EGYPTIAN VOL. 67, 3291:3304, OCTOBER, 2021

PRINT ISSN 0070-9484 ONLINE ISSN 2090-2360

FIXED PROSTHODONTICS AND DENTAL MATERIALS

eda-egypt.org 05/21.10 10.21608/edj.2021.76565.1638

RADIOGRAPHIC ASSESSMENT OF DIGITAL TRAY TECHNIQUE
VERSUS CONVENTIONAL TECHNIQUE ON THE ACCURACY OF
MANDIBULAR SCREW RETAINED IMPLANT OVERDENTURES

Aya Mohamed Fawzy Hafez * and Shady M. El-Naggar™

ABSTRACT

Purpose: This study purposed to be introduced to evaluate the effect of digital tray technique
used on the accuracy of mandibular screw-retained implant overdenture compared with complete
denture incorporated with barium sulphate as radiographic stent.

Materials and Methods: Forty-eight patients were examined for implant placement. Each
implant site was planned virtually using two different techniques: denture duplication technique
with barium sulphate incorporation and digital tray technique. Implantation placement had been
performed in both groups using the same three dimensional manufactured radiographic stent.
Post insertion CBCT was introduced with simulated scheduling images. Angular deviation, global
deviation, lateral deviation and depth of implant placement were collected for planned and placed
implants of both groups.

Results: Using independent t-test for significance assessment of global, lateral and angular
deviation between both groups, it was revealed that there was significant difference between both
groups and insignificant difference for implant depth.

Conclusion: Within limitations regarding radiographic accuracy depending on radiographic
technique; it showed less amount of deviation of digital tray group comparing to conventional

denture duplication technique with barium sulphate incorporation.
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INTRODUCTION prosthesis had become a widely used treatment

. . .
Dental implants had become a treatment modality modality for edentulous patients.

generally used for the restoration of missing teeth. Advancement in oral implantology can no longer
The introduction of dental implants had a significant  be limited to osseointegration and maintenance of

effect on the people and the implant supported alveolar bone. Osseointegration has shown success
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and high predictability in the literature repeatedly.?
Another principle is implant insertion that allow
introduction of a restoration with a pleasing
appearance. Proper placement is among the critical
factors in implant dentistry.’ Prosthetically Driven,
Computer-Guided Implant Planning is our main
goal nowadays, which advances the predictability of
the treatment, permits for a better risk management,
and delivers more individual information for the
patient.*

Placement of implants has been introduced and
assisted by means of simple periapical and panoramic
radiographs for years.” However, surgical models
have achieved higher role of interest as resources to
accomplish higher accurate fixture insertion in the
operatory field due to both the prosthetic strategy
and the internal anatomy needed to be considered ¢

Traditionally, 2-D
constructed on the dental cast as a traditional surgical
guide, were used to support adequate surgical
insertion. Lately, CBCT had achieved approval and
is frequently used in the virtual process. ’

sections and a model

Computer-assisted design/computer-aided man-
ufacturing (CAD/CAM) allows the production of
surgical guides that are virtually planned and de-
signed using data accrued from 3D imaging utilizing
computer software and digital workflow for plan-
ning and manufacturing. They have metallic sleeves
that permit accurate fixture insertion in different
axis. Scanning and digital imaging ways, which
allow imagining of insertion of dental implants in
different dimensions, have added attractiveness in
their uses given their ability to accomplish liable
and precise outcomes. ®

Usage of such a system frequently eliminates
difficulties including, sinus perforations mandibular
nerve damage, fenestrations or dehiscence. The
dentist can mimic proper fixture insertion and
treatment visualization that includes the precise
dimensions of the implant, the ideal depth, and
angulation made on the CBCT scans. In addition,
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this improved precision and accuracy reduces the
need for flap reflection.’

different
subtractive

CAD/CAM uses
manufacturing,

approaches for
manufacturing  is
usually accomplished by the Computer Numerical
Controlled (CNC) machining, creating objects by
progressive removal or deformation of material
(drilling, cutting, bending) from a large block
or sheet in the form of chips.'” While additive
manufacturing (3D printing) is a manufacturing
method in which objects are made by fusing or
depositing materials - for example metal, plastic,
ceramics, liquids, powders or even living cells - in
layers to produce a 3D object ''.

