-Ul-a/a3)s Jo aouanbas Suiup pub )02030id 9 2)qD)

Wl 21 X
wuwl T+ (o9} I ¥A0)) 220 (PURUSZIMS 195Bg ‘DY UUBWINEIS) (v dnoio)
SIA 9H 180 oN ww 9 wuwi g IR0
. NUp Suo NUp Suo NP SuoT AI98INS PIpIND guUBWINE)S 9A315-UI-9A93)S
179 DY ‘174
Wdlay
n4p Jsnnd
de| | 9puey-d A sumup dais
3)4oid SUMIW uonisod sy
papinH weydw Jainpenuepy WIdIsAs sumuQ
CYEENS VRIS
uoneJedaid

pag jueydu jeul

uonesedaid paq jueydw diseq

A%




2

5 é 5 ’
WId)SAS SUIY0)-f)as Yum anaa)s-Ul-anaa)s Jo aouanbas sui)up pub j03030.d / 2)qQ0|
2% A0 820 [A40) Wl Z71 X (g dnouo)
wu T+ (PURMSZIMS “)aseg ‘Dy uueunens)
V/N 9H N nup nup nHp nHp ON wwo9 | wws | 0vQ SUPMOY49S Yam
. AI28INS PaPING 1, NUAOIPA gUUBWINELS
suo suo Suo Suo ay ‘X719 SA9D)5-UI-29A9)S
Wdlay
nup 18N>
del | 9puey-H A sumup dass
3)4old SUMIW uonisod sy
papinn ueydw) Jainpenuepy WIdIsAs sumuQ
SAS2)S | 9A91S
uoneledaid

pag jueydu jeul

uoljesedaud paq jueydw diseq

8¢




©

wuw
ELEET

ww [ Jejjod

ybua)

v

WI)SAS ))Up-UO-9/33)s pajunow Jo aduanbas Sunup pub j02030i4 § 2)q01

wu 1T X (D dnoun)
v/1ed 1'¢/S2D 610 (VSN oA ‘syuerdwi| euodis A\dsiuaq)
ou ou 290 ww g aA99)S ON wuw 9 wul v 0 1\Hp-uo
an @ @ A1981ns PaPIND A WSISAS Jueidl Yo | elsy
J‘Ad -9A93)S PAJUNOW
nua nua WsRy
nua-x NUa-A sunup deis adAy uolysod sy
1es1u0D el 9A99)S e dwi Jainioenueyy WI3sAs sumua
EVER)N 9A93)S
uonjesedaid pag jueydw Jeulq uopeledaid paq juedui diseg 1\HUP-UO-9A9)S

6¢




Y] 905p0

laydepy

015004 010N

I4q jeuls

£2094 St144

4Q 3pino 114g

e

yaung
anssi|

W1SAS a/33)s )DIBW JNOYUM PUD dA33)S 1DISW YIM ))P-UO-9A33)S pa3Disajul JO aduanbas Sunjup pub j03010i4 6 2)qQ0 1

(3 pue g dnouo)

WI2)SAS
nka nHa nHa n4a W Z1 X
(22103 Y1nos “noas ‘wniuaQ) 9A99)S |e}oW
V/N SOA ww z1 ww z1 ww zt wwi z1‘ 01 ‘89 wuwl ¢°q wul p oY@
I 9pINH winiueQ INOYUM JO Ym
00 9¢® IN40) w40} lIsUnedng
)|HMP-UO-9A93)S
pa3eIS}U|
nHa
de| sumup dais
1es10D uonisod Wsivy
1EDIHOD weydw Jainpenuey W2SAs SumuQ
EJEENS SVEENN
uonesedaid
uonesedaid paq ueydull diseg
pag Jueydu jeurd

ov




41

3.2.6  Postsurgical stage

After implants were placed, all models were scanned with the CBCT using the
same settings as previously described. The DICOM files were inserted in the
coDiagnostiX software and segmented at a threshold of -540 to 3500 H. The
postoperative CBCT was superimposed onto the preoperative CBCT, which contained
the virtual plan implant via surface-based registration. All procedures and
measurements were conducted by one operator. By means of the treatment
evaluation module, the software automatically calculated the 3D deviation of the

implant platform, apex, and angular deviation between the plan and placed position.

