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Materials and methods: 52 patients who received 60 implants in single tooth gap,
randomized equally into static or mental CAIS. In static CAIS group, data from CBCT scan and
data from intracral or model scan were utilised for the three dimensional virtual planning
implant positioning and desiring of a three dimensional surgical guide in implant planning
software. Implant bed preparation and implant insertion were done through the three
dimensional surgical guide. Implants in the mental CAIS group were virtually planned in the
same software, but surgery was done in freehand manner. After the surgery, postoperative
CBCT was superimposed onto preoperative CBCT. Deviation in angle, implant shoulder and
apex between planned and final implant positions were measured and compared in the same

software.

Results: In static CAIS group, mean angle deviation, 3D deviation at implant shoulder
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group, mean angle deviation, 3D deviation at implant shoulder and implant apex were 6.9 +
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found in all dimensions between two groups.

Conclusion: Static CAIS demonstrated higher accuracy of implant positioning
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CHAPTER 1
INTRODUCTION

1.1 Background and rationale

Dental implants have been used to replace missing teeth since the mid-
1960s, in recent years, their use has become much more widespread. They can be
used to support crowns replacing single missing teeth, bridges, or even supported
dentures. Implants have a number of important advantages over conventional
crowns, bridges and dentures such as function, feeling and looking like natural teeth,
do not need to preparing adjacent teeth, reduce the load on the remaining oral
structures/teeth, and preservation natural bone etc. Therapeutic goal of dental
implant is to support restorations and to provide patient function, esthetic, and
comfort and to assist in the ongoing maintenance of the remaining intraoral
structures (1).

Success of dental implants depend on many factors such as systemic
diseases (e.g. uncontrolled diabetes, immunosuppression or certain medication like
bisphosphonates), local factors (e.g. radiotherapy, smoking, occlusal trauma,
parafunctional habits, periodontal disease, bone quality and density, soft tissue
biotype etc.), oral hygiene of the patient, initial stability of the implant at the time of
placement, and precise implant placement (2, 3).

Among these, the precision of three dimensional (3D) implant position related
to restoration is the most importance factor. The optimal positioning of the implant
can allow for favorable prosthetic outcomes, such as function, esthetics, occlusion
and implant loading patterns. Moreover, correct implant positioning is essential to
ensure a prosthesis design compatible with long term maintenance and access for
adequate oral hygiene (3-5).

Proper planning prior to the implant surgery and precise transfer of the
planned position under the clinical settings are the keys to ensure accurate implant

position. In conventional implant surgery, this has been achieved with the use of a



radiographic stent with radiopaque marker, produced from duplicating the wax-up of
the ideal prostheses on study models. The radiographic stent is then worn by the
patient during the preoperative Cone Beam Computed Tomography (CBCT) scan,
thus allowing to transpose the ideal prosthesis shape on the alveolar ridge and
indicating the ideal prosthetic position for the implant. The radiographic stent can be
thereafter transformed into surgical stent, allowing the surgeon to visualize the ideal
prosthetic position intraoperatively. In general, the surgeon decides in situ on the
chosen implant position once the flap is raised and the bone is exposed (6). The
limitation of this technique is that the final angulation, depth and position of the
implant is decided by the surgeon intraoperatively. Possible surgical stent is only
used as a supplementary means to visualize the prosthetic position. Thus this
technique is often described as “freehand” and the accuracy of implant final
position depends on surgeon’s skill and experience.

Recently, advanced digital technology for preoperative implant planning
called static Computer Assisted Implant Surgery (static CAIS) that allow for
simultaneous visualization of two dimensional reformatted images and three
dimensional bone and teeth morphology have been proposed (7). This technique
utilizes computer technology for the virtual planning of the implant position prior to
the surgery accounting for bone quality and quantity, location of anatomical
structures, soft tissues, teeth and functional and esthetic demands of future
prosthesis (8). During the surgical intervention, the planned implant position is
transferred to the surgical site by three dimensional printed surgical guide. Angulation
and depth of implant osteotomy is controlled by guided surgical drills through a
metal sleeve embedded in the surgical guide. The surgeon cannot change the plan
during surgical intervention (9). The advantages of static CAIS are implant is virtually
planned in three dimensions prior the surgery, decrease human error, and prevents
injury of important structure such as mandibular nerve damasge, sinus perforations,

bone fenestrations, bone dehiscence and adjacent tooth root damage (7, 10, 11). On



the other hand, deviation from the planned position can still occur due to a variety
of reasons such as imprecision while acquiring or processing optical and radiographic
imaging data, inaccuracy in the surgical guide fabrication, deficient fit or movement
of the guide during surgery and human error (12, 13).

From the problems of conventional implant surgery that the surgeon do not
know the design of planning implant position in three dimensions, Vercruyssen M et
al,, in 2014, 2015 reported the ‘mental CAIS’ system which mimic to static CAIS, the
implant is virtually planned in implant planning software program in three
dimensional directions, however the guided template does not prepare for the
surgery (14, 15). The surgical intervention is done in freehand manner. The advantage
of this system over the conventional implant surgery is the implant is virtually
planned in implant planning software program before the surgical intervention
resulting in it can compare the deviation of implant position.

Although currently static CAIS is gaining popularity in the practice of implant
dentistry, concerns about its accuracy are still not fully addressed (5, 16). The
accuracy of the position for dental implants placed by static CAIS has been
investigated in recent studies (5, 7, 15, 17-20). These studies have reported high
accuracy and better implant positioning with the use of static CAIS, with however a
wide diversity of outcomes, as different settings have been utilized in most studies.
At present only one clinical randomized trial has compared the accuracy of implant
position between static CAIS and conventional implant surgery in single tooth gap,
albeit with a small patient sample (18). Taken together, there is a further need of
clinical data from randomized studies to support our understanding of accuracy of
static CAIS in single tooth gap and the factors of importance for decision making in
clinical settings.

Thus the objective of the study was to investigate the accuracy of implant
position by using the deviation compare between static and mental CAIS in single

tooth implant.
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implant position

1.2 Research question, Research objective, Research hypothesis

This study measured accuracy of implant position between planned and placed

dental implants in 9 positions;

® Angle deviation

® Deviation at implant shoulder - 3D

® Deviation at implant shoulder - mesio-distal direction

® Deviation at implant shoulder - bucco-lingual direction

® Deviation at implant shoulder - apico-coronal direction

® Deviation at implant apex - 3D

® Deviation at implant apex - mesio-distal direction

® Deviation at implant apex - bucco-lingual direction

® Deviation at implant apex - apico-coronal direction
1.2.1 Research question

Is there any difference of the deviation of implant position between planned

and placed dental implant between static and mental CAIS in single tooth gap?

1.2.2 Research objective

The purpose of this study was to compare the accuracy of implant position

between static and mental CAIS in single tooth gap.

1.2.3 Research hypothesis
There is difference in deviation of the implant position between planned and

placed implant between static and mental CAIS in single tooth gap.



1.3 Research design

Prospective randomized controlled clinical trial

1.4 Expected benefits

- The information about the accuracy of implant position between patients
who receiving static and mental CAIS in single tooth implant.

- If the static CAIS group appears more accurate results, it will make sure that
guide template is an important instrument for high accurate implant surgery
especially in area that required esthetic outcome or nearby vital structure.

- If the mental CAIS group appears more accurate or no different in results,
guide template will not be necessary to fabricate for implant surgery. It can

decrease patient’s expenditure and it do not necessary to take time for

fabrication the guide template.

Accuracy
analysis
. N
Computer Assisted - Proper 3D
Implant Surgery (CAIS) implant position

1.5 Conceptual framework

Static CAIS / Mental CAIS
. J

Long term

success



CHAPTER 2
REVIEW LITERATURES

2.1 Dental implant

Dental implant is a prosthetic replacement for a missing tooth which is placed
within jaw bone to support a dental prosthesis such as a crown, bridge, denture, or
to act as an orthodontic anchor. There are commonly three parts to what is

described as an implant (Fig 1).

® |mplant body, which is inserted directly into the bone, has three parts.

- First part is a platform (also called head, neck, shoulder, coronal portion
or crest module). The platform is designed to retain prosthetic
component and to create transitional zone to load-bearing implant body.

- Second part is a body. The body of dental implant is designed in tapered
or cylindered form, threaded or non-threaded type.

- Third part is an apex. The apex of dental implant is the part which is
most deeply submerged in bone. The design of this part can be flat, V-
shaped or round.

® Abutment is a piece that connects the implant device to the prosthesis.

Abutments can be angled or straight, depending on axial relationship

between implant body and abutment.

® Prosthesis

- Crown is a restoration for single implant replacing single tooth.

- Bridge is a restoration for replacing multiple missing teeth.

- Suprastructure is a metal or zrconium framework that attaches to
implant abutment. It provides retention for removable prosthesis.

- Overdenture is a denture that is supported either by prepared tooth root
covered by coping or by implants with specific attachments that fit into

reciprocal attachments in denture (21).



Crown

Abutment

Implant body

Figure 1 Graphic demonstrates anatomy of dental implant (17)

The phenomenon of osseointegration of titanium implants was discovered by a
Swedish orthopaedic surgeon, P | Bradnemark, in 1952 who defined osseointegration
as “a direct structural and functional connection between ordered living bone and
the surface of a load-carrying implant”. He found this discovery accidentally in 1952
when he was studying blood flow in rabbit femurs by placing titanium chambers into
their bone and could not be remove from the bones after a period of healing (22).
He brought this idea into the dentistry. Branemark placed implants in his first patient
in 1965, who had cleft palate, jaw deformity and congenitally missing teeth in lower
jaw. Four implants were inserted into the mandible to allow him to use denture.
These implants integrated within a period of six months and remained in place for

the next 40 years (23).

2.2 Factors influencing the treatment outcomes of implants

The main objective of implant therapy is to achieve successful treatment
outcomes with high predictability and low risk of complications, both in functional
and esthetic outcome. The other objectives are the least possible number of surgical
interventions, low morbidity for the patient, and short treatment period between
tooth extraction and prosthetic restoration. Various efforts have been made in the
past 10 to 15 years to modify treatment protocols to make implant therapy more

attractive to patients and to increase patients acceptance of this treatment modality.



However, the modifications should not compromise the predictability of successful

outcomes or the risk of complications (24).

2.2.1 Implant position and spacing

Preserving an adequate blood supply to the bone around dental implant is a
critical factor to dental implant success. Presence of biologic width around dental
implant like in a natural tooth help bone exposed to the oral cavity will always
cover with periosteum and connective tissue (25).

The importance of the implant position can be manifested in the four
dimension: mesio-distal, bucco-lingual, apico-coronal location and implant angulation
(26). The ultimate goal is not only to avoid adjacent important structures, but also to
respect the biological principles that have been established to achieve esthetic and
functional outcomes.

For mesio-distal criteria, a minimum distance of 1.5 mm between implant and
adjacent teeth and a minimum distance of 3.0 mm between two implant has been
recommended to avoid iatrogenic damage to adjacent teeth, to preserve crestal
bone and interproximal papillary height, and to provide proper osseointegration and

gingival contours (Fig 2) (Table 1) (2, 27).



>1,5 mm >3 mm

o

€) (b)

Figure 2 Graphic demonstrates mesio-distal implant position
(a) Minimum distance of 1.5 mm between implant and existing dentition

(b) Minimum distance of 3 mm between two adjacent implants

For bucco-lingual criteria, bucco-lingual implant position is often determined by
the gingival biotype, occlusal relationship with opposing teeth, and desired
emergence profile. A thickness of labial bone more than 1.0 mm in area of non-
esthetic zone and 2.0 mm in area of esthetic zone has been recommended to
maintain hard and soft tissue profile and increase of an esthetic outcome (Fig 3)

(Table 1) (2).

Figure 3 Graphic demonstrates bucco-lingual implant position
The facial extent of the implant shoulder is about 1.5-2 mm orally to the point of

emergence of the adjacent teeth (within the green comfort zone) (2)

For apico-coronal criteria, the apico-coronal positioning of the implant shoulder

follows the philosophy “as shallow as possible, as deep as necessary”. Agreement



with the International Team for Implantology (ITI) consensus meeting, the position of
the implant shoulder should be approximately 3 mm apical to the midfacial gingival
margin of the planned restoration or apical to the CEJ of an adjacent tooth (Fig 4) (2).
The implant length should allow an adequate safety margin of approximately 2 mm
of bone between the apical end of the implant and neurovascular, particularly as
many drills are designed to prepare the implant site slightly longer than the chosen

implant (Table 1).

Figure 4Graphic demonstrates apico-coronal implant position
The implant shoulder should be positioned about 3 mm apical to the gingival

margin of the contralateral tooth in patients without gingival recession (2)

Table 1 Recommendation minimum distance of the implant to other structures

Implant to tooth 1.5
Implant to implant (fixed restoration) 3.0

Implant to facial/lingual bone

non esthetic zone 1.0
esthetic zone 2.0
Implant to vital structure 2.0

For implant angulation, Implant angulation is particularly important in

treatment planning for screw-retained restorations. Osteotomy and placement of the



implant against the dense bone of the palate can lead to unintended buccoversion

of the implant and should be considered at implant placement (4).