Modern dentistry has advanced from cone-beam
computed tomography (CBCT), intra-oral scanners,
computer-aided design (CAD) software, and
computer-aided manufacturing (CAM), which has
had a reflective influence on implant dentistry. In
specific, additive manufacturing (AM) technology,
known as 3D printing, has contributed to the effective
application of computer-guided implant surgery. '*!?
Traditional implant surgical guides with modified
radiographic templates necessitate complicated
laboratory procedures which can be imprecise,
resulting in difficulty in accurate positioning of the
implants in their planned position'. In contrast,
computer-assisted implant surgical guides can avoid
endangering vital anatomical structures, save time,
and assist implant placement by drawing the pre-

planned final prosthesis design '>16

Implant planning CAD software; to process the
information obtained from CBCT, together with
intra-oral scanners, and diagnostic casts are used
to design precise and accurate computer-assisted
implant surgical guides. '8 A systemic review
measured the accuracy of the implant surgical guides
designed using different implant planning CAD
software, the results presented that the mean apical
deviation between the virtual position and placed
position was 1.4 mm, and the angular deviation was



RADIOGRAPHIC ASSESSMENT OF DIGITAL TRAY TECHNIQUE VERSUS CONVENTIONAL

3.5." Though, these deviations may vary among
different studies

Another study showed that the positioning
accuracy of computer-guided implants can differ
depending on several experimental factors. The
accuracy of a cone beam computed tomogram
(CBCT) or intraoral scanning of the patient, and
the accuracy of 3D printing or milling, to have a
significant role on accurate implants positioning.”!
If the positioning accuracy of computer-guided
implants is inaccurate, it will result in unplanned
implant position, which may be the major cause of
its failure.

Accuracy can be measured by superimposing
the pre- and post-operative CBCT images for the
placed implant. Unfortunately many errors could
result as inaccuracy of CBCT due to resolution
and distortion, faulty superimposition of the
CBCT images. Furthermore, the existence of
metal artifacts in the oral cavity may decreases the
resolution of the CBCT images >>%* Recently a non-
radiographic method has been introduced by using
an intraoral scanner that allows superimposing the
placed implant position on the previously obtained
implant fixture scan data **. Which offers accurate
for assessment of the placed implant and saves post-
operative CBCT imaging.

The stereolithography apparatus (SLA) that
could create 3D models from digital data was
initially introduced by Charles Hull as an early 3D
printing device.” The 3D-printer market is further
developed resulting, in smaller 3D printers that
are being introduced into dental clinics for quicker
results and lower costs known by in-once or personal
3D printers **°. Computer-assisted implant surgical
guides can be easily produced with personal 3D
printers after being designed with implant planning
CAD software. *!

In spite of the accuracy of computer-assisted
implant guides produced by personal 3D printers
is a significant issue in their clinical practice, there
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is still a deficiency of research investigating their
accuracy. Consequently, this study assessed the
accuracy of computer-assisted implant surgical
guides, which were designed using implant planning
CAD software (Deltanine and R2gate software) and
manufactured through personal 3D printers utilizing
a non-radiographic technique. The null hypothesis
of this study is that there is no difference in the
accuracy of surgical guides fabricated by both types
of software. ¥

Sample Size Calculation

Sample size calculation of this randomized
controlled trial was calculated based on Ahmed et
al 2019%, 1f the true difference in the experimental
and control means is 1, we will need to study 48
subjects (24 in each group) to be able to reject the
null hypothesis that the population means of the
experimental and control groups are equal with
probability (power) 0.8. The Type I error probability
associated with this test of this null hypothesis is
0.05.

MATERIALS AND METHODS

This study was a randomized clinical trial
(RCT), using cone-beam computed tomography
(CBCT) imaging and flapless surgical technique to
place four mandibular implants under approval of
Medical Ethical Committee of Future University;
FUE-REC (8)/2-2021.

The
completely edentulous male patients from the

study was performed on forty-eight
outpatient Clinic of Faculty of Oral and Dental

Medicine, Future University, Department of
Removable Prosthodontics and randomly divided
according to radiographic technique into two

groups;

Group (I); fully
arches preoperatively scanned using duplicated

edentulous mandibular

conventional complete denture incorporated with
barium sulphate.
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Group (I1); fully edentulous mandibular arches
preoperatively scanned using digital tray (Ray Co.
Ltd., Korea).

