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Background: Determination of available bone is particularly important in implant
placement quality of bone can affect the accuracy implant placement. Currently, Dynamic navigation system
illustrated the improvement of implant accuracy, The accuracy of implant placement using computer-assisted
implant placement system (CAIS) is unknown. As a result, the goal of this study was to see how bone density

affected implant placement accuracy with Dynamic CAIS.

Purpose: To determine the effect of different bone density in the accuracy of implant placement

using dynamic navigation system

Materials and Methods: The study's overall design includes a single doctor planning each implant
using a CBCT scan of a jaw model and performing a mock operation and implant delivery on a maxilla model
while employing dynamic CAIS in various bone densities, all while following the All-on-4 protocol. To verify
accuracy, the implant's placement and axis are compared to the implant plan. Oneway ANOVA and Welch test
were used to determine differences between groups, and the Post Hoc test (Tukey HSD and Games-Howell)
were used to determine differences within groups, The Pearson correlation coefficient was used to assess the

relationship between each bone type and implant accuracy parameters. with 0.05 significant level.

Results: There were no significant differences were found between four groups of bone density in
all parameters; The angular deviation(p=0.324), Implant 3D platform deviation (p=0.8933) and 3D apex
deviation(p=0.61). However, the lowest bone density group(typed) illustrated the highest deviation for all
implant deviation differences between groups, the result trend towards negative correlation between bone

density and the accuracy of implant placement in angular deviation (P= 0.59) and apex deviation (P=0.55).

Conclusions: Within the limits of our investigation, the influence of bone condition on implant

placement accuracy with dynamic computer-guided surgery is statistically unaffected
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Chapter |

|. Background and rationale

Currently, prosthetic has been a drive of implantations. With high technology
and obvious long-lasting results, dental implants have become a popular alternative
for those who suffer from tooth loss. In order to achieve the success of the
functionality and aesthetic of the dental system, the implant must be placed in an
accurate angle and a proper position according to an optimal treatment plan and
good surgical procedure. The proper placement will result in dental restorations that

align with surrounding anatomical structures functionally and aesthetically (1).

Implant-supported restoration is a favored treatment option for full mouth
edentulous patients, despite their severe bone deficiency. This is because the better
retention and the more comfortability of the implant compared to those of

conventional removable dentures (2).

The “all-on-four” treatment concept was initiated by reason of the
predictable result in atrophic jaws. The protocol utilizes two anterior straight
implants and two posterior tilted implants. This technique allows an increased arch
width to support the final fixed prosthesis and prevent perforation of the maxillary
sinuses without regenerative procedures. Nevertheless, the surgical complications can
still happen due to the limitations of the operator's experience and the patient's

anatomical variations during implant surgery(3) (4, 5).

When performing conventional methods, the clinical outcomes often show
unpredictable result that may lead to malposition of implants. This is followed by
undesirable complications (6) as a result of two-dimensional patient’s anatomical
data. Moreover, surgical guide stents fabricated on diagnostic casts do not display
underlying critical anatomical structure and defect of bone (7) (8) also reported that
anatomical structures that deviate from the norm can be reasons for greater

inaccuracies in freehand technique (9) .



In recent years, the technology of computer-assisted implant placement
system (CAIS) was introduced which can be categorized as either static or dynamic (1,
8). The literatures demonstrate that the majority number of implants are placed
using the CAIS system provide superior accuracy over the freehand implant

placement (10, 11).

While both static and dynamic image navigation are highly accurate, in terms
of angular deviation, platform and apical positioning, dynamic navigated implant
placement has been found to be similar precision to static implant placement(12-
14). Nonetheless, dynamic navigation system has advantages over static. Firstly,
Dynamic CAIS system tracks the patient and surgical instruments and presents real
time position and guidance feedback at computer display. Then, the CT scan,
implant plan and surgery can be conducted on the same day. The plans can also be
altered during surgery when clinical situation dictates a change to avoid
complications. Lastly, the accuracy can be verified at all times (15). Several studies
on models (12, 15) (16) indicate that dynamic navigation systems have a mean entry
deviation approximating 0.4 mm and mean angular deviation error approximating 4
degrees. These studies, simulating dynamic navigation, indicate very accurate implant

placement.

Determination of available bone is particularly important in implant
placement as the quality of bone can reflect the long-term success of implant
placement, especially the position and stability. Besides, it also assists in predicting
healing process and prosthetics loading.  Previous studies illustrate that bone
structure affects the accuracy of implant, for example there were higher
discrepancies between planning and implant placement in maxilla than those in
mandible (1, 17) (18). However, the influence of bone density on the accuracy of
dynamic CAIS still remain controversial up to now. The literature evidence regarding
the influence of recipient bone quality on the accuracy of static CAIS is limited.
Some researches demonstrated a statistically significant negative correlation between

bone density and the accuracy of static CAIS (19-21). Nonetheless, the research



evidence regarding the influence of recipient bone quality on the accuracy of

dynamic CAIS is still inadequate.

Therefore, the aim of this study was to analyze the influence of bone density
on the accuracy of implant position using dynamic CAIS system (navigation system),

with special focus on using All-on-4 protocol in edentulous areas.

Chapter Il

Review literature

1 Surgical complications from malposition of implant placement implant placement

The majority of surgical problems occur during the implantation. Surgical
complications, such as perforation into the maxillary sinus, damage to the inferior
alveolar nerve, intraoral hemorrhage, wound dehiscence, postoperative pain, lack of
primary implant stability, sinus lift sequelae, neurosensory disturbances, injuries to
adjacent teeth, tissue emphysema, and aspiration or ingestion of surgical instruments,
can occur despite careful planning. It's easier to get the appropriate treatment if
you're aware of potential problems and can avoid them. Similarly, practitioners who
place dental implants must be able to detect and treat unpredictable complications.
(22).

1.1 Damage to adjacent tooth

An adjacent tooth can become non-vital if an implant is placed incorrectly
and strikes or impinges on an adjacent tooth's blood supply, or if the bone is
overheated during the osteotomy (Fig 1). If this happens, the tooth will require
endodontic treatment, an apicoectomy, or extraction. Furthermore, if a periapical
lesion develops as a result of devitalization and encroaches on the implant, it may

contaminate the implant and lead to its loss.



Figure 1 Malposed implant hitting adjacent tooth
(Copied from reference No. #20)

1.2 Nerve Injury
Following implant therapy, neurosensory abnormalities may happen. Nerve

transection, ripping, or laceration can result from intrusion into the inferior alveolar or
mental canal during osteotomy development. The insertion of an implant might

potentially cause bone compression on the nerve.

