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Abstract
Statement of problem: The proper implant placement requires a proper and adequate planning for the anatomic
limitations and achievement of the best restorative results. The Cone Beam C.T can properly diagnose implant
positioning, but transfer of the preplanned position to the surgical field was missed. From there it became mandatory to
perform surgical guide to transfer the preplanned position of implants to the surgical field to ensure accuracy of implant
placement.
Purpose: The interest from this study was to evaluate the accuracy of implant placement using different surgical guides;
the surgical guides with closed sleeve versus the surgical guides with open sleeve. After placement of the implants via the
surgical guides investigate if there was any deviation of the preplanned implant position with the actual placed implant
positioning to evaluate the accuracy of implant placement.
Many radiographic techniques had been used to diagnose implant placement positioning, computed tomography
considered to be the most superior above all other radiographic technique. After scanning of the patient by cone beam C.T
the scanned file was uploaded to a specialized software (BLUE SKY), through this software virtual planning of implant
was done and after that fabrication of the surgical guide to place the implant in the preplanned position that had been
done. After implant placement another cone beam scan was done and then superimpose of the preoperative cone beam
C.T with the Post-operative cone beam C.T was done through BLUE SKY software to calculate if there were any
deviation from the preplanned implant positioning.
Keywords : Computer guided, Accuracy, Implant , surgical guides, Cone Beam CT
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Introduction:

The dental implant had revolutionized
the oral rehabilitation of both partially and
completely edentulous patients. Dental
implants are the golden slandered treatment
in restoring the missing teeth[1] [2] [3].

Conventional  surgical  implant
placement has some hazards in placing
implants in relation with adjacent anatomical
structure, in addition that implants prosthetic
part wasn't well planned before placement
[4][5] .

The introduction of computer aided
implant placement has greatly helped in
precise diagnosis and implant planning for
complex cases with anatomical limitations,
as well as prosthetic implant placement with
the aid of advanced radiographic techniques.
Not only but also less post -operative
complications due to flapless surgery as well
as better in patient satisfaction [6] [7] [8].
With no doubt the good osteointegration
relies on two main factors, precise surgical
placement as well as proper loading of
implant later. Prosthetic implant placement
ensures not only successful implant
placement but also optimal prosthetic part
later in regards to implant positioning[9] [10]
[11].

Planning for implant positioning
starts with diagnostic teeth set up, and then
make a radiographic stent , upon which
scanning of the patient wearing the stent is
done to virtually plane of implants in their
suspected position later[12][13][14].
Radio-opaque markers are added to the stent
at the proposed implant site to relate the
desired implant location with underlying
bone. There are many radiographic
techniques that have been used in imaging
implants; however the most recent 3D
diagnostic imaging protocol is done using
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computed tomography machine[15] [16]
[17].

Thanks to the 3D implant planning software,
image  guided template  production
techniques, computed aided surgery have
introduced to make planning much easier and
much more accurate[18][19] [20].

The 3D image in DICOM format is
demonstrated with planning soft-ware to
manage the plan, moreover constructing a
rapid prototype surgical guide for creating

provisional or definitive restorations [7] [21]
[22]

Surgical guides could be classified
according to what had been stated in the
literature; degree of limitations ; none
limiting, partially limiting and completely
limiting guides, also classified to cast based
surgical guide, CAD/CAM surgical guide.
As well as type of support; bone supported,
mucosa supported and tooth support[23][24]
[25]

Not only but also according to
degree of guidance partially guided and fully
guided surgical guides. Surgical guides are
also classified by methods of manufacturing,
as well as static guides or dynamic surgical
guides[6] [26][27]

Surgical guides according to sleeve
design closed surgical sleeve and open or half
channeled surgical sleeve, although closed
surgical guides showed to be high accuracy
than open or half channeled sleeves, there
was no - statistically significant difference
between them as concluded from further
studies[28] [29] .