Eachpatientreceived a screw-retained prosthesis;
however, this study was mainly concerned with the
mandibular arch. Each patient in this study was
evaluated regarding the implant insertion accuracy
of the edentulous area pre and post implant insertion.

The study was reviewed and approved by Ethics
Committee in Faculty of Oral and Dental Medicine,
Future University, Egypt.

The steps of conventional complete denture con-
struction started by making primary alginate im-
pressions, final impressions were done using border
molded acrylic resin special tray and condensation
silicone rubber base, jaw relation registration using
face bow record and wax wafer technique, mount-
ing and setting up of cross linked acrylic teeth on
a semi adjustable articulator, laboratory remounting
and finally denture delivery and post insertion ad-
justments were done.

After denture adjustment, the upper and
lower denture were taken from the patient for
duplication using laboratory duplication silicon
(putty consistency). The duplication was performed
using special plastic mold. Suitable amount of putty
material was used to fill the lower compartment of
the mold. While, still soft the denture was embedded
from its polished surface so that the borders of the
denture flush with the putty material. To have an
imprint of the polished surface of both upper and

lower dentures.

Then a separating medium was painted all over
the set putty surface to facilitate separation from the
next mix of putty in the other half of the mold. A
second mix of putty material was prepared to fill
the other half of the mold, which was closed under
pressure until complete closure. After the setting,
the plastic mold was opened and the denture was
removed from the container.
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Auto polymerizing acrylic resin powder was
then properly mixed with barium sulphate powder
(ratio 4:1. Total of 100 gm). Small holes were done
(approximately 1 mm in diameter) in the central
position of each tooth.

Then the stents were checked intraorally for
stability and fitness. Any pressure area was relieved
to allow complete seating. Now the radiographic
stents were ready to use.

The templates were placed intraorally and the
patient was asked to close, in centric position in
higher vertical dimension, on a mix of putty silicone
impression material. After setting, the occlusion
record was removed from the patient's mouth and
the excess material was removed from the holes to
allow for reproducibility.

Regarding digital trays, putty consistency im-
pression was supplied using such trays with corre-
sponding suitable size.

The patient was asked to wear the radiographic
templates and close on the putty record during
imaging. The patient was asked to stay still till
the machine rotates around him. Planning was
done using specialized software (On Demand 3D
App.), the obtained STL files were imported into
it. The proposed implant sites were the canine and
the second premolar (bilaterally). These proposed
sites were identified by the radiolucent channels,
previously prepared in the radiographic templates.
The proposed implant diameter was 3.75 mm and
the proposed length was 10 mm and 12 mm in the
posterior and anterior areas respectively.

The desired implant sites were identified through
the radiolucent channels previously prepared/
supplied in the radiographic stent at the prosthetic
teeth center. The implants angle, global deviation,
lateral deviation and depth at each of the four
potential sites were evaluated for planned and
placed implants.
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Fig. (1): Conventional radiographic stent using duplicated complete denture incorporated with barium sulphate

Fig. (2): Digital Tray

Fig. (3): Accuracy Parameters Determination of Planned and placed implants using CBCT
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Implant Deviation Analysis

Planned

Fig. (4): Accuracy measurement using (On-demand 3D)
software

The
postoperative (achieved implant position) scans were

preoperative  (implant planning) and
then overlapped using a dedicated algorithm, which
allowed the comparison of the virtually planned
and the actual implant positions. Four parameters
between each planned and placed implant were
measured. All measurements were performed using
dedicated software (OnDemand3D, Cybermed

Inc., Seoul, Korea).

For analyzing the accuracy, the planned position
of the implant was compared with the actual
position of the implant after insertion. Several
measuring points were used for the comparison of
these positions:*

1- The global deviation is the spatial distance be-
tween the centers of the implant platform/apex
of virtual (planned) and final placed implants.

2- The lateral deviation is the directional compo-
nent of the global deviation at the level of the
virtual implant platform/apex.

3- The depth deviation is the distance of virtual and
final placed implants on the axis of the virtual
implant.

