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ABSTRACT

Purpose: Evaluation of the accuracy of implants position using two different types of
computer-aided design/computer-aided manufacturing (CAD/CAM) surgical guides, including
bone supported and mucosa supported guided templates.

Materials and methods: Twelve completely edentulous patients were selected for this study
and divided into two groups six each. all patients received a radiopaque radiographic template. A
cone beam computed tomography was taken to simulate the position of the two implants, virtual
implants were drawn in its place, fabrication of surgical guide template using rapid prototyping
technique to match the position of virtual implant according to patient’ group. Group I bone
supported surgical guide(BSG) and group II mucosa supported surgical guide (MSG). The implants
were installed for each patient using surgical guide templates according to the group. The positions
and angulations of the placed implants in comparison to those of the planned ones were determined
using special software that matched pre- and postoperative computed tomography (CT) images,
and deviations were calculated and compared between the two guide templates using a software
program to detect any difference in linear and angular deviation. Data were collected; tabulated and
analyzed using student T test.

Results : There was no significant difference of both linear and angular measurements between
virtual and the surgically placed implants for both groups. Also there was insignificant difference
in accuracy between group I (bone supported) and group II (mucosa supported).

Conclusions: Using template-guided surgery enables the clinician to optimize implant position,
angle, diameter and length by dictating the drilling position and angulation. Cone beam CT has
accurate measurements in distances between two implants as clinical measurements. The bone
supported surgical guide as well as the mucosa supported surgical guide has the same accuracy in
implant positioning.

KEYWORDS: Dental implant, cone beam computed tomography, computer-aided design/
computer-aided manufacture, bone-supported surgical guide, mucosa-supported surgical guide.
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INTRODUCTION
Implant assisted prosthesis assures good

aesthetics, function and more importantly hygiene
maintenance enabling long time success. Accuracy
in treatment planning and implementation of planned
treatmentis vital for this success.Misaligned implants
often complicate the clinical laboratory procedures
employed for fabrication of superstructures. Due
to improper load distribution, an overall increase
in stress concentration on supporting structures
may occur. This may compromise the maintenance
of the bone implant interface.'! Conventional
dental radiographs (panoramic and periapical)
and conventionally fabricated surgical guides are
usually used for implant placement!>

According to the g Glossary of prosthodontics
terms, the surgical template guide is used to assist
in proper surgical placement and angulation
of dental
appropriate osteotomy path for the clinician and
significantly helps the surgical procedure . The
conventionally fabricated surgical guides did not
provide information about the varying thicknesses

implants and predetermining the

of the mucosa, topography of the underlying bone,
or anatomical structures, furthermore, they do not
remain stable during surgery ',

There are three types of surgical guide depending
on the method of support as tooth supported,
bone supported and mucosa supported ”!. Tooth-
supported guides are used in partially edentulous
cases and designed to rest on other teeth in the
arch. Mucosa-supported guides are used primarily
in fully edentulous cases and are designed to rest
on the mucosa, while bone-supported guides can be
used in partially or fully edentulous cases, but are
used primarily in fully edentulous cases in which
significant ridge atrophy is present and good seating
of a mucosa supported guide is questionable.
These guides require elevation of an extensive full-
thickness flap to expose the bone in the planned
implant sites and in the adjacent areas for full, stable
seating of the guide over the bony ridge ®!.
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Now days, computed tomography (CT) has
been introduced for pre-surgical implant planning,
the assessment of the accurate position and
precise dimensions of the implant, ideal depth,
and angulations, moreover, prosthetically directed
implant placement using computer software can
ensure predictable prosthetic outcomes. Computer-
aided design/computer-aided manufacturing (CAD/
CAM) stereolithographic (SLA) surgical guides
offer a significant advantage to the surgeon by
improving precision and minimizing complications
such as mandibular nerve damage, sinus perforation,
fenestrations, and dehiscencel®'%.

