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Objective: To evaluate the accuracy of placed implants using three different CAIS systems in totally

edentulous patients

Materials and Methods: Totally edentulous patients requiring implants for full-mouth restoration
were eligible for this study. All implants (n=60) were classified into three groups of CAIS systems equally. In
mental and static CAIS groups, coDiagnostiXTM software (Dental Wings Inc, Canada) was selected for implant
planning. All virtual images were used to facilitate the surgeon placing implant by conventional manner in mental
CAIS group, and fabricate the surgical template for guided implant surgery in static CAIS group. On the other
hand, the Iris—=100 software (EPED Inc., Taiwan) was chosen for virtually planning of implant position, and
navigating the implant bed preparation and insertion intraoperatively in dynamic CAIS group. Post-operative
DICOM files were imported to each planning software in order to evaluate the angular deviations, 3D deviations
at implant platform and apex between placed and planned implant positions. Statistical data analysis was tested

by One-way ANOVA.

Results: Groups of 20 Implants were installed following three different CAIS protocols. The mean
angular deviations among mental, static and dynamic CAIS groups were 10.09°+4.64°, 4.98°+2.16° and 5.75°+2.09°
respectively. The mean 3D deviations at implant platform among mental, static and dynamic CAIS groups
3.48+2.00 mm, 1.40+0.72 mm and 1.73+0.43 mm respectively. While, the mean 3D deviations at implant apex
were 3.6+2.11 mm, 1.66+0.61 mm and 1.86+0.82 mm. The static and dynamic CAIS groups showed no statistically
significant difference in term of implant accuracy and both groups also demonstrated statistically significant

superior accuracy in all variables compared to the mental CAIS group in totally edentulous patient.

Conclusion: In this clinical trial, the mental CAIS group reported the least accuracy and there was no

difference between static and dynamic CAIS groups in the totally edentulous.
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CHAPTER |
INTRODUCTION

.1 Background and Rationales

Multiple Implant placement in totally edentulous patient presents a challenge
for the oral surgeon because of complex consequences after tooth loss, lack of the
patient’s anatomical structures and local references. According to the mentioned,
there are difficulties in tooth replacement and negative effects on the planning of
implant position. To achieve long term success, excellent esthetic and functional
outcomes, computer-assisted implant surgery (CAIS) has been using for surgical
planning, gsuiding and performing a surgery.

In implant surgery, computer-assisted implant surgery (CAIS) was developed to
plan the implant placement with computerized tomographic (CT) data. Based on the
3D approach, the surgeon is allowed to virtually place and adjust the implants for the
ideal position before surgery (1, 2).  To transfer the planned position to the operative
field, guided surgical template from the pre-operative planning emphasizes
accomplishment in the desired implant position for precise placement the implant in
the same position as plan.

From the limitations and disadvantages of conventional implant placement
technique (1, 2), the modified technique called “mental CAIS” that use CT data with
implant planning software will generate the virtual planning of implant, make
measurement of the surgical site, and selects suitable size of implant (3). Even though
mental CAIS gives the surgeon more information about the planned sites for guiding
and allowing the surgeon to compare the result of the treatment, surgeon still prepare
the implant site and insert the implant manually without ability of angulation and
depth controlled (3-6).

For correcting the angulation and controlling the depth, “static CAIS” is used
with the CT data, surface scanning data and implant planning software for designing,
fabricating the static surgical guide with metal sleeves and performing a surgery with
guided surgical kits. However, this technique is an indirect technique that surgeon

inability to see the drilling directly (7).
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Recently, dental navigation technology called “dynamic CAIS” is used with the
CT data and implant planning software with optical tracking technology for planning
the implant position, registration and performing and displaying an implant site
preparation and implant insertion during surgery on real-time (8, 9). The technique
immediately calculates and displays the actual position of the surgical instruments
that working in the surgical field superimpose on the CBCT data on a screen throughout
the implant placement (7).

Many reports demonstrated the accuracy of these three systems when
comparing to the freehand implant surgery (3, 7, 9-13). Nevertheless, the publications
comparing the accuracy of implant position using three types of CAIS system in totally
edentulous patients have been rarely reported. For this reason, the aim of this
prospective clinical trial is to compare the accuracy of guided and planned positions

among static, mental and dynamic CAIS in totally edentulous patients.

.2 Objective

To compare the accuracy of implant positions among mental CAIS, static CAIS
(static surgical guide) and dynamic CAIS (dynamic navigation) in totally edentulous
patient.
.3 Research question

Are there any differences in the accuracy of implant positions among mental
CAIS, static CAIS and dynamic CAIS in totally edentulous patient?
l.4 Research hypothesis

HO = There are no differences in the accuracy of implant positions among
mental CAIS, static CAIS and dynamic CAIS groups in totally edentulous patient.

Ha = At least 2 of groups are different.
.5 Statistic hypothesis

HO = pl=p2=p3

Ha = At least 2 of u | 's are different.
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Figure 1 Conceptual framework in this study
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CHAPTER Il
LITERATURE REVIEW

An understanding of changes of the edentulous ridee and selecting a suitable
treatment planning are necessary to achieve the implant placement, osseointegration,
prosthetically optimal positions, esthetics and functions. In this chapter, the relevant
information to this research is gathered.

1.1 Total edentulism

Total tooth absence is one of the most common oral health problems among
the elderly, it is most often the result of dental extractions from dental caries,
periodontal disease (14, 15) and other factors that contribute to tooth loss or
extractions include unrestorable teeth and periapical lesions (16). In addition, some
studies have observed a correlation between tooth loss and illness, in particular,

cardiovascular disease and ischemic stroke and mortality (17, 18) and negative impact

on quality of life regarding functional, social and esthetic affecting on aspects (19).
= "W WL g

Figure 2 Orthopantomograph (OPG) showing upper and lower edentulous jaws

which are severely resorpted for many years.
II.1.1 Consequences of tooth loss in edentulous patient

Hard Tissue Consequences in edentulous patient

After the tooth absence, alveolar bone surrounding and supporting the tooth
loss is resorpted because of lacking stimulation (physiologic function) for maintaining
its form and density. The bone trabeculae and density are decreased at external side

horizontally and then vertically of its volume, especially at the buccal aspect of the
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ridge than at the lingual aspect. The mandible will result in reduction of the bone
volume greater than that of the maxilla (20-24).

In 1998, Cawood and Howell describe the alterations in the dimension in the
edentulous jaws according to the most generally observed changes in morphology into
six types (25).

Class | - Dentate.

Class II- Immediately post extraction.

Class - Well-rounded ridge form, adequate in height and width.

Class IV - Knife-edge ridge form, adequate in height and inadequate in width.

Class V - Flat ridge form, in adequate in height and width.

Class VI - Depressed ridge form, with some basalar loss evident.

Fisure 3 Cawood and Howell jaw classification which is depended on the volume of bone.
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Soft Tissue Consequences

Resulting in the changes in bone resorption, soft tissue of gingiva gradually
decreases. Attached gingiva that normally lies over the resorbed Jaw is absent and
increasing of non-keratinized area is caused by abrasion from the overlaying prosthesis.
Moreover, high muscle attachments and hypermobile tissue are even more complicate
after the bone resorption (26).

From these reasons, Implant-supported restorations are used for totally
edentulous jaws for enhancing retention of prosthesis, improving the masticatory
function and decreasing the resorption of the bone by regulating neuromuscular
modulation (27).

Consequences of edentulous patient
* Decreased in width & height of supporting bone
« Thinning of mucosa, with sensitivity to abrasion
* Progressive decrease in keratinized mucosa surface
« Affecting of on esthetic appearance of lower third of face
+ Increased risk of mandibular fracture from excessive bone loss
« Unattached mucosa for denture support causes increased soft spots
* Increased denture movement and sore spots during function

+ Decreased neuromuscular control of jaw in the elderly

Table 1 Anatomical changes in edentulous patient according to loss of teeth.

1.2 Prosthetic options for totally edentulous patientin implant
dentistry
I1.2.1 Treatment planning for totally edentulous patient

The prosthetic design for totally edentulous jaw will be depended on the
distribution of the implants in the arch, location and number of implant placement,
the natural dentition, the intermaxillary relationship, the occlusal scheme and esthetic
considerations. Many treatment options of implant placement offer differences of
function and comfort, including implant-retained dentures and implant-supported
dentures.

I1.2.1.1 Implant-retained dentures
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In the past, patients with ill-fitting dentures were treated by pre-prosthetic
surgery to correct the bone or soft tissue morphology or treated with soft linings.
Lately, dental implants provide predictable results by enhancing retention, stability,
and patient satisfaction.

During wearing the overdentures, the dentures are seated on the mucosal
tissue in denture bearing areas with an attachment mounting on the implants which
can provide support and retention. The attachments are a magnet, ball attachment,
or bar attachment (Fig.3) (28).

In the case of severe mandibular atrophy, the mandibular implant-retained
overdenture is an option for dental implant treatment. It is not only relatively simple,
but also improves masticatory function, retention and stability of prosthesis, patient
satisfaction and quality of life than traditional manner (29-31).

According to the McGill Consensus, it recommended a two implant-retained
overdenture as the standard treatment for the edentulous mandible (32). The study
of McGill University showed that the implant-retained mandibular overdenture is
superior to conventional denture not only in overall satisfaction, eating and social
activity, but also in a cost-effective and less invasive treatment option for edentulous

patients (33, 34).

Figure 4 Ball and bar attachment in implant-retained or supported dentures.

I1.2.1.2 Implant-supported dentures

To avoid movement and improve stability, implants were used to support the
dentures. In this type of prosthesis, the dentures are seated on the superstructures
attached to the implants. Therefore, the force is distributed over the implants and

barely loads on mucosal bearing areas (35).
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For removable implant supported dentures, the study has shown that patients
are more satisfied with them than conventional complete dentures and success rate
in long term study of implant supported maxillary overdentures is less than that of
implant supported mandibular overdentures (28, 36), For fixed implant supported
dentures, the meta-analysis mentions an estimated survival rate about 96% after 5
years and 93% after 10 years (37). In addition, comparison among conventional
complete denture, removable and fixed implant-supported dentures showed that the
patient satisfaction about mastication, social interaction, and overall satisfaction after
restorative treatments were higher in the fixed and removable implant supported
denture groups than that of the conventional complete denture group. There,

however, were no significant differences between removable and fixed.

= Gy
m v ¥ Yo

ha 8 B { Y

Figure 5 Removable and fixed implant-supported dentures.

I.3 Implant surgery

From the previous time until now, a conventional implant surgery is the one
method that used a titanium root form for replace tooth roots with artificial crown and
surgical procedure is done freehand by using intraoral examination, intraoral/extraoral
radiographs and a study model.

For planning and analyzing, all the radiographs and models are used to
evaluate the soft tissue, bone and vital anatomical structures around the surgical site
without using a technology of planning software.

The Standard radiographs such as periapical film, orthopantomography and
cone beam computed tomography (CBCT) are used to evaluate the quality and
quantity of the bone that available in the planning site and to guide a surgery. Waxing
and analyzing a study model will help understanding the available space

corresponding to the future prosthesis.
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Nonetheless, the conventional technique still has disadvantage due to
limitation of planning and guiding, uncontrollable angulation and depth of implant
placement during osteotomy, trauma to adjacent tooth and vital structures,
unpredictable and achieved less prosthetic outcome (1, 2).

I1.3.1 Mental CAIS

As a result of development of planning technology, the conventional
technique is modified manner by using the planning software with CBCT data and
digital 3D data is created in the software using DICOM files from preoperative CBCT.

In treatment planning, surgeon could simulate the virtual implant placement,
plan the implant position, measure the available space and select the suitable implant
for the surgical site in all directions before the surgical procedure in the software.
During a surgery, surgeon can monitor the visual planned in three-directions and
perform an osteotomy and placement procedure by freehand manner without any
surgical guide. Moreover, when using mental CAIS technique, surgeon is allowed to
compare the deviation of implant position between pre-operative and post-operative
position which is different from the conventional technique (3, 4, 6).

However, this technique has a weak point that the surgeon cannot control the
implant angulation and depth by freehand operation. Moreover, there is no tools for
transferring the relationship from the virtual implant planning to the preparative filed.
II.3.2 Computer Assisted Implant Surgery (CAIS)

According to the disadvantages in the conventional technique, computer
assisted implant surgery is developed to improve the implant planning, to approach
the surgical site as 3D virtually and to facilitated in guiding and performing surgery by

using patient’s CBCT data and implant planning software (38).

The surgeon can virtually plan position and choose the optimal implant size
which is suitable for anatomical structures corresponding to the bone availability for
proper prosthesis before the surgical procedure (38-40). Moreover, there is possibility

for transferring the planned implant positions to the operative filed and laboratory in

this system (38).
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Bitra et al., in 2015 summarized the advantages and disadvantages of computer

assisted implant surgery in many aspects in the following table (41).

Advantages

1. Real- time 3D imaging and matching

2. Immediate surgical procedures can be performed

in most cases

3. Minimal invasion and allowing some cases
to be treated flapless

4. Preservation of vital structures from injury
by security stops

5. Allowing proper preoperative treatment plan
6. Allowing pre-operative and post-operative
comparison

7. Improving surgical skills of unexperienced
surgeons

8. Experienced surgeons can treat more
challenging cases with more comfort and

confidence and less chair-time.

