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ABSTRACT

Aim & Hypothesis: The purpose of this in vitro study was to evaluate the effect of zirconia
crowns restorations on the accuracy of superimposition process and guided surgery.

Materials & Methods: Four stone casts generated four groups: a control group (CG) with no
crowns and three test groups with 4 (TG4), 7 (TG7) and 13 (TG13) zirconia crowns. A total of 40
cone beam computed tomography (CBCT) scans were taken for the four groups (10 CG, 10 4CG,
10 7CG, 10 13CG). All CBCTs were imported into the computer planning software (CoDiagnostiX,
Dental Wings, Montreal, Canada) and the casts from all four groups were scanned with a high-
resolution laboratory scanner. The obtained STL files were imported into the computer
planning software. For each obtained DICOM dataset, segmentation was performed;
superimposition of the three files was done for all the groups. The accuracy of superimposition
was assessed, in millimeters, in three planes corresponding to anterior-posterior, horizontal
and vertical planes.

Results: The overall analysis demonstrated significant differences between CG and TG7, CG and
TG13, TG4 and TG7, TG4 and TG13, and TG7 and TG13 with P<0.001 for all of them. The
anterior-posterior dimension demonstrated significant differences between CG and TG7
(P<0.001), CG and TG13 (P<0.001), TG4 and TG7 (P=0.004), and TG4 and TG13 (P=0.001). For
the vertical dimension analysis, significant differences were found between CG and TG7
(P<0.001), CG and TG13 (P<0.001), TG4 and TG7 (P=0.023), and TG4 and TG13 (p=0.005). For
the horizontal dimension, statistically significant differences between CG and TG7 (p=0.049), CG
and TG13 (p<0.001), TG4 and TG13 (p<0.001), and TG7 and TG13 (p=0.003) were observed.
There was no statistically significant difference between groups CG and TG4 (p>0.05). The
highest discrepancy was observed in TG13 with average of 0.482 mm and the lowest

discrepancy was found in the control group with average of 0.234 mm.

Conclusion: The accuracy of superimposition can be greatly influenced by the number of
zirconia crowns artifacts in the CBCT image. This can reflect itself as 0.5 mm in horizontal and 1

mm in vertical directions. The higher the number of zirconia restorations, the lower the
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accuracy of images’ superimposition. Further research is needed to investigate the effect of

different distribution of artifacts on image’s superimposition accuracy.
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INFLUENCE OF ZIRCONIA CROWNS ARTIFACTS ON CONE BEAM COMPUTED TOMOGRAPHY

AND IMAGE SUPERIMPOSITION FOR DIGITAL PLANNING AND GUIDED SURGERY




The use of digital technology is becoming a common practice in all different aspects of
dentistry [1]. Computers can nowadays help the clinician diagnosing, treatment planning and
executing the actual dental treatment. The introduction of digital technology in dentistry
eliminated the space required for storing patients’ records and files including x-rays, digital
photographs and models. It also maintains the quality of records and facilitates records
retrieval for future use. There are several new digital technologies that are being used in
dentistry such as taking digital x-rays which allow instant assessment, completely eliminating
the need for dark room and the maintenance of the fixating solution.

In the instance of taking digital impression of either natural dentition or implants,
patients reported better comfort due to elimination of impression material [2]. Many other
advantages are available with digital impressions including elimination of tray selection,
reduced risk of distortion during impression making and pouring, disinfection, and shipping to
the dental laboratory [3, 4]. Additionally, the digital scans can be communicated and stored
electronically as digital information, improving efficiency and reducing costs.

The digital scan leads to a virtual cast that can generate a physical cast through milling
or printing if a combination of digital and conventional workflow is needed [5]. Other
advantages of digital impressions are the ability to edit, crop un-needed parts and the
elimination of both bubbles and drags. Digital impressions can be stored for future use without
the risk of dimensional changes as it is always a major disadvantage that we encounter with
conventional impressions.

More advantages in the utilization of digital dental technology allowed faster execution
of clinical and laboratory procedures [2]. It also enabled clinicians to maintain a specific level of
acceptable standards regardless of their clinical experience [2]. Another important factor that
made patients more in favor of digital technology in dentistry is the ability to manufacture
crowns on the same day of teeth reparation by using chairside milling machines, hence the
term same day restoration [6]. The development of high quality efficient intraoral scanners with
comparable accuracy to conventional impression materials allowed clinicians to record the final
impression data and produce the prosthesis in one day[6]. The time that is usually consumed in

pouring the impression and the need for a laboratory to fabricate the restoration is eliminated
10



with this technology [6]. Clinicians are able to transfer the obtained data to design software,
which provides a library of teeth morphology for final restoration design before sending it to a
chair-side milling machine [6]. This process saves time, reduces procedure cost and eliminates
additional lab fees, standardizing quality and reducing the impact of clinician experience. [6, 7]
Hence, it reduced the gap existing between the quality of dental care provided by experienced
and neonate practitioners. Furthermore, the actual clinical time to perform the procedure was
less when digital technology was implemented [2]. This resulted in more patient satisfaction
due to the time saved and the avoidance of using conventional impression material, which
causes patient discomfort [2, 8].