1.3 Neurological sequelae of nerve injury

Following a nerve damage, the patient may experience paresthesia (numbness,
burning, and prickling), hypoesthesia (reduced feeling), hyperesthesia (increased
sensitivity), dysesthesia (painful sensation), or anesthesia (complete loss of feeling of

the teeth, the surrounding skin, and mucosa).




Figure 2 Dental implant penetrating into the inferior alveolar canal.
(Copied from reference No. #20)

1.4 Incidence of neurosensory dysfunction
The frequency of sensory changes after implant placement differed between studies
due to a variety of factors, including osteotomy sites, surgical methods, study design,
sensitivity of evaluation tools, and the outcome variables utilized to link sensory
problems.
1.5 Penetration Into Maxillary Sinus or Nasal Fossa
If there is enough bone length to install a stable implant, accidental penetration into
the maxillary sinus or nasal cavity with the twist drill is a minor issue. A few
millimeters of implant insertion into the sinus or nasal cavity is typically well

tolerated. In these cases, however, an antibiotic and a decongestant should be

prescribed.

1.6 Complications Associated With Sinus Elevation

Perforation of the Schneiderian membrane during elevation is the most prevalent
complication. If a rupture in the membrane develops around the border of the
osteotomy and reengagement is problematic, the condition can be handled by
spreading the osteotomy outline several millimeters beyond the window and

reestablishing contact with the membrane.

2. Prosthetic Complications from malposition of implant placement

Proper implant position as well as optimum volume of hard and soft tissue
support is the important factor for successful treatment. As a consequence, the
significance of bone to support the soft tissues was understood as a necessity to
achieve esthetic outcomes in the anterior maxilla. In addition, the importance of a
correct three-dimensional (3D) implant placement was also recognized, from which
the term “restoration-driven implant placement” was derived the concept of
“comfort” and “danger” zones for the position of implants in relation to the

adjacent natural teeth (23) (24).



Implant malposition problems could be prevented by volumetric implant
planning procedures, Implant insertion in a correct 3D position is only one important
prerequisite for successful aesthetic outcomes. The other prerequisite is to rebuild a
sufficient volume of peri-implant tissues on the facial aspect of the implant to
achieve a pleasing aesthetic result. In aesthetic areas, the majority of implants
require a contour augmentation on the facial aspects, since a facial atrophy is most
often present in healed sites, bone modeling activities will lead to the resorption and
flattening of the facial contour in post extraction sites, and the facial bone wall
provides support of the peri-implant mucosa. In addition, the clinician must also

demonstrate proper judgment of the clinical situation.

In the nutshell, malposition of implant placement can exaggerated compromise
the long- term success rate. Thus, to overcome the problem of malposition implant
delivered, there are several methods including well treatment plan and using CAIS

program to help provide accurately implant position planning.

3. Computer-assisted implant surgery (CAIS)

The conventional approaches included a freehand approach and the
utilization of a surgical guide stent. For treatment planning, traditional dental
panoramic tomosgraphy and plain film tomography are commonly employed since
they do not give three-dimensional data. Traditional surgical templates can help
guide the drill's entrance location into the bone, but they can't provide accurate 3-
dimensional guidance. When it comes to planning the optimal implant position on
radiographs, radiographic templates that replicate the prosthetic set-up are
frequently used. During implant placement, the same templates might be applied as
a prosthetic reference. However, the third dimension of the patient's anatomy is
absent with this type of preoperative planning. As a result, the templates are made
without regard for the underlying anatomical structure on the diagnostic stone cast.
Hence, when conventional procedures are utilized, the clinical outcome is frequently

unexpected, with implant implantation malposition and other problems. (25) (26).

To solve the limitations of the freehand technique and the traditional surgical

guide stent method, computer-assisted surgery (CAIS) was developed (Fortin, Coudert



et al. 1995). Important advancements in this discipline include the invention of cone-
beam computed tomography (CBCT) and 3D implant design software. Garber and
Belser (1995) (Somogyi-Ganss, Holmes et al. 2015) (Ruppin, Popovic et al. 2008)
(Somogyi-Ganss, Holmes et al. 2015) (Ruppin, Popovic et al. 2008) (Edelmann,
Hosseini et al. 2016).

Three-dimensional (3D) imaging is a fundamental feature of CAIS systems, allowing
for precise diagnosis and improved virtual planning, both of which are required pre-
conditions for achieving good esthetical and long-term implant outcomes. Since the
development of cone-beam CT (CBCT) technology, 3D diagnosis has become widely
used in dentistry procedures, with the added benefit of much lower patient radiation
exposure as compared to medical CT diagnosis. In pre-surgical dental implant
planning, actual investigations reveal identical diagnostic values for CBCT and
medical CT data sets. Different CAIS systems take use of the benefits of superior 3D
diagnosis and software-based planning by precisely translating virtual implant
placements to anatomical patient sites. The accurate transfer of 3D dental implant
design is especially significant for flapless surgery techniques, preparing prosthesis for
immediate loading before surgery, reducing the danger of harming critical anatomical
structures, and eliminating manual placement mistake. Different techniques to
computer-assisted implant planning have been available since 1997. Real-time
tracking systems, also known as dynamic or active systems, and static surgical drill
templates, commonly known as passive systems
3.1 Static computer assisted system

The static CAIS system, also known as computer-guided surgery, combines
CBCT and 3D implant planning software with computer-aided design and
manufacturing (CAD/CAM) technology. The virtual implant is designed digitally using
the 3D image reconstruction from CBCT, and the relationship between the virtual
implant position and the radiography template may be utilized to build a
stereolithographic surgical template that fits closely with the bone or tooth surface.
(15). Taking a cone-beam CT scan (CBCT) with the patient wearing a radiographic
template replicating the preoperative prosthetic design in the mouth as an imaging

guide is the first step in creating a computer-generated guide. The implant planning



program requires the uploading of the CBCT Digital Imaging and Communications in
Medicine (DICOM) file. Obtain the CT data and save it to your PC. In the surgical
software, convert the CT data to display the planned location of the teeth in respect
to the bone. Through the combining of separate data, analyze the osseous tissues in
relation to the location of the teeth using 3-D implant design software. Evaluate and
plan the placements and sizes of the dental implants based on this information. (11)
(27) (28). After the plan is finalized, send the data to a milling center to produce the
stereolithography surgical template with the implant placement sleeves using a
CAD/CAM method. Examine and alter the surgical template to ensure correct cast

and patient fitting. (29).