Disadvantages

1. Requires highest amount of preparation and
patient coordination

2. Expensive

3. High installation time

4. Needs proper training

5. Inaccurate data

6. Minimum three natural markers should be visible

Table 2 Advantages and disadvantages of computer assisted implant surgery.

Computer assisted implant surgery is mainly divided into two groups there are

dynamic CAIS and static CAIS. (7, 9, 42).

11.3.2.1 Dynamic CAIS

“Computer-navigated dynamic surgery is using of a surgical navigation system

that reproduces virtual implant position directly from computerized tomographic data

and allows intraoperative changes in implant”.

Dynamic CAIS is surgical navigation and computer-aided navigation technology

that guiding surgeon with the real time virtual implant placement during the drilling

function without any surgical guide. The surgeon can adjust and modify the plan

simultaneously with anatomical data from preoperative CBCT scan (43). This is a one

of publications that reported about the accuracy of dynamic CAIS group and other

types.
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Jung et al,, in 2009 reported in their systematic review that the static CAIS group
have the tendency to be more accurate than the dynamic CAIS (7). Although, Michael
S. Block et al,, in 2016, stated that the comparison of the accuracy of the implant
placement position in dynamic CAIS system, the results showed that the
accomplishment of accuracy position is same as static CAIS group and more precise in
placement over the conventional implant placement technique (freehand) (10).

Lately, Michael S. Block et al., in 2017, their comparative study about accuracy
and precision for implant placement that compared between the conventional
implant placement technique (freehand) and dynamic CAIS group reported that the
accomplishment of accuracy position in dynamic CAIS showed a smaller deviations
between the planned placement and actual placement when comparing with

conventional implant placement technique (9).

Figure 6 Implant surgery by dynamic CAIS technique.

1.3.2.2 Static CAIS
* Computer-guided static surgery is using of a static surgical guide that
reproduces virtual implant position directly from computerized tomographic data and

does not allow intraoperative modification of implant position (44).
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In this system, the CT or CBCT data is used to combine with implant planning
software for planning and performing the implant surgery. The software can simulate
the virtual planned for implant with the patient’s jaw that makes the surgeon can
virtually choose and place the implant properly, including the design and fabrication
of guided template in the planning software (7). The placed implant position in this
system is depended on the surgical guide without the ability to change planned
position. The surgical guide with metal sleeves are controlling the planned axis by
navigate the drill in the certain planned direction (7).

According to several benefits over the conventional technique, static CAIS is
used in many complicated cases. For example, the cases need a precise implant
position to prevent injury to vital anatomical structures (e.g. maxillary sinus, mandibular
nerve) and need flapless procedure that is used to reduce the error from surgical
technique (38) which makes a less invasive surgery and less patient morbidity (45).

Nonetheless, there are small limitations about using the static CAIS in some
situation. For instance, there is no real-time visualization of the osteotomies, the
surgeon cannot modify or alter the planned position during intraoperation, the static
surgical guide cannot use in limit mouth opening especially in posterior teeth, and the
cases have no available space for irrigation, placing a surgical guide and drills.

This is a one of publications that reported about the accuracy of static CAIS
group with other types.

Nickenig et al. in 2010 published a comparative study about the accuracy of
guided implant position between surgical guide group and the conventional freehand
technique group, the result showed that the accuracy of the surgical guide group is
superior than that of conventional group (11).

Farley et al. in 2013 published a split-mouth comparative study about the
accuracy of placed implants with guided template and conventional template using,
the result showed that guided template demonstrated the superior accuracy in a
lateral direction than that of conventional method and guided template were more
consistent in their deviation from the planned locations than conventional technique

(12).
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Kang et al, in 2014 published the comparative study using a navigation
comparing with the printed surgical template, the result showed that printed surgical
template group demonstrated fewer errors than the real-time navigation method (13).

Tahmaseb et al., in 2014 published their systematic review about the issues
that involved in accuracy of implant position in many aspects such as flapless versus
flap approach, conventional method versus implant guided surgery and type of
template support.

The result about flapless and flap approach showed that flapless procedures
seemed to show a significantly better accuracy than that of flap approach. When
comparing the accuracy between freehand and guided implant, the guided implant
placement showed a statistically superior accuracy when they are compared with
freehand placement after guided osteotomy. In guide-supported cases, the accuracy
of mini-implant-supported guides was significantly higher than that of all other types
of support, except mucosa. Bone-supported guides showed significantly larger
deviations than other types of guide support. Tooth-supported guides tended to be
slightly more accurate than mucosa or mucosa and pin-supported guides and bone
supported guides were considerably lower in all observed variables and there was no
clinical studies available that evaluate accuracy of guided implant placement with
mini-implants (46).

And lately, Zhou et al., in 2017 published their systematic review about clinical
factors affecting the accuracy of guided implant surgery. The result showed that the
position of guide (maxilla or mandible), guide fixation (use of fixation screw or not),
type of guide (totally or partially suided), and flap approach (open flap or flapless)
influenced the accuracy of computer assisted implant surgery. In totally guided systems

using fixed crews with a flapless approach had greater accuracy. To minimize the
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cumulative errors, clinicians can make a totally guided system with fixed screws as the

first choice in daily practice, which can be made better with a flapless approach (47).

Figure 7 Static surgical guide / the guide placed over the edentulous ridge with screws fixation.

I.4. Planning software for CAIS

In conventional planning for a dental implant treatment, the data from study
models and conventional dental radiographs is used for designing a model-based
surgical guide.

In the past few years, the implant planning technology and CT scans helped
the surgeon to plan and place predictably. The planning software is used to merge
the patient’s CBCT data with/without surface scanning data and to generate the
visualization and manipulation of the images of the surgical site that resulted in
improvement of the accuracy of implant position. Nowadays, there are many
available implant planning software from many manufacturers, third-party software
programs and the proprietary software of the CBCT unit (Table 3) (48, 49).

The software allows the surgeon to see a virtual implant planning, determine
the proper space between the implant and relative vital structures. Furthermore, this
visualization provides a conveniently analysis, predictable planning in preoperative
planning and communicating the prosthodontist.

coDiagnostiXx™ is a digital implant planning software that covers the implant
surgery from preoperative planning, designs surgical drilling guides, and even evaluates
of postoperative results which provides safe and predictable outcomes.

The software can read 3D data from CBCT scanning and integrating the digital

impression data form surface scanning (STL file). Furthermore, the software allows the
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surgeon to compare the treatment outcomes with treatment evaluation function that
can determine accuracy of implant positions between the preoperative radiograph and
postoperative radiograph automatically with high accuracy.

Kthl et al., in 2015 published their study about the determination of accuracy
of a digitally designed and fabricated guided template for implant installation based
on a surface scan using the coDiagnostiX™software. The result showed that generated
template for performed implant surgery from coDiagnostiX™ software was achieved a

high accuracy of implant position (50)

Implant planning software Companies

Third-party software programs

coDiagnostiX Dental wings inc, Canada

Implant Studio 3shape, Denmark

Invivo5 Anatomage, USA

Simplant Materialise Dental, USA

NobelClinician Nobel Biocare, Sweden

OnDemand3D Cybermed, Korea

Virtual Implant Placement software BioHorizons, USA

Blue Sky Plan BlueSkyBio, USA
Proprietary software of the CBCT units

Galileos system Sirona Dental Systems, USA

TxSTUDIO software iCATO, Imaging Sciences International LLC, USA

NewTom implant planning software NewTom, Italy

Products for dynamic CAIS

Image Guided Implantology IGI: Image Navigation, USA

Inliant Inliant Dental Technologies, Canada
IRIS-100 Implant Real-time Imaging System EPED Incorporated, Taiwan
Mona-Dent DDI Group, Germany

Navident ClaroNav, Canada
Robodent/Navipanel/NaviBase Robodent, Germany

X-Guide Dynamic 3D Navigation X-Nav Technologies, Israel

Table 3 CAIS Planning software for implant treatment.


https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BChl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24020645
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Figure 8 coDiagnostiX™ software program (Dental wings inc, Montreal, CA).

I.5. Accuracy analysis of implant position

Accuracy of implant placement is estimated by the precision of implant
positions that is correct as the planned. According to the technology of implant
software planning, the treatment outcomes will be compared with implant planning
software combined with CBCT data.

For the analyzing accuracy of implant positions, the data from preoperative
and postoperative position was used to determine the deviation between actual
position and the planned position. The planned position is compared with the actual
position after insertion procedure, DICOM file (Digital Imaging and Communication in
Medicine) of postoperative position are imported in the implant planning software.

The software automatically/ manually matching the planned and placed
position of implant together in virtual planning software and automatically. After that,
the volume of planned implant is superimposed with volume of actual implant using
automated surface best-fit matching with the iterative closest point algorithm to
calculate the deviation of implant placement within the analyzed software.

In general, the accuracy is in three parameters:

- Error at the platform, measured at the center of the implant platform

- Error at the apex, measured at the center of the implant apex

- Angular deviation

Error at the entry and the apex are evaluated in mm or um, while the angular

deviation is evaluated in degrees. The error or deviation of these points is calculated
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in three dimensions, though several techniques 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 (46).

By using differences between the deviation measured in the x, y, and z-axis and
calculation from Pythagorean Theorem (Equation 1) where

x = horizontal deviations in implant position in the mesio-distal direction,

horizontal deviations in implant position in the bucco-lingual direction,

y

z

axis of the planned implant and describes deviations in the apico-coronal

direction.

3Ddev = /X2 + y2 + 72

Equation 1 3D deviations using Pythagorean Theorem.

Bucco- Mesio-distal X
lingual Lateral
Y
Global
Z
Depth

Figure 9 Deviation measured in x, y, z-axis.

3D deviation
at platform

3D deviation
at platform

3D deviation 3D deviation
at apex at apex

Angular
deviation

Figure 10 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.
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II.5.1 Accuracy of Mental CAIS

Bencharit et al., in 2015 published their study about the accuracy analysis of 18
implant positions in single immediate implant placement using computer- aided
implant planning with cone-beam computed tomography (CBCT) [SimPlant Pro 15
(Dentsply, Waltham, Mass)]. The results of accuracy were showed that no statistical
difference between the planned and actual implant position in any observed variables.
(Table 4) Accordingly, it can be concluded that mental CAIS may improve the accuracy

of single immediate implant placement (51).

Study Implant Type of Ml DI LI Angular
number space Distance Distance Distance deviation (°)
Bencharit 18 Single -0.02 -0.02 -0.11 1.23
et al,, 2015 tooth gap (-0.40, 0.37) (-0.42, 0.39) (-0.73, 0.50) (-1.59, 4.05)

Table 4 Accuracy of implant placed with mental navigation.
II.5.2 Accuracy of Static CAIS

Several studies have been performed to determine the accuracy of
stereolithographic and laboratory-based surgical suide templates in clinical situation.

Di Giacomo et al., 2005 evaluated the accuracy of 21 implants placed using SLA
surgical guides generated from CT with Simplant software program in 4 patients. The
result concluded that SLA sureical guides may be useful equipment in implant
placement. However, the stability of template was important factor especially in cases
of unilateral bone supported and non-tooth supported guides (Table 5) (52).

Ersoy et al., 2008 evaluated the accuracy of 94 implants placed using SLA surgical
guides generated from CT with Stent Cad software program (Media Lab Software, La
Spezia, Italy). They suggested that SLA surgical guides might be accurate tools for
transferring ideal implant positions from computer planning to the actual implant
surgical phase of treatment and flapless implant surgery was possible with these guides
(Table 3) (38).

Ozan et al,, 2009 evaluated the accuracy of 110 placed implants using surgical
guides generated from CT with Stent Cad software program (Media Lab Software, La
Spezia, Italy). The result showed that significant differences were found between

tooth-supported and bone-supported, and between tooth-supported and mucosa-
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supported surgical template. They concluded that SLA surgical guides using CT data
may be reliable in implant placement, and tooth-supported SLA surgical guides were
more accurate than bone- or mucosa-supported SLA surgical guides (Table 5) (53).

Valente et al,, 2009 reported their retrospective study that evaluated the
accuracy of 89 SLA surgical guides generated from CT with Simplant software program
(Materialise Dental Inc, Glen Burnie, MD, USA) in 25 patients. 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 complications were found (Table 5) (54).

Van Assche et al. 2010 evaluated the accuracy of implants placed flapless by
SLA template with Nobel Guide software program (Nobel Biocare, Yorba Linda, CA,
USA) in 8 partially edentulous patients. They concluded that implants in partially
edentulous patients can be installed flapless via guide templates with suitable
deviations towards their digital planning (Table 5) (55).

Behneke et al,, 2012 evaluated the accuracy of 132 implants placed using
laboratory-based surgical guides generated from CBCT with Med3D software program
(Med3d, Heidelberg, Germany) in 52 partially edentulous patients. The deviation was
0.27 mm (range 0.01-0.97 mm) at the implant shoulder, 0.46 mm (range 0.03-1.38
mm) at the implant apex, and angular deviation of 1.84° (range 0.07°-6.26°). The
extension of deviation is depended on tooth gap size and remaining teeth distribution.
They concluded that laboratory-based surgical guides were the good transferring
accuracy tools for patients with partial dentitions (Table 5) (56).