One of the major advantages of digital technology is the advancement in dental
implants planning and placement. This includes the digital tools for examination such as cone
beam computed tomography (CBCT) prior to implant placement which was invented in the mid-
nineties at a reasonable cost and low dose. It allows for a three dimensional view of the
available volume of hard and soft tissue. It also contributed more to virtual planning of the
surgical procedure and connecting both surgical and prosthetic plans together through implant
planning software, it shows the proximity of the future implant to the patient’s anatomical
structures (maxillary sinus, inferior alveolar nerve, mental foramen and any pathologic lesions).
This software is capable of generating a surgical guide design, which can be milled or printed to
reduce the errors and complications generated by both the patient and the clinician, and limits
the deviation of implant position during surgery.[9] This allows clinicians to achieve a
prosthetically driven implant placement. [10]

The rise of this digital technology and its advantages made it a critical tool in improving
the quality of implant prosthesis. The success of implant prosthesis starts from the detailed
precise examination of patients’ anatomy, ideal design of implant prosthesis and prosthetically
driven implant placement.

The use of conventional x-rays in assessing alveolar bone defects was a common
practice in dentistry [11]. However, it has a number of limitations, which affect the amount of
information gained during the clinical examination. Conventional x-rays can give good

information regarding the height of alveolar bone in the assessed area. However, it projects all
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the information in a 2D view; thus the information regarding alveolar bone in buccal-lingual
direction is missing [12]. Another limitation of 2D x-rays is the superimposition of anatomy and
geometric distortion that makes the assessment of bone defect more challenging [13, 14].
Additionally, when using conventional 2D x-rays clinicians are not able to distinguish the buccal
cortical plate from the lingual cortical plate that complicates assessing the existing bone defect
[15].

In 1998 CBCT was introduced into dentistry especially for treatment planning implant
surgeries and it offered many advantages over conventional 2D x-rays and CT scans [15]. CBCT
enabled clinicians to visualize in 3D the anatomy of jaw with bone architecture, existing defects
and vital structures [15]. The more details gained from CBCT regarding alveolar bone
dimensions and existing bone defects improved the surgeons’ understanding of the clinical
situation with needed surgical procedures. The most valuable information obtained from the
CBCT scan is highly accurate information on alveolar ridge width and height in addition to the
bone density [15].

The implant placement surgical procedure can be very challenging because of the
movement of the patient while drilling, local anesthetic wearing off causing limited surgery
time, a limited visualization of the operation field and mental transfer of two-dimensional
radiographs into the three-dimensional surgical site. As a consequence, implant malpositioning
is associated with increased risk of damaging anatomical structures (e.g. maxillary sinus,
mandibular canal) as well as an increased challenge to perform an appropriate final prosthesis.
In addition, recent studies have shown that inappropriate implant position increases

significantly the patients’ risk to develop peri-implantitis [16].

Thus, surgical virtual planning and guided implant surgery have been considered an
important tool for clinicians to assure appropriate three-dimensional implant positioning,
especially in cases with complex anatomical structures and/or future prosthesis [17]. This
technology involves the virtual implant placement, design and production of surgical guides
using the CAD/CAM system. Recent developments have increased significantly the

predictability of guided implant surgery [18]. The high predictability of guided surgery became
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possible with the aid software that enables the superimposition of an STL file (three-
dimensional intra-oral surface image) obtained from intra-oral scanner and the Digital Imaging
and Communications in Medicine (DICOM) file from the CBCT. The superimposition of these
files is crucial to obtain predictable outcomes in the guided surgery since the surgical guide
rests on the STL file. Thus, any mismatching in the superimposition process will automatically

be transferred to the implant position related to alveolar bone.