3.2.7 Accuracy analysis

For accuracy analysis, the planned position of the implant was compared
with the placed position of the implant after insertion. The measurement of accuracy

collected (Figure 20). Two outcomes were measured:
The primary outcomes were:

The discrepancy in mm between the planned and placed implant position (3D

deviation) at the implant platform and apex.

® 3D deviation at the platform (mm)
The displacement between the planned and actual implant at the implant

platform in total direction, measured at the center of the implant (mm)

® 3D deviation at the apex (mm)
The displacement between the planned and actual implant at the implant

apex in total direction, measured at the center of the implant (mm)

® Deviation of the angulation (degrees)
The difference of the long axis of the implant between the planned and

actual implant
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The secondary outcome was:

® The direction of the implant deviation as mesial, distal, buccal and palatal at

the implant platform and apex.

. 3D Deviation at platform (mm)

3D Deviation at apex (mm)
Ny

Angular deviation (degrees)

Figure 20 Deviation measurement for planned and placed implant position.

3.2.8 Statistical analysis
The data was analyzed with IBM SPSS Statistics software version 22 (SPSS Inc.,

Chicago, Illinois). Shapiro-Wilks test confirmed the data distribution to be non-normal.
Thus, Kruskal-Wallis test was used to compare the 3D deviation at implant platform,
apex and angular deviation. P-value less than 0.05 was set as statistically significant.
Pairwise comparisons were conducted with Dunn's test. The implant direction among

the five groups was visualized as a scatter plot.
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The main results of 3D deviation are presented in Table 10. The means of

platform deviation for each of the five (A-E) groups were 0.56+0.19, 0.42+0.12,

1.18+0.19, 1.09+0.12, 0.81+0.15 mm, respectively. The means of apex deviation for

the same groups were 0.83+0.32, 0.76+0.22, 1.70+0.41, 1.95+0.48, 1.73+0.23 mm,

respectively. While the means of angular deviation were 2.70+1.37, 2.50+0.89,

4.37+1.34, 5.13+1.86, 5.30+1.04 mm in all group, respectively. Kruskal-Wallis test

demonstrated that there were significant differences among five group of sCAIS in all

parameters (P < .001).

Group A Group B Group C Group D Group E Overall

Group (n =10) (n = 10) (n =10) (n =10) (n =10) (n = 50)
Platform
deviation
(mm)
Mean + SD 056 + 0.19 042+0.12 118+0.19 109+012 081+0.15 0.81+0.33
Median 0.51 0.41 1.13 1.09 0.83 0.84
Min-Max 0.32-0.96 0.25-0.63 0.86-1.48 0.90-1.25 0.47-1.01 0.25-1.48
Range 0.64 0.38 0.62 0.35 0.54 1.23
95% Cl 0.42, 0.69 0.33,0.50  1.04, 1.31 1.00, 1.17  0.70,0.92  0.72,0.90
Apex
deviation
(mm)
Mean + SD  0.83 + 0.32 076 £+ 022 1.70+041 195+048 1.73+0.23 139+ 0.60
Median 0.75 0.73 1.63 1.98 1.72 1.46
Min-Max 0.49-1.49 0.45-1.14 1.08-2.38 0.94-2.53 1.41-2.07 0.45-2.53
Range 1.00 0.69 1.30 1.59 0.66 2.08
95% ClI 0.60, 1.06 0.61, 0.91 1.40,1.99 161,229 156,190 122,156
Angular
deviation
©
Mean + SD 270 + 1.37 250+ 0.89 437+134 513+ 186 530+ 1.04 4.00=+ 1.46
Median 2.95 2.70 4.00 5.45 5.45 3.70
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Group A Group B Group C Group D Group E Overall

Group (n =10) (n =10) (n =10) (n =10) (n=10) (n = 50)

Min-Max 0.90-5.10 0.70-3.60 2.70-6.50 0.70-6.90 3.60-6.50 0.70-6.90
Range 4.20 290 3.80 6.20 290 6.20

95% ClI 1.72,3.68 1.87,3.13 341,533 380,646 455605 350,450

Table 10 Summary of 3D deviations at platform, apex and angular deviation.