Pettersson et al.,, 2012 evaluated the accuracy of 139 SLA surgical guides
generated from CBCT with Nobel Guide software program (Nobel Biocare, Yorba Linda,
CA, USA) in fully edentulous patients. The deviation was 0.8 mm at the implant
shoulder, 1.09 mm at the implant apex, and ansgular deviation of 2.26° Statistic
differences were not observed between upper and lower jaws. The greatest error was
found when comparing between patients moving during the computed tomography
scans and those who did not move (Table 5) (57).

Schneider et al., in 2009 published their systematic review from analysis of the

accuracy of computer-guided template-based implant dentistry. They reported that
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SLA surgical guides were the reliable tools in implant placement; nevertheless, there
are some disadvantages in this method, for instance, unable to insert surgical drill in
the patient with limited interocclusal space, 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 (Table 5) (58).

Van Assche et al, in 2012 publish their meta-analysis from that analyzing
accuracy of 1,326 implants with static computer-guided implant placements in 12 vivo
studies. This study included 10 different “static” computer-assisted implant systems
were used (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°) (59). However, comparisons between 10 implant
planning software were impossible because the heterogeneity in study designs.
Moreover, they suggested that the stability of guide template was the most crucial

factor on the final accuracy of implant placement (Table 5) (59).
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II.5.3 Accuracy of Dynamic CAIS

Wittwer et al. in 2006 evaluated the accuracy of 78 implants in 20 full edentulous
patients using dynamic navigation system (The StealthStation Treon navigation system,
Medtronic, Minneapolis, MN) with flapless approach. The result showed the mean
deviation of 1.1 + 0.7 mm at implant shoulder and 0.8 + 0.6 mm at implant apex.
They concluded by using dynamic navigation system that transmucosal implant
placement can be done with flapless approach and this is a predictable and accurate
procedure with suitable patient selection (60).

Wittwer et al. in 2007 also compared the 2 dynamic navigation systems (The
StealthStation Treon navigation system, Medtronic, Minnesota, MN versus VISIT
navigation system, University of Vienna, Vienna, Austria) about the accuracy of implant
placement in 16 full edentulous patients. They reported that the labio-lingual
deviation at the implant entry and the implant apex in both system were similar (VISIT
:1.0 £ 0.5 mm in labial , 0.7 £ 0.3 mm in lingual direction at the implant entry vs 0.6
+ 0.2 mm in labial, 0.7 + 0.3 mm in lingual direction at the implant apex versus Treon
:1.0 £ 0.5 mm in labial , 1.2 + 0.8 mm in lingual direction at the implant entry vs 0.8
+ 0.6 mm in labial, 0.7 £ 0.5 mm in lingual direction at the implant apex) (40).

Block et al. in 2016 published their comparative study about the accuracy of
implant position between using dynamic CAS system (X-Guide, X-Nav Technologies)
and using freehand approach in 100 patients with single tooth gap. The result showed
that the accuracy of navigation system was superior compared to freehand approach.
Using navigation system, mean entry error, apex error and angle error were 1.37 + 0.55
mm, 1.56 + 0.69 mm and 3.62 + 2.73 degrees respectively, while in freehand were 2.51

+ 0.86 mm, 1.67 + 0.43 mm and 7.69 + 4.92 degrees respectively (61).
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Study Study design System Implant Error entry Error apex Error angle
(N) (mm) (mm) (degree)
Wittwer Prospective Treon 78 1.1+£0.7 0.8+ 0.6
et al., 2006
Wittwer Randomized Treon 16 La10+05 La08+0.6
et al,, 2007 Controlled Trial Li12+08 Li0.7+05
VISIT 16 La 1.0+ 0.5 La 0.6 +0.2
Lio.7+0.3 Li0.7+0.3
Block Clinical X-Guide 80 1.37 £ 0.55 1.56 + 0.69 3.62 + 2.73
et al,, 2016 Controlled Freehand 20 1.67 +0.43 251 +0.86 7.69 +4.92

La = deviation in labial / buccal direction; Li = deviation in lingual / palatal direction

Table 6 Accuracy of implant placed with dynamic navigation.
II.5.4 Comparison of the accuracy between Static CAIS and Mental CAIS

There are many clinical studies that measured the accuracy of static guided
implant surgery. However most of investigations due to the intrinsic nature of their
study design were unable to determine whether the static guided implant surgery was
more accurate than the conventional implant surgery (62).

In additions, the split-mouth design used by Farley et al., in 2013 compared the
accuracy of static CAIS with mental CAIS  within the same patients. All the implants
were planned with the iDent Imagine planning software (iDent Imaging) and then
allocated toward one of the two groups. After surgery, the postoperative CBCT data
was superimposed to preoperative CBCT data, then volumetric or overlap differences
were measured to compare the planned and actual implant position. The results
showed that implants positions placed with static CAIS were closer to the planned
positions in all directions, however statistically significant differences (P = 0.0409) were
shown only at the entry point, providing greater accuracy than implants placed with

mental CAIS (Table 7) (12).

Deviation at Deviation Angular

entry point at apex deviation (°)
Static CAIS 1.45 + 0.60 mm 1.82 £ 0.60 mm 3.68 +2.19
Mental CAIS 1.99 + 1.00 mm 254 +1.23 mm 6.13 £ 4.04

Table 7 Comparison of the accuracy of computer-guided implant surgery with

freehand conventional implant placement within the same patients.
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Besides, Nickenig et al., 2010 published their study that compared the accuracy
of implant position between static CAIS and mental CAIS using coDiagnostiX™ implant
planning software. In static CAIS group, 23 implants were placed in lower jaws of 10
patients with a Kennedy Class IIl. In mental CAIS group, manual implantation was
performed in radiopaque anatomical casts of the same 10 patients who had undergone
real implantation. The results were static CAIS produced significantly smaller deviation
than mental CAIS in all positions and accuracy of axis was also significantly improved.
They concluded that implant placed with static CAIS method produced more accuracy
than in mental CAIS and method of superimposing radiographic images of
postoperative casts and preoperative virtual planning images is a useful method, which

allows reducing patient radiation exposure (Table 8) (63).

Tip distance (mm) Base distance (mm) Axis deviation
Mediallateral Anteriorposterior ~ Mediallateral ~ Anteriorposterior ()
Static CAIS 0.6 £ 0.57 0.9 +£0.94 0.9 + 1.06 09+ 122 4.2 +3.04
Mental CAIS 2.5+ 248 2.0 £ 2.02 35+224 24+ 191 9.8 +4.25

Table 8 Deviation of implant position between static and mental CAIS groups.
II.5.5Comparison of the accuracy among Static CAIS, Mental CAIS and conventional
implant surgery

Vercruyssen et al., in 2015 compared accuracy of implant placements in 60
fully edentulous patients (72 jaws). The surgical interventions were divided into 6
groups (12 jaws per group):

- Materialise Universal® Mucosa (Mat Mu)

- Materialise Universal® Bone (Mat Bo)

- Facilitate® Mucosa (Fac Mu)

- Facilitate® Bone (Fac Bo)

- Mental group

- Template group

The results were showed that based on types of guide supported template, no
significant difference was found between bone and mucosa-supported templates.

Based on the differences in product handling in guided template group (Materialise
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Universal® VS Facilitate®), no significant difference was found between no physical stop
during drilling and physical stop on the drills, and implant was placed without guidance
and implant insertion was guided by the fixture mount.

They concluded that inaccuracy of Materialise Universal®, Facilitate® groups
were clearly less than in Mental and Template group in all positions (deviation at

coronal, deviation at apex, and angular deviation) (Table 9) (3, 4).

Mat Mu Mat Bo Fac Mu Fac Bo Mental Template

Coronal (mm) 1.23+0.60 1.60+0.92 1.38+ 0.64 1.33+0.82 2.77+1.54 297+1.41
Apex (mm) 1.57+0.71 1.65+0.82 1.60+0.70 1.50+0.72 291+1.52 3.40+1.68
Angular (°) 2.86+1.60 3.79+2.36 2.71+1.36 3.20+2.70 9.92+6.01 8.43+5.10

Table 9 Deviation of different type of implant placement in fully edentulous patients.
From literature reviews, there is less scientific evidence to make a clear
conclusion that static CAIS is better than Mental CAIS in term of accuracy implant
position in totally edentulous patient. For this reason, the rationale in this study is to
evaluate the accuracy of implant position using static surgical suide and mental CAIS

in totally edentulous patient.
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CHAPTER IlI
MATERIALS AND METHODS

.1 Materials
I1.1.1 Patient

This a prospective case control study included 60 implants in the totally
edentulous upper and/ or lower jaws treated with implant-supported dentures in the
Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn
University from September 2018 to April 2020.

l.1.1.1 Sample selection

Inclusion criteria for the patient selection:

« Healthy patient

« Being totally edentulous ridge in upper and/or lower jaws at least 2 months
prior to implant placement

« Sinus lifting, guided bone/tissue regenerative procedures must be carried out
at least 6 months before implant surgery

« No bony pathological lesion that supported the surgical guide

« Clinical examination and CBCT image display adequate bone quality and
quantity for implant placement

« Adequate mouth opening for placing both surgical guide and drills

Exclusion criteria:

« Patients with severe systemic condition such as severe cardiac vascular
disorders, uncontrolled endocrine disorders, leukocyte dysfunction or
deficiency, bleeding disorders, coagulation disorders, neoplastic disease, renal
failure, pregnancy or lactation

« Patients with history of radiation therapy/medication-related osteonecrosis of
the jaw

« Having bone augmentation during operative time

« Abrupt alteration in treatment planning the surgical time
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l.1.1.2 Sample size estimation

Sample size estimation (implant number) was performed via G* Power
version 3.1.9.2. The effect size (f) of 0.639 was calculated from Computer-
supported implant planning and guided surgery: a narrative review (4, 9) with
significance level (a) of .05, power (1-3) of .95, and allocation ratio of 1.
The calculated sample size each group is 14 implants.

However, for losing the data at any period of time, the total sample
size will be used in this study is 60 implants and is divided into 3 groups;
mental CAIS, static CAIS and dynamic CAIS. Each group comprises of 20

implants.
ll.1.2 Cone Beam Computed Tomography (CBCT) scanner
Accuitomo 3D machine (J. Morita Inc., Kyoto, Japan) is used for bone evaluating
in pre- and post-implantation. [120 kV, 80 mAs, FOV 100x100 mm, 140x100 mm
(depend on patient’s arch size), Voxel size 125 pm]
l1.1.3 Surface scanner
D900L scanner (3shape, Copenhagen, Denmark) is used for creating STL file in
order to plan and fabricate the static surgical guide
l.1.4 Implant and mini-implant
Implant and mini- implant, bone level or tissue level implant with any
connection types (Straumann, institute Straumann AG, Basel, Switzerland)
1.1.5 Mental CAIS system
I1.11.5.1 Planning and accuracy analysis software
coDiagnostiX software version 9.7 (Dental Wings inc, Montreal, CA)
I1.1.5.2 Surface scanner
Model scanner (3shape, Copenhagen, Denmark)
1.1.6 Static CAIS system
l1.1.6.1 Planning and accuracy analysis software
coDiagnostiX software version 9.7 (Dental Wings inc, Montreal, CA)

I11.1.6.2 Surface scanner
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Model scanner (3shape, Copenhagen, Denmark)
11.1.6.3 Surgical guide stents
Stereolithographic (SLA) surgical template (VisiJet MP200, VisiJet M3
Stone Plast, 3D Systems, Inc., South Carolina, USA)
I1.1.7 Dynamic CAIS system
l1.1.7.1 Planning and accuracy analysis software
Iris—100 software (EPED Inc., Taiwan)
1.11.7.2 Occlusal stent for registration
Plastic splint sheet (3A MEDES, South Korea) and vacuum former
machine (Ultraform, Ultradent Products, Inc., Utah, USA)
lI1.1.7.3 Occlusal appliance set for registration
Iris—100 (EPED Inc., Taiwan)
Il.1.7.4 Navigation machine
Iris—100, (EPED Inc., Taiwan)
II1.1.8 Statistic analysis software

IBM SPSS Statistics software version22 (SPSS Inc., Chicago, IL)

.2 Methods
All implants will be planned and operated by the same oral surgeon, and the

data will be collected and analyzed by researcher.

ll.2.1 Preoperative phase
l.2.1.1 The study clinical protocol will be approved by ethic committee of
faculty of Dentistry, Chulalongkorn University. Written consent will be obtained
from all subjects.
ll.2. 1.2 With consideration of inclusion and exclusion criteria, patient will be
assigned into 3 groups; mental CAIS, static CAIS and dynamic CAIS groups.
l1.2.1.3 Mini-implant placements: before radiographic taking, patient in static
CAIS and dynamic CAIS groups must be received three mini-implant
placements (7.5 mm long, 2.5 mm in diameter) with flapless approach under
local anesthesia. The mini-implants were inserted into the jaws in the midline

and premolar area bilaterally as fixed reference points for registration of the
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surface scanning data and supported surgical guide & occlusal appliance set

for registration in surgical procedure.