4- The angular deviation is the spatial angle
between the virtual and final implant placements.
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Though several methods were used to describe
the distance between the given points, the most
common method was to measure the actual distance
between the planned and actual point in the X, y, and
z-axis, where x = bucco-lingual, y = mesio-distal,
and z = apico-coronal deviation. The 3D deviation
was calculated by the software using Pythagorean
Theorem (21).

Statistical analysis performed with SPSS 20®,
Graph Pad Prism® and Microsoft Excel 2016. Data
presented as means and standard deviation (SD)
values in (Degrees ©) and (mm).

RESULTS

For global deviation of the four planned and
placed implants (Group I, duplicated conventional
complete denture
sulphate), mean =+ standard deviation was
revealed in MD section as (1.8+0.56), (0.11+0.03),
(2.47+£0.76) and (2.02+0.62) with over all MD
global deviation (1.60+0.48), as listed in table (1)
and showed in figure (6). While in BL section, it was
revealed as (1.2+0.37), (1.15+0.36), (1.19+0.37)
and (1.17+0.36) with over all BL global deviation
(1.18+0.36), as listed in table (1) and showed in
figure (6).

incorporated with barium

For the four planned and placed implants
(Group 11, digital tray), mean + standard deviation
was revealed in MD section as (1.12+0.35),
(0.0379+£0.01), (1.3x0.4) and (2+0.62) with over
all MD global deviation (1.11+0.34), as listed in
table (1) and showed in figure (6). While in BL
section, it was revealed as (1.09+0.35), (1.05+£0.34),
(1.13+0.36) and (1.13+0.36) with over all BL global
deviation (1.10+£0.33), as listed in table (1) and
showed in figure (6).

Using independent t test for significance

assessment of global deviation between both groups,
it was revealed that there was significant difference
between both groups regarding implant (1), (2),
in MD section as

(3) and overall implants
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P-value < 0.05, as listed in table (1). On the other
hand, there was insignificant difference between
both groups in BL section for all implants as P-value
> 0.05, as listed in table (1)

For lateral deviation of the four planned and
placed implants (Group I, duplicated conventional
complete denture
sulphate), mean + standard deviation was revealed
in MD section as (0.657+0.18), (0.687+0.21),
(0.645+0.18) and (0.693+0.21) with over all MD
lateral deviation (0.67+0.2), as listed in table (2)
and showed in figure (7). While in BL section,
it was revealed as (0.843+0.26), (0.818+0.25),
(0.758+0.23) and (0.837+0.26) with over all BL
lateral deviation (0.81+0.24), as listed in table (2)
and showed in figure (7).

incorporated with barium

For the four planned and placed implants (Group
11, digital tray), mean + standard deviation was re-
vealed in MD section as (0.61520.19),(0.686+0.19),
(0.581+0.18) and (0.679+0.19) with over all MD lat-
eral deviation (0.64+0.19), as listed in table (2) and
showed in figure (7). While in BL section, it was re-
vealed as (0.532+0.15), (0.582+0.16), (0.521+0.14)
and (0.491+0.14) with over all BL lateral deviation
(0.5320.16), as listed in table (2) and showed in
figure (7).

Using
assessment of lateral deviation between both groups,
it was revealed that there was significant difference
between both groups regarding implant (1), (2), (3),
(4) and overall implants in BL section as P-value <
0.05, as listed in table (2). On the other hand, there
was insignificant difference between both groups in

independent t test for significance

MD section for all implants as P-value > 0.05, as
listed in table (2).

For depth of the four planned and placed implants
(Group 1, duplicated conventional complete
denture incorporated with barium sulphate), mean
+ standard deviation was revealed in MD section
as (0.841+£0.21), (0.921+0.28), (0.808+0.20) and
(0.92+0.28) with over all MD depth (0.83+0.25), as
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listed in table (3) and showed in figure (8). While
in BL section, it was revealed as (1.01+0.31),
(0.79320.23), (0.843+0.26) and (0.917+0.28) with
over all BL depth (0.87+0.26), as listed in table (3)
and showed in figure (8).

