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PURPOSE. The present experiment aimed to evaluate the placement accuracy of
fully guided implant surgery using a mucosa-supported surgical guide when the
protocol of osteotomy and installation was modified (MP) compared to when the
protocol was sequentially and conventionally carried out (CP). MATERIALS AND
METHODS. For 24 mandibular dentiform models, 12 dentists (6 experts and 6
beginners) performed fully guided implant placements two times at the right first
and second molar sites using a mucosa-supported surgical guide, once by the

CP (CP group) and at the other time by the MP (MP group). The presurgical and
postsurgical stereolithographic images were superimposed, and the deviations
between the virtually planned and actually placed implant positions and the
procedure time were compared statistically (P <.05). RESULTS. The accuracies
were similar in the CP and MP groups. In the CP group, the mean platform and
apex deviations at the second molar site for the beginners were +0.75 mm and
+1.14 mm, respectively, which were significantly larger than those for the experts
(P <.05). In the MP group, only the mean vertical deviation at the second molar
site for the beginners (+0.53 mm) was significantly larger than that for the experts
(P <.05). The procedure time was significantly longer for the MP group (+94.0 sec)
than for the CP group (P <.05). CONCLUSION. In fully guided implant surgery
using a mucosa-supported guide, the MP may improve the placement accuracy
when compared to the CP, especially at sites farther from the most-posterior
natural tooth. [J Adv Prosthodont 2024;16:1-11]
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INTRODUCTION

The introduction of computer-aided design and man-
ufacturing technology into the field of dentistry has
led to fully guided implant surgery which has be-
come one of the most popular treatment modalities.
This approach provides clinical advantages in terms
of reducing the invasiveness of surgery and enabling
accurate placement at the position planned using
computer software based on preoperative computed
tomography images and intraoral scan data.! Howev-
er, guided surgery does not always guarantee the ac-
curacy,?? especially in the posteriorly extended eden-
tulous area where there are no natural teeth distal to
the implant placement site.

Mucosa-supported surgical guides are known to
be less stable than tooth-supported ones, which
makes it more difficult to place an implant as virtu-
ally planned before the surgery.2*> Furthermore, it
has been revealed that when multiple implants are
placed in the posteriorly extended edentulous area,
the accuracy of placement decreases as the distance
from the adjacent fixed structure (i.e., the natural
tooth) in the mesial direction increases, since this in-
creases the fulcrum movement.? In such cases, it is
suggested to use an additional device such as an an-
chor pin on the distal side to reinforce the stability of
the mucosa-supported stent,>8 but this is not always
possible if there is an anatomic hindrance such as re-
stricted mouth opening or proximity to critical nerves
or vessels.%10

To address these problems, applying extra drills or
fixture mounts at the adjacent implant sites has been
suggested as an alternative to using anchor pins. By
this modified protocol (MP), for instance, assuming
that multiple fixtures are to be placed at the first and
second molar sites, an extra drill or mount applied to
the osteotomy site of the second molar would make
the mucosa-supported surgical guide resemble a
tooth-supported one during the osteotomy and in-
stallation process at the first molar site, and the op-
posite case will reduce the fulcrum movement ap-
plied to the second molar site since the drill or mount
inserted at the first molar site will function as a stable
structure. It is reasonable to assume that adjusting
the order of osteotomy and installation of the MP in
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the forementioned way could improve the accura-
cy of fully guided implant surgery using the muco-
sa-supported surgical guide, but there is no scientific
evidence to support this hypothesis.

Therefore, the present in vitro study aimed to eval-
uate the placement accuracy of fully guided implant
surgery by the MP compared to that by the conven-
tional protocol of osteotomy and installation (CP),
when a mucosa-supported surgical guide was used in
the partially edentulous distal-free-end case.

MATERIALS AND METHODS

This in vitro study involved 12 periodontal residents
who studied and practiced at Yonsei University Den-
tal Hospital placing implants in a dentiform model: 6
were experienced surgeons who had performed more
than 100 implant placements (experts), while the oth-
er 6 were less experienced, having performed fewer
than 10 implant surgeries (beginners).

Twenty-four dentiform models of the mandible
were prepared for the present study. Each model
comprised an alveolar bone portion made of resin
and a mucosal portion made of silicone. The mod-
el had a distal-end-edentulous site at the right man-
dibular first and second molar sites, with an adjacent
second premolar on mesial (Fig. 1A).