11.2.1.4 Arch impression: all of mental CAIS, static CAIS and dynamic CAIS groups

will be received full arch impression with alginate for fabricating study model.
1.2.1.4.1 In mental CAIS, static CAIS groups, the model scanning will be
done for the standard tessellation language (STL) by D900L scanner
(3shape, Copenhagen, Denmark).
l.2.1.4.2 In dynamic group, the model will be used for fabrication
occlusal stent with plastic splint sheet (3A MEDES, South Korea) and
vacuum former machine (Ultraform, Ultradent Products, Inc., Utah,
USA). The occlusal stent will be cut 5 mm. below gingival margin, left
some space on edentulous area for placing implant and attached with
the occlusal guide appliance that contains 4 radiopaque fiducial
markers (Iris — 100, EPED Inc., Taiwan)

l1.2.1.5 Radiographic taking
l.2.1.5.1 Mental CAIS and static CAIS groups: after finishing the mini-
implant placements, the patient in will be scanned with cone beam
computed tomography (CBCT) (3D Accuitomo 170 machine, J. Morita
Inc., Kyoto, Japan).
I1.2.1.5.2 Dynamic CAIS group: after the occlusal stent with the occlusal
guide appliance will be placed on the mini-implants of the arch that is
planned, the patient will be scanned with cone beam computed
tomography (CBCT) (3D Accuitomo 170 machine, J. Morita Inc., Kyoto,
Japan).

lll.2.1.6 The Digital Imaging and Communications in Medicine (DICOM) file of

CBCT data and STL files of model scanning data will be transferred into the

planning software.

® Mental CAIS and static CAIS groups: coDiagnostiXTM software version 9.7

(Dental Wings inc, Montreal, CA) that provides 3-dimensional information
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for planning implant positions. (in static CAIS, will be registered to the CBCT
image for treatment planning by use the mini-implants as references.)

® Dynamic CAIS group: IRIS 100 software EPED, Taiwan.

II.2.1.7 After surgeon and prosthodontist completely plan optimal position of

the implants together, the virtual planned of mental and dynamic CAIS will be

used in the operative phase and the digital data of static CAIS, surgical guide

with sleeves will be sent to dental laboratory to 3D print out the surgical guide

for surgical procedure.

Il.2.2 Operative phase

l.2.2.1 Mental CAIS procedure
Il.2.2.1.1 Before the surgical procedure start, the fit of conventional
stent will be checked and confirmed via inspection the guide stability.
Il.2.2.1.2 After local anesthetic injection, the implant positions will be
reviewed again by visualize pre-op planning in the software.
I.2.2.1.3 Flap operation will be performed, the preparation of the
surgical sites and implant insertion will be done following to surgical
protocol (Straumann, institute Straumann AG, Basel, Switzerland).
During surgery, the surgeon constantly reminding to place the implants
corresponding to the planned in freehand manner.
lll.2.2.1.4 Insertion torque and the resonance frequency analysis (RFA)
measurement will be recorded.
1.2.2.1.5 Inserting the closure screw or healing abutment will be done.
l.2.2.1.6 Post-operative instruction will be given.

l1.2.2.2 Static CAIS procedure
Il.2.2.2.1 Before implant surgery, the static surgical guide will be
completely seated on the mini-implants to secure a proper position,
the optimal fit and appropriate position of the guide will be confirmed

via inspection the guide stability.
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l1.2.2.2.2 After local anesthetic injection and the surgical guide is seated
properly, fully suided implant surgery will be used in osteotomy and
implant insertion step.
I1.2.2.2.3 Flap operation will be performed for avoiding the interference
with the surgical guide, the preparation of the surgical sites will be done
following guided surgical protocol and implant fixtures will be guided
inserted through the sleeves into osteotomized sites.
ll.2.2.2.4 Insertion torque and the resonance frequency analysis (RFA)
measurement will be recorded
l.2.2.2.5 Inserting the closure screw or healing abutment will be done.
ll.2.2.2.6 Post-operative instruction will be given.

l1.2.2.3 Dynamic CAIS procedure
1.2.2.3.1 The surgical procedure will be performed using the dynamic
navigation system machine and accessories (Iris — 100, EPED Inc.,
Taiwan). Before the procedure, a handpiece extension collar that
contains registration markers will be assembled to the handpiece.
II1.2.2.3.2 Registration of the surgical handpiece will be performed by
insert the registration bur into a registration plate and aim the tracking
camera to the plate and the handpiece extension collar. This process
will identify the relationship between the geometry of the handpiece
extension collar and the axis of the bur.
1.2.2.3.3 The occlusal guided device will be mounted to an extraoral
patient tracking collar that contain registration markers and placed on
the mini-implants in the same position as during CBCT scan.
Il.2.2.3.4 Registration of the position will be performed to provide a link
between the preoperative planning coordinated system and the
tracking coordinated system by touch the registration probe to 4 fiducial
markers in the occlusal appliance. Then, align the patient tracking collar
to face the tracking camera, finally, remove the occlusal guide

appliance and the navigation is ready.
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l.2.2.3.5 Flap operation under local anesthesia will be performed by
one surgeon. The preparation of the surgical sites and implant insertion
(Straumann, institute Straumann AG, Basel, Switzerland) will be
performed under the guidance by the dynamic navigation system
machine (Iris — 100, EPED Inc., Taiwan). The system will continuously
track both the handpiece tracking collar and patient tracking collar and
display the position of virtual bur superimposed onto the preoperative
CBCT image with virtual plan implant position on the monitor as a live
video. Surgical team can get interactive feedback from the system to
visualize drilling procedure and implant placement and adjust the
position to match the treatment plan. In case of changing the planned
position operatively, the new plan will save as a new file for evaluating
the implant deviation in accuracy analysis

1.2.2.3.6 The closure screw or healing abutment will be inserted

1.2.2.3.7 Post-operative instruction will be given.
II.2.3 Postoperative phase
I1.2.3.1 All of mental CAIS, static CAIS and dynamic CAIS groups will be taken
post-op CBCT for determine a deviation of the planned and actual position of
the implants with 3D Accuitomo 170 machine (J.Morita Inc., Kyoto, Japan).

1.2.3.2 The post-op CBCT will show a 3D data which demonstrated volume

that can be superimposed with pre-op CBCT and evaluated implant position.
.2.3.2.1 In mental CAIS, static CAIS groups will use a treatment
evaluation tool in coDiagnostiX™ (Dental wings inc, Montreal, CA) for
evaluate the deviation between planned and actual positions.
1.2.3.2.2 In dynamic CAIS group will use IRIS-100 software (EPED Inc.,
Taiwan) for evaluate the deviation between planned and actual

positions.
ll.2.4 Evaluation phase

1.2.4.1Accuracy analysis
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For evaluating the accuracy of implant position, the planned (virtual)
and placed (actual) position will be compared with a treatment evaluation
tool function in coDiagnostiXTM (Dental wings inc, Montreal, CA) for mental
CAIS and static CAIS groups and IRIS-100 software (EPED Inc., Taiwan) for
dynamic CAIS group. This software will automatically match the implants
volume and calculating a deviation of the post-op CBCT (placed position)
with virtual (planned position) implant planning.

In this study, the deviation will be measured at the platform and the
apex point in three parameters (Table 10). This process will be performed
two separate times by one examiner and these two datasets will be
compared in order to calculate the intraclass correlation coefficient of the
postoperative analysis between two planning software. The result was 0.99,

that demonstrated very good reliability.

Parameters Description

3D deviation Difference in length of actual implant platform from the virtually planned
at platform implants in anterior/posterior (sagittal view), medial/lateral (coronal) and

apical/coronal (sagittal view) directions.

3D deviation Difference in length of actual implant apex from the virtually planned
at apex implants in anterior/ posterior (sagittal view), medial/ \ateral (coronal) and

apical/coronal (sagittal view) directions.

Deviation of The angle difference of the actual implant axis from the planned axis line
implant axis that cross the center of the implant shoulder and the center of the implant

apex between the planned and actual implant.

Table 10 Parameters for accuracy analysis.
1.2.4.2 Statistic analysis

All implant position data will be gathered and imported into SPSS
Statistics software (version22 software SPSS Inc., Chicago, IL).

All groups will be compared to calculate the intraclass correlation of
the postoperative analysis. One-way ANOVA will be used to determine the
significant of mean difference between planned and placed implant position
in mental CAIS, static CAIS and dynamic groups. The results will be

considered statistically significant when P-value < 0.05.
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Plan/Procedure

Feb
2018

Mar Apr May
2018 2018 2018

Jun

2018

Jul
2018

Aug
2018

Sep 2018 -

Apr 2020

May
2020

Jun
2020

Jut
2020

Aug
2020

Sep
2020

Literature review

Proposal
presentation

Submitting research proposal
for ethics review

Testing

Data analysis

Result and discussion

Report and presentation

Table 11 Period of this study

lIl.4 Expected benefits and application

1. The information about accuracy of implant position among patients who had

received mental, static and dynamic CAIS will be compared.

2. Creating the new standard protocol for implant guided surgery in totally

edentulous patient.

[I.5 Budget
1. Material

® Mini-Implant (Straumann, Switzerland) 36 implants (36 X 5,000)

2. Laboratory services

® (BCT scanning (12 X 3,000)

® Surgical guided fabrication (6 X2,000)

Total

180,000 Baht

36,000 Baht

12,000 Baht

228,000 Baht
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CHAPTER IV
Result
A total of 60 implants (13 patients) were randomly assigned to three CAIS
systems. The mean + standard deviation (SD) age of patients was 66+6.73 years (range

51-75). All implant distribution among the groups were showed as in Table 12.

Mental Static Dynamic
CAIS CAIS CAIS
Group (n=20) Group (n=20) Group (n=20)

Subject 6 4 3
Age (mean + SD) 64.66+7.39 68+4.54 66+9.53
Gender
-Male 3 (50%) 3 (75%) 3 (100%)
-Female 3 (50%) 1 (25%) 0 (0%)
Implant
diameter
3.3 mm 1 (5%) 0 (0%) 3 (15%)
4.1 mm 18 (90%) 14 (70%) 11 (55%)
4.8 mm 1 (5%) 6 (30%) 6 (30%)
Implant Length
<10 mm 17 (85%) 15 (75%) 14 (70%)
>10 mm 3 (15%) 5 (25%) 6 (30%)
Jaw
- Maxilla 10 (50%) 8 (40%) 12 (60%)
- Mandible 10 (50%) 12 (60%) 8 (40%)
Position
- Anterior 12 (60%) 12 (60%) 9 (45%)
- Posterior 8 (40%) 8 (40%) 11 (55%)

Table 12 Patient demographic in this study.

The mean + SD angular deviations between planned and placed implants
among the mental, static and dynamic CAIS groups were 10.09°+4.64°, 4.98°+2.16° and
5.75°+2.09°, respectively. The mean + SD 3D deviation at implant platform and apex
in the mental CAIS group were 3.48+2 mm and 3.60+2.11 mm The mean + SD 3D
deviation at implant platform and apex in the static CAIS group were 1.40+0.72 mm
and 1.66+0.61 mm, while in the dynamic CAIS group were 1.73+0.43 mm and 1.86+0.82

mm, respectively (Table 13).
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95% Confidence
Std. Std. Interval for Mean
Group N Mean Minimum Maximum
Deviation Error Lower Upper
Bound Bound
Angular Mental 20 | 10.09 a.64 1.04 7.92 12.26 3.90 17.90
deviation -
Static 20 4.98 2.16 0.48 3.96 5.99 1.60 8.70
Dynamic | 2q 5.75 2.09 0.47 a77 6.73 1.43 10.23
3D deviation | Mental 20 | 348 2.00 0.45 2.55 4.42 1.19 7.72
at Platform -
Static 20 1.40 0.72 0.16 1.06 1.73 0.53 3.14
Dynamic | »q 1.73 0.43 0.10 1.53 1.93 1.03 2.76
3D deviation | Mental 20 | 3.60 2.11 0.47 2.62 4.59 0.71 8.85
at Apex )
Static 20 1.66 0.61 0.14 1.38 1.95 0.49 2.65
Dynamic | »q 1.86 0.82 0.18 1.48 2.24 0.69 4.19

Table 13 The mean deviations of guided implant positions among three CAIS groups.

According to Shapiro Wilk’s test, all data are in normal distribution. Then, the
Levene’s test was used for evaluating the homogeneity of variance before using One-
way ANOVA test. The results showed that all observed variables were unequal variance
assuming. Hence, Welch’s ANOVA was chosen for comparing the mean of deviation in
the observed variables among all groups.

There were statistically significant differences among three groups in all
observed variables. (Angle deviation p< 0.001, 3D deviation at implant platform

p=0.001 and 3D deviation at implant apex p= 0.002) (Table 14).