For the four planned and placed implants
(Group 11, digital tray), mean + standard deviation
was revealed in MD section as (0.821+0.25),
(0.808+0.20), (0.797+0.25) and (0.836x0.21) with
over all MD depth (0.73+0.22), as listed in table
(3) and showed in figure (8). While in BL section,
it was revealed as (0.865%0.25), (0.732+0.23),
(0.712+0.21) and (0.832+0.24) with over all BL
depth (0.82+0.25), as listed in table (3) and showed
in figure (8).

Using
assessment of the depth between both groups, it
was revealed that there was insignificant difference
between both groups regarding all implants as
P-value > 0.05, as listed in table (3). In addition,
there was insignificant difference between both

independent t test for significance

groups in MD section for all implants as P-value >
0.05, as listed in table (3).

For angular deviation of the four planned
(Group 1, duplicated
conventional complete denture incorporated with

and placed implants
barium sulphate), mean * standard deviation was
revealed in MD section as (4.52+1.4), (8.17+2.52),
(6.37«£1.97) and (5.01x1.55) with over all MD
angular deviation (6.02+1.82), as listed in table (4)
and showed in figure (9). While in BL section, it was
revealed as (4.86x1.46), (7.36x2.21), (7.98+2.4)
and (4.59+1.38) with over all BL angular deviation
(6.20+£1.87), as listed in table (4) and showed in
figure (9).

For the four planned and placed implants (Group
I, digital tray), mean + standard deviation was
revealed in MD section as (2.13+0.55), (4.78+1.24),
(3.46+09) and (4.21x1.09) with over all MD
angular deviation (3.65%1.1), as listed in table (4)
and showed in figure (9). While in BL section, it was
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revealed as (2.34+0.72), (4.09+1.26), (4.57+1.41) it was revealed that there was significant difference
and (3.4+1.05) with over all BL angular deviation —between both groups regarding implant (1), (2), (3),

(3.60+1.09), as listed in table (4) and showed in (4) and overall implants in BL section as P-value
figure (9) < 0.05, as listed in table (2). In addition, there was

significant difference between both groups in MD
Using independent t test for significance section for all implants as P-value < 0.05, as listed

assessment of lateral deviation between both groups,  in table (4).

TABLE (1): Global deviation evaluation between both groups regarding all implants and overall implants:

Global Deviation (M+SD)

Implant (1) Implant (2) Implant (3) Implant (4) Overall

MD BL MD BL MD BL MD BL MD BL

Group(I) 1.8+0.56  1.2+0.37 0.11x0.03 1.15£036  247+0.76 1.19+0.37 2.02+0.62 1.17£036 1.60+048 1.18+0.36

Group (II) 1.12+0.35 1.09+0.35 0.0379+0.01 1.05£0.34  13+x04  1.13x036  2+0.62 1.13+036  1.11+0.34  1.10+0.33

P-value  0.0001%*  0.2955* 0.0001%* 0.3277%  0.0001%*  0.5719* 0.9115% 0.7012*  0.0002*%*  0.0775*

M; Mean, SD; Standard Deviation, P; Probability Level MD; Mesiodistal, BL; Buccolingual

*insignificant difference

TABLE (2): Lateral deviation evaluation between both groups regarding all implants and overall implants:

Lateral Deviation (M+SD)

Implant (1) Implant (2) Implant (3) Implant (4) Overall

MD BL MD BL MD BL MD BL MD BL

Group (I) 0.657+0.18 0.843+0.26 0.687+0.21 0.818+0.25 0.645+0.18 0.758+0.23 0.693+0.21 0.837+0.26 0.67+0.2 0.81+0.24

Group (Il) 0.615+0.19 0.532+0.15 0.686+0.19 0.582+0.16 0.581+0.18 0.521+0.14 0.679+0.19 0.491+0.14 0.64+0.19 0.53+0.16

P-value  0.4358* 0.0001** 0.9863* 0.0003** 0.2243* 0.0001%* 0.8097* 0.0001** 0.5968*  0.0001**

M; Mean, SD; Standard Deviation, P; Probability Level MD; Mesiodistal, BL; Buccolingual

*insignificant difference **significant difference

TABLE (3): Depth evaluation between both groups regarding all implants and overall implants:

Depth (M+SD)
Implant (1) Implant (2) Implant (3) Implant (4) Overall
MD BL MD BL MD BL MD BL MD BL