2.2.2 Periodontal status

Seibert and Lindhe described the term of “gingival biotype” in 1989. In natural
teeth, a thin-scalloped gingival biotype associates with narrow zones of keratinized
gingiva tissue. While a thick-flat periodontal biotype associates with wide zones of
keratinized gingiva tissue (28). Thick biotypes have more resistance to recession and
able to concealed the color of the metal implant. (29).

Bouri A Jr et al, in 2008 determined association between the width of
keratinized mucosa and the health of implant-supporting tissues. They found that
implants in area of > 2 mm of keratinized tissue showed less alveolar bone loss and
more healthy soft tissue than implants in area of < 2 mm of keratinized tissue. (30).

In a systematic review of implant outcomes in treated periodontitis subjects
from Ong et al,, in 2008, they concluded that there is some evidence that stated
periodontitis treated patients have more implant loss and complications around

implants than in non-periodontitis patients (31).

2.2.3 Occlusal pattern

Occlusion is one of critical factor for implant longevity because of the nature of
attachment of the bone to the titanium-surfaced implant. In the natural tooth, the
periodontal ligament has capacity to absorb stress and allow for tooth movement,
but the osseointegration of bone-implant interface has no capacity to allow
movement of implant. If any stress from occlusal force exceeds the capacity to

absorb stress, the implant will fail (32).

Occlusal overload, premature occlusal contact, occlusal contact on an inclined
plane and parafunctional habits (i.e. bruxism, clenching, grinding etc.) are one of the
main causes for peri-implant bone loss and implant failure due to increase the

magnitude of stress in bone and increased the tensile crestal stress (33, 34).



2.2.4 Implant stability

Implant stability is usually divided into two stages: primary and secondary
stability. Primary stability, occurs at implant surgery, is a mechanical phenomenon
that related to the bone quality and quantity, the type of implant and placement
technique used. The changeover from primary stability to secondary stability occur
when deposition of new bone (osseointegration) at implant/tissue interface. During
healing period, primary stability trend to decrease, while secondary stability trend to
increase. The gradual shift from primary stability to secondary stability is poised at
around 4 weeks, this is the least stable time point (stability dip). Any micromovement
of the implant during this transitional phase lead to the failure of osseointegration
(Fig 5) (35, 36).

In the past clinical implant protocols, osseointegration is achieved by long
initial healing periods (3-6 months) in which implants remain unloaded to assure an
undisturbed bone apposition. The development of new implant surfaces and
improved surgical techniques has changed this paradigm by improve the primary
stability at the time of implant insertion and reduce the initial unloaded healing

period (Fig 6) (37).
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Figure 5 Graphic demonstrates stability of dental implant over time
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Figure 6 Graphic demonstrates stability of new dental implant surface over time

2.3 Implant complication related to malposition

The malposition of dental implants contribute to implant and component
complications in two ways. One is the malposition of the implant within available
bone causes the implant to biologic failure. Another is malposition of the implant
relative to planned tooth or prosthesis position. This causes the implant to esthetic
failure, biologic failure by hard to cleaning, and/or mechanical/technical failure by
increasing the forces acting within the prosthesis (4).

The malposition of dental implant has been defined in 4 positions; mesio-distal

direction, bucco-lingual direction, apico-coronal direction, and angulation.

2.3.1 Mesio-distal implant malposition

An implant is placed too close to an adjacent natural tooth (less than 1.5
mm) and too closed between two implants (less than 3 mm) can resorb inter-
implant bone crest and not have enough space for developing soft tissue. Resulting
in, complete absence of a papilla and bone loss in termed of “bone saucer”. Bone
saucer has a horizontal component of 1.0-1.5 mm, whereas the vertical component
measures around 2-3 mm (2, 38). Tarnow et al., in 2007 stated that if space between
two implants is less than 3 mm, it can cause inter-implant crestal bone loss (Fig 7)

(27).



Moreover, malposition of implant in mesiodistal direction can lead to
limitation of implant or abutment impression by interference of impression copings
and improper design of prosthodontics restoration such as improper crown contours
and open contact causing plaque accumulation at the adjacent tooth and
subsequent interproximal caries, which are often initiated on the root surface of the

tooth (4).

(a) (b) (0)

Figure 7 Graphic demonstrates mesio-distal implant position between two implant
(a) Radiographic measurements recorded. A and B represent the lateral distance
(bone loss) from implant to bone crest, C represent vertical crestal bone loss, and D
represent distance between implants at the implant-abutment interface.

(b) Inter-implant distance greater than 3 mm. Lateral bone loss from adjacent
implant does not overlap, with minimal resultant crestal bone (oss.

(c) Inter-implant distance 3 mm or less. Lateral bone loss from adjacent overlap,

with resultant increase in crestal bone loss (27).

2.3.2 Bucco-lingual implant malposition

A bucco-lingual malposition of an implant can cause two different
complications. One is an implant placed too far labially causing bone dehiscence,
fenestration and gingival recession. These effect to esthetic outcomes and lead to
removal of the implant finally.

Another is implant placed too far lingually can cause ridge-lap design
prosthesis that make the patients difficult to maintain plaque control and make

unesthetic outcomes (2, 39).
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2.3.3 Apico-coronal implant malposition

An apico-coronal malposition can cause two different complications. The first is
placed too shallow that can visible metal implant shoulder, causing an unpleasant
esthetic outcome (2, 4). Additionally, potential problems occur in producing crowns
with insufficient retention on custom abutments or sufficient space to mask screw
access because insufficient restorative dimension can be occured (4).

The second complication is implant placement too deep into the bone tissues.
This leads to persistent inflammation of the peri-implant mucosa, difficulty to
maintain adequate plaque control, recession of the labial mucosa and crestal bone.
Moreover, it is difficult to seat an impression coping/abutment leading to laboratory
errors and complications such as incomplete seating of the abutment that risk to
infection from gap between implant body and abutment (2, 4). Moreover, too deep
implant may iatrogenic damage to relative anatomical structure such as paresthesia
from mandibular nerve injury and maxillary sinusitis from implant invades into sinus

or Schneiderian membrane perforation (40).

2.3.4 Mis-axis

Too far labially inclined implant is often associated with buccal bone
dehiscence followed by recession of the labial mucosa or infection. If the axis
problem is minor, the problem can be corrected by using angled abutments. If the
axis problem is severe, the complication is usually very difficult or impossible to
resolve. Too far lingually inclined implant results in unhygienic and unesthetic
prosthetic design. Too far mesially or distally inclined implant can damage adjacent
tooth root. If a drill and/or implant fixture invades the PDL or tooth root, this will
lead to root resorption or devitalization of adjacent teeth (2).

Distribution of forces on implants must be adhered remarkably along the
implant. Off-axis inclination contributes to overloading of prosthesis (41). Implant
failure is a consideration if the axis change more than 25 degrees, because offset

loading lead to shearing forces that bone cannot tolerate (42).
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Table 2 Implant complication related to malposition

Mesio-Distal

Bucco-Lingual  Too buccal

Too lingual
Apico-coronal  Too shallow

Too deep

Axis Too labially

Too lingually
Too mesially/distally

Crestal bone loss

Absence of papilla

Prosthesis: improper design

Bone dehiscence

Fenestration

Gingival recession

Prosthesis: ridge-lap design

Visible metal implant shoulder
Recession of labial mucosa and crestal bone
latrogenic damage to relative anatomical
structure

Buccal bone dehiscence

Recession of labial mucosa

Prosthesis: ridge-lap design

Damage adjacent tooth

2.4 Implant surgery technique
2.4.1 Conventional implant surgery

2.4.1.1 Definition

Conventional implant surgery is the procedure that replaces tooth roots

with screw-like posts by using oral examination and radiographic interpretation

for analyzing the soft tissue, bone and relative anatomical structures without

using with implant planning software for virtual planning, guiding or performing

surgical interventions in three dimensional directions.

Periapical radiograph, panoramic radiograph and Cone Beam Computed

Tomography (CBCT) data are used to assess the bone available for implant

placement as well as the surrounding anatomy. Traditionally, periodontal

probes, gauges or calipers have been used during the intraoral examination for

bone sounding, which offers a reasonable idea of the height and thickness of
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the ridge. Further, the surrounding teeth can be used as guides for determining
the correct positioning of the implant.

A study cast can be fabricated, upon which measurements can be made
to provide a better understanding of the mesial-distal and apico-coronal space
available for placing the implant. Additionally, a diagnostic wax-up of the ideal
prosthesis can be conducted. A radiopaque stent is produced from the wax-up
which the patients wear during the CBCT examination. Then surgical stent is
produced, allowing the surgeon to visualize the ideal prosthetic position at the
time of surgery.

However the conventional implant surgery has weakness such as surgical
stent is fabricated from diagnostic wax-up without reference from underlying
anatomical structure, the surgeon unable to control implant angulation and
depth during surgery lead to inaccuracy of implant position and harmful to
adjacent structure, and the implant does not virtually plan in three dimensional
directions lead to the surgeon does not know the definite design of planning
implant position in three dimensions and unable to compare implant position

between planned and placed dental implant.

2.4.1.2 Surgical procedures

Implant selection is based on anatomic site analysis that comes from
diagnostic model or radiographic interpretation in mesio-distal, bucco-lingual,
and apico-coronal directions.

Under local anesthesia, the mucoperiosteal flap is opened with a crestal
incision and extended through the sulcus of adjacent teeth. Implant bed
preparation begins with preparing the alveolar ridge. For the precise position,
implant site is marked with the small round bur. After that, the implant bed
preparation is drilled with pilot and twist drills of increasing diameter, according
to the implant diameter chosen in the preoperative planning. Then fine implant

bed preparation is done. Follow by placing the implant with handpiece and/or
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ratchet. An appropriate cover screw or healing cap is closed. Prior to
completion of the surgical procedure, the mucoperiosteal flap is repositioned
precisely and tension-free suturing. Following the surgery, 2D radiograph is
taken to examine the position and direction of the placed implant and its

relationship to the roots of adjacent teeth (43).

2.4.2 Static Computer Assisted Implant Surgery (static CAIS)

Universal key for success of implant is determined mainly by accurate
positioning of implant placement. This depends on clinician’s ability to translate the
ideal implant position from the diagnostic tools like x-rays, Computed Tomography
(CT), and Cone Beam Computed Tomography (CBCT) scan to actual anatomic
location in the jaw without trauma to relative anatomical structures and satisfied
both function and esthetic outcomes.

In conventional implant surgery, inappropriate surgical stent preparation,
movement of stent during surgery, lack of reproducibility in terms of positioning the
stent leads to imprecise implant placement and finally leading to implant
complications and failure (44).

AWl of these problems lead to the developing of digital technology for
preoperative implant planning called static Computer Assisted Implant Surgery (static

CAIS).

2.4.2.1 Definition

Static Computer Assisted Implant Surgery (static CAIS) is a method that
using patient’s CT or CBCT image and surface scan data in combination with
implant planning software for virtual planning of the implant position prior to
the surgery with the optimal implant size and position regarding surrounding
vital anatomical structures, bone thickness and future prosthetic needs (3).

During the surgical intervention, the planned implant position is transferred to
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the surgical site by 3D printed surgical guide. No intraoperative position changes
can be made with this system (9, 18-20, 45).

This technique offers several benefits over the conventional approach
such as precise implant positioning, possible to surgery with flapless approach,
prevents injury to important structure (e.g. mandibular nerve, maxillary sinus,
adjacent tooth root), provisional restorations can be fabricated prior to the
surgery, and reduction of the error from technique sensitive and operator’s
skill. Moreover, it has reported that less patient discomfort than conventional
method (46, 47).

The disadvantages are the surgeon unable to change implant position or
surgical plan as need, need wide mouth opening especially in posterior teeth
due to long surgical drill, longer initial treatment time, reduction of
predictability of implant positioning with sufficient implant stability from under-
or overestimation of bone volume during CT-data analysis and virtual implant
planning, and irrigation is limited during implant site preparation (20, 47).
Margonar et al., in 2010 evaluated bone tissue heating and the wear drills after
repeated osteotomies for implants. They simulated the guided surgery
technique and compared it with the conventional technique. According to that
study, the heating of the bone tissue due to the guide surgery technique was
higher when compared with the conventional surgery during the preparation of
the surgical site, but both techniques have not reached the threshold

temperature that causes immediate tissue necrosis (48).

2.4.2.2 Implant planning program

Implant planning program is a tool for virtually planned implant and
desired 3D surgical guide. The program use Digital Imaging and Communications
in Medicine (DICOM) from CT or CBCT scan in combination with Standard

Tessellation Language (STL) from surface scan data.
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The program allows visualization and manipulation of the images of the
patient’s jaw bone and surrounding tissue in 3D directions that makes possible
the most accurate approach to implant surgery. Surgeon can virtually planned
implant position and measured the distance between implant and relative
anatomical in the program. This visualization allows for rapid site analysis and
predictable treatment planning whereby the surgeon can order specific implant
size and diameter, healing abutment, and provisional crown.