To the best of our knowledge so this
study was done to investigate if there was any
different in accuracy provided from different
surgical guide sleeve design (closed versus
open sleeve) and investigate as well it is
effect upon heat generation and osteotomy .

As heat generation could greatly
affect osteotomy and it is one of the main
factors in implant success, could the half
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channeled or open sleeve be better lowering
the heat generation by making more space for
providing coolant during osteotomy[30] .

Material and methods:
Study design and sample size selection:

The study was spilt mouth study design, so
that implant driven for each patient through a
surgical guide that was designed to have
closed a surgical sleeve in one side and
opened surgical sleeve in the other side.Four
patients were selected to participate in this
study, with total of sixteen implant four
implant for each patient.

Patient selection:

Partially edentulous patients were selected to
participate in this study. The patients selected
upon eligibility criteria; all the patients
followed Kennedy class three with one
modification space. The patients’ age ranged
from 21-25. All the patients were medically
free; buccolingual width was 7mm or more.
Smokers and patients with para functional
habits were excluded.

Intra oral occlusal view of maxillary and
mandibular arch

Diagnosis and clinical steps:

Primary impressions (Irreversible
hydrocolloid, Cavex A37, Cavex,
Netherlands) were made and poured
(Zhermak Elite, Italy). Occlusion blocks
were then made and mounted using maxillary
earbow (BIOART, Brazil), while the lower
occlusion block was mounted following
centric occlusion.Teeth are waxed up to the
casts at the edentulous area, then vacuum
sheet 1.5 mm was used to make vacuum stent
for the waxed up casts, holes had been drilled
at the site of the teeth to be replaced then
composite  balls are applied with
glue(cyanoacrylate super glue, Egypt) to be
fixed to theses holes.
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Patient facebow records

Construction of vacuum formed stent with
composite peds.

Scanning of the patients and virtually
planning:

CBCT (Planmeca Viso, Germany, 1-15 mA
at 90-120 kVp), Scan for each patient was
done while wearing the stent, the patients
were instructed to bite on cotton rolls during
the scan to allow separation of the both jaws.
DICOM file was exported to Blue Sky soft-
ware implant positioning virtually with
selection of implant size, diameter, length
and angulation.
Followed by designing of the sleeve design,
anchor pin channels positioning in which it
was designed to have three halls or channels
one in anterior region in midline and two
posterior one on each side at molar area.
After design the STL file was exported to the
printing machine( Sirona 5 axis mill ,inLab
MC X5, Germany).

CBCT for the patient
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The manufactured guide with open sleeves
on one side and closed sleeves on the other
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Drilling of implants via surgical guide(one
side closed surgical guide and the other is
closed surgical guide)

Implant placement
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Osteotomy and implant placement :

The patient had been prepared before the
surgery, antibiotics had been prescribed for
each one of the four patients (Clavulanic acid
1 gm and metronidazole 500 mg one tablet
from each every 12 hours for 3 days one day
before surgery and then 2 day after the
surgery been done).

At the day of the surgery the surgical guide
was checked to be passive and in place, the
surgical guide was secured in place with three
fixation screws ( one screw in the midline and
the two other screws was placed posterior )
The osteotomy was done by drilling each
implant in place by using the surgical implant
drilling kit. Drilling was done by following
the conventional sequence of drilling (pilot,
intermediate and final drilling). During
preparing of the osteotomy site for the closed
surgical side a drill key or guide was used
ensure the precise control over the drill
direction and depth of osteotomy while for
the open sleeve surgical guide the osteotomy
was done without the aid of drill guide or drill
key.

The open surgical sleeve side was better than
the closed sleeve side during osteotomy, as it
allows more for access to the coolant from the
open side all the time of drilling versus the
closed that the coolant is from below during
the drilling and not reaching by the same
enough amount.

The implants (Dentium implant system) was
tightened manually and screwed in position
by guided implant driver and then manually
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tightening till the implant was below the addition, 95 % confidence intervals were
surgical guide. The surgical guide was reported]

removed and manual screwing of the implant mean of observers mean of open sleeves

till was contiuned sub crest bone level. guided implant.