The advantages of this procedure, for the completely edentulous arch, include
1) shorter surgery times, 2) shorter treatment times, 3) less invasive, flapless surgery
and, therefore, less chance of swelling, less pain, and faster initial healing times, 4)
placement of a prefabricated definitive or provisional prosthesis, and 5) use of the
fixed prosthesis immediately (11). The CAD/CAM surgical template used can easily
transfer the planned positions from the software to the patient with the use of the
surgical instrumentation and protocol. Because of the design of the surgical
instrumentation, the osteotomy site preparation is more precise and, therefore, there

is a greater possibility of having a more stable implant.

A limitation of this procedure, particularly for the partially edentulous patient,
is inter-arch space for the surgical instrumentation. Surgical drills have an added 10
mm in length, and, therefore, may be difficult to place in patients with minimal
opening or those needing implant placement in the second molar position (27). In
addition, CT-generated guided implant surgery requires several preoperative steps ,
according to such a complex treatment planning sequence with many potential
sources of error, necessitate time delays and additional cost to the patient (17) also
the use of the CT planning software requires training to gain proficiency with the
planning software, creates a workflow barrier for the use of static CT-generated
guides (30). Intraoperative disadvantages of CT-generated guides are the inability to

prevent deviation of drill movements if the sleeves are not the same diameter as the



drill, inability to change implant position or surgical plan as needed, limits the ability
to irrigate the drill during the osteotomy with the potential for increased heat
production. Moreover clinician will require the appropriate surgical kit that coordinate

to the implant and CT-generated guide system (12).

3.2 Dynamic computer-assisted implant system / Navigation system
Watzinger et al. (Watzinger, Birkfellner et al. 1999) introduced the dynamic CAIS

system or navigation system in 1999 as a technique that provides direct observation
of the implant bur on a computer display in real time, based on information
obtained from the patient's computed tomography. Optical technologies are used in
dynamic navigation systems for dental implant placement to track the patient and
the hand piece and display pictures on a monitor (Nijmeh, Goodger et al. 2005).
(Bouchard, Magill et al. 2012). Passive or active tracking arrays are used in the optical
systems. Tracking arrays are used in passive systems to reflect light generated by a
lisht source back to the stereo cameras. Stereo cameras track lisht emitted by active

system arrays. (Figure3).

Mounting the fiducial markers to the arch is the first step in the dynamic
navigation procedure. A clip with four metallic fiducial markers is attached to the
patient's arch in a region that will not be surgically treated. If an esthetic plan is
being employed, radiopaque teeth can be used as an imaging guide in the mouth to
enable for virtual implant location afterwards. With the clip in place, the CBCT scan
should be performed. After that, the clip can be removed and preserved for further
use during surgery. The DICOM data set is loaded into the navigation system’s
computer. A virtual implant is placed then. The software is simple and requires
minimal computer experience by the clinician. The implants are generically
generated using the platform diameter, apical diameter, and length in 0.1mm

increments. The implant can be oriented as needed.

The clip with the fiducial markers is applied to an array during surgery. The
operator should register the clip with the associated array and the handpiece with

similar arrays to the navigation system. Local anesthetic and small incisions can be
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used, with minimal flap reflection. The clip array should be fixed tightly on the arch.
During the preparation procedure, the drill lengths should have been registered. The
surgeon then places the patient and arrays in such a way that they have a straight

line of sight to the overhead cameras (12).

The precision, timeliness, and capacity to adjust the implant size, system, and
position throughout the surgical operation are all advantages of the dynamic
navigation approach. In comparison to free-hand techniques, it also necessitates less
intrusive flap reflection and leads in less trauma to the surgeon since the surgeon's
posture is better, with less back and neck bending. Dynamic navigation enables for
implant placement in a patient who has difficulties opening their mouth or requires
an implant at a difficult-to-access second molar location by depending on the
navigation screen to guide the drills without direct visibility in the patient's mouth.

(12) (31) (9)(28)

Figure 3 Line drawings depicting the emitted light from the blue lights in the
overhead array, which are then reflected back to the 2 cameras in the overhead
array. The 3-dimensional graphics are then displayed on the navigation screen.

(Copied from reference No. #27)

3.2.1 Accuracy of dynamic CAIS system
1. Several clinical studies reported the accuracy of implant placement with dynamic

CAIS system. Mean entry deviation was 1.0 — 1.67 mm, mean apex deviation was

0.56 — 2.51 mm and mean angular deviation was 2.64 — 6.4 degrees
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Study System Implant | Error entry(mm) Error apex (mm) | Error angle (degree)
(N)

Block et al | X-guide vs 80 1.37 £ 0.55 1.56 + 0.69 3.62+ 273

(2016) Freehand 20 1.67 £0.43 2.51 £ 0.86 7.69 £ 4.92

Robert W. et | X-guide 40 Max 0.58 + 0.18 Max 0.63 £0.17 | 1.26 + 0.66

al (2016) Mand 0.49 + 0.16 | Mand0.48 +0.13

Wagner et al | VISIT 32 La 0.8 £ 0.5 La1.1+£09 6.4 +3.6

(2003) Li 1.0+ 0.7 Li 1.3+0.9

Vercruyssen | Robodent 14 0.7 £ 0.5 09 +0.7 28 +2.2

et al(2014)

Kim et al Anatomage | 110 041 +£0.12 0.56 + 0.14 2.64+ 1.31

(2015)

Chiu et al IGI 80 0.43 + 0.56 1.24 +0.28 4+35

(2006)

Table 1 Mean deviation of each studies using dynamic CAIS to delivered implant on
vary site of both arches

According to Robert W. et al (1) they had performed the laboratory study
involves 1 surgeon experienced with dynamic navigation placing implants in models
under clinical simulation using a dynamic navigation system (X-Guide, X-Nav
Technologies, LLC, Lansdale, Pa) based on optical triangulation tracking. Virtual
implants were placed into planned sites using the navigation system computer. Post—
implant placement cone-beam scans were taken. These scans were mesh overlaid
with the virtual plan and used to determine deviations from the virtual plan. The
primary outcome variables were platform and angular deviations comparing the
actual placement to the virtual plan. The angular accuracy of implants delivered
using the tested device was 1.26 for edentulous case types measured relative to the
preoperative implant plan. Three-dimensional positional accuracy was 0.38 for
edentate, measured from the (Tablel)

implant apex

Block et al (12) compared the accuracy of implant position between using
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dynamic CAS system (X-Guide, X-Nav Technologies) and freehand approach in 100
patients with single tooth gap. They concluded that the accuracy of navigation
system was superior compared to freehand approach. Using navigation system, mean
entry error, apex error and angle error was 1.37 + 0.55 mm, 1.56 + 0.69 mm and 3.62
+ 2.73 degrees respectively while in freehand was 2.51 + 0.86 mm, 1.67 + 0.43 mm
and 7.69 + 4.92 degrees respectively (Tablel).