At present, third-party software programs are now available from many
manufacturer, for example coDiagnostiX (Dental wings inc, Montreal, Canada),
Implant Studio (3shape, Copenhagen, Denmark), Invivo5 (Anatomage, San Jose,
CA, USA), Simplant (Materialise Dental Inc, Glen Burnie, MD, USA) and
NobelClinician (Nobel Biocare, Goteborg, Sweden). There are also some
companies that provide treatment planning in the proprietary software of the
CBCT units such as Galileos system (Sirona Dental Systems, Inc, Charlotte, NC,
USA), TxSTUDIO software (i-CATO, Imaging Sciences International LLC,Hatfield,
PA) and NewTom implant planning software (NewTom, Verona, Italy).

The different computer guided systems can also be differentiated in terms
of their respective design for the drill guidance through the template. For
example, some systems such as coDiagnostiX, Simplant use surgical templates
with sleeves of an increasing diameter, while others such as SKYplanX (Senden,
Germany) design different drills with stops to achieve depth control. Some
systems such as coDiagnostiX, Procera (Nobel Biocare, Goteborg, Sweden) allow
a guided implant placement (53) whereas in other systems such as StentCad
(Media Lab Software, La Spezia, Italy), the implants are inserted without using a
guided device (6).

The coDiagnostiX software (Dental wings inc, Montreal, Canada) is
intended to be used for pre-operative planning of dental implant installation

and restoration. The performance of this software depends on the quality and
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accuracy of the CBCT radiograph as well as the surface scan data (Fig 8).
Moreover, post-operative radiograph can be superimposed onto pre-operative
radiograph by treatment evaluation function in the program for comparing

accuracy of implant placement in 3D position (Fig 9).

DEO - Copyright © 2013 Dental Wings GmbH - [coDagnosiX™]

Figure 8 coDiagnostix software (Dental wings inc, Montreal, CA) for virtually planning

implant position and desiring the 3D surgical guide

@ Treatment Evaluation o X

Fieure 9 Treatment evaluation mode in coDiagnostix software (Dental wings inc,

Montreal, CA) for measuring the deviation of implant position

2.4.2.3 Three dimensional surgical guide
DICOM data from CBCT imaging can show the detail of hard tissue very

well, but soft tissue detail is not displayed as with conventional CT and



17

sometimes contains artifacts of metal material (49). Fabrication of 3D surgical
guide is based on the adjacent teeth and nearby soft tissue. Thus, surface
scanning technology is used for providing soft tissue information as well as
accurate information of teeth contours because optically scanned are scatter
free. The STL file from surface scanning can be imported and superimposed
onto the DICOM file in the implant planning software. In the planning software,
surgeon chooses implant size and virtually places implant at the ideal position,
after that the 3D surgical site is desired and exported for fabrication (7, 19, 50).

Example of CBCT scanning machine is Accuitomo 3D machine (J. Morita
Inc., Kyoto, Japan) (Fig 10). The machine has 9 sizes for exposure regions with
diameters ranging from 40 - 170 mm and the voxel size are 80 - 250 pm.

There are 2 types of surface scanning machine; model and introral
scanner. Example of model scanner is D900 model scanner (3shape,
Copenhagen, Denmark) (Fig 11). This scanner has four 5.0 MP cameras that
facilitate the exacting accuracy required for high quality production and can
capture 3D data in 35 second. Example of intraoral scanner is Trios intraoral
scanner (3shape, Copenhagen, Denmark) (Fig 12). This scanner is the spray and
powder free intraoral scanning and has capable of measuring shades of teeth

and adding HD photos to the 3D mode.

Figure 10 Accuitomo 3D machine (J. Morita Inc., Kyoto, Japan)
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Figure 11 D900 model scanner (3shape, Copenhagen, Denmark)
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Figure 12 Trios intraoral scanner (3shape, Copenhagen, Denmark)

Technique for fabrication the 3D guide template is stereolithography
(rapid prototyping). This technique uses computer-aided design/computer-aided
manufacturing (CAD/CAM) technology by laser-driven polymerization process.
The stereolithography consists of a vat which contains a liquid photo
polymerized resin. A laser which is mounted on top of the vat moves in
sequential cross sectional increments of 1 mm, which correspond to the slice
intervals which are specified during the CBCT formatting procedure. The laser
polymerizes the surface layer of the resin on contact. Once the first slice is
completed, a mechanical table which is immediately below the surface, moves
down 1 mm, carrying with it the previously polymerized resin layer of the

model (51).
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2.4.2.4 Factors influence the accuracy of implant placement in static CAIS

2.4.2.4.1 Type of arch (maxilla/mandible)

Behneke A et al, in 2012 (17) studied 19 implants which placed
to restore a single-tooth gap in 19 patients for comparing the accuracy
between maxilla and mandible. A borderline significant difference was
found between maxilla and mandible for the linear deviation at the
apex of the implants, which was larger in the maxilla than in mandible
(0.50 VS 0.40 mm, P = 0.033), while no significant differences were found
for the linear deviation at the coronal or the angular deviation. These
low deviations are clinically not meaningful.

This finding is in partial agreement with studies from Ozan O et
al,, in 2009 (52) and Valente et al., in 2009 (53). They reported implant
placed with static CAIS in mandible is more accuracy than in the

maxilla.

2.4.2.4.2 Type of edentulous area (single-tooth gap/interrupted dental
arch/shortened dental arch/reduced residual dentition)

Farley NE et al, in 2013 (52) stated that low deviations can be
observed, if single-tooth gaps with mesial and distal tooth-supported
templates are treated. A mean deviation of 0.21 + 0.16 mm (range 0.01
to 0.92) at the shoulder of the implant, 0.32 + 0.34 mm (range 0.03 to
0.59) at the apex of the implant, and 1.35° + 1.11° (range 0.07° to 3.33°)
of the angular deviation were reported.

Behneke A et al,, in 2012 (17) compared the deviation according
to kind of template. They stated that single-tooth gap templates had
the highest accuracy. Secondary was in free ending templates and
shortened dental arch. The last is in residual dentition templates.
Moreover, the amount of deviation was at least twice as large for

reduced residual dentition templates as for single-tooth gap templates.



20

This observation agrees with the previous findings from Ersoy et
al,, in 2008 (7), reported that single tooth gap supported had higher
accuracy than free-ending tooth supported templates. A mean error of
0.74 + 0.40 mm at the implant shoulder, 1.66 + 0.28 mm at the implant
apex, and an angular deviation of 3.71° + 0.93° for nine implants placed
with single tooth gap supported templates; and 1.23 + 0.67 at the
implant shoulder, 1.59 + 0.74 at the implant apex, and an angular
deviation of 4.78° + 1.86° for 20 implants placed with free-ending tooth
supported templates in Kennedy Class | or Il partial edentate patients.

Farley NE et al,, in 2013 (52) stated that a wider deviation was
reported for sites with a reduced residual dentition, as only a few teeth
supported the guide that made less stability. Moreover, larger deviation
for templates with unilateral anchorage could be expected due to tilting

and bending of the template itself.

2.4.2.4.3 Type of guided surgery (fully guided placement/freehand
placement/freehand dilation of the borehole)

The use of the template can be limited to guide the pilot drilling
or for the entire osteotomy up to the implant placement. Nevertheless,
in situations with limited mouth opening or restricted interarch space,
surgical guide templates may interfere with the effective use of the
drills in the posterior quadrants and therefore the templates may be
used only for the initial steps of osteotomy. This may affect the overall
accuracy of the procedure.

Behneke et al, in 2012 (17) reported mean deviation at the
implant shoulder for each of the freehand final drilling, freehand
implant insertion, and full guided implant insertion groups were 0.52,
0.30, and 0.21 mm, respectively. At the implant apex, they were 0.81,

0.47, and 0.28 mm, respectively. They concluded that increase in the
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number of sleeve-guided site preparation steps made a higher accuracy,
hence implant placement through the guide allowed a more accurate
implementation of the virtual plan to the surgical site than freehand

insertion or freehand final drilling.

2.4.2.4.4 Type of surgical guide support (tooth- supported/bone-
supported/mucosa-supported)

The types of guide supported template are classified into 3
types; tooth- supported, bone-supported, and mucosa-supported (Fig
13). Selection bases on the number of remaining teeth for supporting
guide and on the need for a flapless approach.

Ozan et al, in 2009 (53) compared the accuracy of 3 different
types of stereolithographic surgical guides. The deviations at implant
apex were 0.95 + 0.6 mm, 1.57 + 0.9 mm, and 1.60 + 1.0 mm for the
tooth-supported,  bone-supported, and mucosa-supported surgical
guides, respectively. The angular deviations were 2.91° + 1.3°, 4.63° +
2.6°, and 4.51° + 2.1° for the tooth-supported, bone-supported, and
mucosa-supported surgical suides, respectively. Significant differences
were found between tooth-supported and bone-supported, and
between tooth-supported and mucosa-supported surgical guides. They
concluded that tooth-supported surgical guides were more accurate
than bone- or mucosa-supported surgical guides.

The third EAO Consensus Conference 2012 (54) concluded that
tooth-supported guide tends to be slightly more accurate than mucosa-

supported and bone-support-guides, but the differences are small.
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Figure 13 Graphic demonstrates type of guide support template
(a) mucosal-supported; (b) bone-supported; (c)tooth-supported (55)

2.4.2.4.5 Surgical technique (flapless/open flap)

Prospective clinical study from Behneke et al, in 2012 (17) that
compared flapless implant placement technique when the soft tissue
was punched with the full thickness flaps were raised. A borderline
significance (P = 0.027) was found between both conditions for the
implant neck radial deviations (slightly higher values for the flapless
approach). For the linear deviation at the implant apex, and for the
angular deviation, no significant differences were found. They concluded
that flap elevation did not negatively influence the positioning of the
tooth-supported surgical templates. These findings are in agreement
with the results reported by the study of Ersoy et al., in 2008 (7) who
studied in vivo study for partially or completely edentulous patients.
They could not find any difference in accuracy for the open flap
procedure and the flapless procedure.

Moreover, flapless surgery seems to benefit peri-implant
mucosal conditions, particularly in terms of maximum preservation of
peri-implant papillae and reduced mucosal recession. However, soft
tissue punching and removal was not recommend in patients with lack

of keratinized attached mucosa and close proximity to any major
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anatomical structures, and lack of bucco-palatal dimension of the ridge

(56).

2.4.2.4.6 Operator’s skill (experienced/inexperienced)

Rungcharassaeng et al, in 2015 (57) evaluated the effect of
operator experience on the accuracy of implant placement with a static
CAIS on the partially edentulous mandibular model. They stated that
no significant differences were found in the angular and linear deviations
between experienced and inexperienced operators. Although not
statistically significant, the amount of vertical deviation in the coronal
direction of the implants placed by the inexperienced operators was
about twice that placed by the experienced operators.

Simon H et al, in 2012 (58) studied the effect of surgeon’s
experience on the accuracy of implant placement with static CAIS in
model. They concluded that surgeon’s experience had minimal effect
on the accuracy of implant placement. The only difference that
resulted from surgical experience was that experienced surgeons made
less error in bucco-lingual angulation compared to unexperienced and

intermediate surgeons.

Choi et al,, in 2017 (45) concluded that implant placed after 3
year of experience was significantly more accurate in position, while the

3-year cutoff was not statistically significant to angulation.

2.4.2.4.7 Accuracy of image acquisition (CBCT/MSCT)

Poeschl et al,, in 2013 (49) compared the accuracy of CBCT and
Multislices Computed Tomography (MSCT) for its use in image-guided
surgery in mandibular models. Four precise metal reference markers in

each model were scanned with MSCT and CBCT. The six reference
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distances between the markers were measured using 3 methods. They
found that no significant difference between MSCT and CBCT.

Arisan et al., in 2013 (15) compared the accuracy of MSCT and
CBCT in 11 patients with 108 implants in mucosa supported
stereolithographic (SLA) surgical guides. They found that no statistically
significant differences between the MSCT and CBCT (59). However CBCT
has many advantages over MSCT such as lower radiation dose, lower

cost, and shorter scanning time.

2.4.2.4.8 Accuracy of surgical guide fabrication

The accuracy of 3D surgical guide fabrication results from the
accuracy of impression taking, CBCT scanning, surface scanning, implant
planning software, matching the data, transferring the data, CAD/CAM
surgical guide production, fitting of surgical guide, and tolerance surgical
sleeve/drill (16, 60). For example, if the 3D reconstruction for the
creation of the surgical guide is generated with a too low gray value
threshold, the surgical template will be thicker than the original
radiographic guide, resulting in a higher position toward the alveolar
ridge and the implants will be placed to superficial (61). Santler et al,, in
1998 stated that overall deviation in the production process of a
stereolithographic guide is less than 0.25 mm (62). This finding closed to
the study from Sebastian K et al., in 2015 stated that mean deviation
from production process of the surgical guide using coDiagnostiX
software is 0.22 mm at sleeve top, 0.24 mm at sleeve base, and angular

deviation is 1.5° (60).