There are various types of conventional implant surgical guides that are used regularly
to guide surgeons during the osteotomy and implant delivery. These guides allow a lot of
freedom for the surgeon during the surgery to elect ideal position. This results in major
complications and discrepancy in the final prosthesis if the surgeon was distracted and implants
were placed in the wrong position. The use of digital technology in dentistry introduced virtual
planning software that allows clinicians to connect the final prosthetic plane to the patient’s
anatomy in order to decide on the ideal implants position [7]. This position can be assessed
virtually by merging implants to the CBCT and the future prosthetic dimensions in the virtual
planning software. Digital technology allows the transfer of the planned implant position from
the digital plane to the patient’s mouth through printed or milled surgical guide that is
generated and designed from that plane. These guides can limit the freedom of the surgeon in
terms of osteotomy and implant 3D positioning. Hence, the outcome of complex cases can be
more predictable and the complication of implant misplacement can be reduced [18].

Surgical guides can be used for partially edentulous and complete edentulous patients
through the use of teeth-supported, mucosa or bone supported surgical guides. Indication of
each type is self-explanatory, teeth supported surgical guides are indicated with bounded
partially edentulous spaces. Whereas, mucosa or bone supported surgical guides are indicated
for edentulous patients or with free end partially edentulous patient. In the case of bone
supported guide a flap is reflected to allow the surgical guide to rest on the bone [19]. Recent
studies have shown that teeth supported surgical guides are more accurate than mucosa or
bone supported surgical guides; this conclusion was attributed to the resiliency of the mucosa

that will cause slight movement of the surgical guide and to the inability to completely
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eliminate the soft tissue from the DICOM file when designing bone supported surgical guides

[20, 21].

Current literature classifies the complications of implant prosthesis into biological and
technical categories [22]. Both complications are minimized by careful examination of patients
and electing the ideal implant position depending on future teeth location and prosthesis
design. Hence the term prosthetically driven implant placement evolved, which focused on
placing the implants in ideal position to the final prosthesis rather than in the area of maximum
bone.

Two common designs of implant prosthesis are available: screw- and cement-retained
prosthesis [22]. The cement retained prosthesis design is more forgiving compared to the screw
retained design in terms of planned and actual implant position. However, for both designs
implants position should not deviate majorly from the planned position to achieve long-term
successful prosthesis [23]. The screw-retained design is superior to cement retained design in
terms of retrievability, which allows easy maintenance and repairs. Another major advantage of
screw-retained prosthesis is the elimination of luting cement. It is currently known that excess
luting cement in implant prosthesis is very difficult to remove. This can precipitate to implant
failure and cause the development of peri-implantitis [22]. Screw-retained prosthesis can only
be achieved by preplanning the implant positions depending on the prosthetic plan and precise
placement of all implants in the ideal position and depth. This can be a very challenging
procedure that is influenced by many factors such as patients’” anatomy and surgeon’s clinical
skills. Other design factors that influence the success of implant prosthesis is avoiding the ridge
lap design and distribution of implants in an edentulous arch. Identifying the correct implant
position and placing the implants in complete edentulous cases is a very challenging procedure.
This is mainly due to lack of all references from adjacent dentition and major changes in
alveolar bone post exodontia. The ability to correctly distribute implants and place them in the
correct 3D position is challenging even for experienced implant surgeons [24].

In fully edentulous patients, the ideal tooth position is visualized via a dual (or double)

scan procedure, so that the virtual implants can be positioned by superimposing both
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anatomical file to prosthesis file [25]. When dual scan technique is used, radio-opaque fiducial
markers are attached to the prosthesis to be scanned. Two DICOM files will be obtained for the
patient, the first with the prosthesis or teeth set-up is placed intra-orally. The second scan is to
be taken of the prosthesis at different exposure parameters. This will allow the visualization of

future teeth position and its superimposition to hard and soft tissue anatomy [25].

In partially edentulous patients the STL files are obtained either intraorally using intraoral
scanners or extra-orally through desktop scanner, scanning an accurate model of the existing
intra-oral condition. To obtain an STL file of planned prosthesis either an intraoral scanner is
used to scan the existing provisional or extra-orally through scanning wax up using lab scanner
or through using software wax-up library. The process of images’ superimposition and data
registration requires importing a DICOM file (patient’s CBCT) to at least one STL file into digital
implant planning software. Data registration consists of several steps starting with
segmentation (three-dimensional image reconstruction from CBCT), orienting the image in
relation to different planes, tracking anatomical structure such as the inferior alveolar nerve
(IAN) and merging of the file together. The process of CBCT image segmentation, the
elimination of undesirable anatomical information and distortion, such as scatter from metal
artifacts allows a better view of the area of interest using the gray-value threshold. The
obtained refined files are supper imposed by selecting corresponding teeth and identical
fiducial landmarks that allow merging of the two files. This step allows for the clear view of the
bone volume, virtual implant planning and the future prosthesis design [26]. There are several
factors that could potentially affect the accuracy of static guided implant surgery such as the

patient, operator and data acquisition. These factors are described below individually.