No statistically significant difference was shown in any measured parameter

between group A and B and also between group D and E (Figure 21).

With regards to 3D deviation at the platform, both group A and B
demonstrated the second lowest and lowest deviation and were significantly

different to group C and D (Figure 21A).

With regards to 3D deviation at the apex, both group A and B showed the
second lowest and lowest deviation and were significantly different to group C, D

and E (Figure 21B).

With regards to the angular deviation, both group A and B showed the second
lowest and lowest deviation and were significantly different to group D and E (Figure

210).
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Figure 21 Box-and-whisker plot diagrams presenting the distribution of 3D deviation
in each group. (A) 3D platform deviation. (B) 3D apex deviation. (C) Angular
deviation. Median, Q1(25th percentile), Q3 (75th percentile), minimum value,
maximum value, and outliers of each group shown in diagrams. The statistically
significant differences between groups were determined by Kruskal-Wallis test under
Dunn’s test with adjusted p values. Denoted as * for P < .05, ** for P < .01, *** for P
< .001, ns for not significant, respectively.

The direction of implant deviation in terms of mesial, distal, buccal, palatal,
apical and coronal discrepancy at the implant platform and apex are shown in the
scatter plot (Figure 22). The implant platform and apex mostly deviated in the
palatal direction in all groups. Interestingly, for group C, D and E, the discrepancy
occured in both buccal and palatal directions, however the deviation in the palatal

direction was greater than in the buccal direction.
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Figure 22 The 2D scatter plot llustrating the deviation of each implant. (A)
Mesiodistal and buccopalatal planes at implant platform. (B) Mesiodistal and
apicocoronal planes at implant platform. (C) Buccopalatal and apicocoronal planes
at implant platform. (D) Mesiodistal and buccopalatal planes at implant apex. (E)
Mesiodistal and apicocoronal planes at implant apex. (F) Buccopalatal and

apicocoronal planes at implant apex.
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CHAPTER V
DISCUSSION
This study, aimed to investigate the potential influence of the design of

different guided surgery devices and protocols in the accuracy of implant placement,
under a strictly controlled in vitro environment. Collectively, the accuracy of implant
placement for all five groups presented with a mean deviation of the platform, apex
and angle of 0.81 mm, 1.39 mm and 4.0 degrees respectively. These results present
somewhat lower deviation than what is shown in clinical studies, where the mean of
platform deviation, apex and angle is reported in a systematic review to be 1.04 mm,
1.45 mm and 4.06 degrees, respectively (19). Nevertheless, significant differences
occurred with regards to accuracy among the 5 systems tested, suggesting that the
drilling protocol, the devices used and the design principles of the guides could

significantly influence the clinical outcomes.

As sCAIS is currently rapidly evolving, many different designs are being
proposed and utilised from different implant systems. At present, there is very little
data to suggest the impact of the different designs in the clinical outcomes, which
would be essential in order to identify best practices, streamline procedures and

improve the overall accuracy of sCAIS.

The five groups of this study were selected in order to reflect main directions
with regards to the design principles and the drilling protocols, in particular with
recards to the device used for controlling and guiding the drill. Group A and B used
the combination of drill key and sleeve, while group C used the drill sleeve insert
into a sleeve. Finally, eroup D used the shank modified drill that fits on the metallic
sleeve, while group E did not have a metallic sleeve, thus using the printed guide

channel for guidance of the drill.

The result of 3D deviation at platform, apex and angulation in sleeve-in-
sleeve system (group A) was similar to that previously reported by El Kholy K et al.

(14), while there has not been any report so far on the accuracy of implant position
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when using the sleeve-in-sleeve with self-locking (group B). The mean deviation of all
parameters in group B was lower than group A. The smooth-cylindrical design of the
drill key in group A with a diameter of 4.85 mm, allows for a 0.15 mm gap with the 5
mm-sleeve widths. This gap could allow the lateral movement of the drill key within
the sleeve which could potentially result into deviation of up to 0.56 mm in the
horizontal deviation (lateral tolerance) (17). On the other hand, the self-locking
design of both drill key and sleeve as in group B, might have contributed to reducing

movement tolerance between the sleeve and the drill key and improved accuracy.