Welch’s ANOVA Statistic dfl df2 Sig.
Angular deviation 9.820 2 35.705 <0.001
3D deviation at Platform 9.589 2 32.209 0.001
3D deviation at Apex 7673 2 34.012 0.002

Table 14 Welch’s ANOVA was used for comparing the mean of deviation among all groups.
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Games-Howell post-hoc analysis was selected for pairwise comparison (Table
15). From multiple comparison, the static and dynamic CAIS g¢roups showed no
statistically significant difference between planned and actual positions in term of
angular deviation, 3D deviation at platform and apex (p=0.490,0.190 and 0.665,
respectively). Both groups also demonstrated statistically significant superior accuracy

in all variables compared to the mental CAIS group in the total edentulous (p<0.05)

Multiple Comparisons

95% Confidence
Interval
Dependent Variable Sig.
Mean Lower Upper
Difference (I-J) Std. Error Bound Bound

Angular Games- | Mental Static 5115000 | 1.144915 .000 2.27563 | 7.95437
deviation Howell Dynamic 4341500 | 1.137999 .002 151627 | 7.16673
Static Mental -5.115000 | 1.144915 .000 -7.95437 | -2.27563

Dynamic -. 773500 672770 .490 -2.41435 .86735

Dynamic | Mental -4.341500° 1.137999 .002 -7.16673 | -1.51627

Static 773500 672770 .490 -86735 | 2.41435

3D deviation | Games- Mental Static 2.086000" 474892 .001 89969 | 3.27231
at Platform Howell Dynamic 1.749450° 456912 .003 59683 | 2.90207
Static Mental -2.086000° 474892 .001 -3.27231 -.89969

Dynamic -.336550 .188149 .190 -79959 12649

Dynamic | Mental -1.749450° 456912 .003 -2.90207 -.59683

Static .336550 .188149 .190 -.12649 79959

3D deviation | Games- Mental Static 1.940500" 491293 .002 70690 | 3.17410
at Apex Howell Dynamic 1.743200 506112 .006 48116 | 3.00524
Static Mental -1.940500° 491293 .002 -3.17410 -.70690

Dynamic -.197300 227784 .665 -.75465 .36005

Dynamic | Mental -1.743200° 506112 .006 -3.00524 -.48116

Static .197300 227784 .665 -.36005 75465

*. The mean difference is significant at the 0.05 level.

Table 15 The multiple comparison of implant deviation among studied CAIS groups.
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Figure 11 Statistically significant differences in term of angular deviation, 3D deviation at platform

and apex were observed between the mental and static CAIS groups and between mental and

dynamic CAIS groups. No significant differences were found between the static and dynamic CAIS

groups in totally edentulous patient.
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CHAPTER V
Discussion

This study was designed to determine deviation of guided implant positions
among three different CAIS groups in totally edentulous situation. Our result
demonstrated the implant deviation was higher than previous clinical studies in single
tooth space (64-66) and partially edentulous space (67). The implant deviation in static
and dynamic CAIS groups demonstrated the greater accuracy than that of mental CAIS
group with no statistically significant differences between static and dynamic CAIS
groups (64). Comparing our results with other model and cadaveric studies, it found
out that our results showed greater deviation than that of the others (68-72). We can
say that the better visualization, convenient access, no patient movement, no saliva,
and no bleeding might be the key components achieving the higher accuracy in those
studies (38, 73). Our clinic results were however still in range of clinical acceptable
deviation (74).

Comparing the accuracy of implant position with the other totally edentulous
studies, our results showed the same inclination with others.
For mental CAIS system

The mental CAIS group usually referred to as a control group by performing
freehand implant placement technique in order to compare with other CAIS systems
(3, 4). According to the review literature, a few clinical studies reported using mental
CAIS system. Furthermore, there were some studies in cadaver and were just only few
clinical studies that used the mental CAIS system in totally edentulous condition.

Vercruyssen et al,, 2015 reported their prospective randomized control trial
which compared implant position between static and mental CAIS groups in 60 totally
edentulous patients. The results showed that the most inaccuracy was in the vertical
direction (depth) in static CAIS group, and, in mental CAIS group, also showed larger
deviation in all observed variables. This study, however, analyzed the variables in 2D

position, so we cannot compare with our study which is 3D analysis (4).
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In 2019, Smitkarn et al. published randomized clinical control trial (60 implants
in 52 patients) which compared the guided implant accuracy between static and
mental CAIS groups in single tooth space. The result displayed the superior accuracy
in static CAIS group compared to the mental CAIS group (65). Besides, Aydemir and
Arisan, 2020 published the split-mouth randomized controlled clinical trial that
compared implant placement using dynamic CAIS and freehand methods in the
patient who need one implant for each side of posterior maxilla. The results showed
that dynamic CAIS group achieved less linear deviation than mental CAIS group (75).
According to our clinical study, totally edentulous patients, the deviations were higher
in all aspects compared to single and partial tooth spaces, and also showed the same
trend that static and dynamic CAIS groups had better accuracy compared with mental
CAIS group.

Gillot et al., 2014 compared the deviation of virtually planned and placed
implant positions in five totally edentulous cadavers. Sixty implants were placed by
five surgeons using mental CAIS system. The result showed that the implant position
(mental CAIS group) had lesser accuracy compared to other static CAIS system studies
(76). Fortunately, our results showed the larger deviation than that of this cadaveric
study. This was maybe because the cadaveric study could not imitate the real
situation, therefore, the clinical relevance of implant placement deviation might be
regardless.

For static CAIS system

Cassetta et al., 2012 mentioned that the accuracy of guided implant positions
using fixed surgical guide in totally edentulous maxilla (8 templates with 66 implants)
showed the mean angular, 3D platform and 3D apex deviation were 4.1+2.43° (0.28-
14.34°), 1.66+0.57mm. (0.13-3.00 mm.) and 2.11+0.75 mm. (0.46-3.67mm.), respectively
(77). Vieira et al., 2013 also reported the same trend in the accuracy of placed implants
using static CAIS system in 14 totally edentulous patients with 62 implants. The mean

angular, 3D platform and 3D apex deviation were 1.89+0.46°, 1.79+0.81mm. and
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2.21+1.5 mm,, respectively (78). Moreover, Chmielewski et al., 2019 published their
retrospective study about image analysis of planned and placed implants in full-arch
prosthetic rehabilitation in 9 patients, 12 edentulous jaws, 62 implants, 4 centers. The
results were quite the same as our study. The mean angular, 3D platform and 3D apex
deviation were 4.89°, 1.60 mm. and 1.86 mm., respectively (79). Comparing with our
study, 3D deviations at platform and apex were smaller than that of retrospective
clinical studies, however, our angular deviation displayed slightly higher amount than
that of them.

Ersoy et al., 2008 showed the results of prospective clinical study that were
quite the same as our study by reporting 65 placed implants in totally edentulous
group. The mean angular, 3D platform and 3D apex deviation were 5.1+2.59°, 1.28+0.92
mm. and 1.6+1.08 mm (38). On the other hand, Verhamme et al., 2015 reported their
prospective clinical study of guided implant position in totally edentulous maxilla using
static CAIS system with the results of smaller deviation than that of ours. The mean
angular, 3D platform and 3D apex deviation were 2.819°, 1.37 mm. and 1.587 mm.,,
respectively (80). Marliere et al., 2018, however, demonstrated the systematic review
of static CAIS system in totally edentulous group and our results were in the range of
theirs (mean angular deviation: 1.85-8.4°, 3D platform deviation: 0.17-2.17 mm. and 3D
apex deviation: 0.77-2.86 mm.) (74).

Vinci et al,, 2020 showed their retrospective multicenter study about the 3D
deviation and angle deviation between virtual planned and clinical position using static
CAIS in totally edentulous patients (All-on 4/6 protocol). The mean angular, 3D
platform and 3D apex deviations were 5°, 1 mm. and 1.6 mm., respectively (81). All
observed variables demonstrated the outcomes which correlated to our study.

For dynamic CAIS system
There were some studies about the accuracy of guided implant placement

using dynamic CAIS system.
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Ruppin et al., 2008 reported cadaveric study about the accuracy of 120 placed
implants in 20 human cadaver mandibles using three different CAIS systems (2 dynamic
and 1 static systems). Both partially and totally edentulous conditions were chosen to
perform in this study. The results were shown in 2D deviation; axis, vertical and
horizontal deviations which demonstrated no statistically significant difference among
those 3 systems (82). Even in our study, 3D analysis, also showed no statistically
significant difference between static and dynamic CAIS groups.

Block et al.,, 2017 reported the accuracy of 219 fully guided implant placements
using dynamic CAIS system in their prospective cohort study with the patients who
needed at least 1 implant. The mean angular, 3D platform and 3D apex deviations
were 2.97°, 1.16 mm. and 1.29 mm., respectively (9). The space condition in this study
was not totally edentulous ridge in all sample, the inaccuracy of implant placement
seemed therefore smaller than that of our study.

Jorba-Garcia et al.,, 2019 reported randomized in vitro study of partially
edentulous model about role of surgical experience on the implant accuracy using
freehand manner and dynamic CAIS system. In the experienced surgeon group, the
dynamic CAIS group showed the mean angular, 3D platform and 3D apex deviations;
2.15° 1.19 mm. and 1.24 mm., respectively. All observed variables in this study were
lesser compared to our results (71). However, our study showed the same trend that
dynamic CAIS group demonstrated superior accuracy compared to freehand manner
group. In addition, in amateur surgeon group of this study, dynamic CAIS system also
improved the implant accuracy in all observed variables.

Pellegrino et al., 2020 published their in vitro study about influence of surgical
experience on the implant accuracy using dynamic CAIS system in totally edentulous
model. In the experienced surgeon with expertise in dynamic CAIS system group (28
implants) showed the mean angular, 3D platform and 3D apex deviations; 2.93°+1.50,

1.55+1.08 mm. and 1.44+0.95 mm., respectively (72). Since this model study could not
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simulate the real clinical situation, the smaller deviations were found compared to our
clinical study.

Yimarj et al., 2020 reported their randomized controlled clinical trial about the
accuracy of implant placement between static and dynamic CAIS systems in partially
edentulous patients. The results of static CAIS group showed the mean angular, 3D
platform and 3D apex deviations; 4.08°+1.69, 1.04+0.67 mm. and 1.54+0.79 mm.,
respectively. For dynamic CAIS group, the results displayed the mean angular, 3D
platform and 3D apex deviations; 3.78°+1.84, 1.24+0.39 mm. and 1.58+0.56 mm.,
respectively (67). Although, the differences of mean deviation were found in all
variables between two systems, all observed variables showed no statistically
significant difference which correlated to our study.

The outcome of our study demonstrated better accuracy compared to some
previous CAIS studies. It maybe because of the following factors.

The planning software can accurately generate the digital guide drill that
corresponded to the real edentulous ridge with mini implants, and help confirming
correctly verified alignment of STL and DICOM files while doing superimposition. Mini
implants were used as referent points to perfectly transfer the surgical guide position
from digital planning to surgical field as same as tooth-supported surgical guide (69). It
might be the consequence of the precise repositioning of the surgical guide position
during the implant surgery (83). Thus, the surgical guide can be placed precisely in the
patient mouth. Since mini implants were used in our study, the lesser deviations were
shown in our static CAIS group. The systematic review of Tahmaseb et al.,, 2014 also
stated that the accuracy of mini-implant-supported guide was higher than the other
types of support except mucosa (46). Mucosa supported guide, however, could be
displaced by swelling of soft tissue due to anesthesia injection (84), and by resilience
of mucosa which might be the reasons of inaccuracy in placed implant position (38,

85).
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In addition, our dynamic CAIS group also used mini implant in order to retain
the registration stent. The reproducibility of registration stent influenced the accuracy
of implant position during CT scanning, registration process and implant navigation
especially in totally edentulous ridge. Mini-implant-supported registration stent in our
study thus was the key role of achieving good accuracy as in tooth-supported
registration stent or bone marker registration (69). Apart from being referent points,
mini implants can be used to retain interim prosthesis in order to provide the better
retention in case of non-immediate loading while waiting for final restoration.

According to our study, the different CAIS groups demonstrated the various
amounts of deviation. The most inaccuracy was still found in the group of mental CAIS
system. Static and dynamic CAIS groups, on the other hand, displayed the acceptable
amount of deviation from the planned position. Considering mean deviation in both
groups, these systems could provide reliable outcome, it however should be
performed with careful attention especially in case of risking vital structures. The
deviations, however, were still happened when using just only static or dynamic CAIS
system. Therefore, static and dynamic CAIS systems would be combined for integrating
benefits, compensating pitfalls and improving the accuracy in further study.