Group (I) 0.841+0.21 1.01+0.31 0.921+028 0.793+0.23 0.808+0.20 0.843+0.26 0.92+0.28 0917+0.28 0.83x0.25 0.87+0.26

Group (II) 0.821+0.25 0.865+0.25 0.808+0.20 0.732+0.23 0.797+0.25 0.712+0.21 0.836+0.21 0.832+0.24 0.73+0.22 0.82+0.25

P-value 0.7655% 0.0811°* 0.1145% 0.3630% 0.8671* 0.0610* 0.2457* 0.2647* 0.1481%* 0.5005*

M; Mean, SD; Standard Deviation, P; Probability Level MD; Mesiodistal, BL; Buccolingual

*insignificant difference
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TABLE (4): Angular deviation evaluation between both groups regarding all implants and overall implants:

Angular Deviation (M+SD)

Implant (1) Implant (2) Implant (3) Implant (4) Overall
MD BL MD BL MD BL MD BL MD BL
Group (I) 4.52+14 486+1.46 8.17+252 736+221 637197 798+24 501x1.55 4.59+1.38 6.02+1.82 6.20+1.87
Group (II) 2.13+0.55 2.34+0.72 4.78+1.24 4.09+126 346+09 457141 421+1.09 3.4+1.05 3.65+1.1 3.60+1.09
P-value 0.0001%*  0.0001**  0.0001**  0.0001**  0.0001**  0.0001**  0.0443**  0.0016**  0.0001** 0.0001%*
M; Mean, SD; Standard Deviation, P; Probability Level MD; Mesiodistal, BL; Buccolingual
*#*significant difference
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DISCUSSION

In guided implant surgery, matching the planned
site of the implant in the software with the definite site
of the implant in the patient’s mouth is demarcated
as accuracy. It replicates the accumulation of all
deviations from imaging over the transformation
of data into a guide, to the improper positioning of
the latter throughout the surgical procedure. There
are different types of errors including error through
image acquisition and data processing, error during
surgical template production, error during template
positioning and micromovement of the template
during the drilling procedure, and mechanical error
caused by tolerance of surgical instruments..”*?

All errors are cumulative, although seldom
occurring. The deviation errors accumulated from
every step of the procedure. As it is difficult to
detect deviations that possibly occur in each step
accordingly all the involved clinical factors must
be considered. Issues as computer tomography
(CT) scan method, type of guide, guide position,
and cone beam computer tomography (CBCT)
acquisition errors which includes patient movement
and imaging artifacts so on were also reported in the
literature .03

A recent meta-analysis recommended leaving
as a minimum safe distance; the highest value of
confidence interval (CI) of the clinical studies;
yet, it must be taken in consideration that some
authors have obtained higher values. Consequently,
regarding to global coronal deviations, it would be
judicious to leave a safe distance at least 1.3 mm
inorder to avoid any hazardous complications.
Which is a very close value to the safety distance of
1.2 mm suggested by the European Association of
Osseointegration (EAQO) consensus of 2012.'3*For
global apical deviation, to leave a safety distance
at least 1.7mm is reasonable. Concerning angular
deviation, it would be advisable to leave at least 4.7
degrees. Finally regarding implant depth, it would
be prudent to leave at least Imm of margin; however
the EAO consensus of 2012 recommends 0.5mm. %’
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In this study there was significant difference in
the global deviation between group I and group
II. Many authors reported that significant global
deviations related to implant length can only be found
in the mesio-distal direction. Furthermore others
stated that global deviations can be exaggerated
by the difficulty of drilling, particularly in lengthy
implants, by locating long drills in restricted mouth
opening.***This explains the deviations regarding
group I (duplicated conventional complete denture
incorporated with barium sulphate) in implants no.
(1), (2), (3) and (4) mesiodistally and confirmed
with the overall MD global deviation (1.60+0.48).
On the other side group II (digital tray) showed
lower deviations in all implants and confirmed with
the overall MD global deviations (1.11+0.34).From
these results the significant difference in the global
deviation between groups can be attributed to the
accuracy of the constructed radiographic guide and
its efficiency of data acquisition in each group.