Post-operative: Mean and standard devia:)il(;:et;i €i:;plant readings from mean
After one hour of the surgery each patient mean open ring standard deviation open
was immediately scanned by CBCT, DICOM LI i rinfpical
file was exported to the Blue sky software the

preoperative planed implant positing was g:z:f anghlan (|| &0 R8T AR

super imposed with the and the actual post- vertical  1.661429  1.651429  0.382042  0.679655

operative position to measure and the degree

. o lateral 1489286  1.834286  0.958881  0.587441
of any apical or coronal deviation.

After 2 month of imp]ant p]acement global  2.256429  2.399286 0.861335  0.923311
osteointegration, the implants were examined bucco- angular 2.477857143 1696311826
by periapical radiograph. The Second surge lingual

y petiap sraph. gery vertical ~ 1.628571  1.148571  0.831258  0.660389
stage was done, in which the the surgical

guide was re_ﬁxed in place in place then lateral 2.027857  1.489286  0.692573  0.99012
punching the mucosa over it, after then the global 2402143 1953571  0.822055 1.12418
healing collar was screwed in place for one

week. mean of observers mean on measurements
Then impression making for the implants was of closed sleeve guided implant

made by open tray impression technique. Mean and standard deviation of implant readings from mean observers

Implant supported fixed bridge was

fabricated examined for fitness and passivity mean closed ring standard deviation closed ring
then screwed in place. coronal apical coronal apical
Results:
mesio-  angular 2.694285714 0.793963835

Statistical analysis was done using distal
Real Statistics Resource Pack version 5.8 for vertical  O-HESEC="nrfBimm—deiilEsd 0.560141
Excel 20161 The_ progrargme 13 developed by lateral 0912857 1.107143  0.612882 0.895972
Dr. and statistician Charles Zaiontz.

Two observers separately recorded global 1325 1262143 0410934 0.813259
the deviation of dental implants in to different bucco-  angular 2012857143 1051565726
sections. Inter-observer reliability was lingual
determined by interclass correlation vertical  0.971429 0.655 0.338941 0.509125
coefficient (ICC). lateral 1303571 1.027857 0.916214 1.079834

Normality test was done on the mean global - 1757143  1.170714  0.87935 0.995441

data of observers using two different tests;
Shapiro-Wilk Test, and d'Agostino-Pearson.

T Tests: Two Independent Samples
with assumption of equal and unequal
variance were done. The two tailed results
were only used for more accurate outcome.
The significance level was verified at p <
0.05. the results were considered statistically
significant if p value was less than 0.05. in
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Discussion

This in-vivo study was performed to
evaluate split mouth technique in which
computer guided surgical guide with closed
sleeve in one side and open sleeve in the
other side[31][24] [32]

Diagnostic set up of artificial teeth to the
ideal position was performed to improve the
relation of implant position and prosthetic
plane. The prosthetic information is
translated to planning stage by mean of
radiographic guide that show the prosthetic
results prior to treatment[33] [34] [35] [36]

The radiopaque reference marker was
shaped as spheres of radiopaque material
such as composite resin or gutta-percha[37]
[38]

Cone beam computed tomography was used
as imaging modality due to that the result
DICOM data can be processed into
interactive software (Blue Sky) to stimulate
implant placement as regarding anatomical
and prosthetic demands[39] [40] [41] [42]

The other benefit of CBCT is less
radiation dose, no magnification and three-
dimension evaluation of suspected case as
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regarding it is proximity to vital structure'
[43][44] [45] .

Flapless approach was used as it because
less discomfort for the patients who
preferred it was less postoperative
complication as swelling, pain and
bleeding[46] .

During preoperative and postoperative
imaging by CBCT the patient would
request to bite on interocclusal cotton roll
to ensure separation of the two jaws from
each other[47] [48].