Flapless and flap guided surgery

Flapless surgery is defined as the insertion of an implant through the trans-mucosal
tissue without reflecting the mucosa. The advantage of this technique is to maintain the blood
supply around periosteum, hence, reduce the amount of bone loss, it also helps the papilla to

regrow and develop [18]. Guided implant surgery is considered the tool for that as it saves the
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time required for flap elevation and suturing.

Surgical guide-related factors
There are different types of surgical guides, bone-mucosa supported or teeth-
supported. The difference in inaccuracy between the two types was clinically insignificant, but

studies show that teeth-supported surgical guides are more accurate [27].

Software-related factors

There are different implant planning software systems in the market; some allow for
fully guided implant planning and some allow for partially guided implant planning. Fully guided
implant surgery seems to be more accurate and consistent in comparison with partially guided
or conventional surgery. The accuracy between fully guided implant planning software systems
depends mainly on the ability of the software to register the fiducial referential markers (gutta-
percha or spherical radiopaque markers) on CBCT and/or the ability to accurately align it well to
the teeth surface with tomographic image, in other words, superimpose the files obtained from

CBCT (DICOM) to the scans (STL).[21]

Patient-related factors

There are several factors related to patients that can potentially affect the accuracy of
static guided implant surgery. Movement of the head of the patient during taking the CBCT can
greatly influence the quality of the image. Although head fixating devices are present, it still
allows for some degree of motion. Pettersson et al. showed that there was a significant
difference in the position of the planned implant compared the final implant position in the
apex and platform area. Patients’ tolerance to surgical instruments and devices intra-orally also
can affect implant placement. Particularly in posterior sites, there is frequently limited mouth

opening space for handles, hand piece and guided drills. [21]

Operator’s experience-related factors

It has been claimed that experience is not a primary prerequisite for guided implant
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surgery and the lack of operator’s experience will not affect the accuracy of guided surgery.
However, studies by Hinckfuss in 2012 showed that the amount of discrepancy is increased with

novice and intermediate dentists compared to well-trained dentists. [28]

Imaging related factors:

CBCTs have common types of artifacts that could limit the image quality, such as motion
artifact, beam hardening and metal scatter. Inherent artifact in CBCT imaging that is related to
the movement of the head of the patient are limited by certain algorithm. This algorithm is
specific to each CBCT machine to rectify these errors, up to date studies indicate that these
errors are not fully eliminated [29, 30]. Several ways have been introduced to minimize the
movement of the patient’s head. Example of these techniques are using the bite tap, cotton
rolls or instruct the patient to close their eye and prevent tracking the x-ray head as it rotates.
Beam hardening is manifested as the dark line around the high-density restorations, due to the
border between the sudden difference in density between the very dense restoration and the
not so dense tooth structure.

Metal artifacts are manifested as the horizontal star shaped pattern of x-ray images that are
present around dense restorations such as amalgam, gold and PFM restorations. CBCT and all
other types of x-rays are registered by energetic XRAY photons. Setting the kVp (peak kilo-
voltage) to a certain number for example 70 means that the strike beam energy is 70 kVp and
the average beam energy is approximately 30-20 kVp. When the primary beam strikes around
dense metal restorations, these dense metal restorations tend to reduce or weaken the lower

energy. As a result of this the detector can only register the highest energy photons [31, 32].

The most used landmark for images’ superimposition in digital planning and guided
surgery in dentate patients is teeth . Once they are clearly visible on the STL file and on the
three-dimensional reconstruction (e.g segmentation) from the CBCT [31]. Therefore, the step of
superimposition is more challenging when patients present with metal restorations due to the
presence of artifacts from the CBCT, which might affect the accuracy of superimposing images
using the anatomical landmarks. Particularly, restorations made of zirconium that became very

popular in the past years present high radiopacity. Artifacts produced from this type of
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restoration can potentially influence the quality of three-dimensional reconstruction from the
CBCT. It is noteworthy that even though guided surgery has become a more common
procedure, there is a lack of evidence in the literature regarding the effect of the artifacts in the

images’ superimposition process for guided implant surgery [31, 32].

AIM AND HYPOTHESIS

The aim of this in vitro study was to evaluate the effect of zirconia crowns restorations
on the accuracy of superimposition process for guided implant surgery. The hypothesis was that
there is an increased discrepancy in superimposition for guided implant surgery with the

increase of zirconia crowns numbers.