2.5.4.2.9 Clinical factors
Several clinical factors lead to inaccuracy have been identified

such as presence of debris in the drilled hole during implant placement
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that preventing the implant from reaching its final position, resilience of
mucosal tissues, improper fitting of the surgical guide and sleeve,
limited mouth opening that reduced inter-arch clearance, and

movement of the patient during surgery (16, 60).

2.4.3 Mental CAIS

There is a system that applies from static CAIS and conventional implant
surgery. The DICOM file from CBCT scanning is imported into implant planning
software where there are additional diagnostic and implant planning tools to
enhance the process. Surgeon can visualizes the data, measures the distance, and
selects appropriate size and suitable position of implant in the software program in
3D directions (14, 15, 55).

After planning, mesio-distal distance from adjacent teeth, bucco-lingual
distance from bone edge to implant and apico-coronal distance from bone of to
implant shoulder are determined and measured. The angulation of the implant
fixture in relation to the adjacent clinical crown is also determined and measured. At
surgical procedure, surgeon can visualize planned implant site directly on the
computer screen in 3D; axial, coronal and sagittal view, together with some rough

distance calculations.

In this system the implant is virtually planned in implant planning software
program in 3D directions, however the 3D surgical guide does not prepare for the
surgery (14, 15). The surgeon performs the implant bed preparation and implant
placement in a free-hand manner (14, 15, 55, 63).

The disadvantage of this system is the surgeon unable to control implant
angulation and depth during surgery. However, the advantages of this system over
the conventional implant surgery is the implant is virtually planned in implant
planning software before the surgical intervention resulting in it can compare the

deviation of implant position between planned and placed dental implant.
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2.5 Accuracy of implant position

The most common concern in implant surgery regarding CAIS is the
accurately transfer of the virtual data for the planned implant position to the actual
surgical procedure to place the implant and its final position intraorally. CAIS has
often been recommended for implant placements in situations with a limited
amount of bone or proximity to critical anatomical structures. Hence, it is importance
to know the accuracy of this system (3).

Accuracy is defined as the deviation between planned and placed dental
implant. There are many ways to investigate the deviation. The most often method is
verified via preoperative and postoperative CBCT, through specific software that
allow the matching of preoperative planning and postoperative placed implant
positioning (64, 65).

In generally, the accuracy is investigated at three levels:

® Frror at the entry point, measured at the center of the implant shoulder

® FError at the apex, measured at the center of the implant apex

® Angular deviation

Error at the entry and the apex are measured in millimeter (mm), while the
angular deviation is measured in degrees (°). The error or deviation of these points is
calculated in 3D, though several methods are used to describe the distance between
the given points. The most common method is the actual distance measurement
between the planned and placed point in 3D directions. By using a distinction
between the deviation measured in the x, y, and z-axis and calculation from
Pythagorean Theorem (Equation 1) (Fig 14-15) (3), where

® x = horizontal deviations in implant position in the mesio-distal direction
® vy = horizontal deviations in implant position in the bucco-lingual direction

® 7 = vertical deviations in implant position in the apico-coronal direction

Equation 1 3D deviations using Pythagorean Theorem (3)
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3Ddev = /X2 + Y2 + 72

B-Li (YV\

M-D (X)

Figure 14 Deviation measured in x, y, z-axis

x-axis

[l ' 3D deviation
at entry

i
3D deviation
/] at entry

3D deviation 3D deviation
at apex

Figure 15 Illustration of different parameters for describing the deviations

(Left) Different variables for describing deviations per implant illustrated

(Right) Illustration of distinction between deviation measured in x, y, z-axis (3)

2.5.1 Accuracy of Mental CAIS
Alexander R. Edelmann et al., in 2016 (63) evaluated the accuracy of 18 single

immediate implant placement. Before tooth extraction, the surgeon virtually planned
implant positioning using preoperative CBCT data in SimPlant Pro 15 (Dentsply,

Waltham, Mass). Appropriate mesio-distal, bucco-lingual dimensions from adjacent
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teeth were determined and measured. The angulation of the implant fixture in
relation to the adjacent clinical crown was also determined and measured. Surgery
was performed follow planning in freehand technique. Accuracy was determined by
using measurements the deviation between planned and placed implant position in
the software using preoperative and postoperative CBCT scans. The mesio-distal
dimensions (MI, DI) were determined and measured from the most cervical portion of
the implant fixture to the plane of the adjacent teeth. The facio-lingual dimensions
(LI) were determined and measured from the most lingual part of the adjacent teeth.
The angulation of the implant fixture in relation to the clinical crown (IT) was also
determined and measured. In the mesio-distal dimension, mean deviation is 0.02
mm slight distal and 0.02 mm slight mesial. In the facio-lingual dimension, mean
deviation is 0.11 mm slight facial. For the ansgulation difference, there is a slight trend
that the implant will flare a little facially 1.23°. However, no statistical difference

between the planned and placed implant position in any measurement (Table 3).

Table 3 Deviation of implant position placed with mental CAIS

Alexander

Immediate 1.23 -0.02 -0.02 -0.11

RE et al Prospective 18

. (-1.59,4.05 (-0.40,037) (-0.42,0.39) (-0.73, 0.50)
2016 (63) single gap

2.5.2 Accuracy of Static CAIS

Several reviews of scientific literature have been performed to evaluate the
accuracy of stereolithographic surgical guide (Table 4).

Di Giacomo et al., in 2005 (66) evaluated the accuracy of 21 implants placed
using SLA surgical guides generated from CT in 4 partially edentulous patients.
Simplant software was used for virtual planning and comparing the deviation

between planned and placed implants. The deviation was 1.45 + 1.42 mm at the
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implant shoulder, 2.99 + 1.77 mm at the implant apex, and angular deviation of 7.25°
+ 2.67°. They concluded that the stereolithographic surgical guides may be useful
equipment in implant placement. However, the stability of surgical guide was
important factor especially in cases of unilateral bone supported and non-tooth
supported guides.

Ersoy et al,, in 2008 (7) evaluated the accuracy of 94 implants placed using SLA
surgical guides generated from CT. Stent Cad software program was used for planning
implant position. SwissPlus software (Zimmer Dental, Carlsbad, CA) was used for
comparing the CT images between planned and placed implants. The deviation in
single tooth gap was 0.74 + 0.40 mm at the implant shoulder, 1.66 + 0.28 mm at the
implant apex, and angular deviation of 3.71° + 0.93°. The deviation in Kennedy class |
and Il was 1.23 + 0.67 mm at the implant shoulder, 1.59 + 0.74 mm at the implant
apex, and ansular deviation of 4.78° + 1.86°. The deviation in fully edentulous area
was 1.28 + 0.92 mm at the implant shoulder, 1.6 + 1.08 mm at the implant apex,
and angular deviation of 5.1° + 2.59°. The deviation was increasing with size of
edentulous area. However, statistically significant differences in the deviation at the
apex were observed between the single-tooth loss and partially edentulous groups
and between single-tooth loss and fully edentulous groups. No significant differences
were found among the other groups. They suggested that stereolithographic surgical
guides were accurate tools for transferring ideal implant position from computer
planning to the actual implant surgical phase of treatment and flapless implant
surgery was possible with these guides.

Ozan et al, in 2009 (53) evaluated the accuracy of 110 implants placed using
stereolithographic surgical guides. Stent Cad software program was used for planning
the implant position while, 3D-software (Rhinoceros 4.0, McNeel Ins, Seattle, WA) was
used for comparing the CT images between planned and placed implants. The
deviation was 1.11 + 0.7 mm at the implant shoulder, 1.41 + 0.9 mm at the implant

apex, and angular deviation of 4.1° + 2.3°. They concluded that SLA surgical guide
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using CT data was the reliable tool for implant placement both in flapless and open
flap surgery.

Valente et al, in 2009 (67) evaluated the accuracy of 89 stereolithographic
surgical guides generated from CT in 25 patients. The study was retrospective study.
Simplant software program was used for comparing the CT images between planned
and placed implants. The deviation was 1.4 + 1.3 mm at the implant shoulder, 1.6 +
1.2 mm at the implant apex, and angular deviation of 7.9° + 4.7°. The survival rate of
96% with this method (mean follow-up, 36 months) and no major surgical
complications were found.

Van Assche et al, in 2010 (68) evaluated the accuracy of implants placed by
stereolithographic template in 8 partially edentulous patients. The surgery was done
with flapless approach. Each patient required 2-4 implants. Radiographic data were
obtained by CBCT or MSCT scan. Procera software was used for virtual planning
implant. Nobel Guide software was used for comparing the CT images between
planned and placed implants. The stereolithographic surgical guide was positioned
on the remaining teeth and 1-2 anchor pins were inserted into the jawbone to
stabilize the surgical guide during surgical intervention. The deviation was 0.6 +
0.3mm at the implant shoulder, 0.9 £ 0.4 mm at the implant apex, and angular
deviation of 2.21° + 1.1°. They concluded that implants in partially edentulous can
be placed with flapless approach via stereolithographic surgical guide with the
acceptable deviations towards their planned position.

Pettersson et al,, in 2012 (69) evaluated the accuracy of 139 implants placed
with 25 stereolithographic surgical guides in fully edentulous jaws. The surgery was
done in flapless approach. All stereolithographic surgical guides were mucosa
supported guides. Procera software version 1.5 was used for virtual planning implant,
while Nobel Guide software was used for comparing the deviation between planned
and placed implants. The deviation was 0.8 mm (range 0.10-2.68) at the implant

shoulder, 1.09 mm (range 0.24-3.62) at the implant apex, and angular deviation of
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2.26° (range 0.24-11.74). No statistic differences were observed between maxilla and
mandible.

Meta-analysis from Schneider et al,, in 2009 (70) analyzed the accuracy of
computer-guided template-based implant dentistry in 8 studies. One study was
performed on model (50 implantation sites), four on cadavers (116 implantation
sites) and three in humans (155 implant sites). One hundred fifty five implants were
analyzed in 3 human clinical studies in 2003-2009 with 3 different implant planning
software (SimPlant, SurgiGuide, and StentCAD) were used for comparing the
deviation. In human, they reported the mean deviation at implant shoulder was 1.16
mm (95% Cl: 0.92 to 1.39 mm), mean deviation at apex was 1.96 mm (95% Cl: 1.33 to
2.58 mm), and angular deviation was 5.73° (95% Cl: 3.95° to 7.49° (70). They reported

that stereolithographic surgical guide was the reliable tools in implant placement.

Meta-analysis from Van Assche et al., in 2012 (5) that analyzed accuracy of 1326
implants with static computer-guided implant placement in 12 vivo studies. This
study contained 10 different “static” computer-assisted implant sorftware (Ay-
Design®, Aytasarim®, EasyTaxis®, SinterStationHiQ®, SurgiGuide®, Safe SurgiGuide®,
SICAT®, Med3D®, NobelGuide®, Facilitate®). They reported that in vivo studies
mean deviation at implant shoulder was 1.0 mm (95% CI: 0.7 to 1.3 mm), mean
deviation at the apex was 1.4 mm (95% Cl: 1.1 to 1.7 mm), and mean angular
deviation 4.2° (95% Cl: 3.6° to 5.0°) (5). However a comparison between 10 implant
planning software was impossible because the heterogeneity in study designs.
Moreover, they suggested that the stability of stereolithographic surgical guide was

the crucial factor on the final accuracy of implant placement.



Table 4 Deviation of implant position placed with static CAIS

Di Giacomo

et al 2005
(67)

Ersoy et al

2008 (7)

Ozan et al

2009 (52)

Valente et al

2009 (53)

Assche et al.
2010 (68)
Pettersson
et al. 2012
(69)

Assche et al

2012 (5)

Schneider et

al 2009 (70)

Prospective

In vivo

Prospective

Retrospective

Prospective

Prospective

Meta-analysis

Meta-analysis

Partially

edentulous

Single sap
Kennedy CL. | or Il
Fully edentulous
Partially
edentulous
Partially
edentulous

Fully edentulous
partially

edentulous

Fully edentulous

Single gap
Multiple gap
Fully edentulous
Multiple gap

Fully edentulous

21

20

65

110

89

19

139

990

155

7.25+£2.67

371 +£0.93

4.78 = 1.86

51+ 259

111+ 0.7

7.9+4.7

2.2+1.1

2.26

3.81

5.26

1.45+1.42

0.74 = 0.40

1.23 + 0.67

1.28 + 0.92

141 +09

1.4+13

0.6+0.3

0.8

0.99

1.07

32

2.99+1.77

1.66 +0.28

159 +0.74

1.6 + 1.08

41+23

1.6£1.2

0.9+£0.4

1.09

1.24

1.63

2.5.3 Comparison of the accuracy between Static CAIS and Mental CAIS

There are many clinical studies that measured the accuracy of static CAIS in

single missing tooth. However most of investigations due to the intrinsic nature of

their study design were unable to determine whether the static CAIS was more

accurate than the conventional implant surgery (65).