Kim et al. (32) have evaluated the accuracy of navigational system in partial
edentulous models. The mean positional deviations between the planned and
placed implants in 110 implant surgeries were 0.41 + 0.12 mm at the center point of
the platform and 0.56 + 0.14 mm at the center point of the apex. The mean angular

deviation was 2.64+ 1.31 for the long axis of the implant.

Wagner et al (33) studied the accuracy of implant placement using novel
dynamic navigation system (VISIT navigation system, University of Vienna, Vienna,
Austria) in 5 partially edentulous patient after microvascular bony reconstruction due
to tumor surgery. They reported the mean deviation at base and tip of 32 implants in
lingual and vestibular direction is 1.1 mm (0 — 3.5 mm) and the mean angle deviation
is 6.4 + 3.6 degrees (0.4 - 17.4 degrees). The mean deviation in lingual and vestibular
direction was larger at the tip if implants (1.3 + 0.9 mm in lingual, 1.1 + 0.9 mm in
vestibular direction at the tip vs 1.0 + 0.7 mm in lingual, 0.8 £ 0.5 mm in vestibular
direction at the base). They concluded that sufficient accuracy in placing oral

implants can be performed in patients with difficult anatomical situations (Tablel).

Some laboratory studies compared the accuracy of implant placement
between using several methods. Somogyi Gnass et al. (31) compare the accuracy of
implant site preparation in mandibular models between using a novel dynamic CAS
system (Claron Technology Inc., Toronto, ON, Canada), three commercial static CAS
systems: Simplant (Materialize Dental, Leuven, Belgium), Straumann Guided Surgery
(Institute Straumann AG, Basel, Switzerland), Nobel Clinician, (Nobel Biocare AG,
Zurich, Switzerland) and conventional laboratory guide stent. They reported that
average error from both dynamic and static CAS system are less than 2 mm and 5

degrees whereas average error from using conventional guide stent is less than 3 mm
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and 9 degrees. The dynamic and static CAS system provide superior accuracy for

implant site preparation.

3.2.2Factors influence the accuracy of dynamic CAIS system

When utilizing a navigation system, there are a few aspects that affect the
accurate transmission of virtual planning to the surgical site. Human error, picture

resolution, and registration mistake are some of these variables.

Accuracy of the registration

The registration technique, which is the matching of the coordinated points
between the patient jaw and the CT image, is critical to the proper transfer of virtual
planning to the surgical site. Errors that occur throughout the registration process are
also included. The mistake in identifying the fiducial points via measurement
hardware, known as (i)fiducial localization error (FLE), is assessed by the measuring
probe locating two fiducial markers on the patient's jaw. The registration procedure
computes (iifiducial registration error (FRE), which is the root-mean square distance
between comparable fiducial points after registration. The critical and direct measure
of registration error is (ii)target registration error (TRE), which is the distance between
corresponding points other than the fiducial points after registration. After
registration, TRE is calculated by converting the locations of specified spots on the
jaw to CT-space and comparing them to the corresponding places on the original

picture.

Experience of the surgeon

According to the study of Block et al. (12), they studied the accuracy of
implant placement in 80 patients using navigation system. 3 surgeons are included in
this study. One surgeon had prior experience with dynamic navigation system while
the other two had no prior dynamic navigation experience. The result showed that

implant placed by experienced surgeon had minimal deviation and flat learning
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curve while the other two showed more deviation for the first 10 and second 10
cases, and then their learning curve flattened. They concluded that the proficiency

from using navigation system is obtained by the 20" surgical procedure.

Accuracy of the image acquisition

CBCT has many advantages like significantly lower radiation exposure,
reasonably short scanning times, compact design together with adequate accuracy

compared with MSCT as mentioned before.

In conclusion, there are no significant different in accuracy in position of
implant placement using dynamic CAIS among different bone types according to the

previous studies.

[I.4 Accuracy analysis

The displacement of the actual implant location from the virtual planning position is
used to determine the accuracy of implant placement utilizing computer-assisted
surgery. Implant planning software automatically superimposes postoperative CBCT
scan image data on the virtual planning picture. On both picture sets, a
mathematical algorithm was used to compute the positional and angular variation
between the planned and actual implant position. (17). Several measuring
parameters were used in the previous systematic reviews for the comparison of

these positions (26) (34) (11) (35).

- deviation at the entry point of the implant (mm), measured at the center of the

implant
- deviation at the apex of the implant (mm), measured at the center of the implant
- deviation of the axis of the implant (degree)

- deviation in height/depth of the implant (mm)



1. deviation at the entry point (mm)
measured at the center of the implant 15

4. deviation in depth (mm)

2. deviation at the apex (mm)

s g . measured at the center of the implant
3. deviation of the axis (degree) 2 e

Figure 4 illustrates the different parameters for describing the deviations.

(Copied from reference No. #7)

For the first two parameters, the most common method was to measure
deviation between the planned and actual point by one distance in 3D while some
studies reported by two individual vectors with a buccolingual (x-axis) and
mesiodistal (y-axis) distance. For deviation of the axis, the comparison was less
complicated, since every study reported by degrees of deviation. For the deviation in
height/depth, there was often reported as a negative number if the implant was not

inserted as deeply as planned.

The advantages of applying a static or dynamic CAIS system to enable
accurate implant positioning are identical. In addition, as compared to traditional
approaches, the CAIS system provides a superior outcome in terms of implant
placement precision. Furthermore, the CAIS system's virtual implant planning ensures
proper implant angulation and depth for esthetic conditions, as well as allowing
prosthetic and surgical collaboration with accurate planning to deliver high-quality

patient-specific results (30).

5 Bone classification

There are many bone quality assessment studies which generally categorized
the bone quality into four groups according to the proportion and structure of
compact and trabecular bone tissue (36). In 1999, Misch et al. proposed four bone
density groups based on cortical and trabecular bone which similar to the
classification of Lekholm and Zarb in 1985 (37). Bone density groups divided into D1

to D4. D1 bone is almost dense compact, D2 bone is a combination of dense to
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porous compact cortical bone on the outside and “‘coarse’’ trabecular bone on the
inside, D3 bone is porous, thinner cortical bone and “‘fine’” trabecular bone, D4
bone is ““fine’” trabecular bone that has very light density and little or no cortical

crestal bone (38) (Figure6).