Regarding lateral deviations in our study there
was significant difference between both groups
regarding implant (1), (2), (3), (4) buccolingually
and confirmed by overall BL lateral deviations. Upon
the insertion of the distal implants through the same
surgical guide, a significant greater bucco-lingual
deviation at the implant platform was recognized
comparable to the first distal implant. Furthermore,
nearly all the bucco-lingual deviations of the second
distal implant were in the direction of the lingual
(left) side when operated by the right-handed
surgeons, signifying a left-sided bending of the
surgical guide throughout the surgical procedure.*

Many studies stated that higher lateral deviations
at the apical position comparable with the coronal
position, is attributable to the effect of the angu-
lar deviation. Therefore, angular deviation conse-
quences for lateral deviation. This lateral devia-
tion increases with the increasing distance from the
guiding tube. Accordingly, the apical point of the
implant is predictable to have a greater lateral de-
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viation than the coronal point. Two of the maximum
decisive issues that have an important impact on the
construction of planning models are the quality and
further processing of imaging data, since they are
the primary and fundamental steps for the follow-
ing process chain. As deviations between virtual
and placed implants are clearly expected even in
circumstances of proper application and knowledge
of state of-the-art technologies for computer-guided
implant surgery, the clinician should be conscious
not to overestimate advocated surgical safety by us-
ing static navigation tools.*

But the results of our study verified that digital
trays provide accurate digital impression together
with accurate data acquisition, precise and true
3D digital scan and automated registration. It is a
unique tray that is especially designed for accurate
digitalization for patient intraoral information.

Regarding angular deviations there was signifi-
cant difference between both groups regarding im-
plant no. (1), (2), (3), (4) and overall implants in
BL and MD section. These results regarding group
I correspond to the outcomes reported by a recent
study concluding that the mean angular deviation
was less than 5° (4.1°) in 236 placed implants. Which
neglects the need for angled abutments in most cas-
es when placing implants with 3D-based insertion
guides. This is a great benefit for the mechanical
load-bearing capacity of the implants and mostly
for long lasting maintenance of the peri-implant
bone®.Another review emphasized that the opera-
tors should be conscious of the angular and linear
deviations up to 5 ° and 2.3 mm. Hence, it is sig-
nificant to highlight that novice dentists should gain
comprehensive training and supervision prior they
place implants with CAD/CAM surgical guides to
avoid serious complications. Finally, the operators
need to create a safety zone between implants and
critical anatomic structures such as inferior alveolar
nerve throughout selecting the accurate location as
well as the proper length of the implants.”’#?On the
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other hand, group Il revealed an overall MD angular
deviation (3.65+1.1) and overall BL angular devia-
tion (3.60+1.09) which is even less than that rec-
ommended by the EAO consensus of 2012. Which
stated that in case of angular deviation, it would be
judicious to leave at least 4.7 degrees *’

Congruence between the planned positions of
the implant in the software with the actual position
of the implant in the patient’s mouth is an important
issue. The results of this assessment indicate that
group II (digital tray) proved a high degree of
congruence between preoperative planning data
and intraoperative results. The planned and actual
values were consistent in all cases concerning
implant positioning.

The main significant difference among our
digital tray technique and the other clinical studies
previously published is that we did not expose
the patients to any additional radiation in pre-
operative CT or CBCT imaging for the purpose of
our study. Thus, saves another scan for the patient.
Only imaging of the impression in a digital tray
preoperatively for accurate virtual planning for
the proposed implants sites. Thus, digitalizing the
impression for accurate data acquisition, 3D CT
scan as well as superimposition of these 3D data for
a successful prosthetically driven Implant planning
and denture prosthesis.

In general, the results of our study demonstrate
that it is possible to transfer a virtual implant
position based on computer planning to the surgical
site precisely. However, deviations were observed
and require detailed analysis.

CONCLUSION

Within the limitations of this in-vitro study, the
following conclusions can be listed:

1. Digital trays gave better results over conven-
tional old denture duplication with barium sul-
phate incorporation.
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2. The accuracy of implant placement in both
groups was within the safety margin of previous
studies.

3. The total accuracy represents the sum of all
cumulative errors throughout the computer-
aided implant placement cascade and errors can
arise at different stages, the clinician should
check for perfect adaptation of surgical guide
before beginning of treatment, as well as during
surgery.
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