At present only one clinical randomized trial has compared the accuracy of

static CAIS with mental CAIS in single missing tooth, the split-mouth design by Farley
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et al,, in 2013 (52). Each group contained 10 implants. All the implants were planned
with the iDent Imagine software (iDent Imaging). After surgery the postoperative CBCT
data was superimposed to preoperative CBCT data in Rapidform XOR/RESDESIGN
(INUS Technology), volumetric or overlap differences were measure to compare the
planned and placed implant position. They reported angle deviation, deviation at
shoulder, deviation at apex were 3.68 + 2.19°, 1.45 + 0.60 mm, 1.82 + 0.60 mm,
respectively using static CAIS. For the mental CAIS, angle deviation, deviation at
shoulder, deviation at apex were 6.13 + 4.04°, 1.99 + 1.00 mm, 2.54 + 1.23 mm,
respectively. The results showed that implants placed with static CAIS were closer to
the planned positions in all dimensions, however statistically significant differences (P
= 0.0409) were shown only at the implant shoulder, providing greater accuracy than
implants placed with mental CAIS (Table 5) .

Vercruyssen M et al., in 2014 (14, 15) compared accuracy of implant placement
between stereolithographic surgical guide (mucosa-/bone-supported) and mental
CAIS in fully edentulous patients. Mimics® software (Materialise Dental) was used for
comparing the deviation. An iterative closest point algorithm was used to match the
jaws. The angular deviation, deviation at implant shoulder, deviation at implant apex
of mucosa-supported stereolithographic surgical guide were 2.71 + 1.36°, 1.38 + 0.64
mm, and 1.60 + 0.70 mm, respectively. The angular deviation, deviation at implant
shoulder, deviation at implant apex of bone-supported stereolithographic surgical
guide were 3.20 + 2.70°, 1.33 + 0.82 mm, and 1.50 + 0.72 mm, respectively. The
angular deviation, deviation at implant shoulder, deviation at implant apex of mental
CAIS were 9.92 + 6.01, 2.77 = 1.54 mm, and 2.91 + 1.52 mm, respectively. Based on
types of stereolithographic surgical guide supported, no significant difference was
found between mucosa and bone-supported. However, significant difference was
found between static CAIS and mental CAIS. They concluded that inaccuracy of static

CAIS was clearly less than in mental CAIS in all positions (Table 5).
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There have been the in vitro study that compared the accuracy of the implant
position between static static CAIS and mental CAIS. Sarment et al, in 2003 (71)
compared the accuracy of implant position in 5 epoxy edentulous mandible with 5
surgeons. At the right side of jaw, 5 implants were placed by using conventional
surgical guide while, on the left side of jaw, 5 implants were placed by using
stereolithographic surgical guide. In static CAIS group, mean angle deviation, deviation
at implant shoulder, mean deviation at implant apex were 8 + 4.5°, 0.9 + 0.5 mm, 1.0
+ 0.6 mm, respectively. In mental CAIS group, mean angle deviation, deviation at
implant shoulder, mean deviation at implant apex were 4.5 + 2°, 1.5 + 0.7 mm, 2.1 +
0.97 mm, respectively. The deviation of stereolithographic surgical guide less than
conventional surgical guide in all dimensions. They concluded that stereolithographic
surgical guide allow for improving the accuracy of implant placement (Table 5).

This results agree with the study from Nokar et al., in 2013 (72) that compared
the accuracy of implant position in epoxy mandibles. Each group contained 32
implants in 8 mandibles. In static CAIS group, ansular deviation was 1.2 + 0.08°,
deviation at implant shoulder was 0.88 + 0.38 mm in mesio-distal direction, 0.22 +
0.17 mm in bucco-lingual direction, and 0.11 £ 0.05 mm in apico-coronal direction. In
mental CAIS group, angular deviation was 5.9 + 4.5 °, deviation at implant shoulder
was 2.4 + 0.68 mm in mesio-distal direction, 0.39 + 0.27 mm in bucco-lingual
direction, and 0.7 + 0.46 mm in apico-coronal direction. Implant placed with static
CAIS has lower deviation than implant place with mental CAIS. They concluded that
implant placement with stereolithographic surgical guide can improved the accuracy
(Table 5).

Besides, there are the in vivo - in vitro studies that studied the accuracy
between static CAIS and mental CAIS. The study from Nickenig et al., in 2010 (73)
used coDiagnostiX implant software for planning and comparing the deviation of the
implant position using CBCT data in unilateral free-end gap in the lower jaw. In static

CAIS group, 23 implants were placed in lower jaws of 10 patients. In mental CAIS
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group, manual implantation was performed in radiopaque anatomical casts of the
same 10 patients who had undergone real implantation. After implantation,
postoperative CBCT scans of master cast model with implant replicas of the definite
prosthetic treatment together with the exact positioned template were
superimposed onto the preoperative scans of the virtual planned implants. The
results of static CAIS were mean angular deviation of 4.2 + 3.04°, mean deviation at
the implant shoulder in the mesio-distal direction of 0.9 + 1.22 mm, bucco-lingual
direction of 0.9 = 1.06 mm, and mean deviation at the implant apex in the mesio-
distal direction of 0.9 + 0.94 mm, bucco-lingual direction of 0.6 + 0.57 mm. While the
results of mental CAIS were mean angular deviation of 9.8 + 4.25°, mean deviation at
the implant shoulder in the mesio-distal direction of 2.4 + 1.91 mm, bucco-lingual
direction of 3.5 + 2.24 mm, and mean deviation at the implant apex in the mesio-
distal direction of 2.0 + 2.02 mm, bucco-lingual direction of 2.5 + 2.48 mm. Static
CAIS produced significantly smaller deviation than mental CAIS in all positions and

accuracy of axis was also significantly improved (Table 5).
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Table 5 Comparison the deviation of implant position placed with static and

Mental CAIS
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CHAPTER 3
MATERIALS AND METHODS
3.1 Materials
3.1.1 Patients

3.1.1.1 Sample selection
Patients who need single tooth dental implants at the Faculty of

Dentistry, Chulalongkorn University were invited to participate in the study.
Inclusion criteria:

® Single missing tooth space (Fig 16)

® Present mesial and distal neighboring teeth (Fig 16)

® Mesiodistal space > 6.5 mm

® Mouth opening at least 30 mm

® Aged 20 years and over

Figure 16 Single missing tooth space with mesial and distal teeth for supporting the
surgical guide bilaterally
Exclusion criteria:
®  Medically compromised subjects (ASA classification IlI-V)
®  General contraindications against implant treatment (e.g.
immunodeficiency, advanced systemic diseases)
®  Clinical or radiographic sign presents any pathology in the jaw bone

L Heavy smoker > 10 cigarettes/day



Withdrawal criteria
® Fracture or instability of surgical guide

®  Subject chooses to exit study at any period of time

3.1.1.2 Sample size calculation

Sample size calculation was conducted via G*Power version 3.1.9.2
based on the report of Vercruyssen et al., in 2015 entitle “Computer-supported
implant planning and guided surgery: a narrative review” (64) with significance
level (Q) of .05, power (1-B) of .95, and allocation ratio of 1. The required
number of pairs was 27.

However, for losing the data at any period of time, the total sample size
was used in this study is 60 subjects and divided into 2 groups, static CAIS and

mental CAIS. Each group comprised of 30 implants.

3.1.2 Cone Beam Computed Tomography (CBCT) scanner

Accuitomo 3D machine (J. Morita Inc., Kyoto, Japan) for pre- and post-operation
120 kV, 5 mAs
FOV 100x100 mm, 140x100 mm (depend on patient’s arch size)

Voxel size 125 pm

3.1.3 Surface scanner

3.1.41

Trios intraoral scanner (3shape, Copenhagen, Denmark) for intraoral scan

D900 model scanner (3shape, Copenhagen, Denmark) for model scan

mplant
Bone level implant (Straumann, institute Straumann AG, Basel, Switzerland).

Implant diameter 3.3, 4.1 or 4.8 mm and length 8, 10 or 12 mm.

3.1.5 Planning and accuracy analysis software

coDiagnostiX software version 9.7 (Dental Wings inc, Montreal, Canada)



3.2 Methods
This study was approved by ethic committee of Faculty of Dentistry,

Chulalongkorn University (Study code: HREC-DCU 2017-062) and Thai Clinical Trials
Registry (TCTR20181017002). Verbal and written consents were obtained from all
subjects before attending this project.

AUl surgical procedure in mental CAIS group was operated by one experienced
surgeons. Fifty two consecutive patients requiring 60 dental implants for replacement
of single teeth were enrolled in the study. Each implant site was randomized into
static or mental CAIS group by block randomization (5 implants per block).

3.2.1 Planning protocol
3.2.1.1 Static CAIS implant sites

All patients received a pre-operative Cone Beam Computer Tomography
(CBCT) examination by Accuitomo 3D and an optical scan of the oral tissues by
means of either Trios intraoral scanner or D900 model scanner. The Digital
Imaging and Communications in Medicine (DICOM) file from the CBCT
examination and the Standard Tessellation Language (STL) file from the optical
scan were imported and merged in coDiagnostix® software version 9.7. The
ideally virtual implant position was planned by one operator. Finally, the
surgical guide with the embedded sleeve was designed and 3D printed with
computer-aided design/computer-aided manufacturing (CAD/CAM) technology.

AUl laboratory and 3D printing was performed by one standard dental lab.

3.2.1.2 Mental CAIS implant sites

Patients were taken an impression with irreversible hydrocolloid
material and poured with stone for making a model. A wax up of the ideal
prosthesis was conducted. A radiopaque stent was produced from the wax-up
which the patients wore during the CBCT examination. The DICOM file from the
CBCT examination was imported in coDiagnostix® software version 9.7. Virtual

implant planning was performed by the same operator as in the Static CAIS



sites for all patients. Finally, a surgical stent was produced in conventional
laboratory manner, allowing the surgeon to visualize the ideal prosthetic
position intraoperatively. All conventional laboratory work was performed by

the same dental lab.

3.2.2 Surgical protocol

All implants were placed by experienced surgeon under local anesthesia. The
surgeon confirmed the virtual planning and drilling sequence prior to the surgery. All
implants used in this study were bone level Straumann implants ranging in diameter
from 3.3 - 4.8 mm and in length between 8 - 12 mm.

All implants were done under local anesthesia with reflection of full thickness
mucoperiosteal flap.

In the mental CAIS, the implant bed preparations and implant insertion was
performed in freehand manner. In static CAIS group, fit and stability of the surgical
guide was verified prior to the surgery through tactile inspection and confirming fit
through the respective window areas of the guide on top of teeth. Implant bed
preparations and implant insertion were done through the surgical guide in
accordance to the fully manufacturer’s guided surgical protocol.

After the implant was in place, Resonance Frequency Analysis (RFA) and
insertion torque were measured for all implants, and healing abutment was placed.
All patients received postoperative instructions and appointment for suture removal.
The postoperative medications administered included systemic antibiotics
(@amoxicillin 1 gram, twice a day) and analgesic (mefenamic acid 500 milligram, three
times a day) for 5 days. In patients allergic to penicillin, clindamycin 300 milligram

was administered three times a day.

3.2.3 Accuracy measurement

Postoperative CBCT data was taken by the same machine, Accuitomo 3D

machine, with same protocol and superimposed with preoperative CBCT data using



automated surface best-fit matching with the iterative closest point algorithm in the
treatment evaluation mode, coDiagnostix® software version 9.7. All measurements
were done by one examiner, the same who conducted the virtual implant planning
who was not the surgeon.

Steps for measuring the deviation in treatment evaluation mode of

coDiagnostix® software version 9.7:

® | oaded postoperative CBCT data into program and clicked the Automatic

Registration button

® Started surface registration by using the same hard tissue surface at least 3
points
® Manual aligned planned implant to placed implant with maximum enlarge
image in 3 view; cross-sectional, tangential and 3D
® After aligned implant, the program calculated the mean differences of
deviation from planned to placed implant position in 9 positions:
- angle deviation in degrees (°)
- deviation at implant shoulder in millimeters (mm)
O 3D offset
O mesio-distal direction
O bucco-lingual direction
O apico-coronal direction
- deviation at implant apex in millimeters (mm)
O 3D offset
O mesio-distal direction
O bucco-lingual direction
©)

apico-coronal direction

3.2.4 Statistical analysis
Statistical analysis was carried out using IBM SPSS Statistics software (version

22 software SPSS Inc., Chicago, IL).



The distribution of data was tested by Kolmogorov-Smirnov Test. The result
was non-normal distribution (p = 0.2).

Primary outcomes were mean differences of angle deviation, deviation at
implant shoulder, and deviation at implant apex.

Mean differences of angle deviation, deviation at implant shoulder (3D/mesio-
distal/bucco-lingual/apico-coronal  direction) and deviation at implant apex
(3D/mesio-distal/bucco-lingual/apico-coronal direction) between planned and placed
implant position were compared between static and mental CAIS with Mann Whitney
U test.