From our clinical observation, the mental CAIS took less time consuming during
the implant surgery since there was no extra instrument use for guided the drill, while
other two CAIS system use either surgical guided template or the tracking devices to
control all the drill sequences. These might be one of the time consuming, however
the more learning experience and the number of cases the surgeon did, the less

duration of operation time might be shorter.
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CHAPTER VI

Conclusion
In full edentulous situation, our clinical trial showed that static and dynamic
CAIS groups achieved higher accuracy than that of mental CAIS group with no
statistically significant difference between static and dynamic CAIS groups. According
to the guidance of static and dynamic CAIS, their workflow allowed the surgeon to
overcome the limitation in advanced implant surgery with clinically acceptable in term

of implant position and accurately predictable outcome.
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APPENDICES
Appendix A Thai consent form
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group
D Age | Sex | Tooth | Diameter | Type H Torque | RFA(B) | RFA (M)
MO1 64 F 33 4.1 BL 10 25 75 83
MO2 64 F 43 4.1 BL 10 15 58 59
MO3 64 F 33 4.1 BL 10 25 71 71
MO4 64 F 43 4.1 BL 10 20 68 68
MO5 64 F 16 4.1 BL 10 20 70 70
MO6 64 F 14 4.1 BL 10 15 53 67
MO7 64 F 24 4.1 BL 10 15 41 a1
MO8 64 F 26 4.1 BL 8 15 57 56
M09 51 M 15 4.1 SIR 10 N/A 60 75
M10 51 M 12 3.3 SP 8 N/A 64 75
M11 51 M 22 4.1 SP 8 N/A 66 81
M12 51 M 25 4.1 SP 10 N/A 81 80
M13 51 M 33 4.1 SP 10 N/A 79 79
M14 51 M 43 4.1 SP 10 N/A 75 81
M15 71 M 15 41 BL 12 35 71 71
M16 71 M 26 4.8 BL 12 30 68 69
M17 71 F 33 4.1 BL 10 20 61 61
M18 71 F 43 4.1 BL 10 20 57 57
M19 67 M 33 4.1 BLT 12 40 82 80
M20 67 M 43 4.1 BLT 10 35 85 85
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Appendix C Patient demographic and clinical data in Static CAIS group

ID | Age | Sex | Tooth | Diameter | Type H Torque RFA (B) RFA (M)
S01 62 M 33 4.1 BLT 12 25 N/A N/A
S02 62 M 35 48 SP 8 35 N/A N/A
S03 62 M 37 4.8 SP 6 25 N/A N/A
S04 62 M 43 4.1 BLT 12 35 N/A N/A
S05 62 M a5 4.8 SP 8 25 N/A N/A
S06 62 M ar 4.8 SP 6 25 N/A N/A
SO7 67 F 13 4.1 BLT 12 35 80 70
S08 67 F 23 4.1 BLT 12 35 68 64
S09 71 M 13 4.1 BLT 14 35 70 70
S10 71 M 21 4.1 BLT 10 35 72 72
S11 72 M 14 4.1 BLT 10 25 74 74
S12 72 M 12 4.1 BLT 10 25 71 71
S13 72 M 22 4.1 BLT 10 25 68 70
S14 72 M 24 4.1 BLT 10 25 72 72
S15 72 M 35 4.8 SP 6 25 70 70
S16 72 M 33 4.1 BLT 8 35 73 73
S17 72 M 31 4.1 BLT 10 35 70 71
S18 72 M a1 4.1 BLT 10 35 74 74
S19 72 M 43 4.1 BLT 10 35 72 72
S20 72 M a5 4.8 SP 6 25 73 72




Appendix D Patient demographic and clinical data in Dynamic CAIS
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group
ID | Age | Sex Tooth | Diameter | Type H Torque | RFA(B) | RFA (M)
DO1 56 M 35 4.1 BLT 8 35 81 80
D02 56 M 33 4.1 BLT 12 35 81 81
D03 56 M 43 4.1 BLT 12 35 78 80
D04 56 M 45 4.1 BLT 8 35 83 83
DO5 75 M 16 4.8 BLT 8 25 56 67
D06 75 M 14 4.1 BLT 10 25 61 61
DO7 75 M 12 4.1 BLT 12 25 61 65
D08 75 M 22 4.1 BLT 10 25 32 53
D09 75 M 24 4.1 BLT 12 25 56 56
D10 75 M 26 4.8 BLT 8 15 32 35
D11 75 M 32 4.1 BLT 12 35 80 a5
D12 75 M 37 4.8 BLT 8 35 a2 a2
D13 75 M a2 4.1 BLT 12 25 72 71
D14 75 M ar 4.8 BLT 8 35 67 66
D15 67 M 16 4.8 BLT 8 35 70 78
D16 67 M 13 33 BLT 10 15 N/A N/A
D17 67 M 11 353 BLT 10 25 N/A N/A
D18 67 M 21 33 BLT 10 25 N/A N/A
D19 67 M 24 4.1 BLT 10 25 61 70
D20 67 M 26 4.8 BLT 8 35 71 70
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Appendix E The deviation between planned and placed implants in

Mental CAIS group

Angular Platform (mm) Apex (mm)
deviation

ID (degree) | 3D offset distal | vestibular | apical | 3D offset distal vestibular | apical
MO1 792 3.66 -3.55 -0.1 -0.37 2.62 -2.6 0.19 -0.27
M02 4.07 1.83 -1.22 0.3 1.33 1.66 -0.92 -0.32 1.35
MO03 7.83 1.31 -0.01 1.16 0.59 0.71 -0.01 -0.19 0.68
Mo4 5.04 1.35 1.33 0.04 -0.22 221 22 -0.09 -0.19
MO05 8.11 531 5.29 -0.19 0.36 6.55 6.52 0.5 0.46
MO06 15.45 1.19 0.83 -0.52 0.67 2.16 -0.39 1.86 1.03
MO7 12.7 4.9 3.77 -2.2 221 4.38 3.63 -0.01 2.45
M08 7.08 4.3 391 0.55 1.68 3.72 3.1 1.09 1.74
M09 17.89 3.41 -2.14 0.11 -2.65 2.76 0.54 1.62 -2.17
M10 16.62 6.11 -5.94 -1.36 -0.42 6.39 -6.32 0.9 -0.09
M11 17.68 172 -7.16 7 2.36 8.85 -8.41 0.39 274
M12 14.21 1.76 0.04 -0.7 1.62 3.07 2.38 -0.29 1.92
M13 10.29 1.78 -0.26 -1.09 -1.39 2.84 1.01 -2.35 -1.23
M14 7.51 2.34 232 0.16 0.28 2.7 1.76 -1.03 0.37
M15 3.89 576 4.28 1.7 -3.47 6.38 5.09 1.7 -3.44
M16 5.69 6.45 -6.23 1.26 -1.0i7 5.29 -5.04 1.25 -1.01
M17 6.09 3.22 254 0.25 1.95 3.01 1.94 1.13 2.01
M18 8.22 3.66 3.61 -0.39 0.48 3.76 3.57 1.04 0.59
M19 15.03 1.24 -0.32 1.18 -0.24 214 1.89 -1 0.016
M20 10.65 2.33 -1.95 -1.05 -0.73 0.87 -0.13 -0.65 -0.56
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Appendix F The deviation between planned and placed implants in

Static CAIS group

Angular Platform (mm) Apex (mm)
deviation
ID (degree) | 3D offset distal | vestibular | apical | 3D offset distal | vestibular | apical
S01 4.78 0.58 0.4 -0.39 -0.13 1.55 1.32 -0.81 -0.09
S02 3.02 2.02 1.61 -0.29 -1.18 2.34 1.96 -0.52 -1.17
S03 4.69 1.36 1.24 -0.25 -0.51 0.97 0.84 0.04 -0.49
S04 1.81 0.54 -0.37 0.25 -0.3 0.49 -0.02 0.39 -0.29
S05 8.57 1.37 0.47 -1.02 -0.79 2.39 1.32 -1.86 -0.7
S06 3.58 0.67 0.13 0.13 -0.64 0.82 0.51 0.14 -0.63
S07 6.61 0.86 -0.08 0.8 -0.3 0.99 0.96 -0.1 -0.22
S08 6.22 1.19 0.46 0.28 1.06 214 1.34 1.23 1.13
S09 6.05 2.1 0.8 1.88 -0.46 1.6 1 0.43 -0.38
S10 4.30 3.14 1.15 -1.96 -2.16 2.65 0.99 -1.22 2.13
S11 2.07 1.06 0.52 0.23 0.89 0.96 0.33 -0.06 0.9
S12 5.10 1.47 -0.18 0.54 -1.36 191 -0.93 1.02 -1.32
S13 1.58 2.45 1.77 0.38 -1.66 2.58 1.88 0.64 -1.65
S14 2.50 0.93 0.71 0.6 0.08 1.36 1.01 0.91 0.09
S15 8.41 2.15 0.38 1.41 -1.58 1.97 0.99 0.77 -1.52
S16 6.04 2.08 0.18 1.68 -1.22 1.97 0.92 1.29 -1.17
S17 5.00 1.56 0.7 1.22 -0.68 1.68 1.39 0.7 -0.65
S18 4.57 1.03 -0.71 0.66 -0.35 1.55 -1.47 0.4 -0.32
S19 8.68 0.53 0.5 -0.03 -0.2 1.93 1.63 -1.04 -0.08
S20 6.03 0.82 0.8 0.03 0.19 1.41 1.36 -0.25 0.23
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Appendix G The deviation between planned and placed implants in

Dynamic CAIS group

Angular Platform (mm) Apex (mm)
deviation

ID (degree) 3D offset distal | vestibular | apical | 3D offset | distal | vestibular apical
DO1 5.40 2.035 -0.043 1.123 -1.696 4.193 0.145 -1.702 -3.829
D02 5.00 1.386 0.807 1.127 0.002 2378 1.185 2.061 0.048
D03 6.92 1.76 -0.353 1.285 1.15 2.55 -1.676 1.472 1.237
Do4 9.12 1.031 -0.282 0.973 0.191 1.539 -1.438 0.541 0.089
D05 5.27 1.521 0.263 0.871 1.219 1.277 0.153 0.124 -1.262
D06 4.94 1.513 1.058 -0.961 -0.497 0.951 -0.761 0.055 -0.0567
DO7 3.05 1.823 -0.24 -1.535 -0.954 2377 0.113 2129 -1.051
D08 5.06 1.755 0.107 -0.038 RIS 2.037 -0.76 0.83 -1.698
D09 5.26 1.79 -1.113 1.401 0.052 2.041 0.326 -2.014 0.0012
D10 533 1.753 0.871 0.513 -1.433 1.618 -0.009 -0.696 -1.461
D11 5.46 2.758 -0.199 1.873 -2.015 2.126 -0.055 -0.979 -1.886
D12 5.88 1.514 -0.303 -1.168 -0.916 2.128 0.066 1.847 -1.055
D13 1.43 2.647 0.841 -0.066 -2.509 2741 -1.039 0.187 -2.53
D14 7.51 1.416 0.209 A=A -0.526 2.033 -1.145 1.545 -0.659
D15 8.07 1.592 1.508 0.429 -0.273 1.98 -1.23 -1.54 -0.187
D16 244 1.103 1.003 0.137 -0.439 0.83 -0.665 0.177 -0.465
D17 10.23 2.088 1.218 -1.569 -0.645 1.388 -1.116 -0.304 -0.767
D18 6.47 1.698 0.832 -1.43 -0.383 0.691 -0.255 0.4 -0.503
D19 6.94 2.006 0.456 -1.953 -0.028 0.819 -0.318 0.729 -0.196
D20 5.19 1.452 1.209 0.725 0.349 1.509 -0.759 -1.254 0.359




Appendix H Statistical output

Descriptive statistic of implant angular deviation among three CAIS systems

Descriptives

|Group Statistic Std. Error
Angular  Mental Mean 10.11250 1.233453
deviation 95% Confidence Interval for Mean  Lower Bound 7.48346
Upper Bound 12.74154
5% Trimmed Mean 10.02500
Median 8.00000
Variance 24.342
Std. Deviation 4.933812
Minimum 3.900
Maximum 17.900
Range 14.000
Interquartile Range 9.150
Skewness 417 .564
Kurtosis -1.340 1.091
Static Mean 451667 .600105
95% Confidence Interval for Mean  Lower Bound 3.19584
Upper Bound 5.83749
5% Trimmed Mean 4.45185
Median 4.50000
Variance 4.322
Std. Deviation 2.078825
Minimum 1.600
Maximum 8.600
Range 7.000
Interquartile Range 3.150
Skewness .395 .637
Kurtosis -.255 1.232
Dynamic Mean 5.70313 .556138
95% Confidence Interval for Mean  Lower Bound 451774
Upper Bound 6.88851
5% Trimmed Mean 5.75069
Median 5.75500
Variance 4.949
Std. Deviation 2.224553
Minimum 1.430
Maximum 9.120
Range 7.690
Interquartile Range 3.438
Skewness -.557 .564
Kurtosis -.395 1.091
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Descriptive statistic of 3D guided implant deviation at platform among three

CAIS systems

Descriptives
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| Group Statistic Std. Error
3D deviation  Mental Mean 3.69875 .534570
at Platform 95% Confidence Interval for Mean Lower Bound 2.55934
Upper Bound 4.83816
5% Trimmed Mean 3.61472
Median 3.53500
Variance 4.572
Std. Deviation 2.138279
Minimum 1.190
Maximum 7.720
Range 6.530
Interquartile Range 3.883
Skewness .382 564
Kurtosis -1.204 1.091
Static Mean 1.47417 .233901
95% Confidence Interval for Mean Lower Bound .95935
Upper Bound 1.98898
5% Trimmed Mean 1.43352
Median 1.36500
Variance .657
Std. Deviation .810258
Minimum .540
Maximum 3.140
Range 2.600
Interquartile Range 1.363
Skewness 749 637
Kurtosis -.078 1.232
Dynamic Mean 2.16744 .214852
95% Confidence Interval for Mean Lower Bound 1.70949
Upper Bound 2.62538
5% Trimmed Mean 2.08787
Median 2.02400
Variance 739
Std. Deviation .859407
Minimum 1.031
Maximum 4.736
Range 3.705
Interquartile Range 1.101
Skewness 1.760 564
Kurtosis a.777 1.091