Figure 5 Four different type of bone according to Misch classification

(Copied from reference No. #41)

Each area of the jaw bone consist of individual type of bone quality. The
anterior maxilla region (second premolar to second premolar), usually has D3 and D2
bone quality. In the posterior maxilla region (molar region) usually has D4 bone but
in cases of sinus grafting it may have D3 bone 6 months after grafting. In addition, at
the anterior mandible region (first premolar to first premolar) usually has D2 bone,
but the resorbed anterior mandible may have D1 bone quality in approximately 25%
of cases, more commonly in males. Lastly The posterior mandible region (second
premolar and molars) usually has D3 bone, but in some case it can have D2 bone

quality.

Chapter llI

Research question

Is there any different in accuracy of implant position using dynamic CAIS system with

4 different bone types in edentulous area?

® P opulation: Bone blocks which receive dental implant placement

® | ntervention: Dynamic CAIS systems
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® C omparison: Accuracy of implant position in 4 different bone types by using

dynamic CAIS systems
® O utcome: deviation of post-op implant position from virtual planning

Objective
To compare the accuracy of implant position using dynamic CAIS system

(navigation system) among 4 different bone types (D1 to D4)

Hypothesis
Ho : Implant deviation at the global, lateral, depth, and angle in four bone types are

not different.

H; : Implant deviation at the global, lateral, depth, and angle of the implants are

different among four bone types.

Conceptual framework

(),

Registration error

i Acc of
>

bone(l-1V)

|l

' Planing software '—} mm]

Clinician’s skill

And learning curve

L»

Figure 6 Conceptual framework



18

Chapter IV

Materials & Methods

Population and sample

according to the PICO the population are Typodonts, Dentist and field of surgery
1.Edentulous maxillary block with four different bone type | to IV.

2.Single doctor planed each implant position on the CBCT scan of dynamic
navigation machine (E-PED I-ris 100) of the maxilla model and also performed

implant delivery on the edentulous model by the same doctor.

3.The field of surgery consist of opposing arch and mouthed in manikin frame in
order to stimulate the real situation that have limitation of visibility and sense of

tissue interrupted.

Materials & Methods

This study is randomize control trial experiment study which evaluates the

accuracy of implant placement in dental models under guidance from the Navigation
implant placement machine (Iris = 100, EPED Inc., Taiwan). The experiment consists
of four groups that comprised of bone types 1 2 3 and 4 were done by single
surgeon with experiences of implant placement. Samples size was calculated from
previous study, based on the implant platform, apex, and angle deviation values of
edentate mandible and maxilla with dynamic CAIS systems (0.49 + 0.16 mm vs.
0.58+ 0.18 mm, 0.48 + 0.13 mm vs. 0.63+ 0.17 mm, and 1.25 + 2.47 degrees vs. 1.26
+ 2.18 degrees) (1), the minimum required sample size of 114, 64 and 32 implants
was separately calculated using a statistical software (G*Power software version 3.1,
Erdfelder, Faul, & Buchner, 1996) for Oneway ANOVA with 80% of study power and
significant level (Q) of 0.05. In this study, it consists of 4 groups with 64 subjects
which divided into 16 implants per group.

The poly-urethane model of maxillary edentulous arch which contained synthetic
bone type D1-D4 (Sawbone®; Pacific Research Laboratories Inc., Washington ,USA)

were used in this study (Figure 7). These bones made out from polyurethane foam
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for mechanical testing that had considered to be a standard used for performing
orthopedic implant mechanical testing. The properties of artificial bone consist of
variable range of densities. D1 was stimulated used 40 pound per cubic foot (pcf)
with bone density of 0.64 g¢/cm3 polyurethane foam. D2 bone was stimulated using
30 pcf polyurethane foam with density of bone 0.48 g¢/cm3. D3 bone was stimulated
20 pcf polyurethane foam with density of bone 0.32 g¢/cm3, and D4 bone using 10
pcf with 0.16 g¢/cm3 to stimulate the artificial bone. Prior to CBCT examination, the
surgeon places 3 mini-implants (S-Mini Ball Type RBM Surface & For Over Denture,
NeoBiotech) in order to support the occlusal stent. The cone-beam computed
tomography (CBCT) scan was performed using i-CAT machine (Imaging Science
International LLC. Hatfield, PA, USA). During the CBCT scan, an occlusal guide device
with four radiopaque fiducial markers (Iris-100, EPED Inc., Taiwan) was placed on the
mini-implant supported guide of the maxillary model. The DICOM data set from the
CBCT was imported into the dynamic navigation planning system (Iris-100, EPED Inc.
Taiwan) to identify the arch and define the implant's dimensions, then the optimal 3-
dimensional position of the implant was planned according to the concept of all-on-
four. Moreover, the drilling sequence protocol was prepared and the four visible
radiopaque fiducials on the CBCT image were labeled in order to use for registration

respectively.

Figure 7 The poly-urethane model of maxillary edentulous arch which contained
synthetic bone type D1-D4
In advance of the implant placement, the passive arrays were registered to
determine the relationship between the geometry of the handpiece tracking array

and the bur's axis. Each group's surgical implant preparation and insertion protocol
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were followed. Bone level tapered implant diameter 4.1 mm height 12 mm

(Straumann, institute Straumann AG, Basel, Switzerland) was used in this experiment.

Following implant placement, all models with occlusal guided device were scanned
using the same CBCT machine. Post-operative DICOM data was transferred and

superimposed to the previous implant planning data.

Implant accuracy analysis was evaluated using the implant planning software
(CoDiagnostiX 9.12 Dental Wings Inc, Montreal, QC, Canada) by comparing the placed
implant position to the planned implant position. The primary outcomes were
together with, 3D platform deviation (dislocation between the center at the platform
of the planned and placed implant), 3D apex deviation (dislocation between the
center at the apex of the planned and placed implant), and angular deviation
(deviation between the axis of planned and placed implant) were calculated

automatically by the software (Figure 8).

. Distal (Base) Vestibular (B... Apical (Base) 3D offset (Tip) Distal (Tp)  Vestibular (Tip) Apical (Tip)
0.11mm 0.40 mm 0.52mm 0.53mm 0.09mm 0.08mm 0.51mm

1.26mm -0.60 mm 0.33mm 1.67mm 1.26mm -1.05mm 0.34mm
0.63mm -1.41mm -0.42mm 1.71mm 0.62mm -1.54mm 0.42mm
<0.15mm -0.05 mm -0.53mm 0.75mm 0.52mm 0.18mm -0.51mm

Figure 8 Implant accuracy analysis was evaluated using the implant planning

software (CoDiagnostiX 9.12 Dental Wings Inc, Montreal, QC, Canada)

Statistical Analysis

The statistical analysis was done using IBM SPSS Statistics program version

28.0 (IBM, Armonk, NY). To determine the normality of the bone type, angulation,
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and tooth site, the Shapiro-Wilk test was used. The Levene test was used to identify
homogeneity of variance. To assess if there were any significant differences in the
deviation of the groups, one-way ANOVA and Games-Howell post-hoc analysis was
used. To determine the different between angulated and straight implant in each

bone type, the independent t-test was analyzed.