Mean differences of the deviation to each direction at implant shoulder and
apex (mesial/distal/buccal/lingual/apical/coronal) between planned and placed
implant position were compared between static and mental CAIS with Mann Whitney
U test.

Patient demographic data and implant/site characteristics were compared
between the two groups with a Chi-square test.

Multiple linear regression was utilized to investigate possible effect of type of
arch (maxilla/mandible), location of implant (anterior/premolar/molar), side of arch
(right/left), diameter and length of implant to the deviation in static and mental CAIS.

RFA and Mean insertion Torque measurements were compared between the
two groups with Mann Whitney U test.

A calculated P value less than .05, representing the confidence interval of
95%, was considered statistically significant. The statistical power was analyzed by

GPower software (Vercruyssen et al., 2015).



CHAPTER 4
RESULTS

A total of 52 patients received 60 implants as part of this study. Distribution

of the implant sites and types are presented in Table 6.

Table 6 Distribution of implant in static and mental CAIS groups

Type of Arch 0.787
Maxilla 20 19
Mandible 10 11

Side of Arch 0.605
Right 15 17
Left 15 13

Implant Location 0.832
Anterior 5 5
Premolar 9 7
Molar 16 18

Implant Diameter (mm) 0.766
33 6 4
4.1 10 10
4.8 14 16

Implant Length (mm) 0.866
8 9 10
10 17 15
12 4 5

The deviation between planned and final implant position for the two groups
is presented in Table 7. Mean angle deviation, deviation at shoulder and apex in
static CAIS group were 3.1 + 2.3°, 1.0 + 0.6 mm and 1.3 + 0.6 mm, respectively. In the
mental CAIS group, mean angle deviation, deviation at shoulder and apex were 6.9 +
4.4°, 1.5 + 0.7 mm and 2.1 + 1.0 mm, respectively. Static CAIS technique showed less

deviation than mental CAIS in all measurements. However, statistically significant



differences between the two techniques were found between six out of nine
parameters of the measured deviation:

a) angle deviation,

b) 3D, mesio-distal and apico-coronal deviation at implant shoulder

) 3D, mesio-distal deviation at implant apex

Table 7 Deviation of implant position in static and mental CAIS groups

Angle deviation (°) 31+£23 0.00 - 8.60 69 +44 0.50 - 16.90 0.001*

Deviation at implant shoulder (mm)

3D 1.0+ 0.6 0.20 - 2.67 1.5+0.7 0.39-4.03 0.001*
Mesio-Distal 03+03 0.03 - 0.95 0.6 +0.4 0.03 - 1.67 0.001*
Bucco-Lingual 0.4+04 0.00 - 1.65 05+05 0.00 - 2.14 0.162
Apico-Coronal 0.7+0.6 0.05 - 2.09 1.0+038 0.03 -3.95 0.043*

Deviation at implant apex (mm)

3D 1.3+£0.6 0.24 - 2.57 21+10 0.61-4.53 0.001*
Mesio-Distal 0.6 £ 0.5 0.02 - 1.56 1.2+£0.8 0.03 - 3.04 0.001*
Bucco-Lingual 0.7+0.5 0.00 - 2.12 1.0+ 0.9 0.02 -3.19 0.379
Apico-Coronal 0.7+0.6 0.05-2.14 1.0+£0.8 0.03-3.71 0.104

Type of arch, side of arch, location of implant, diameter and length of the
implant were not affected to angle deviation and deviation at implant shoulder and

apex for either static or mental CAIS (p > 0.05) is presented in table 8.

The scattering plot of the mean deviation (mesio-distal, bucco-lingual and
apico-coronal) for both implant shoulder and apex of each implant is shown in Fig
17. At the implant shoulder, statistically significant differences between the two
techniques were found at mesial, distal and apical direction. At the implant apex,
statistically significant differences between the two techniques were found at distal

and buccal direction.



Table 8 Possible effect of type of arch, side of arch, location of implant, and size of

implant to the deviation in static and mental CAIS (p value)

0.261 0.366 0.069 0.218 0.137 0.696

Type of Arch

Side of Arch 0.117 0.299 0.137 0.422 0.102 0.739

Implant Location 0.544 0.971 0.140 0.547 0.521 0.781

Implant Diameter 0.584 0.429 0.403 0.594 0.470 0.810
0.933 0.412 0.250 0.154 0.521 0.097

Implant Length

The primary stability of dental implants measured through RFA in static CAIS
group was a mean 63.63 for the buccal side and 63.70 for the mesial side
respectively. In the mental CAIS group the mean was for buccal side 70.67 and for
mesial side was 71.17.

Mean insertion Torque in static CAIS group was 23.17 Ncm while in mental
CAIS was 28.67 Ncm. Both differences were statistically significant (RFA buccal
p=0.002, mesial p=0.001, Torque value p=0.013.

The analysis from GPower indicated that the power of the study was 0.95,

when the alpha level probability was set at 0.05.
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Figure 17 The scattering plot of the mean deviation (mesio-distal, bucco-lingual and apico-

coronal) for both implant shoulder and apex of each implant

Mean deviation (Case) Blue dot : mental CAIS group, Red dot : static CAIS group

At implant shoulder, statistical different were found between static and mental CAIS groups at

mesial, distal and apical direction, At implant apex, statistical different were found between

static and mental CAIS groups at distal and buccal direction



CHAPTER 5
DISCUSSION

The present studied showed significantly higher accuracy of implants placed
with static CAIS in 6 out of the 9 studied deviation parameters; angle deviation, 3D
deviation at implant shoulder, mesio-distal deviation at implant shoulder, apico-
coronal deviation at implant shoulder, 3D deviation at implant apex, mesio-distal
deviation at implant apex. Mean angle deviation, 3D deviation at shoulder and apex
in static CAIS group were 3.1 + 2.3°, 1.0 + 0.6 mm and 1.3 = 0.6 mm, respectively. . In
the mental CAIS group, mean angle deviation, 3D deviation at shoulder and apex
were 6.9 + 4.4° 1.5 + 0.7 mm and 2.1 + 1.0 mm, respectively.

The results of the present study come in agreement with that reported in a
split-mouth study by Farley et al., in 2013 (18), however, the sample was limited to
10 implants in each group. They reported angle deviation, deviation at shoulder,
deviation at apex were 3.7 + 2.2°, 1.5 + 0.6 mm, 1.8 + 0.6 mm, respectively using
static CAIS. For the conventional group, angle deviation, deviation at shoulder,
deviation at apex were 6.1 + 4.0°, 2.0 + 1.0 mm, 2.5 + 1.2 mm, respectively. Implants
placed with static CAIS were closer to the planned position in all dimensions than
the conventional placement. However, significant differences were only found in the
horizontal deviation of the implant shoulder. The authors further reported a
limitation of the study being the fit of the CAD/CAM guides, some of which needed
relining with clear acrylic resin in order to enhance stability prior to the surgery.

Vercruyssen M et al,, in 2014 (14, 15) compared accuracy of implant placement
between stereolithographic surgical guide (mucosa-/bone-supported) and mental
CAIS in fully edentulous patients. The angular deviation, deviation at implant
shoulder and apex of mucosa-supported stereolithographic surgical guide were 2.71
+ 1.36° 1.38 + 0.64 mm, and 1.60 + 0.70 mm, respectively. The angular deviation,
deviation at implant shoulder and apex of bone-supported stereolithographic surgical

guide were 3.20 + 2.70°, 1.33 + 0.82 mm, and 1.50 + 0.72 mm, respectively. The



angular deviation, deviation at implant shoulder, deviation at implant apex of mental
CAIS were 992 + 6.01, 2.77 = 1.54 mm, and 291 + 1.52 mm, respectively. The
deviation of stereolithographic surgical guide less than mental CAIS. The results of
this study in static CAIS closed with the results from Vercruyssen M et al., in 2014 but
the deviation of mental CAIS less than the fully edentulous study. This results
explain by in static CAIS, the implant surgery was controlled by metal sleeve
embedded in 3D printed surgical stent, while in mental CAIS, implant surgery was
controlled by the surgeon. For mental CAIS, the accuracy of single tooth gap surgery
in this study more than fully edentulous study from Vercruyssen M et al,, in 2014.
This explain by in fully edentulous, there is no reference for controlling the position
of implant, while in single tooth gap, neighboring teeth can be the reference during
surgical intervention.

Most other reported comparative studies on the accuracy of implant position
performed by static CAIS and freehand technique are conducted in-vitro. Sarment et
al,, in 2003 (71) and Nokar et al, in 2011 (71, 72) reported that the deviation of
CAD/CAM surgical guide less than conventional surgical guide in all dimensions.
These results were agreement with the combined in vivo - in vitro study from
Nickenig et al., in 2010 (74).

The deviation of static CAIS in this report come in agreement with the meta-
analysis from Assche et al., in 2012 (5), they revealed mean angle deviation was 3.8°
(0-24.9°), mean deviation at implant shoulder and implant apex were 1.0 mm (ranging
from 0-6.5 mm) and 1.2 mm (ranging from 0-6.9 mm). While meta-analysis from
Schneider et al., in 2009 (20) reported more deviate than this study. They reported
mean angle deviation was 5.3° (95% Cl: 4.0-6.6°), mean deviation at implant shoulder
was 1.1 mm (95% Cl: 0.9-1.4 mm) and mean deviation at implant apex was 1.6 mm
(95% ClI: 1.3-2.0 mm). Nevertheless, both of these reviews have included in-vivo and
in-vitro studies, addressing single and multiple missing teeth, thus affecting the ability

to directly extrapolate into more specific clinical settings.



The angle deviation of mental CAIS in this study is more deviate than the
study from Alexander RE et al., in 2016 (63) but that study is limited only in single
immediate implant surgery at anterior tooth and premolar. This study come in
agreement with the study from Choi et al,, in 2017 (45), they concluded that one of
the factors that influencing to the deviation of implant position was timing of implant
placement. The immediate placement was significantly more accurate than the
delayed placement.

Behneke et al,, in 2012 (17) concluded that increase in the number of sleeve-
guided site preparation steps made a higher accuracy, hence implant placement
through the guide allowed a more accurate than freehand insertion or freehand
drilling. No significant differences were found for the linear deviation at the coronal
or the angular deviation between implants placed in maxilla and mandible. This
study agrees with the study from Behneke et al., in 2012. Implant placement with
static CAIS was more accurate than the mental CAIS and no significant differences
were found between maxilla and mandible.

In this study, the results were come in agree with the results from D’ Hease
et al,, in 2012 that posterior implants were more deviate than anterior implants.
However, no significant differences were found. There was no influence of the length
of implant in this study. In contrast, Length of implant in the study of D’ Hease et al,,
in 2012 had influence to the deviation. However, in this study, the length of implant
limited to 8-12 mm but in the study of D’ Hease et al,, in 2012, implant length was
8-15 mm.

The deviation of implant position in this study was not affected by side of
arch (maxilla/mandible) and implant diameter. The data was similar to the study
from Choi et al,, in 2017 (45). However, there was not the reliable study because
they measured the deviation by using preoperative CBCT merging with the

postoperative periapical film and measured it with two dimensional aspect.



Albeit there is a body of evidence suggesting in general higher accuracy of
implants placed through static CAIS, limitations of this technique include higher costs
and need for favorable anatomic conditions in terms of mouth opening (12, 16, 45).

It was an interesting finding that implants placed with static CAIS had
significantly lower primary stability, measured both by RFA and mean insertion
torque. In the static CAIS protocol the implant is fully inserted via the 3D surgical
guide, allowing for controlling of the vertical depth only indirectly through the
markings of the guide template. At the same time, the operator has very little tactile
perception of the implant stability other than the torque value. When the implant
reaches the predetermined vertical position, regardless of the extent of stability the
guide was removed and insertion torque and RFA were measured. On the contrary, in
the mental CAIS the operator has direct vision of the bone level and the vertical
implant position and could possibly determine the depth in response to the tactile
perception of primary stability, possibly sinking slightly more the implant in the bone
if required. This might explain why the RFA measurements as well as the torque
value were consistently lower for the static CAIS group in this study. In all cases
however there was enough clinical stability and no problems were noted.

Within the limitations of the present investigation, it was concluded that the
use of static CAIS will result in significantly higher accuracy of implant placement
than mental CAIS in a single tooth space. Unfortunately, this study focused on the
accuracy of implant position, thus the other factors such as cost effectiveness,
duration of the surgical intervention, and patient reported outcome were suggest for
further research. Future research could also address more complex surgical scenario
such as replacement of multiple missing teeth, immediate implant placement,
flapless/open flap design or experience of the surgeon. Moreover, the reduction of

surgical time and cost effectiveness should be taken in further study.