With the advancement of rapid prototype medical
modeling manufactured from CBCT, the information
from CBCT images could be transferred directly to
the patient via a prefabricated surgical stent!!!!. The
use of software systems with CBCT imaging has
become one of the primary tools used for dental pre-
surgical implant treatment planning. Not only can
one select for a particular implant size and length,
but also alveolar ridge height and width as well as
the proximity of adjacent anatomic structures can
be determined. Areas of inadequate ridge height
or width can be identified and then considered for
ridge augmentation procedures %,

Different accuracy measurement techniques
and terms have been introduced in the literature
in the comparison of planned implant positions to
actual inserted implants. Some use baseline criteria
such as entry or apical point while others use 3D
coordinates (eg, x-, y-, and z-axes), making it more
challenging to conduct a unified comparison.''.
Research has been made to measure which method
of guide support is the most precise and findings
conclude that mucosa and teeth supported guides
offer the best support. However, more research will
be needed in order to better assess the precision

There is a need to evaluate clinically the
applications of the bone supported surgical guide
and its effect on the treatment outcome in oral
implantology compared to the mucosa supported
surgical guide.
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The null hypothesis that there is no difference
in accuracy between bone supported and mucosa

supported surgical guide in precise implant
installation.
MATERIALS AND METHODS

This randomized controlled study was

conducted on twelve completely edentulous patients
selected from outpatient clinic of prosthodontics
department, Faculty of dentistry, Tanta University.
The patients were selected with following criteria,
age of the patients was ranging from 45-65 years
old, good general health, sufficient bone volume
in the interforaminal region of the mandible,
class I relation according to angle’s classification,
absence of mucosal lesion, sufficient inter-arch
spaces. Complete maxillary and mandibular denture
were fabricated for every patient according to
standardized conventional technique.

The mandibular denture was duplicated by the
basic protocol for duplicating a denture to create a
radiographic guide. 8-10 holes placed at occlusal
surfaces and cingulum areas using a slow-speed
hand piece and 1 mm round bur, holes was drilled
into the guide approximately 1 mm deep. Gutta-
percha was warmed and packed into the holes
until full, and excess gutta-percha material was
scraped away (Figl.A) .The radiographic template

was scanned by cone beam computed tomography
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(C.B.C.T.)at 10mA. 85 KV. All patients participated
in this study were divided randomly into two groups
according to type of surgical guide used for implant
placement.

The patients were asked to wear the radiographic
template in the mandible and the upper denture and
radiographed by cone beam computed tomography
(CBCT) : (dual scan technique) "%, Standardization
during imaging was achieved through adjusting
the patient positioning laser beams as follows: The
seat height was adjusted to position the region of
interest (ROI) vertically within the field of view
(FOV). The upper laser beam indicated the top of
the FOV and the lower laser beam indicated the
bottom of the FOV. The sagittal laser beam (vertical
front beam) was positioned in the center of the FOV
from sagittal direction so that it is in the center of
the ROI. The lateral laser beam (vertical side beam)
was positioned in the center of the FOV in the
lateral direction so that it is in the center of the ROI.
The patient was instructed not to move during the
duration of exposure. Exposure was performed at
15 mA, 85 KV and at a field of view 7.5 cm x 14.5
cm x 14.5 cm for radiographing the mandible Image
acquisition of the data was automatically performed
by the computer then transferred via Ethernet
connection to the workstation for reconstruction
by special software “(‘Ondemand3d version 1.0.9,
Cybermed, Korea). (Fig.2)

Fig. (1) (A) Radiographic template with guttapercha markers (B) The stereolithographic surgical guide after final printing.
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Fig. (2) Patient was radiographed by CBCT

Image reconstruction was performed including
axial, sagittal, coronal and 3D views. On the axial
cut, the coronal orientation line was adjusted to be
perpendicular on the long axis of the ridge in bucco-
lingual direction, (called corrected coronal cut or
cross-sectional cut). The sagittal orientation line
was adjusted on the axial view to pass through the
long axis of the mesio-distal dimension of the ridge
(called corrected sagittal cut)Linear measurements
were recorded on the cross-sectional view including
bone height and bucco-lingual bone width (Fig. 3).

Virtual implant simulation with a suitable sized
implant was selected such that the implant is 2mm
away from the inferior alveolar canal, surrounded

by at least Imm of bone bucco-lingually. The chosen

# Cross Surface
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virtual implant was placed with an appropriate
angulation in all 3 dimensions, followed by fine
adjustment in the virtual implant position. The
virtual implant within the bone images and the
radiographic template image were fused together
and saved as a new DICOM file.

The radiographic treatment plan was modified
by selecting the proper sleeves (In 2Guide universal
kit, Cybermed, Korea.Dntium) in the position and
direction of virtual implant place and adding the po-
sition of the anchor pins according to the availabil-
ity of bone in each case. The fused image of radio-
graphic templates after modification was separated
from the past DICOM file and saved on the software
as STL (solid to layer) file!'*.