The Pearson correlation was used to assess the relationship between each
bone type and implant accuracy parameters. A significance level of 0.05 was

determined as statistically relevant.

Chapter V

Result

Altogether, sixty-four dental implants were placed in the edentulous models
which divided into four different bone densities of sixteen models in each individual
bone type. The overall result demonstrated that angle (degree) deviation was 2.60
+1.04°, Mean implant deviations at platform and apex were 1.27+0.55 and 1.25+0.62

respectively

The data distribution was normal in all data sets of primary outcomes with
the homogenous variances. Hence, One-way ANOVA was used for comparison. No
significant differences were found between four groups of bone density in all
parameters; The angular deviation, Implant 3D platform deviation and 3D apex
deviation. The results of the implant deviation in each bone density were
summarized in Table 2 and Figure 11-13. Significant differences were found in apex
deviation between the angulated and non-angulated implants of Bone D4. The
lowest bone density group (typed) also illustrated the highest deviation for all

implant deviation differences between groups analyzed by the Post Hoc test



When comparing angulated to non-angulated implant, overall result shows
no statistical relation as shown in Table 3. All parameters illustrate negative

correlations in each type of bone density and there were significant negative
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correlations between bone density and apex deviation (P=0.38) as shown in Table 4

and Figure 10.

Parameter Bone Type Deviation P -value
(0.05)
3D Platform deviation (mm) D1 1.1240.07 0.855
D2 1.0810.11 0.359
D3 1.05%0.12 0.510
D4 1.2140.12 0.105
3D Apex deviation (mm) D1 1.0010.11 0.710
D2 1.0740.10 0.332
03 1.00£0.12 0910
D4 1.3910.13 0423
Angular deviation (degree) D1 2.17+0.24 0.768
D2 2.2810.26 0.427
03 2.5330.23 0.574
b4 2.7330.19 0.159

Table 2 The 3D deviations of the planned and placed implant using DNS at

platform, apex, and angle deviation of the axis

Parameter Angulated Straight P -value
(0.05)

Angular deviation (degree) 2.444+0.96 2.42140.93 0.934

3D Platform deviation (mm) 1.0610.48 1.1630.36 0.368

3D Apex deviation (mm) 1.0410.44 1.1830.51 0.235

Table 3 The 3D deviation between angulated and straight implant using DNS
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Bone density Angle deviation 3D- Platform 3D-Apex deviation
deviation
Pearson Correlation 1 -2.34 -.060 -.260*
Sig.(2-tailed) 062 637 .038
N 64 64 64 64

Table 4 Pearson correlation between bone density and all implant deviations

Statistically significant difference is *

ANOVA
Sum of
Squares df Mean Square F Sig.
Angle_dev Between Groups 3.940 3 1.313 1.481 .229
Within Groups 53.224 60 .887
Total 57.165 63
Platform_dev  Between Groups 331.414 3 110.471 1.056 375
Within Groups 6279.444 60 104.657
Total 6610.858 63
Apex_dev Between Groups 1.683 3 561 2.586 .061
Within Groups 13.014 60 217
Total 14.697 63

Figure 9 One-way ANOVA between four groups of bone density in all parameters;

The angular deviation, Implant 3D platform deviation and 3D apex deviation.

R? Linear = 0.068
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Figure 10 Negative correlations between bone density and apex deviation
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Figure 11 apex deviation between the angulated and non-angulated implants of

Figure
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12 Bar graphs show angular deviation (degree) in each bone density
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Error bass: +/- 150

Figure 13 Bar graphs show mean platform deviation (mm) in each bone density
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D1 D2 D3 D4
density

Error bars: +/- 150

Figure 14 Bar graphs show mean apex deviation (mm) in each bone density

Chapter VI

Discussion

Bone condition evaluation performed prior to implant placement surgery to
determine the implant number, size, and angulation. Following that, three-
dimensional CT images can provide accurate anatomical information about the bone
condition (19, 20) (36) as well as determining the healing process, which is related to
contact of bone and biomechanical properties of surrounding bone, and which
occurs at the time when the implant is first placed. As a result, secondary stability
became important during osseointegration. Furthermore, bone density can have an
impact on implant placement. Treatment planning, implant design, surgical
technique, and initial loading of a prosthesis can all be influenced by bone density.
Because of the lack of implant stability and extensive bone resorption, low bone
density is linked to an increased risk of implant failure. For long-term success, bone
densities and implant planning positions at the recipient site must be properly

recognized before, during, and after the implant is delivered.
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In terms of the dynamic CAIS system, this has a considerable impact on
implant placement accuracy. in overall aspects compared to conventional technique
implantation in all types of bone densities. Several in vitro studies have illustrated
that achieve more accurate implant placement using CAIS system over the
conventional technique. Dynamic navigation resulted in higher accuracy than the
freehand method, and similar accuracies were found between dynamic navigation
and static guidance for platform deviation, apical deviation or angular deviations.
Additionally, the navigation system provided real-time monitoring of the depth of
drilling, based on which, the dentist could decide the point at which to stop drilling
with more certainty. As a consequence, dynamic CAIS was able to mimic the risk of
injuries of the critical anatomic structure like mandibular nerve, maxillary sinus floor
and incisive canal. Nonetheless previous study had stated that variable densities of
bone changing along the drilling socket can compromise ability of surgeon to
performed implantation accurately. Gagsl, Schultes, & Karcher, 2001; Ruppin et al.

suggested that dense bone may offer better implant placed position (9, 39).

In the literature, there is controversy over the question of whether bone
quality affects the accuracy of dynamic CAIS, with some studies reporting a
statistically significant negative correlation between bone density and the accuracy of
static CAIS (19-21). Although, according to other studies, no correlation (40) or
statistically significant positive correlation has been observed between bone density
and the accuracy of CAIS (41).Lower bone density could cause more deviation when
using a free hand technique to place an implant, according to Ozan, Orhan and
Turkyilamaz (2011) ; Noharet, Pettersson, & Bourgeois (2014), The CAIS system, on the
other hand, could help to reduce malposition and solve the problem of poor bone
quality. Moreover, earlier research has shown that while employing the CAIS system,
arch type, age, and gender had no statistically significant differences in outcomes (42)
(18, 20) . However, there is no report of the accuracy of implant placement under

dynamic CAIS in different bone densities.
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According to this in vitro study that performed placing implant to evaluate
the accuracy of implant position through dynamic CAIS system (navigation system) in
variety bone types (D1 to D4). The null hypothesis was rejected since the result
showed no statistically significant different in overall accuracy measurement among

each bone types (P>0.05).