CHAPTER 6
CONCLUSION

Within the limitation of the study, the use of static CAIS demonstrated higher

accuracy of implant positioning compared to the mental CAIS in single tooth gap.
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Data in mental CAIS
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Implant Deviation RFA
Tooth Dia Shoulder (Base) Apex (Tip) Torque
Length | Angle B M
meter 3D D v A 3D D v A
1 21 4.1 10 0.5 1.08 -0.61 -0.21 -0.87 1.07 -0.61 -0.13 -0.87 67 68 20
2 16 4.8 10 0.9 223 -0.31 0.46 -2.16 2.25 -0.22 0.6 -2.16 83 84 35
3 26 4.8 10 8.1 2.57 1.67 -0.1 -1.95 3.59 3.04 -0.42 -1.85 76 76 35
4 26 4.8 10 2.7 1.19 0.94 0.45 0.59 1.46 1.32 0.16 0.6 879 35
5 16 4.8 8 6.5 1.41 0.64 0.73 -1.02 1.9 153 0.56 -0.97 71 72 35
6 46 a8 10 133 1.08 0.32 0 -1.03 247 0.49 23 -0.76 81 80 15
7 24 33 12 29 1.76 -0.11 -1.64 -0.63 221 0.25 -2.11 -0.62 68 64 20
8 16 4.8 8 7 148  -1.26 0.3 -0.71 235  -213 0.74 -0.65 7578 35
9 25 4.1 10 5.1 1.8 0.56 0.33 -1.67 2.24 1.33 0.77 -1.63 879 35
10 17 4.1 8 1.6 0.39 -0.38 -0.05 -0.03 0.61 -0.6 -0.05 -0.03 71 7 35
11 26 4.8 8 8.7 1.04 074 0.55 -0.48 1.87 1.83 0.02 -0.38 63 70 20
12 46 4.8 8 16.9 1.63 -1.23 -0.43 -0.98 3.55 -2.67 -2.25 -0.64 7373 35
13 46 4.8 10 8.4 1.22 0.33 -1 0.61 113 0.89 0.04 0.69 70 72 35
14 27 4.8 10 5.6 1.19 0.8 -0.85 -0.19 2.15 1.52 -1.51 -0.14 79 81 25
15 15 a1 8 35 066 ~ -0.03 -0.11 -0.65 087  -0.21 -0.57 -0.63 7374 35
16 34 33 10 35 1.3 0.68 0.52 -0.98 1.42 1.04 0.03 -0.96 M 73 25
17 26 4.8 8 1.6 0.77 0.34 0.55 0.43 0.78 0.51 0.41 0.43 83 83 35
18 21 4.1 10 9.2 1.08 1.01 -0.37 0.1 2.55 1.89 -1.72 0.03 919 35
19 11 4.1 10 0.8 0.91 0.55 0.23 0.69 1.01 0.7 0.23 0.69 56 65 10
20 36 a8 12 73 1.61  -0.03 -0.77 -1.42 1.56  -0.43 0.71 -1.32 30 30 15
21 15 33 8 2.8 0.95 -0.39 -0.37 -0.78 1.18 -0.77 -0.45 -0.78 54 56 15
22 46 4.8 10 11.3 1.45 0.64 -0.67 -1.11 2.49 2.28 0.39 -0.92 71 70 35
23 11 33 10 5.8 223 -0.63 0.22 -2.13 244 -1.07 -0.69 -2.08 68 65 25
24 25 4.1 12 9.4 2.15 0.14 0.4 -2.11 3.07 0.36 2.35 -1.95 69 62 25
25 34 4.1 12 13.6 112 -0.46 -0.58 -0.84 5Ty 11252 -3.19 -0.5 68 67 25
26 46 4.8 8 6.9 1.52 0.71 -0.85 -1.04 1.41 1.01 0.07 -0.98 71 72 35
27 12 41 12 115 4.03 -0.79 0.07 -3.95 4.53 -1.24 -2.27 -3.71 772 35
28 a6 a8 8 11.8 231 -0.86 -2.14 0.17 245  -2.15 -1.13 0.33 74 68 25
29 46 4.8 10 73 1.26 -0.3 -0.18 1.21 1.67 -0.03 1.06 1.29 73 74 35
30 46 4.1 10 13.6 1.14 -0.8 0.6 -0.55 333 -216 2.52 -0.27 70 72 35

D = Distal; V = Vestibular; A = Apical; B = Buccal; M = Mesial



Data in static CAIS
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Implant Deviation RFA
Tooth Dia Shoulder (Base) Apex (Tip) Torque
Length | Angle B M
meter 3D D v A 3D D v A
1 23 33 10 0.1 0.81 0.6 -0.54 -0.05 0.82 0.6 -0.56 -0.05 60 62 25
2 24 4.1 12 4.9 1.27 0.95 0.22 -0.82 203 1.56 1.05 -0.77 30 30 15
3 45 4.1 10 0 0.29 0.13 0.14 0.22 0.29 0.13 0.14 0.22 69 71 35
4 25 4.1 10 24 0.76 0.38 0.17 0.64 0.96 0.38 0.59 0.65 81 82 35
5 a7 4.8 10 2.7 0.52 0.1 0.17 0.48 0.78 0.58 0.2 0.49 61 63 20
6 36 4.1 10 3.5 0.84 0.14 -0.33 -0.76 1.2 0.14 -0.94 -0.74 60 59 30
7 15 4.1 10 1.9 0.36 0.32 0 -0.17 0.67 0.65 0 -0.16 74 72 35
8 36 4.8 10 1.6 0.58 0.05 -0.41 0.4 0.51 0.24 -0.2 0.4 7474 10
9 21 4.1 10 1.7 0.84 -0.42 -0.21 -0.69 1.02 -0.72 -0.21 -0.69 71 71 35
10 17 4.8 8 6.7 2.67 0.08 1.65 2.09 257 -0.73 1.21 2.14 61 59 15
11 16 4.8 8 8.6 1.07 0.38 0.82 0.58 203 151 1.18 0.67 64 64 25
12 36 4.8 8 3.8 0.42 -0.17 0.38 0.05 0.94 -0.28 0.89 0.07 80 75 35
13 16 4.8 8 6.4 1.67 0.52 -0.2 1.57 1.87 0.02 -0.93 1.62 72 72 35
14 26 4.8 8 2 1.9 0.43 0.15 1.85 1.9 0.43 -0.13 1.85 7470 15
15 24 4.1 10 0.5 0.28 -0.08 -0.01 0.26 0.32 -0.17 -0.01 0.26 62 60 15
16 11 33 12 6.4 0.98 0.33 0.61 -0.68 211 0.97 1.77 -0.61 53 57 25
17 13 33 10 1.6 172 -0.19 D25 -1.69 177 -0.47 -0.25 -1.69 70 68 25
18 26 4.8 12 35 1.05 0.67 -0.51 -0.62 1.61 1.41 -0.52 -0.6 66 70 25
19 36 4.8 10 29 0.41 -0.31 -0.25 0.07 0.91 -0.63 -0.65 0.08 63 59 15
20 46 4.1 8 1.9 1.58 0.23 1.03 1.18 171 0.06 1.23 1.18 58 58 35
21 24 4.1 10 0.3 0.9 -0.08 -0.01 0.89 0.9 -0.14 -0.01 0.89 72 78 35
22 45 33 10 3.9 0.98 -0.11 -0.46 0.86 1.26 0.51 -0.74 0.88 62 67 20
23 12 33 10 7.1 0.2 -0.03 -0.13 -0.16 1.32 0.7 -1.11 -0.08 55 55 15
24 15 4.1 10 4 0.99 0.66 0.25 -0.7 1.55 1.36 0.3 -0.67 64 64 20
25 46 4.8 10 1.8 0.87 -0.25 -0.57 0.61 1.12 -0.33 -0.87 0.62 62 67 15
26 36 4.8 10 0.7 0.27 -0.14 0.13 0.2 0.24 -0.14 0.01 0.2 70 66 15
27 26 4.8 8 3 0.61 0.15 0.51 0.29 0.99 0.15 0.93 0.3 53 44 15
28 16 4.8 8 6.4 1.63 -0.87 1.34 -0.35 25 -1.3 212 -0.3 44 53 15
29 16 4.8 8 0 1.42 0.04 0.28 -1.39 1.42 0.04 0.28 -1.39 70 71 25
30 25 33 12 3 0.48 0.18 0.29 -0.34 1.01 0.43 0.86 -0.32 54 50 15

D = Distal; V = Vestibular; A = Apical; B = Buccal; M = Mesial
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Table 1 Distribution of implant on arch type (maxilla/mandible) and
comparison of the distribution of arch type between static and mental CAIS

using Chi-square test

Crosstab
Count
ArchType
Maxilla Mandible Total
GROUP  Mental 19 11 a0
Static 20 10 30
Total 39 21 G0
Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Yalue df (2-sided) sided) sided)
Pearson Chi-Square o738 1 TET
Continuity Correction” ooa 1 1.000
Likelihood Ratio 073 1 TET
Figher's Exact Test 1.000 400
M of Valid Cases G0

a. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 10.560.

b. Computed only for a 2x2 table
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Table 2 Distribution of implant on side on arch (right/left) and comparison of
the distribution of side on arch between static and mental CAIS using Chi-

square test

Crosstab
Count
Side
Right Left Total
GROUP  Mental 17 13 30
Static 16 15 30
Total 32 28 60
Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Yalue df (2-sided) sided) sided)
Fearson Chi-Sguare 2687 1 605
Continuity Carrection® 0BT 1 TaE
Likelihood Ratio 268 1 G605
Fisher's Exact Test 796 398
M of Valid Cases G0

a. 0 cells (0.0%) have expected count less than §. The minimum expected countis 14.00.

b. Computed only for a 2x2 table
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Table 3 Distribution of location of implant (anterior/premolar/molar) and
comparison of the distribution of location of the implant between static and

mental CAIS using Chi-square test

Crosstab
Count
Location
Anteriortooth | Premalar Muolar Total
GROUP  Mental 5 7 18 30
Static 5 g 16 30
Total 10 16 34 0
Chi-Square Tests
Asymp. Sig.
Yalue df (2-sided)
Pearson Chi-Square elii=h 2 832
Likelihood Ratio 368 2 832
wl oo
M ofWalid Cases G0

a. 0 cells (0.0%) have expected count less than 5. The minimum
expected countis 5.00.
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Table 4 Distribution of diameter of implant (3.3/4.1/4.8 mm) and comparison of
the distribution of diameter of the implant between static and mental CAIS

using Chi-square test

Crosstab
Count
Diameter
33 41 48 Total
GROUP  Mental 4 10 16 3n
Static B 10 14 a0
Total 10 20 30 60
Chi-Square Tests
Asymp. Sig.
Yalue df (2-sided)
Pearson Chi-Square 5338 2 TEE
Likelihood Ratio 536 2 65
M of WValid Cases G0

a. 0 cells (0.0%) have expected count less than 5. The minimum
expected countis 5.00.
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Table 5 Distribution of length of implant (8/10/12 mm) and comparison of the
distribution of length of the implant between static and mental CAIS using Chi-

square test

Crosstab
Count
Lenath
8 10 12 Total
GROUP  Mental 10 15 5 3n
Static g 17 4 a0
Total 19 3z g 60
Chi-Square Tests
Asymp. Sig.
Yalue df (2-sided)
Pearson Chi-Square 2894 2 .BEE
Likelihood Ratio 284 2 865
M of WValid Cases G0

a. 2 cells (33.3%) have expected count less than 5. The minimum
expected countis 4.50.



Angle deviation

Table 6 Descriptive analysis of the angle deviation in static and mental CAIS

Descriptives
GROLP Statistic | Std. Error
Angle  Mental Mean 6.9367 80533
95% Confidence Interval Lower Bound 528496
for Mean Upper Bound 85338
5% Trimmed Mean 6.7963
Median 6.9500
Variance 19457
Std. Deviation 441100
Minimum 50
Maximum 16.90
Fange 16.40
Interquartile Range 7.00
Skewness 363 A27
kurtosis -.633 B33
Static Mean 31100 42738
95% Confidence Interval Lower Bound 2.23549
for Mean Upper Bound 3.0841
5% Trimmed Mean 3.0056
Median 2.8000
Variance 5.480
Stdl. Deviation 2.34084
Minimum .00
Maximum a.60
Fange a.60
Interquartile Eange 262
Skewness (665 427
Kurtosis -.334 B33

33
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Table 7 Normality test of the angle deviation in static and mental CAIS using

Kolmogorov-Smirnov test

Tests of Normality
Kolmogorov-Smirnoy? Shapiro-Wilk
GROLP Statistic df Sig. Statistic df Sig.
Angle  Mental 115 30 200 860 a0 302
Static 20 30 200 831 a0 .0&2

* This is a lower bound of the frue significance.

a. Lilliefors Significance Correction

Test of normality used Kolmogorov-Smirnov test at confidence interval of

95%. The significant was 0.2, mean non-normal distribution. Thus, angle deviation

were compared between static and mental CAIS by Mann Whitney U test.

Table 8 Comparison of the angle deviation between static and mental CAIS

using Mann Whitney U test

Test Statistics™
Angle
Mann-Whitney L 215,500
Wilcoxon W 680.500
Z -3.468
Asymp. Sig. (2-tailed) .0m

a. Grouping Yariable: GROUP
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Table 9 Effect of sex, arch type, side on arch, location, diameter and length of

implant to the angle deviation in static CAIS using Multiple linear regression

Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Eeta t Sig.