The STL file was imported to the 3d printer
and printed by photo sensitive polymerized ma-
terial (Envision Tec’s Clear Guide Perfactory
Material Envesiontec Co.,Briisseler Strabe, Glad-
beck, Germany.). After preparation of surgical guide
it was polished and cleaned with isopropanol to re-
move uncured polymer. The cleaned polymers were
cured with Otoflash(Otoflash Post Curing System,
Envesiontec Co., Briisseler Strabe, Gladbeck, Ger-
many) curing system to complete curing of surgi-
cal guide then the metal sleeves of implant drill and
fixation pins were fixed in its places by the friction
fit according to planning.(Figl.B)

Panorama

Fig. (3) Virtual implants placement
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For every patient, two implants with the same
length, diameter and type of the virtual preplanned
implant was selected according to the previous
radiographic examination. Surgical guide and the
implant surgical kit (Dentium Implant System
Korea) were prepared and sterilized.

The patients divided into two groups.

Group I: Bony supported surgical guide:

A crestal incision was made and a full tickness
mucoperiosteal flap was then reflected in the
interforaminal region from premolar area on one
side to another side using a mucoperiosteal elevator,
then The 3 D printed surgical guide was inserted in
the patient mouth on the bone and fixed in its place
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by the planned anchor pins followed by insertion of
the pilot drill then the intermediate and final drill at
a low speed with high torque together with saline as
a coolant through the surgical guide. Drilling of the
osteotomy site was performed with surgical drills in
a sequential manner following the manufacturer’s
directions. Insertion of the final drill was then
performed by the depth control surgical kit and the
implant site was ready for implant insertion.

Implant of the appropriate length and width
(according to pre-surgical planning) was installed
in the osteotomy site with a torque wrench and the
cover screw was placed. The flap was repositioned
properly and sutured using 000 black silk in an
interrupted manner. (Fig.4A, B, C, D)

Fig. (4) (A) The bone-supported guides required an open flap reflection. (B) Bone supported surgical guide securely placed onto

the bone in a close fit without any movement or rocking. (C, D) The template allows for precise osteotomy preparation and

insertion of two implant in the interforaminal region of the mandible.
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Group II: Mucosal supported surgical guide:

By the flapless implant insertion technique, the
3D printed surgical guide was inserted in the patient
mouth over the mucosa, fixed in its place by the
planned anchor pins followed by insertion of the pilot
drill then the intermediate and final drill through the
surgical guide by the depth control surgical kit and
with good saline irrigation to overcome over heating
during drilling inside the surgical guide. (Fig.5A,B)

The patients were not allowed to wear their
complete denture for 2 weeks after surgery. The
denture was then relieved in the implant area and a
soft liner* ( Acrostone Relining Materials, Egypt )
was applied during denture wearing through-out the
healing period.

Methods of evaluation

Measuring the accuracy of the surgical guide

On the postoperative image after implant inser-
tion, the virtual implant plane was imported and su-
perimposed over the image of the real implant then
the file saved. The difference between the real im-
plant and virtual implant was analyzed by computer
softwareto record linear and angular deviations’.

1- Recorded linear deviation

The linear deviation was recorded for each im-
plant. The central axis of the placed implant and the
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virtual implant was determined. And the linear dis-
tance between both was measured. The central axis
at the coronal and apex of the implants was mea-
sured in mm. and the linear values were recorded
and compared in two groups included:

A- Coronal linear deviation:

The coronal linear deviations for both groups
were measured at three axes. X axis (bucco- lin-
gual), Y axis (mesio- distal) and Z axis (vertical).

B- Apical linear deviations:

The apical linear deviations in two groups were
measured at X axis (bucco- lingual), Y axis (mesio-
distal) and Z axis (vertical).

2- Angular deviation

The central axis of the placed implant and the
virtual implant was determined and the angular
deviation between the central axes of the implants
was measured in degree. The angular values were
recorded and compared in two groups.

Statistical analysis

Data was evaluated using SPSS software
(Statistical Package for Social Science, 1IBM
Corporation, NY, USA). Data were collected,
tabulated and analyzed using Student t- test. The

threshold for significance was set at P <.05.