Additionally, in term of precision of implant placement, the deviation
achieved in every groups were smaller than the results reported by previous in vitro
studies by (43) which compared preoperative and postoperative CT scans in maxilla

and mandible models using navigation systems, guided and freehand placement.

Nevertheless, negative correlation was found between the bone density of
the placed implant sites and apex deviations (P=0.038%) in the implant placement
with dynamic CAIS ,the result also should trend towards negative correlation
between bone density and the accuracy of implant placement in angular deviation
(P=0.62) and platform deviation (P=0.637) which was the border line of the statistical
analysis with Spearman’s rho. Moreover, the result of this study illustrated that there
is highest deviation in the lowest bone density (D4) of implant placement in all
parameters. Despite the fact that there were no significant accuracy differences were
found between implant positions within the different quadrants, the deviation of all
parameters in the left quadrants illustrate higher compared to right quadrants. This
might be as a result of the location of registrational fiducial markers on an occlusal
stent influencing field of vision. This observation could be the outcome of dynamic
CAIS, which is still essentially a "freehand" surgical placement, as placement under
dynamic CAIS is done by direct vision and manual control. Despite this, there was no

indication that such an influence had any effect on overall accuracy outcomes.

Treatment of edentulous jaws in a single surgical procedure without the use
of bone transplants, maximizing available bone. As a result, the notion of all-on-four
was established with the concept of two most anterior implants are placed axially,

whereas the two posterior implants are angled and put distally to reduce cantilever
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length and allow prosthesis to be applied (5). In terms of angulation, the results of
this study showed that there is no significant difference in angular deviation between
straight and angulated implant. It might be due to the navigation system's accuracy
and usefulness. Meanwhile, in term of apex deviation, angulated implant illustrates
significantly higher deviation than straight implant in lowest bone density (D4) which
might be a result from the field of vision when doing angulated implant and also

difficulty performing implant in soft bone.

However, there were some limitations to the present study. This study used
cast models to perform the drilling experiments. The cast models were ideal for
quantifying accuracy, because there was no saliva, no blood or other clinical
interferences when drilling, and the models were stable throughout the drilling.
However, this model did not replicate important clinical issues, such as the existing
sockets, which would make stable and precise drilling more difficult. Besides, the
process of this experiment could not eliminate the effect of operator experience on
the results. In dynamic CAIS, common limitations and errors include TRE, or
limitations related to the learning curve of using the navigation system. Hence, the
results of this study may vary in a clinical setting (Chen et al 2018). In addition, future
research should focus on more challenging implant placement scenarios, including as

the use of CAIS in totally edentulous individuals.

Chapter VII

Conclusion

The effect of bone condition on implant placement accuracy with dynamic
computer-guided surgery is statistically unaffected within the limitations of our study.
Low bone density is a risk factor for implant implantation errors. As a result, even
employing dynamic computer-guided surgery, the physician should take these bone
conditions into account while performing implant insertion surgery. These findings

will need to be confirmed in other well-designed research with a bigger sample size.



AWIAINTAUUNIINY 1A D
CHuLALONGKORN UNIVERSITY

29



REFERENCES

1. 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.

2. Lang NP, Zitzmann NU, Working Group 3 of the VEWoP. Clinical research in
implant dentistry: evaluation of implant-supported restorations, aesthetic and patient-
reported outcomes. J Clin Periodontol. 2012;39 Suppl 12:133-8.

3. Greenstein G, Cavallaro J, Romanos G, Tarnow D. Clinical recommendations for
avoiding and managing surgical complications associated with implant dentistry: a
review. J Periodontol. 2008;79(8):1317-29.

4. Zoghbi SA, de Lima LA, Saraiva L, Romito GA. Surgical experience influences 2-
stage implant osseointegration. J Oral Maxillofac Surg. 2011;69(11):2771-6.

5. Soto-Penaloza D, Zaragozi-Alonso R, Penarrocha-Diago M, Penarrocha-Diago M.
The all-on-four treatment concept: Systematic review. J Clin Exp Dent. 2017;9(3):e474-
e88.

6. 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 Surg Oral Med Oral Pathol Oral Radiol Endod.
2006;101(6):718-23.

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

8. Tang T, Huang Z, Liao L, Gu X, Zhang J, Zhang X. Factors that Influence Direction
Deviation in Freehand Implant Placement. J Prosthodont. 2019;28(5):511-8.

9. 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.

10. Block MS, Emery RW, Cullum DR, Sheikh A. Implant Placement Is More Accurate



31

Using Dynamic Navigation. J Oral Maxillofac Surg. 2017;75(7):1377-86.

11. 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. Clin Oral Implants Res. 2009;20 Suppl 4:73-86.

12. Block MS, Emery RW, Lank K, Ryan J. Implant Placement Accuracy Using
Dynamic Navigation. Int J Oral Maxillofac Implants. 2017;32(1):92-9.

13. 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.

14. Wu D, Zhou L, Yang J, Zhang B, Lin Y, Chen J, et al. Accuracy of dynamic
navigation compared to static surgical guide for dental implant placement. Int J Implant
Dent. 2020;6(1):78.

15. Wang F, Wang Q, Zhang J. Role of Dynamic Navigation Systems in Enhancing the
Accuracy of Implant Placement: A Systematic Review and Meta-Analysis of Clinical
Studies. J Oral Maxillofac Surg. 2021;79(10):2061-70.

16. Stefanelli LV, DeGroot BS, Lipton DI, Mandelaris GA. Accuracy of a Dynamic
Dental Implant Navigation System in a Private Practice. Int J Oral Maxillofac Implants.
2019;34(1):205-13.

17. Behneke A, Burwinkel M, Behneke N. Factors influencing transfer accuracy of
cone beam CT-derived template-based implant placement. Clin Oral Implants Res.
2012;23(4):416-23.

18. Zhou W, Liu Z, Song L, Kuo CL, Shafer DM. Clinical Factors Affecting the
Accuracy of Guided Implant Surgery-A Systematic Review and Meta-analysis. J Evid
Based Dent Pract. 2018;18(1):28-40.

19. Ozan O, Orhan K, Turkyilmaz I. Correlation between bone density and angular
deviation of implants placed using CT-generated surgical guides. J Craniofac Surg.
2011;22(5):1755-61.

20. Putra RH, Yoda N, likubo M, Kataoka Y, Yamauchi K, Koyama S, et al. Influence of
bone condition on implant placement accuracy with computer-guided surgery. Int J
Implant Dent. 2020;6(1):62.