SIGNIFICANCE

Guided implant surgery has become a very common practice by dentists from all over
the world. However, there is still a lack of information in the literature regarding whether the
amount of restorations could potentially decrease the predictability of images’ superimposition
and consequently, implant placement. By knowing the effect of artifacts in the superimposition
process we are able to make an accurate prediction of guided surgery in patients with
restoration. This research forms a basis for determining the number of zirconia crowns that

could potentially decrease the predictability of guided surgery.

MATERIALS AND METHODS

A dentate mandible with missing tooth #20 was printed from Standard tessellation
language (STL) datasets using 3D Stereolithography (SLA) printer (Vareso, BEGO). Four

rectangular markers were attached to the printed mandibular cast at 10mm apical to the buccal
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gingival (Figure 1). The printed cast was duplicated with silicone material (Z-Dupe, Henry Schein
Inc) and then poured with type IV stone (Resin Rock, Wipmix). Four stone casts were generated
from the duplication material and thereby generated four groups (Figures 2 and 3); each group
was comprised of 1 master cast, 10 CBCTs (DICOM files) and 1 (STL files). The studied groups

were as following:

Control group (CG): the stone master cast received zero zirconia crowns and was designated as
the control group.

Test Group 4 (TG4): the stone master cast received four zirconia crowns on first molars and first
premolars.

Test Group 7 (TG7): The stone master cast received seven zirconia crowns on all molars and
premolars except #20.

Test Group 13 (TG13): the stone master cast received 13 zirconia crowns on all teeth from

second molar to second molar except #20.

Zirconia Crowns Fabrication

Teeth that received zirconia crowns in all groups were prepared by the primary
investigator with 1.5mm reduction axially and 2mm reduction occlusally. A coarse diamond
chamfer bur (ISO 18 Brasseler, USA) was used for the reduction and fine diamond bur (ISO 18,
Brasseler, USA) was used to smoothen the abutment preparations. The established margin was
1mm supragingival deep chamfer and all preparation line angles were rounded. The teeth
preparations were scanned with high accuracy laboratory scanner (calibrated according to the
manufacturer’s instructions) (Activity 880scanner, Smart Optics, Bochum, Germany) and the STL
files were imported into designing software to complete the design (Exocad GmbH, Germany).
Full contour zirconia crowns (Katana, Kuraray Noritake Dental Inc.) were milled with a 5 axis
milling machine that was calibrated according to the manufacturer’s instructions (Schutz Tizian
cut 5®, Germany). The milled zirconia crowns were sintered using HT speed sintering furnace
(Mihm-vogt, Blankenloch, Germany) that was calibrated according to the manufacturer’s

instructions at 1500° F for 2 hours holding with a total time of 13 hours. The crowns were
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adjusted and fitted on the dies. All steps of crowns production were performed by a single

dental technician.

CBCT Image

A total of 40 CBCT scans were taken for the four groups (10 CG, 10 4CG, 10 7CG, 10
13CG). All images were obtained from the same tomographic machine (i-CAT®, Imaging
Sciences International, Inc., Hatfield, PA, USA) and taken by a single radiologist. All CBCTs were
imported from MIPACs through export option into the computer planning software
(CoDiagnostiX, Dental Wings, Montreal, Canada) as digital imaging and communication in

medicine (DICOM) datasets.

Cast Scanner

All of the casts from all four groups were scanned with a high-resolution laboratory scanner
(Activity 880scanner, Smart Optics, Bochum, Germany). The obtained STL files were imported into
the computer planning software (coDiagnostiX, Dental Wings, Montreal, Canada). A total of 4 STL

files were obtained and superimposed with the corresponding CBCT (Figure 4).

Images’ Segmentation and Superimposition

Each obtained DICOM dataset was imported to the computer planning software
(coDiagnostiX, Dental Wings, Montreal, Canada) and image segmentation was performed using
the 3D reconstruction software feature. Before the segmentation process each 3D image was
aligned at sagittal, coronal and axial views using defined criteria. Since the segmentation of the
tomographic image is arbitrary, the density of gray values (HU) was established based on an
initial superimposition of the fiducial markers with the scanned image (STL file). The fiducial

markers were erased from the 3D reconstruction in order to reduce bias at the superimposition.
20



An experienced operator performed all of the segmentations and superimpositions. Each 3D
image (DICOM) reconstructed was superimposed to the same DICOM file first to get a definite
line that was used to measure the discrepancy and then was superimposed to its corresponding
STL file taking four to six areas on the teeth surface, with at least two landmarks in the anterior

and two in the posterior area (Figure 4).