Fig. (5) (A, B) Mucosa-supported surgical guide allows the guided implant site preparation and insertion without flap elevation.
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RESULTS
1- Recorded linear values

A- Coronal linear deviation:

The coronal linear deviations for the two groups
were divided into three axes. X axis (bucco- lin-

gual), Y axis (mesio- distal) and Z axis (vertical).
Coronal X- axis

Mean and standard deviation values for group
I (bony supported) were (0.89 + 0.6412). and for
group II (mucosa supported) were (0.819 + 0.5556)
There was no statistical significant difference

between group I and group II (P> 0.05).
Coronal Y- axis

Mean and standard deviation values for group
I (bony supported) were(1.053 + 0.4765) and for
group II (mucosa supported) were (1.139 + 0.5077)
There were no statistical significant differences re-

corded at the coronal Y- axis between the groups.
Coronal Z - axis

Mean and standard deviation values for group
I(bony supported) were (1.057 + 1.1082) and for
group II (mucosa supported) were (1.114 + 0.974).
There was no significant difference between group I
and group II (P > 0.05).

B- Apical linear deviations:

The apical linear deviations in both groups were

(3419)

divided into X —axis (bucco- lingual), Y- axis (me-

sio- distal) and Z- axis (vertical).
Apical X- axis

The mean and standard deviation values for
group I (bony supported) were (1.102 + 0.8798)
and for group II (mucosally supported) were (1.311
+ 0.8327). There was no significant difference be-

tween group I and group II (P> 0.05).
Apical Y- axis

The mean and standard deviation values for
group I (bony supported) were (1.251 + 0.7851).
and for group II (mucosally supported) were (1.158
+ 0.5988).There was no significant difference be-

tween group I and group II (P> 0.05).
Apical Z - axis

The mean and standard deviation values for
group I (bony supported) were (1.024 + 1.1337)
and for group II (mucosally supported) were (1.018
+ 0.5471).There was no significant difference be-

tween group I and group II (P > 0.05).

2- Angular deviation

The mean and standard deviation values for
group I (bony supported) were (5.511 + 1.966). and
for group II (mucosally supported) were (5.518+
1.0901). There was no significant difference be-

tween group I and group II (P> 0.05). Fig 6, Table 1
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- Cross Surface

Fig. (6) Three-dimensional evaluationof differences between real and virtual implants

TABLE (1) Differences by mm between mucosally and Bony supported surgical guides

Bony supported mucosally supported
Mean + SD Mean + SD i

X 0.89 £0.6412 0.819 £0.5556 0.093298

Coronally y 1.053 +0.4765 1.139 +0.5077 0.105198
z 1.057 + 1.1082 1.114 £0.974 0.331035

X 1.102 + 0.8798 1.311 +£0.8327 0.434353

Apically y 1.251 £0.7851 1.158 +0.5988 0.494209
z 1.024 +1.1337 1.018 +0.5471 0.215754

Degree of variation 5.511 +1.966 5.518+ 1.0901 0.065815

(p>0.05)
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DISCUSSION

Anatomical limitation and better prosthetics
requests more precision in surgical positioning of
dental implants. During oral implant placement,
the drill (position, depth and angulation) must be
guided according to the final form of the prosthetics.
Ideal placement facilitates the establishment of
favorable forces on the implants and the prosthetic
component "7l A possible explanation for the
poor outcome of implants placed by inexperienced
surgeons is that with less experience the frequency
of problems such as excessive heat during drilling,
non-stabilization of the implant, lack of adequate

planning may increase!'81,

CBCT images offered a significantly clearer
perception of both the spatial resolution and
delineation of the inferior alveolar nerve canal
when compared to conventional 2D panoramic
images. CBCT images were found to be superior
to panoramic images #?I. A computer system with
excellent support would be beneficial for both the
patient and the operator. The use of medical imaging
and software planning has led to considerable
improvement in treatment planning %,

In the current study, the surgical guide was
fabricated by rapid prototyping from CBCT data.
Rapid prototyping technologies can construct
physical models from computer aided design
via 3-dimensional (3D) printers. It is possible to
fabricate surgical guides that can place the implants
in the same places and same directions as those in
the planned computer ?*»1, CAD/CAM surgical
guided templates can also facilitate optimal implant
placement and can simplify the surgical procedure.
The use of surgical guided template can minimize
the micro-movements which might occur during
implant placement.