During virtual planning of dental implant on
software a safety margin of 2mm from vital
structure as maxillary sinus, lingual artery
and inferior alveolar canal. This 2mm
safety is estimated from systematic review
by Schneider et al which concluded that a
mean deviation of 1.07mm at the entry
point and 1.63 mm at the apex for tooth
supported surgical guide [49] [50].

During planning parallelism between
implant was important to gain a single
prosthetic path of insertion of the future
bridge.

The surgical guide was produced by rapid
prototyping additive manufacturing
stereolithography (SLA). Sterilithography
(SLA) surgical guide improved the
accuracy of implant placement as
compared to conventional surgical guide
and free hand implant placement[49] [50].

Oral antibiotics were taken along with
antiseptic mouthwash to achieve aseptic
conditions before and after the surgery to
avoid any bacterial infection that may
affect osseointegration.

Sufficient external irrigation was used to
prevent overheating which may lead to
bone necrosis that may affect
osseointegration. The risk of overheating is
high for flapless guided surgery, so drilling

INTRAOF
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with external irrigation in an up and down
pumping motion may not lead to a
significant increase the bone
temperature[49] [50]

Guided implant placement through surgical
guide was performed after osteotomy site
preparation by surgical guide. As full
guided implant site preparation and
placement through surgical guide increase
the accuracy. Guided implant placement
was done first by hand then by ratchet
wrench[50] [51].

Postoperative CBCT was done after surgery
with the patient wearing the radiographic
stent and biting on cotton rolls.
Postoperative CBCT was done to the
placed implant to compare it with the
preoperative plane to detect the degree of
accuracy[51] [52].

Postoperative DICOM date was imported
to software to segment the postoperative
implant and the radiopaque marker with
it[51] [52].

Superimposition of preoperative plan with
postoperative placed implants was done on
BLUE sky software. This is the most
common used method to detect accuracy as
suspected previously by D haese and
coworkers which depend on matching of
preoperative and postoperative data with
the aid of radiopaque marker placed in
radiographic template. This method has the
ability to detect inaccuracies in coronal and
apical position[51] [52].

Three clinicians were allowed to record
accuracy parameter separately. Interobserver
reliability then was taken to detect the
degree o agreement between the observers.
Shaprio-Wilk normality test was used due to
it is ability to analyze both parametric and
non-parametric data[53]

[54]



Many accuracy studies were done to test the
guided implant surgeries, some authors
through reviews and meta-analysis reached
mean error less than 1 mm with a maximum
less than 7 mm, I have found that the mean
of opened sleeve template is 1.8mm and
closed sleeve template 1.07mm. this clearly
indicate that closed ring has slight privilege
over the opened technique and this
difference is statistically significant. It is
worth mentioning that the mean we
calculated from our study is exactly equal to
the mean found by Schneider et al. 2009[53]
[54][55][56] .

However, in angular measurements our
study came with the conclusion of
insignificant difference as the mean
difference were only 0.4 degrees.

This means that using either techniques
will result in accurate drill angulation
which is the prime concern in the
implantation procedure.

Difference in linear measurements found in
our study was found to be at the max in
either apical or coronal measuring points at
the vertical parameter and hence the global
parameters. This might have been caused
by the height of the ring not the fact that it
was opened or closed.

This study was in vivo and that clearly
justify our results to have slightly higher
mean than studies in cadavers. Jung et al.
also showed that and justified it by
optimized conditions for implantation in
vitro rather than in vivo[56]

Conclusion

This study showed that there were no
statistical difference in accuracy provided
upon placement of the implants either with
open or closed surgical guide. By taking into
cautious the standardization all other factors
considering gingival bio type and sleeve
height.
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	CBCT (Planmeca Viso, Germany, 1-15 mA at 90-120 kVp), Scan for each patient was done while wearing the stent, the patients were instructed to bite on cotton rolls during the scan to allow separation of the both jaws. DICOM file was exported to Blue Sk...