21. Kivovics M, Penzes D, Nemeth O, Mijiritsky E. The Influence of Surgical



32

Experience and Bone Density on the Accuracy of Static Computer-Assisted Implant
Surgery in Edentulous Jaws Using a Mucosa-Supported Surgical Template with a Half-
Guided Implant Placement Protocol-A Randomized Clinical Study. Materials (Basel).
2020;13(24).

22. Di Giacomo GA, da Silva JV, da Silva AM, Paschoal GH, Cury PR, Szarf G. Accuracy
and complications of computer-designed selective laser sintering surgical guides for
flapless dental implant placement and immediate definitive prosthesis installation. J
Periodontol. 2012;83(4):410-9.

23. Garber DA, Belser UC. Restoration-driven implant placement with restoration-
generated site development. Compend Contin Educ Dent. 1995;16(8):796, 8-802, 4.
24. Belser UC, Bernard JP, Buser D. Implant-supported restorations in the anterior
region: prosthetic considerations. Pract Periodontics Aesthet Dent. 1996;8(9):875-83;
quiz 84.

25. Widmann G BR. <widmann 2006 review accuracyimplants copy.pdf>. The
International Journal of Oral & Maxillofacial Implants. 2006.

26. Ronald E. Jung DS, Jeffrey Ganeles, Daniel Wismeijer, Marcel Zwahlen, Christoph
H. F. Himmerle, Ali Tahmaseb. Computer Technology Applications in Surgical Implant
Dentistry: A Systematic Review. The International Journal of Oral & Maxillofacial
Implants. 2009;24:92-109.

27. Marchack CB. CAD/CAM-guided implant surgery and fabrication of an
immediately loaded prosthesis for a partially edentulous patient. J Prosthet Dent.
2007;97(6):389-94.

28. 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.

29. Deeb GR, Allen RK, Hall VP, Whitley D, 3rd, Laskin DM, Bencharit S. How
Accurate Are Implant Surgical Guides Produced With Desktop Stereolithographic 3-
Dimentional Printers? J Oral Maxillofac Surg. 2017;75(12):2559.e1-.e8.

30. Block MS, Emery RW. Static or Dynamic Navigation for Implant Placement-
Choosing the Method of Guidance. J Oral Maxillofac Surg. 2016;74(2):269-77.

31. Somogyi-Ganss E, Holmes HI, Jokstad A. Accuracy of a novel prototype dynamic



33

computer-assisted surgery system. Clin Oral Implants Res. 2015;26(8):882-90.

32. Kim SG, Lee WJ, Lee SS, Heo MS, Huh KH, Choi SC, et al. An advanced
navigational surgery system for dental implants completed in a single visit: an in vitro
study. J Craniomaxillofac Surg. 2015;43(1):117-25.

33. al We. Computer-aided placement of endosseous oral implants in patients after
ablative tumour surgery: assessment of accuracy. Clin Oral Impl Res 14, 2003: 340-348.
2003.

34. Van Assche N, Vercruyssen M, Coucke W, Teughels W, Jacobs R, Quirynen M.
Accuracy of computer-aided implant placement. Clin Oral Implants Res. 2012;23 Suppl
6:112-23.

35. Tahmaseb A, Wismeijer D, Coucke W, Derksen W. Computer technology
applications in surgical implant dentistry: a systematic review. Int J Oral Maxillofac
Implants. 2014;29 Suppl:25-42.

36. Ribeiro-Rotta RF, Lindh C, Pereira AC, Rohlin M. Ambiguity in bone tissue
characteristics as presented in studies on dental implant planning and placement: a
systematic review. Clin Oral Implants Res. 2011;22(8):789-801.

37. Branemark P-1Z, George A.; Albrektsson, Tomas. Patient selection and
preparation. In: Branemark. Tissue Integrated Prostheses: Osseointegration in Clinical
Dentistry. Tissue-Integrated Prostheses: Osseointegration in Clinical Dentistry.
1985;1985:199-209.

38. Misch CE, Dietsh-Misch F, Hoar J, Beck G, Hazen R, Misch CM. A bone quality-
based implant system: first year of prosthetic loading. J Oral Implantol. 1999;25(3):185-
97.

39. Gaggl A, Schultes G, Karcher H. Navigational precision of drilling tools preventing
damage to the mandibular canal. J Craniomaxillofac Surg. 2001;29(5):271-5.

40. Jones A. Accuracy of mucosa supported guided dental implant surgery. Clin
Case Rep. 2018;6(11):2131-9.

41. Cassetta M, Di Mambro A, Giansanti M, Stefanelli LV, Cavallini C. The intrinsic
error of a stereolithographic surgical template in implant guided surgery. Int J Oral
Maxillofac Surg. 2013;42(2):264-75.

a2. Noharet R, Pettersson A, Bourgeois D. Accuracy of implant placement in the



34

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.

43, Chen CK, Yuh DY, Huang RY, Fu E, Tsai CF, Chiang CY. Accuracy of Implant
Placement with a Navigation System, a Laboratory Guide, and Freehand Drilling. Int J

Oral Maxillofac Implants. 2018;33(6):1213-8.



Appendix

AWIANTAUAUIINY 1A D
CHuLaLoNeKORN UNIVERSITY



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

VITA

Jutasinee Pornpolsarun
30 October 1992
Bangkok

Esthetic Restorative and Implant Dentistry

Faculty of Dentistry

Chulalongkorn University

55/5 Srinakarin road, Bangkaew, Bangpli, Samutprakarn
10540



	ABSTRACT (THAI)
	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	Chapter I
	I. Background and rationale

	Chapter II
	Review literature
	1 Surgical complications from malposition of implant placement implant placement
	1.1 Damage to adjacent tooth
	1.2 Nerve Injury
	1.3 Neurological sequelae of nerve injury
	1.4 Incidence of neurosensory dysfunction
	1.5 Penetration Into Maxillary Sinus or Nasal Fossa
	1.6 Complications Associated With Sinus Elevation

	2. Prosthetic Complications from malposition of implant placement
	3. Computer-assisted implant surgery (CAIS)
	3.1 Static computer assisted system
	3.2 Dynamic computer-assisted implant system / Navigation system
	3.2.1 Accuracy of dynamic CAIS system
	3.2.2Factors influence the accuracy of dynamic CAIS system


	II.4 Accuracy analysis
	5 Bone classification


	Chapter III
	Research question
	Objective
	Hypothesis
	Conceptual framework

	Chapter IV
	Population and sample
	Materials & Methods
	Statistical Analysis

	Chapter V
	Result

	Chapter VI
	Discussion

	Chapter VII
	Conclusion

	REFERENCES
	VITA