Accuracy Evaluation

The accuracy of superimposition was assessed, in millimeters, by comparing the
discrepancy between the fiducial markers. The distances from the CBCT image to the cast STL
were obtained and measured using an open source software (Image J, National Institute of
Health, USA) in three planes corresponding to anterior-posterior, horizontal and vertical planes

(Figure 4).

Sample Size

A sample size calculation was conducted using the software nQuery Advisor (Version
7.0). Using the results of a pilot study for the expected within-group means and within-group
standard deviation, a sample size of n = 10 per group was found to be sufficient to achieve

greater than 99% power alongside a Type | error rate of 0.05.

Statistical Analysis

Descriptive statistics (means, medians, standard deviations, inter-quartile ranges,
minima, and maxima) were calculated by group. Comparisons between the groups were
conducted via one-way ANOVA, Welch’s F test, or the Kruskal-Wallis test (with post-hoc testing
conducted via Tukey’s HSD, the Games-Howell test, or Dunn’s test with the Bonferroni
correction, respectively) depending on the validity of the statistical assumptions. The Shapiro-
Wilk test was used to assess the assumption of normality, and Levene’s test was used to assess
the assumption of homogeneity of variances. The level of significance was established at a =
0.05, with the exception of tests in which the Bonferroni correction was used. A separate
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analysis was performed for each dimension (anterior-posterior, horizontal, and vertical), as well
as for an overall measure of discrepancy in which the results of the three dimensions were

averaged. SPSS version 25 was used in the analysis.

RESULTS

Significant non-normality was observed for the anterior-posterior and vertical variables.
Therefore, the Kruskal-Wallis test (with Dunn’s test with Bonferroni correction in post-hoc
testing) was used for the anterior-posterior and vertical dimensions. For the horizontal
dimension, neither significant non-normality nor significant evidence of violation of
homogeneity of variance was observed (P>0.05). Hence, one-way ANOVA (with Tukey’s HSD in
post-hoc testing) was used for the horizontal dimension. For the overall analysis measure no
significant non-normality was observed but significant evidence of violation of homogeneity of
variances was found (P<0.05). Therefore, significance testing was conducted using Welch’s F

test and the Games-Howell test in post-hoc testing.

Descriptive statistics for the anterior-posterior dimension are shown in Table 1. The
highest mean and median values were found in TG13, followed by TG7, TG4 and then the CG.
The Kruskal-Wallis test was statistically significant (P<0.001). In post-hoc comparisons (Dunn’s
test with Bonferroni correction), significant differences were found between CG and TG7
(P<0.001), CG and TG13 (P<0.001), TG4 and TG7 (P=0.004) and TG4 and TG13 (P=0.001). Side-

by-side boxplots are shown in Figure 5.

For the vertical dimension analysis, descriptive statistics are shown in Table 2. The least
values for mean and median were shown in the control group, followed by TG4, TG7 and then
TG13. The Kruskal-Wallis test was statistically significant (P<0.001). In post-hoc comparisons
(Dunn’s test with Bonferroni correction), significant differences were found between CG and
TG7 (P=0.001), CG and TG13 (P<0.001), and TG4 and TG13 (P<0.001). Side-by-side boxplots are

shown in Figure 6.
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For the horizontal dimension, the one-way ANOVA test was statistically significant
(P<0.001). In post-hoc comparisons (Tukey’s HSD), there were statistically significant
differences between groups CG and TG7 (P=0.049), CG and TG13 (P<0.001), TG4 and TG13
(P<0.001), and TG7 and TG13 (P=0.003). The highest discrepancy was observed in group TG13,
and the lowest discrepancy was found in group CG (Table 3). Side-by-side boxplots are shown in

Figure 7.

For the overall analysis, Welch’s F test was statistically significant (P<0.001). In post-hoc
comparisons (Games-Howell test), significant differences were observed between groups CG
and TG7 (P<0.001), CG and TG13 (P<0.001), TG4 and TG7 (P<0.001), TG4 and TG13 (P<0.001),
and TG7 and TG13 (P=0.006). The highest discrepancy was observed in group TG13, and the
lowest discrepancy was found in group CG (Table 4). Side-by-side boxplots are shown in Figure

8.

DISCUSSION

Inaccuracies between the guided implant placement and the virtual implant planning
was found to be clinically insignificant if 2 mm of safety margin was used, the discrepancy is
accumulative and is carried out through the whole procedure starting with collecting the

record, planning the implant position and the execution of the actual surgery [26].