Descriptive statistic of 3D guided implant deviation at apex among three CAIS
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systems
Descriptives
|Group Statistic Std. Error
3D deviation  Mental Mean 3.89313 .552787
at Apex 95% Confidence Interval for Mean  Lower Bound 2.71489
Upper Bound 5.07136
5% Trimmed Mean 3.79458
Median 2.95500
Variance 4.889
Std. Deviation 2211147
Minimum 710
Maximum 8.850
Range 8.140
Interquartile Range 3.795
Skewness .804 .564
Kurtosis -011 1.091
Static Mean 1.68583 .214298
95% Confidence Interval for Mean  Lower Bound 1.21417
Upper Bound 2.15750
5% Trimmed Mean 1.69870
Median 1.65500
Variance .551
Std. Deviation .742348
Minimum .490
Maximum 2.650
Range 2.160
Interquartile Range 1.402
Skewness -.195 .637
Kurtosis -1.398 1.232
Dynamic  Mean 2.56650 .253482
95% Confidence Interval for Mean  Lower Bound 2.02622
Upper Bound 3.10678
5% Trimmed Mean 2.52033
Median 2.30100
Variance 1.028
Std. Deviation 1.013928
Minimum 1.067
Maximum 4.897
Range 3.830
Interquartile Range 1.180
Skewness .850 .564
Kurtosis .651 1.091




Normality test of 3D guided implant deviation

three CAIS systems

Tests of Normality
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in all observed variables among

Kolmogorov-Smirmnov” Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
Angular Mental 221 16 .036 .900 16 .080
deviation  Static 112 12 2007 967 12 872
Dynamic 145 16 200" 951 16 508
3D Mental .184 16 150 912 16 126
deviation at  Static 198 12 2007 926 12 337
Platform Dynamic 183 16 153 848 16 013
3D Mental .208 16 064 .920 16 A7
deviation at  Static 159 12 2007 929 12 370
Apex Dynamic 175 16 200" 938 16 331
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
Testing homogeneity of variance using Levene’s test
Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.
Angular deviation 13.345 57 .000
3D deviation at Platform 22247 57 .000
3D deviation at Apex 12.250 57 .000

Welch’s ANOVA test for comparing the mean of deviation in the observed
variables among all groups
Robust Tests of Equality of Means
Statistic® dft df2 Sig.
Angular deviation Welch 9.820 2 35.705 .000
3D deviation at Platform  Welch 9.589 2 32.209 .001
3D deviation at Apex Welch 7.673 2 34.012 .002

a. Asymptotically F distributed.



Pairwise comparison using Games-Howell post-hoc analysis

Multiple Comparisons
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Mean 95% Confidence Interval

Difference Lower Upper

Dependent Variable () Group  (J) Group (1-)) Std. Error Sig. Bound Bound
Angular Games-  Mental Static 5115000 | 1.144915 .000 2.27563 7.95437
deviation Howell Dynamic 4.341500" | 1.137999 .002 1.51627 7.16673
Static Mental -5.115000 | 1.144915 .000 -7.95437 -2.27563
Dynamic -773500 | .672770 .490 -2.41435 86735
Dynamic  Mental -4.341500" | 1.137999 .002 -7.16673 -1.51627
Static 773500 | .672770 .490 -.86735 2.41435
3D deviation Games- Mental Static 2.086000 | 474892 .001 .89969 3.27231
at Platform  Howell Dynamic 1.749450" | 456912 .003 .59683 2.90207
Static Mental -2.086000 | 474892 .001 -3.27231 -.89969
Dynamic -336550 | .188149 .190 79959 .12649
Dynamic  Mental -1.749450 | 456912 .003 -2.90207 -.59683
Static .336550 .188149 190 -.12649 719959
3D deviation Games- Mental Static 1.940500 | .491293 .002 .70690 3.17410
at Apex Howell Dynamic | 1.743200"| 506112 006 48116 3.00524
Static Mental -1.940500" 491293 .002 -3.17410 - 70690
Dynamic -.197300 227784 .665 -.75465 .36005
Dynamic  Mental -1.743200° 506112 .006 -3.00524 -.48116
Static .197300 227784 .665 -.36005 715465

*. The mean difference is significant at the 0.05 level.



68

REFERENCES

1. Ali B, Bhavani V. Transition from a fixed implant dental prosthesis to an implant
overdenture in an edentulous patient: A clinical report. The Journal of Prosthetic
Dentistry. 2014;112(3):414-7.

2. Binon PP. Treatment Planning Complications and Surgical Miscues. Journal of
Oral and Maxillofacial Surgery. 2007;65(7):73-92.

3. Vercruyssen M, Cox C, Coucke W, Naert |, Jacobs R, Quirynen M. A randomized
clinical trial comparing guided implant surgery (bone-or mucosa-supported) with
mental navigation or the use of a pilot-drill template. Journal of clinical
periodontology. 2014;41(7):717-23.

4, Vercruyssen M, Coucke W, Naert |, Jacobs R, Teughels W, Quirynen M. Depth
and lateral deviations in guided implant surgery: an RCT comparing guided surgery with
mental navigation or the use of a pilot=drill template. Clinical oral implants research.
2015;26(11):1315-20.

5. Rinaldi M, Ganz SD, Mottola A. Computer-Guided Dental Implants and
Reconstructive Surgery: Clinical Applications: Elsevier Health Sciences; 2015.

6. Edelmann AR, Hosseini B, Byrd WC, Preisser JS, Tyndall DA, Nguyen T, et al.
Exploring Effectiveness of Computer-Aided Planning in Implant Positioning for a Single
Immediate Implant Placement. J Oral Implantol. 2016;42(3):233-9.

7. Jung RE, Schneider D, Ganeles J, Wismeijer D, Zwahlen M, Hammerle CH, et al.
Computer technology applications in surgical implant dentistry: a systematic review. Int
J Oral Maxillofac Implants. 2009;24 Suppl:92-109.

8. Ewers R, Schicho K, Undt G, Wanschitz F, Truppe M, Seemann R, et al. Basic
research and 12 years of clinical experience in computer-assisted navigation
technology: a review. International journal of oral and maxillofacial surgery.
2005;34(1):1-8.

9. Block MS, Emery RW, Lank K, Ryan J. Implant Placement Accuracy Using
Dynamic Navigation. Int J Oral Maxillofac Implants. 2017.



69

10. Block MS, Emery RW. Static or Dynamic Navigation for Implant Placement—
Choosing the Method of Guidance. Journal of Oral and Maxillofacial Surgery.
2016;74(2):269-77.

11. Nickenig H-J, Wichmann M, Hamel J, Schlegel KA, Eitner S. Evaluation of the
difference in accuracy between implant placement by virtual planning data and
surgical guide templates versus the conventional free-hand method — a combined in
vivo — in vitro technique using cone-beam CT (Part II). Journal of Cranio-Maxillofacial
Surgery. 2010;38(7):488-93.

12. Farley NE, Kennedy K, McGlumphy EA, Clelland NL. Split-mouth comparison of
the accuracy of computer-generated and conventional surgical guides. International
Journal of Oral & Maxillofacial Implants. 2013;28(2).

13. Kang SH, Lee JW, Lim SH, Kim YH, Kim MK. Verification of the usability of a
navigation method in dental implant surgery: in vitro comparison with the
stereolithographic surgical guide template method. Journal of cranio-maxillo-facial
surgery : official publication of the European Association for Cranio-Maxillo-Facial
Surgery. 2014;42(7):1530-5.

14. Gilbert GH, Miller MK, Duncan RP, Ringelberg ML, Dolan TA, Foerster U. Tooth-
specific and person-level predictors of 24-month tooth loss among older adults.
Community dentistry and oral epidemiology. 1999;27(5):372-85.

15. Hull PS, Worthington HV, Clerehugh V, Tsirba R, Davies RM, Clarkson JE. The
reasons for tooth extractions in adults and their validation. Journal of dentistry.
1997,25(3-4):233-7.

16. Dikbas I, Tanalp J, Tomruk CO, Koksal T. Evaluation of reasons for extraction of
crowned teeth: a prospective study at a university clinic. Acta odontologica
Scandinavica. 2013;71(3-4):848-56.

17. Holmlund A, Holm G, Lind L. Number of Teeth as a Predictor of Cardiovascular
Mortality in a Cohort of 7,674 Subjects Followed for 12 Years. Journal of
Periodontology. 2010;81(6):870-6.

18. Janket SJ, Baird AE, Chuang SK; Jones JA. Meta-analysis of periodontal disease
and risk of coronary heart disease and stroke. Oral Surgery, Oral Medicine, Oral

Pathology, Oral Radiology, and Endodontics. 2003;95(5):559-69.



70

19. Batista MJ, Lawrence HP, Rosario de Sousa MdL. Impact of tooth loss related to
number and position on oral health quality of life among adults. Health and Quality of
Life Outcomes. 2014;12:165.

20. Frost HM. Wolff's Law and bone's structural adaptations to mechanical usage: an
overview for clinicians. The Angle orthodontist. 1994;64(3):175-88.

21. Schropp L, Wenzel A, Kostopoulos L, Karring T. Bone healing and soft tissue
contour changes following single-tooth extraction: a clinical and radiographic 12-month
prospective study. The International journal of periodontics & restorative dentistry.
2003;23(4):313-23.

22. Araujo Mauricio G, Lindhe J. Dimensional ridge alterations following tooth
extraction. An experimental study in the dog. Journal of Clinical Periodontology.
2005;32(2):212-8.

23. Sanz M, Cecchinato D, Ferrus J, Pjetursson EB, Lang NP, Lindhe J. A prospective,
randomized-controlled clinical trial to evaluate bone preservation using implants with
different geometry placed into extraction sockets in the maxilla. Clin Oral Implants Res.
2010;21(1):13-21.

24. Hansson S, Halldin A. Alveolar ridge resorption after tooth extraction: A
consequence of a fundamental principle of bone physiology. J Dent Biomech.
2012;3:1758736012456543.

25. Cawood JI, Howell RA. A classification of the edentulous jaws. International
journal of oral and maxillofacial surgery. 1988;17(4):232-6.

26. Misch CE. Contemporary implant dentistry 3rd ed: St. Louis, Mo. :
Mosby/Elsevier, 2008.; 2008.

27. Heckmann SM, Heuginger S, Linke JJ, Graef F, Préschel P. Improvement and
long-term stability of neuromuscular adaptation in implant-supported overdentures.
Clinical Oral Implants Research. 2009;20(11):1200-5.

28. Vercruyssen M, Marcelis K, Coucke W, Naert |, Quirynen M. Long-term,
retrospective evaluation (implant and patient-centred outcome) of the two-implants-
supported overdenture in the mandible. Part 1: survival rate. Clin Oral Implants Res.

2010;21(4):357-65.



71

29. Att W, Stappert C. Implant therapy to improve quality of life. Quintessence
international (Berlin, Germany : 1985). 2003;34(8):573-81.

30. Pan Y-H, Yu L-M, Lin T-M. Dental implant-retained mandibular overdenture
therapy: A clinical study of patients' response. Journal of Dental Sciences.
2014;9(2):118-24.

31. Meijer HJ, Raghoebar GM, Van 't Hof MA. Comparison of implant-retained
mandibular overdentures and conventional complete dentures: a 10-year prospective
study of clinical aspects and patient satisfaction. Int J Oral Maxillofac Implants.
2003;18(6):879-85.

32. Feine JS, Carlsson GE, Awad MA, Chehade A, Duncan WJ, Gizani S, et al. The
McGill consensus statement on overdentures. Mandibular two-implant overdentures as
first choice standard of care for edentulous patients. Gerodontology. 2002;19(1):3-4.
33, Thomason JM, Lund JP, Chehade A, Feine JS. Patient satisfaction with
mandibular implant overdentures and conventional dentures 6 months after delivery.
The International journal of prosthodontics. 2003;16(5):467-73.

34. Heydecke G, Thomason JM, Lund JP, Feine JS. The impact of conventional and
implant supported prostheses on social and sexual activities in edentulous adults
Results from a randomized trial 2 months after treatment. Journal of dentistry.
2005;33(8):649-57.

35. Casentini P WD, G, Chiapasco M. . Treatment option on edentulous arch. In:
Wismeijer D BD, Belser U.Quintessenc, editor. [Tl treatment guide loading protocol in
edentulous patient2010. p. 35-44.

36. Sadowsky SJ. Treatment considerations for maxillary implant overdentures: a
systematic review. J Prosthet Dent. 2007;97(6):340-8.

37. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic review of
the survival and complication rates of implant-supported fixed dental prostheses (FDPs)
after a mean observation period of at least 5 years. Clin Oral Implants Res. 2012;23
Suppl 6:22-38.

38. Ersoy AE, Turkyilmaz I, Ozan O, McGlumphy EA. Reliability of implant placement
with stereolithographic surgical guides generated from computed tomography: clinical

data from 94 implants. Journal of periodontology. 2008;79(8):1339-45.



72

39. Sanna AM, Molly L, van Steenberghe D. Immediately loaded CAD-CAM
manufactured fixed complete dentures using flapless implant placement procedures: a
cohort study of consecutive patients. J Prosthet Dent. 2007;97(6):331-9.