1 (Constant) 6.727 anz 2.085 047
Location J45 1.209 243 B16 Ad44
ArchType -1.175 1.020 -2 -1.152 261
Side -1.478 808 -3 -1.627 17
Diameter -G45 1.162 -216 -.h55 A84
Length -072 854 -.0z0 -.085 833

a. Dependent Variable: Angle
. Selecting only cases forwhich GROUP = Static

Table 10 Effect of sex, arch type, side on arch, location, diameter and length of

implant to the angle deviation in mental CAIS using Multiple linear regression

Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Eeta t Sig.

1 (Constant) 2100 4525 464 647
Location -.062 1.678 =01 -.037 AT
ArchType 1.674 1.816 186 822 366
Side -1.782 1.678 -.204 -1.062 24949
Diameter 1.376 1.704 22 805 4249
Length 1.065 1.276 68 834 412

a. Dependent Variable: Angle
. Selecting only cases forwhich GROUP = Mental

The arch type, side on arch, location, diameter and length of implant were
not possible effect to the angle deviation both in static and mental CAIS at 95%

confident interval.



Deviation at implant shoulder
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and

Table 11 Descriptive analysis of the deviation at implant shoulder in static
mental CAIS
Descriptives
GROUP Statistic | Std. Error
Shoulder3D  Mental Mean 1.4853 12854
95% Confidence Interval Lower Bound 1.222
for Mean Upper Bound 1.7483
5% Trimmed Mean 1.42649
Median 1.2800
Variance A06
Std. Deviation 70432
Minimum .34
Maximum 403
Fange 3.64
Interquartile Range .64
Skewness 1.738 427
Kunosis 4788 B33
Static Mean 9457 10691
95% Confidence Interval Lower Bound 7291
for Mean Upper Bound 1.1623
5% Trimmed Mean 0043
Median .B550
Wariance 337
Std. Deviation 58011
Minimum .20
Maximum 2.67
Fange 2.47
Interguartile Range .84
Skewness 1.038 A27
Kunosis 1.171 B33




Descriptives
GROLUP Statistic Std. Error
ShoulderDistal Mental Mean G087y 06861
95% Confidence Interval Lower Bound 4683
for Mean Upper Bound 7480
5% Trimmed Mean 5804
Median 6200
Yariance A4
Stdl. Deviation 37580
Minimum .03
Maximum 1.67
Range 1.64
Interquartile Range 47
Skewness 750 427
kKurtosis L 833
Static Mean 2597 04518
95% Confidence Interval Lower Bound 2073
for Mean pper Bound 38
5% Trimmed Mean 27498
Median .2100
Yariance 061
Sta. Deviation 24743
Minimum .03
Maximum 95
Range a2
Interquarile Range a2
Skewness 1.170 427
kKurtosis 718 833
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Descriptives
GROUP Statistic | Std. Error
Shouldrvestibular  Mental  Mean 5243 08340
95% Confidence Interval Lower Bound 3538
for Mean Upper Bound 049
5% Trimmed Mean 4720
Median 4400
Yariance 209
Std. Deviation 45682
Minimum 00
Maximum 214
Range 214
Interquartile Range A7
Skewness 2.001 427
Kurtosis 5155 B33
Static Mean 4007 06943
95% Confidence Interval Lower Bound 2587
for Mean Upper Bound 5427
5% Trimmed Mean 23581
Median 2650
Yariance 145
Std. Deviation 38027
Minimum 00
Maximum 1.65
Range 1.65
Interquartile Range 356
Skewness 1.885 427
Kurtosis 3.781 833
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Descriptives
GROLUP Statistic Std. Error
ShoulderApical  Mental  Mean 1.0360 14720
495% Confidence Interval Lower Bound 7348
for Mean Upper Bound 1.3371
5% Trimmed Mean 0619
Median 8550
Yariance 650
Std. Deviation 80623
Minimum .03
Maximum 3.95
Range 3.92
Interguartile Range .6a
Skewness 1.819 427
Kurtosis 4760 833
Static Mean GE8T 10088
495% Confidence Interval Lower Bound 4823
for Mean Upper Bound B8R0
5% Trimmed Mean BROT
Median 6150
Yariance 305
Std. Deviation B5255
Minimum .05
Maximum 2.09
Range 2.04
Interguartile Range 62
Skewness 1.087 427
Kurtosis 404 833
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Table 12 Normality test of the deviation at implant shoulder between static

and mental CAIS using Kolmogorov-Smirnov test

Tests of Normality
Kolmogorov-Smirnoy® Shapiro-Wilk

GCROUP Statistic df Sig. Statistic df Sig.
Shoulder3D Mental 152 a0 075 .BB6 30 001

Static 148 30 .0a0 8149 30 026
ShoulderDistal Mental 105 30 2000 955 30 226

Static A7 30 025 874 30 .00z
Shouldrvestibular  Mental 168 a0 o 819 ao .000

Static 81 30 013 .B04 30 .000
ShoulderApical Mental 148 30 004 844 30 000

Static 158 30 .053 .B88 30 004

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Table 13 Comparison of the deviation at implant shoulder between static and

mental CAIS using Mann Whitney U test

Test Statistics®
ShoulderDist | Shouldrvestib ShoulderApic
Shoulder3D al ular al
Mann-Whitney LI 220,500 223.000 355600 313.000
Wilcoxan W G85.500 G58.000 820,500 TVE.000
i -3.383 -3.357 -1.397 -2.026
Asymp. Sig. (2-tailed) 00 001 J62 043

a. Grouping Variahle: GROLUP

Statistical different was found at 3D (P = 0.001), mesio-distal (P = 0.001) and
apico-coronal (P = 0.043) deviation at implant shoulder, while at bucco-lingual

deviation was not found the statistical different at 95% confident interval.
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Table 14 Effect of arch type, side on arch, location, diameter and length of

implant to the deviation at implant shoulder in static CAIS using Multiple linear

regression
Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Madel B Std. Error Beta 1 Sig.

1 (Constant) 2074 Ta2 2,758 011
Location A73 283 228 610 A4T
ArchType -.302 234 -.250 -1.266 218
Side -174 213 -1562 =817 422
Diameter =147 272 -.14949 -.540 594
Length -.2485 200 -32 -1.473 164

a. DependentVariable: Shoulder3D
. Selecting only cases forwhich GROUP = Static

Table 15 Effect of arch type, side on arch, location, diameter and length of
implant to the deviation at implant shoulder in mental CAIS using Multiple

linear regression

Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Eeta 1 Sig.

1 (Constant) 1.603 TJ17 2.094 047
Location =271 266 -.2598 -1.018 3148
ArchType -.056 .288 -.039 -.183 .B4a
Side -218 266 - 157 -824 418
Diameter A70 271 A74 G626 Lxn
Length AN 202 338 1.685 105

a. Dependent Wariable: Shoulder3D
h. Selecting only cases forwhich GROLUFP = Mental

The arch type, side on arch, location, diameter and length of implant were
not possible effect to the deviation at implant shoulder both in static and mental

CAIS at 95% confident interval.



Deviation at implant apex

a2

Table 16 Descriptive analysis of the deviation at implant apex in static and

mental CAIS
Descriptives
GROUP Statistic | Std. Error
Apex3D  Mental Mean 21080 AT6ES
95% Confidence Interval Lower Bound 1.7444
for Mean Upper Bound 2.4671
5% Trimmed Mean 2.0687
Median 2.1800
Variance 935
Std. Deviation B6703
Minimum 61
Maximum 453
Fange 3.02
Interquartile Range 1145
Skewness BE2 427
Kunosis -.0849 B33
Static Mean 1.2777 11494
95% Confidence Interval Lower Bound 1.0426
for Mean Upper Bound 1.5127
5% Trimmed Mean 1.26349
Median 1.1600
Wariance 396
Std. Deviation G2053
Minimum 24
Maximum 257
Fange 2.33
Interguartile Range .91
Skewness 300 A27
Kunosis -.5497 B33




Descriptives
GROUP Statistic | Std. Error
ApexDistal  Mental Mean 11833 14554
95% Confidence Interval Lower Bound .Basy
for Mean Upper Bound 1.4910
5% Trimmed Mean 1.15849
Median 1.0550
Variance G35
Std. Deviation 9716
Minimum 03
Maximum 3.04
Fange 3.01
Interquartile Range 1.34
Skewness 546 427
Kunosis -524 B33
Static Mean Ralaik 08460
95% Confidence Interval Lower Bound 3863
for Mean Upper Bound 7324
5% Trimmed Mean 5343
Median 4500
Wariance 2156
Std. Deviation 46337
Minimum .02
Maximum 1.56
Fange 1.54
Interguartile Range il
Skewness .48 A27
Kunosis -113 B33

a3



Descriptives
GROLUP Statistic Std. Error
Apexiestibular - Mental  Mean AeT 16836
95% Confidence Interval Lower Bound B3T3
for Mean Upper Bound 1.3260
5% Trimmed Mean 0246
Median 6450
Yariance 850
Std. Deviation 82213
Minimum .02
Maximum 319
Range T
Interquartile Range 1.61
Skewness 881 427
Kurtosis - 465 833
Static Mean BE30 09791
95% Confidence Interval Lower Bound 4628
for Mean Upper Bound BB32
5% Trimmed Mean G252
Median 6200
Yariance .288
Std. Deviation 53628
Minimum .00
Maximum 212
Range 212
Interquartile Range T7
Skewness 785 427
Kurtosis 485 833

aq
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Descriptives
GROUP Statistic | Std. Error
Apexfpical  Mental Mean BE20 1422

95% Confidence Interval Lower Bound BT

for Mean Upper Bound 1.2529

5% Trimmed Mean 8808

Median 7250

Wariance 607

Std. Deviation 7407

Minimum .03

Maximum a7

Fange 3.68

Interquartile Range .82

Skewness 1.7585 427

Kunosis 4161 B33
Static Mean 663 10272

95% Confidence Interval Lower Bound A762

for ean Upper Bound BOR4

5% Trimmed Mean G459

Median G150

Wariance 317

Std. Deviation 6262

Minimum .05

Maximum 214

Fange 2.09

Interquartile Range 63

Skewness 1117 A27

Kuntosis ET6 B33
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Table 17 Normality test of the deviation at implant apex between static and

mental CAIS using Kolmogorov-Smirnov test

Tests of Normality
Kalmogorov-Smirnov? Shapira-Wilk

croyp | Statistic df 3ig. Statistic df Sig.
Apex3D Mental 123 30 200 957 30 261

Static A28 a0 200 6T 30 A70
ApexDistal Mental 102 30 200 952 0 140

Static 156 an 058 877 30 .ooz2
Apexvestibular  Mental 224 ao 001 BE3 30 .001

Static 81 30 .080 .22 30 .030
Apexfpical Mental 224 a0 001 B4 30 oM

Static A74 a0 0 881 30 003

* This is a lower bound of the true significance.

a. Lilliefors Significance Carrection

Table 18 Comparison of the deviation at implant apex between static and

mental CAIS using Mann Whitney U test

Test Statistics®
Apexivestibula
Apex3D ApexDistal ’ ApexApical
Mann-Whitney LI 221.600 226.5600 380500 340.000
Wilcoxan W G86.500 691.500 855,500 205.000
i -3.379 -3.305 -.880 -1.627
Asymp. Sig. (2-tailed) 001 0o 374 04

a. Grouping Variahle: GROLUP

Statistical different was found at 3D (P = 0.001) and mesio-distal (P = 0.001)

deviation at implant apex, while at bucco-lingual and apico-coronal deviation was

not found the statistical different at 95% confident interval.
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Table 14 Effect of arch type, side on arch, location, diameter and length of

implant to the deviation at implant apex in static CAIS using Multiple linear

regression
Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Madel B Std. Error Beta 1 Sig.

1 (Constant) 2.696 828 3.256 003
Location 203 32 247 651 A2
ArchType -404 263 -.308 -1.538 37
Side -.398 234 =322 -1.701 a02
Diameter -22 300 -.275 -735 470
Length -143 220 =147 -.651 A2

a. Dependent Variahle: Apex3D

. Selecting only cases forwhich GROUP = Static

Table 15 Effect of arch type, side on arch, location, diameter and length of

implant to the deviation at implant apex in mental CAIS using Multiple linear

regression
Coefficients™"
Standardized
Unstandardized Coefficients Coefficients

Madel B Std. Error Beta 1 Sig.

1 (Constant) 1.634 1.016 1.604 21
Location - 106 ATT -.084 -.281 7a
ArchType - 161 408 -.082 -.395 GAA
Side =127 ATT - 066 =337 734
Diameter 083 383 070 243 810
Length 485 286 368 1.728 0497

a. Dependent Variahle: Apex3D

. Selecting only cases forwhich GROUP = Mental

The arch type, side on arch, location, diameter and length of implant were
not possible effect to the deviation at implant apex both in static and mental CAIS at

95% confident interval.
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