Accurate superimposition of STL file to DICOM data is a critical step for controlled
implant treatment planning in guided surgery. The accuracy of superposition is dependent on
the quality of data obtained through the planning phase. In this study, artifacts from zirconia
crowns on teeth were shown to be a major factor in reducing the quality of DICOM data sets by
eliminating the details of the adjacent dentition in DICOM data set. The effect of scatter on
superimposition accuracy was not significant in the group of four zirconia crowns due to the
existence of enough details from non-crowned teeth. By increasing the number of crowns to
seven, more artifacts were observed and less details present in non-crowned teeth. This

reflected itself as noticeable discrepancy in all planes. By crowning all teeth in the thirteen
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crowns group, all details were eliminated and discrepancy was maximized. The discrepancy was
noticed more in the vertical dimension due to lack of any details to identify the level of
superimposition in this plane. In other planes the structures below scatter level might have

aided the software in positioning the STL file.

Zirconia is becoming more popular in dental practice due to its ability to be
implemented in the digital workflow, as it is an inexpensive material. Therefore, for these
reasons zirconia was the material of choice for this study. In a study comparing the amount of
scatter caused by Zirconium dioxide, titanium and titanium—zirconium, the author found that
the amount of artifacts depends on the type of material used. The artifacts generated by
zirconium dioxide implants were significantly higher than artifacts produced by titanium and
titanium—zirconium implants. The average artifacts intensity produced by zirconium dioxide

implants was about threefold the artifacts produced by titanium implants [29, 33].

A study by Flugge et al. reported similar results with the discordance between CBCT and
surface scan model occurring due to inaccurate registration or superimposition. This
discrepancy is transferred to the surgical field and resulted in a significant discrepancy between
the digital planned implant position and actual achieved implant position. The quality of
imported data can have detrimental effect on the accuracy of digital implant planning in the
software. Two factors were identified as possible source of error, the number of restorations
present and the user. Eventually, both will result in clinically unacceptable drilling guides [33].
The use of anatomical landmarks for the superimposition of data in digital implant planning is
advantageous as it reduces both the time taken and the number of appointments for the
patient. Also the CBCT machine can have significant effect on the image quality produced for
digital guided implant planning. In a study conducted to compare the I-CAT machine to the
MSCT (multislice computed tomography) using HU (Hounsfield unit) in terms of bone density,
results showed significant difference. The HU values were higher on CBCT than those obtained
from MSCT which is considered the gold standard [34]. Another study conducted comparing
grey values for bone density between CBCT and MSCT demonstrated that there is a large error

when using the grey value in a quantitative way, although the CBCT and CT showed great
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correlation in terms of their numbers [35]. In general, the amount of metal artifacts found in
the CBCT can greatly influence the image quality and currently there is no effective method for
eliminating the scatter around metal in CBCTs [7]. In another recent study, metal artifact
reduction methods on filter based dual-energy CBCT were proposed using two techniques,
alternative spectral switching and simultaneous beam splitting. It was concluded that pseudo-
switching the metal filters between the x ray tube with upstream placement has a great effect
in reducing metal artifacts [36]. This technique in taking the CBCT data might be helpful when
placing implants in patients with full mouth metal restorations.

Another technique was developed using an algorithm in data processing to reduce the
metal artifact in CBCT images. They used three components and tested the outcome of
different technique combination. The first component used modeling of image histogram to
extract teeth. The second one reduced artifacts by striking artifact reduction component
through converting image into the polar domain and applying morphological filtering. The third
component utilized morphological filtering operation to fill the cavities. The combination of the

three processing techniques produced a clearer image and greatly reduced the artifacts [37].

In a recent in-vitro study comparing the accuracy between pilot drills guided and fully
guided single implant placement, the authors found that there is a statistically significant higher
accuracy with the fully guided approach in comparison with the pilot drill approach. Although
the superimposition was accurate in terms of lack of metal scatter in the CBCT, the amount of
discrepancy was statistically significant in the pilot-drill guided implant placement approach
[38]. In another in vivo study that was conducted in 2019, the authors found that the use of
static computer assisted implant surgery resulted in more accurate implant position when
compared to freehand surgery in a single tooth edentulous space [39]. In a study comparing
dynamic guided implant surgery to freehand implant placement, both placements presented
comparable results [40]. However, dynamic navigation system is advantageous in regards to the
ability of the surgeon to change and modify the implant position in relation to the prosthesis on
the surgical site [41]. Therefore, in case of significant amount of metal restorations this system

might be considered.
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CONCLUSION