A surgical guide was used in this study to allow
transferring the optimal virtual implant planning on
the computer to the exact same actual position in
the patient’s mouth. This was performed in all three
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dimensions; bucco-lingual, mesio-distal and apico-
coronal directions to enable optimization of implant
position, angle, diameter and length 2627

The evaluation method carried out in this study
was measurement of deviation in the post-operative
implant position from the preoperative virtual
implant planning concerning the coronal and apical
linear deviation and the inter-implant angle. This
was done by superimposition of the CBCT images
of pre-operative virtual planning with the post-
operative actual implant placed in the patient’s
mouth?2%!, CBCT has been shown to be accurate to
within 0.1 to 0.2 mm for measures over long distances
between anatomic landmarkst3*! however, others
found that CBCT overestimated measurements by
0.2 mm. This overestimation increased to 2.2 mm
for all intra-bony measurements **!. The virtual
implant position planned on the pre-operative
CBCT was considered as the gold standard i.e.
the best desired implant position after surgery was
zero mm deviation & zero degrees angle. Linear
deviation more than 2mm was considered clinically
significant, where an angle more than 15 degrees
was considered significant (which is the angle above
an angled abutment would be required **!.

The this that
stereolithographic surgical guides may be reliable in

results of study showed
implant placement and that there was no statistically
significant difference between the bone supported
and the mucosa supported surgical guide when
comparing angular deviation. These results were
in agree with Lee et al** who concluded that, the
template supporting type did not largely affect the
accuracy as the template-guided implant surgery
can be performed stably regardless of supporting
type and arch but, the control of errors at the coronal
level is needed to decrease the error at the apical
center for the protection of anatomical structures in

the surgical procedure.

The deviations or the inaccuracy in implant
positioning could be generated from the cumulative
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errors throughout the “computer-aided implant, as
imaging,software planning and guide manufacturing
as simulation software production, precision of the
stereo-lithographic machine, production and quality
control, rigidity and physical properties of the
material used, placement method and precision of
the guide cylinders, metal tubes, and verification of
the guide®. As reported with Valente et al *, proper
guide positioning in the mouth, rotational allowance
of drills in tubes, shape and sharpness of the drills
and mouth opening, all of these factors can reduce
deviations.

When comparing bone supported (BSG) versus
mucosa supported surgical guide(MSG), it has
been demonstrated that a prolonged oral surgical
intervention of BSG may increase post-operative
discomfort and morbidity®®. According to the
claims of guide manufacturers, the mean surgery
duration of the BSG group was only 8 min shorter
than the MSG. However, the average time in the
MSG group was 23 min, which was significantly
shorter than the BSG. Furthermore, the absence of
fixation in the BSG caused occasional movement of
the guide that resulted in a pause during surgery for
re-positioning of the guide®”. Flapless group may
help to reduce pain and analgesic consumption in
the post-implant surgery period, especially in totally
edentulous jaws considered for a fixed restoration.
Another noteworthy finding that may be related to
the use of non-invasive surgery was the statistically
significant reduction in hemorrhaging in the Flapless
group on the day of the surgery, compared with the
BSG. On the other hand, the width of keratinized
mucosa that was preserved in the BSG groups was
removed by the mucotome of the mucosa-supported
guides and this may compromise peri-implant health
conditions in the long term ©*1.

The use of mucosa-supported SLA guides for
flapless placement of implants reduced the surgery
duration, pain intensity, analgesic consumption
and most other complications typical in the post-
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implant surgery period. Nevertheless, the procedure
is technically demanding and suitable only for
selected patients. 3949

Increasingly, studies confirm the high
predictability of 3D planning software in regards
to their ability to offer absolute precision between
what is planned and what is accomplished
surgically. The use of surgical computer-guided
planning changes the surgeon’s approach: whereas
the use of conventional guides permitted a certain
degree of offset from what was planned, the use of
computer guides allows implants to be inserted in
a far more precise way. It is obvious that careful
planning is the key factor in order to avoid implant

misplacement!'?!,

In contrast, other studies reported that there are
some disadvantages for computer guiding methods
must be emphasized which are the familiarity with
the whole system and the total cost of required
tools, including software program, surgical
templates, and so on, are most important and must
be carefully reviewed with the patient. Added to,
the degree of accuracy of the technique depends in
many aspects to the degree of precision of image
acquisition technique, which must be carefully
controlled by the radiologist. It must be pointed
out that the stereolithographic templates are made
of some type of resin. It is noteworthy that these
types of materials are nevertheless water absorbable
and heat sensitive and therefore may undergo some

deformation during delivery time*' .

CONCLUSIONS:

Using template-guided surgery enables the
clinician to optimize implant position, angle,
diameter and length by dictating the drilling position
and angulation. Cone beam CT has accurate
measurements in distances between two implants as
clinical measurements. The bony supported surgical
guide as well as the mucosa supported surgical guide

has the same accuracy in implant positioning.
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