40. Wittwer G, Adeyemo WL, Schicho K; Birkfellner W, Enislidis G. Prospective
randomized clinical comparison of 2 dental implant navigation systems. International
Journal of Oral & Maxillofacial Implants. 2007;22(5).

a1. Srikanth Bitra MSK, Rohit Kumar Kendole, Kotha Sunith. Computer Assisted
Implant Surgery: Advanced Implant Surgical Technique (IOSR. 2015;14(7):62-5.

a2. Dreiseidler T, Neugebauer J, Ritter L, Lingohr T, Rothamel D, Mischkowski RA, et
al. Accuracy of a newly developed integrated system for dental implant planning. Clin
Oral Implants Res. 2009;20(11):1191-9.

43, Nijmeh AD, Goodger NM, Hawkes D, Edwards PJ, McGurk M. Image-guided
navigation in oral and maxillofacial surgery. The British journal of oral & maxillofacial
surgery. 2005;43(4):294-302.

a4, Brief J, Edinger D, Hassfeld S, Eggers G. Accuracy of image-guided implantology.
Clin Oral Implants Res. 2005;16(4):495-501.

45, Jane-Salas E, Rosello LX, Jane-Palli E, Mishra S, Ayuso-Montero R, Lopez-Lopez
J. Open flap versus flapless placement of dental implants. A randomized controlled
pilot trial. Odontology. 2018.

46. Tahmaseb A, Wismeijer D, Coucke W, Derksen W. Computer technology
applications in surgical implant dentistry: a systematic review. International Journal of
Oral & Maxillofacial Implants. 2014;29.

47. Zhou W, Liu Z, Song L, Kuo C-|, Shafer DM. Clinical Factors Affecting the
Accuracy of Guided Implant Surgery—A Systematic Review and Meta-analysis. Journal
of Evidence Based Dental Practice. 2018;18(1):28-40.

48. Mora MA, Chenin DL, Arce RM. Software Tools and Surgical Guides in Dental-
Implant-Guided Surgery. Dent Clin North Am. 2014;58(3):597-626.

49. Jokstad A. Computer-assisted technologies used in oral rehabilitation and the
clinical documentation of alleged advantages - a systematic review. J Oral Rehabil.

2017,44(4):261-90.



73

50. Kuhl S, Payer M, Zitzmann NU, Lambrecht JT, Filippi A. Technical Accuracy of
Printed Surgical Templates for Guided Implant Surgery with the coDiagnostiX™
Software. Clinical implant dentistry and related research. 2015;17(S1):e177-e82.

51. Edelmann AR, Hosseini B, Byrd WC, Preisser JS, Tyndall DA, Nguyen T, et al.
Exploring effectiveness of computer-aided planning in implant positioning for a single
immediate implant placement. Journal of Oral Implantology. 2015.

52. Giacomo GAD, Cury PR, Araujo NSd, Sendyk WR, Sendyk CL. Clinical application
of stereolithographic surgical guides for implant placement: preliminary results. Journal
of periodontology. 2005;76(4):503-7.

53. Ozan O, Turkyilmaz I, Ersoy AE, McGlumphy EA, Rosenstiel SF. Clinical accuracy
of 3 different types of computed tomography-derived stereolithographic surgical guides
in implant placement. Journal of oral and maxillofacial surgery. 2009;67(2):394-401.

54. Valente F, Schiroli G, Sbrenna A. Accuracy of computer-aided oral implant
surgery: a clinical and radiographic study. International Journal of Oral & Maxillofacial
Implants. 2009;24(2).

55. Van Assche N, Van Steenberghe D, Quirynen M, Jacobs R. Accuracy assessment
of computer-assisted flapless implant placement in partial edentulism. Journal of
clinical periodontology. 2010;37(4):398-403.

56. Behneke A, Burwinkel M, Knierim K, Behneke N. Accuracy assessment of cone
beam computed tomography-derived laboratory-based surgical templates on partially
edentulous patients. Clinical oral implants research. 2012;23(2):137-43.

57. Pettersson A, Komiyama A, Hultin M, N&sstrom K, Klinge B. Accuracy of virtually
planned and template guided implant surgery on edentate patients. Clinical implant
dentistry and related research. 2012;14(4):527-37.

58. Schneider D, Marquardt P, Zwahlen M, Jung RE. A systematic review on the
accuracy and the clinical outcome of computer-guided template-based implant
dentistry. Clinical oral implants research. 2009;20(s4):73-86.

59. Assche N, Vercruyssen M, Coucke W, Teughels W, Jacobs R, Quirynen M.
Accuracy of computer-aided implant placement. Clinical oral implants research.

2012;23(s6):112-23.



74

60. Wittwer G, Adeyemo WL, Schicho K, Gigovic N, Turhani D, Enislidis G. Computer-
guided flapless transmucosal implant placement in the mandible: a new combination
of two innovative techniques. Oral surgery, oral medicine, oral pathology, oral
radiology, and endodontics. 2006;101(6):718-23.

61. Block MS, Emery RW, Lank K, Ryan J. Implant Placement Accuracy Using
Dynamic Navigation. The International journal of oral & maxillofacial implants. 2016.
62. Pozzi A, Polizzi G, Moy PK. Guided surgery with tooth-supported templates for
single missing teeth: A critical review. Eur J Oral Implantol. 2016;9(2):135-53.

63. Nickenig H-J, Wichmann M, Hamel J, Schlegel KA, Eitner S. Evaluation of the
difference in accuracy between implant placement by virtual planning data and
surgical guide templates versus the conventional free-hand method-a combined in
vivo—in vitro technique using cone-beam CT (Part Il). Journal of Cranio-Maxillofacial
Surgery. 2010;38(7):488-93.

64. Kaewsiri D, Panmekiate S, Subbalekha K, Mattheos N, Pimkhaokham A. The
accuracy of static vs. dynamic computer-assisted implant surgery in single tooth space:
A randomized controlled trial. Clin Oral Implants Res. 2019;30(6):505-14.

65. Smitkarn P, Subbalekha K, Mattheos N, Pimkhaokham A. The accuracy of single-
tooth implants placed using fully digital-guided surgery and freehand implant surgery. J
Clin Periodontol. 2019;46(9):949-57.

66. Kiatkroekkrai P, Takolpuckdee C, Subbalekha K, Mattheos N, Pimkhaokham A.
Accuracy of implant position when placed using static computer-assisted implant
surgical guides manufactured with two different optical scanning techniques: a
randomized clinical trial. International journal of oral and maxillofacial surgery.
2020;49(3):377-83.

67. Paweena Yimarj KS, Kanit Dhanesuan, Kiti Siriwat, Nikos Mattheos, Atiphan
Pimkhaokham. Comparison of the accuracy of implant position for two-implant
supported Fixed Dental Prosthesis using static and dynamic computer-assisted implant
surgery: a randomized controlled clinical trial: Chulalongkorn University; 2020.

68. Viegas VN, Dutra V, Pagnoncelli RM, de Oliveira MG. Transference of virtual
planning and planning over biomedical prototypes for dental implant placement using

guided surgery. Clin Oral Implants Res. 2010;21(3):290-5.



75

69. Widmann G, Zangerl A, Keiler M, Stoffner R, Bale R, Puelacher W. Flapless
implant surgery in the edentulous jaw based on three fixed intraoral reference points
and image-guided surgical templates: accuracy in human cadavers. Clin Oral Implants
Res. 2010;21(8):835-41.

70. Noharet R, Pettersson A, Bourgeois D. Accuracy of implant placement in the
posterior maxilla as related to 2 types of surgical guides: a pilot study in the human
cadaver. J Prosthet Dent. 2014;112(3):526-32.

T1. Jorba-Garcia A, Figueiredo R, Gonzalez-Barnadas A, Camps-Font O, Valmaseda-
Castellon E. Accuracy and the role of experience in dynamic computer guided dental
implant surgery: An in-vitro study. Med Oral Patol Oral Cir Bucal. 2019;24(1):e76-e83.
72. Pellegrino G, Bellini P, Cavallini PF, Ferri A, Zacchino A, Taraschi V, et al.
Dynamic Navigation in Dental Implantology: The Influence of Surgical Experience on
Implant Placement Accuracy and Operating Time. An in Vitro Study. Int J Environ Res
Public Health. 2020;17(6).

73. Emery RW, Merritt SA, Lank K, Gibbs JD. Accuracy of Dynamic Navigation for
Dental Implant Placement-Model-Based Evaluation. J Oral Implantol. 2016;42(5):399-
405.

74. Marliere DAA, Demetrio MS, Picinini LS, Oliveira RG, Netto H. Accuracy of
computer-guided surgery for dental implant placement in fully edentulous patients: A
systematic review. European journal of dentistry. 2018;12(1):153-60.

75. Aydemir CA, Arisan V. Accuracy of dental implant placement via dynamic
navigation or the freehand method: A split-mouth randomized controlled clinical trial.
Clin Oral Implants Res. 2020;31(3):255-63.

76. Gillot L, Cannas B, Friberg B, Vrielinck L, Rohner D, Pettersson A. Accuracy of
virtually planned and conventionally placed implants in edentulous cadaver maxillae
and mandibles: a preliminary report. J Prosthet Dent. 2014;112(4):798-804.

77. Cassetta M, Pompa G, Di Carlo S, Piccoli L, Pacifici A, Pacifici L. The influence of
smoking and surgical technique on the accuracy of mucosa-supported
stereolithographic surgical guide in complete edentulous upper jaws. Eur Rev Med

Pharmacol Sci. 2012;16(11):1546-53.



76

78. Vieira DM, Sotto-Maior BS, Barros CA, Reis ES, Francischone CE. Clinical accuracy
of flapless computer-guided surgery for implant placement in edentulous arches. Int J
Oral Maxillofac Implants. 2013;28(5):1347-51.

79. Chmielewski K, Ryncarz W, Yuksel O, Goncalves P, Baek KW, Cok S, et al. Image
analysis of immediate full-arch prosthetic rehabilitations guided by a digital workflow:
assessment of the discrepancy between planning and execution. Int J Implant Dent.
2019;5(1):26.

80. Verhamme LM, Meijer GJ, Boumans T, Haan AF, Bergé SJ, Maal TJ. A Clinically
Relevant Accuracy Study of Computer=-Planned Implant Placement in the Edentulous
Maxilla Using Mucosa-Supported Surgical Templates. Clinical implant dentistry and
related research. 2015;17(2):343-52.

81. Vinci R, Manacorda M, Abundo R, Lucchina AG, Scarano A, Crocetta C, et al.
Accuracy of Edentulous Computer-Aided Implant Surgery as Compared to Virtual
Planning: A Retrospective Multicenter Study. J Clin Med. 2020;9(3).

82. Ruppin J, Popovic A, Strauss M, Spuntrup E, Steiner A, Stoll C. Evaluation of the
accuracy of three different computer-aided surgery systems in dental implantology:
optical tracking vs. stereolithographic splint systems. Clin Oral Implants Res.
2008;19(7):709-16.

83. Holst S, Blatz MB, Eitner S. Precision for computer-guided implant placement:
using 3D planning software and fixed intraoral reference points. J Oral Maxillofac Surs.
2007;65(3):393-9.

84. Sun 'Y, Luebbers HT, Agbaje JO, Schepers S, Politis C, Van Slycke S, et al.
Accuracy of Dental Implant Placement Using CBCT-Derived Mucosa-Supported
Stereolithographic Template. Clin Implant Dent Relat Res. 2015;17(5):862-70.

85. Geng W, Liu C, Su Y, Li J, Zhou Y. Accuracy of different types of computer-aided
design/computer-aided manufacturing surgical guides for dental implant placement. Int

J Clin Exp Med. 2015;8(6):8442-9.



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

VITA

Svas Jaemsuwan

13 Jun 1990

Khon Kaen

D.D.S., Khon Kaen University

1555/25 Phaholyothin Rd., Samsen Nai, Phaya Thai,
Bangkok 10400

e



	ABSTRACT (THAI)
	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I INTRODUCTION
	I.1 Background and Rationales
	I.2 Objective
	I.3 Research question
	I.4 Research hypothesis
	I.5 Statistic hypothesis
	I.6 Conceptual framework

	CHAPTER II LITERATURE REVIEW
	II.2 Prosthetic options for totally edentulous patient in implant dentistry
	II.3 Implant surgery
	II.4. Planning software for CAIS
	II.5. Accuracy analysis of implant position

	CHAPTER III  MATERIALS AND METHODS
	III.1 Materials
	III.2 Methods
	III.3 Period of this study
	III.4 Expected benefits and application
	III.5 Budget

	CHAPTER IV  Result
	CHAPTER V  Discussion
	CHAPTER VI  Conclusion
	APPENDICES
	Appendix A Thai consent form
	Appendix B Patient demographic and clinical data in Mental CAIS group
	Appendix C Patient demographic and clinical data in Static CAIS group
	Appendix D Patient demographic and clinical data in Dynamic CAIS group
	Appendix E The deviation between planned and placed implants in Mental CAIS group
	Appendix F The deviation between planned and placed implants in Static CAIS group
	Appendix G The deviation between planned and placed implants in Dynamic CAIS group
	Appendix H Statistical output

	REFERENCES
	VITA