This study is the first experiment, to investigate the accuracy of implant
placement in terms of 3D deviation with mounted sleeve-on-drill configuration as in
group C. The sleeve position of the surgical guide was set with the same value as in
group A and B (Table 5). The results showed group C to present with higher deviation
in all parameters than group A and B. This difference might be related to the sleeve
insert type. Similarly, in a previous in vitro study Koop R et al. (13) showed that the
drill-held sleeve insert results in more coronal and apical lateral deviation as well as
angular deviation than the hand-held sleeve insert. The platform and apex deviation
of group C were significantly different from eroup A and B, but not the angular
deviation. When using a drill key, the operator is stabilizing the drill through holding
the drill key as in groups A and B, while in the mounted sleeve-on-drill configuration
as in group C the drill is stabilized directly through the surgical guide. Using a drill key
might present with certain ergonomic disadvantage, as the operator needs to hold
the key manually, but it might have contributed to the higher accuracy observed in

this study.

The shank-modified drill which was used in group D and E was aimed at
limiting the drilling motion and also reducing the tolerance to lateral movement (12).
Both group D and E in this study had the same settings with regards to guide
components, implant diameter and length. There was no significant difference

between group D and E in all parameters. As from the result, the use of sleeve-
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incorporated within the surgical guide template, the tolerance between sleeve and
guide was limited. So, the platform and apex deviation was decreased. However, the
angular deviation had a reverse result. This might be attributed to the fact that group
E utilized a sleeve shaped by the guide instead of an incorporated metallic sleeve.
The resin material of the surgical guide template might allow for more flexibility.

Hence the mean angular deviation of group E was higher than this of group D.

In previous CAIS studies, the direction of the deviation observed in the
platform and apex of the implant has been attributed to potential influence of the
field of view of the operator, especially when real time navigation systems are used
(31). In the case of this experiment however, as the same two contralateral teeth
were utilised equally for all groups, any differences in the direction of the deviation

shown between the groups are unlikely to be attributed to operator related factors.

The results of this study should be seen in the light of its limitations. The
experimental design aimed to minimize all possible variables which could lead to
discrepancies between the different systems. Thus, all implant positions were
designed with the same software by the same operator, while the same software was
used to design the surgical guides, which were also printed with the same printer and
settings. Efforts were taken to standardize critical parameters such as the FDD.
Nevertheless, all systems had different components, and some differences with
regards to sleeve height, sleeve position, implant diameter and length. As a result,
each group had specific length of the guide channel: group A and B was 6 mm, group
C was 5 mm, group D and E was 4 mm. Whether this could possibly impact the
differences observed in the angular deviation and how much remains to be further
investigated. Our study showed that the lower angular deviation was observed in
group A and B, which had the longest overall guide channel. Therefore, the length of
the guide channel might be the critical factor influence angular deviation. An in vitro

study has suggested the guide channel length to be a factor in minimizing angular
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deviation (26), while previous studies have shown the elongated guide channel to

lower coronal and apical deviation and the angulation of the drill (11, 13).

The length of the guide channel depends on the sleeve height, which
positively affects the accuracy of implant placement. Koop R et al. (13) found that
sleeves of 7 and 9 mm gave less deviation than the shorter sleeves. However, longer
sleeves could pose ergonomic problems and might not be applicable in actual
clinical situations due to limitations in the patient mouth opening. A sleeve height of
up to 5 mm might be the best compromise between accuracy and ergonomics in
clinical situations. Increasing the length of the guide channel might be achieved
indirectly through the use of a drill key or customizing the height of sleeve in cases

where the anatomy and mouth opening allows.
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CHAPTER VI
CONCLUSION
This study has demonstrated significant differences with regards to accuracy
among the 5 sCAIS systems tested, suggesting that the drilling protocol, the devices
used and the design principles of the guides could significantly influence the
accuracy of implant placement. Groups utilizing a sleeve-in-sleeve with or without
self-locking design showed significantly less angular deviation, however other design

principles might have also contributed to this finding.
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