The accuracy of superimposition can be greatly influenced by the number of zirconia
crowns artifacts in the CBCT image. This can reflect itself as 0.5mm in horizontal and 1mm in
vertical directions. The higher the number of zirconia restorations, the lower the accuracy of
images’ superimposition. Further research is needed to investigate the effect of different

distribution of artifacts on images’ superimposition accuracy.
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Table 1: Mean, median, standard deviation (SD), interquartile range (IQR) and minimum to
maximum (Min-Max) anterior-posterior values, in millimeters, between the different studied

groups.
Groups Mean Median SD IQR Min-Max P value*
CG 0.197 0.213 0.065 0.153-0.225 0.096-0.325
TG4 0.256 0.239 0.084 0.205-0.281 0.172-0.456
<0.001
TG7 0.480 0.472 0.093 0.402-0.572 0.340-0.602
TG13 0.578 0.510 0.203 0.429-0.785 0.350-0.937

*P-value based on the Kruskal-Wallis test. In post-hoc testing (Dunn’s test with Bonferroni
correction), significant differences were observed between groups CG and TG7, TGO and TG13,
TG4 and TG7 and TG4 and TG13.

Table 2: Mean, median, standard deviation (SD), interquartile range (IQR) and minimum to
maximum (Min-Max) vertical values, in millimeters, between the different studied groups.

Groups Mean Median SD IQR Min-Max P value*
CG 0.204 0.178 0.112 0.120-0.241 0.089-0.470
TG4 0.263 0.238 0.078 0.218-0.340 0.145-0.398
<0.001
TG7 0.560 0.548 0.129 0.446-0.668 0.367-0.752
TG13 0.880 0.805 0.204 0.763-1.085 0.536-1.198

*P-value based on the Kruskal-Wallis test. In post-hoc testing (Dunn’s test with Bonferroni
correction), significant differences were observed between groups CG and TG7, CG and TG13,
and TG4 and TG13.

Table 3: Mean, median, standard deviation (SD), interquartile range (IQR) and minimum to
maximum (Min-Max) horizontal values, in millimeters, between the different studied groups.
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Groups Mean Median SD IQR Min-Max P value*
CG 0.234 0.247 0.066 0.162-0.296 0.152-0.318

TG4 0.253 0.256 0.067 0.195-0.306  0.165-0.375 <0.001
TG7 0.338 0.351 0.073 0.292-0.391 0.191-0.443
TG13 0.482 0.480 0.125 0.372-0.616 0.313-0.672

*P-value based on one-way ANOVA. In post-hoc testing with Tukey’s HSD, significant

differences were observed between groups CG and TG7, CG and TG13, TG4 and TG13, and TG7

and TG13.

Table 4: Mean, median, standard deviation (SD), interquartile range (IQR) and minimum to
maximum (Min-Max) of overall values, in millimeters, between the different studied groups.

Groups Mean Median SD IQR Min-Max P value*
CG 0.212 0.200 0.065 0.154-0.254 0.143-0.326
TG4 0.258 0.252 0.059 0.217-0.283 0.173-0.388
<0.001
TG7 0.460 0.467 0.054 0.405-0.497 0.378-0.543
TG13 0.646 0.619 0.131 0.529-0.743  0.491-0.919

*P-value based on Welch’s F test. In post-hoc testing with the Games-Howell test, significant
differences were observed between groups CG and TG7, CG and TG13,TG4 andTG 7, TG4 and

TG13, and TG7 and TG13.

APPENDIX B: FIGURES

30



b)
Figure 1: (a) Printed mandible with attached four rectangular markers and (b) duplicated

mandible in stone.
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Figure 2: (a) Stone cast of control group (CG), (b) master cast of test four crowns group (TG4),
(c) master cast of test seven crowns group (TG7), (d) master cast of test thirteen crowns group
(TG13).

Figure 3: (a) Stone cast of control group (CG), (b) master cast with four zirconia crowns (TG4),
(c) master cast with seven zirconia crowns (TG7) and (d) master cast with thirteen zirconia
crowns (TG13).
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Figure 4: (a) STL file of the scanned TG13 model, (b) 3D construction of the CBCT (DICOM) file of
TG13, (c) superimposition of STL & DICOM files, (d) screen shot of the slice to measure
discrepancy in anterior-poster and horizontal planes using image-j software and (e) screen shot
of the slice to measure discrepancy in vertical plane using image-j software.
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Figure 5: Side-by-side boxplots of the four groups, showing discrepancy in the anterior-
posterior plane in millimeters.
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Figure 6: Side-by-side boxplots of the four groups, showing discrepancy in the vertical plane in
millimeters.
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Figure 7: Side-by-side boxplots of the four groups, showing discrepancy in the horizontal plane
in millimeters.
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Figure 8: Side-by-side boxplots of the four groups, showing discrepancy in all three planes in
millimeters.
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