A self-tapping tapered dental implant (5 mm in di-
ameter and 10 mm in length) with a sandblasted,
large-grit, and acid-etched surface (Superline Ill, Den-
tium, Suwon, South Korea) was used in this study
(Fig. 1B). A PMMA (polymethylmethacrylate)-based,
sleeveless, mucosa-supported surgical guide that
covered the right lower quadrant was three-dimen-
sionally printed based on virtual planning using com-
puter software (Dentium Digital Guide Software, Den-
tium) (Fig. 1C).

Each participant placed 10-mm-long fixtures using
the following two fully guided implant surgical proto-
cols (Fig. 2):

= Conventional protocol (CP), in which osteotomy

and installation were performed from the first

molar site to the second molar site:

i . 10-mm-length initial drilling conducted at the
first molar site first and then at the second
molar site
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Fig. 1. Experimental materials: (A) Mandibular dentiform model, (B) Implant fixture (Superline I, Dentium), and (C) Muco-
sa-supported surgical guide.
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Fig. 2. Protocols for fully guided implant placement: (A) conventional protocol (CP) and (B) modified protocol (MP).

ii . Sequential 10-mm-length osteotomy until the iii. Sequential 10-mme-length osteotomy until the
final drill in the same manner described previ- final drill at the first molar site with 10-mm-
ously length initial drill placed at the second molar

iii. Installation of the fixtures at the first molar site
site first and then at the second molar site iv. Fixture installation at the first molar site with

= MP, in which osteotomy and installation were
each performed utilizing the extra drills and fix-
ture mounts in a different order from that used V.
for the CP:

the 10-mm-length initial drill placed at the
second molar site

Sequential 10-mm-length osteotomy until
the final drill at the second molar site with a

i . 10-mm-length initial drilling conducted at the

first molar site

ii . 10-mme-length initial drilling conducted at the

second molar site with 8-mm-length initial
drill placed at the first molar site
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Vi.

fixture mount adaptor placed over the first
molar fixture

Fixture installation at the second molar site
with the fixture mount adaptor placed over
the first molar fixture



Each dentiform was assigned to one of the two fol-
lowing groups according to the surgical protocol:

= CP group (12 dentiform models; 24 implants
placed), involving a dentiform with the surgery
performed using the CP.

* MP group (12 dentiform models; 24 implants
placed), involving a dentiform with the surgery
performed using the MP.

The presurgical and surgical procedures were car-
ried out on a dental phantom manikin in order to sim-
ulate the clinical environment as closely as possible.
All of the surgeons had been unaware of the MP be-
fore participating in the study, and each participant
received instructions about the protocol 1 hour prior
to performing the MP group model surgery.

The same dentiform model was used throughout
this study. A single experienced researcher (S.H.Y.)
conducted virtual planning to design and fabricate
24 identical surgical guide. A cone-beam computed
tomography scan was performed (field of view of 16
X 18 cm, 85 kV, 8 mA, and exposure time of 24 sec;
Rainbow CT, Dentium) and an optical impression was
obtained using an intraoral scanner (Trios, 3Shape,
Copenhagen, Denmark). These two datasets were
transferred to a computer and superimposed using a
software (Dentium Digital Guide Software, Dentium)
for presurgical virtual implant placement in a pros-
thetically ideal position. Then, the mucosa-supported
surgical guide was designed and sent to a dental lab-
oratory for fabrication.

The two surgeries for the CP and MP performed by
each participant were separated by an interval of 2
weeks. Whether a particular dentist performed the
CP or MP first was decided by a four-block random-
ized sequence generated using a web-based program
(http://www.sealedenveope.com).

The surgical procedures in both the CP and MP
groups were carried out in a flapless manner on the
dentiform model fixed to the dental phantom man-
ikin. The surgery started with mucosa removal from
the soft-tissue punch, and then osteotomy and fix-
ture installation were performed according to either
the CP or MP based on the group assignment. Af-
ter the surgery, intraorally scannable healing abut-
ments (Scan Abutment, Dentium) were applied over
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the fixtures, and an optical impression of the right
lower posterior sextant was taken using the intraoral
scanner (Trios, 3Shape) to obtain postsurgical ste-
reolithography (STL) files that included the actually
placed implant position.

All of the measurements were made by a single in-
vestigator (S.HY.) who was blinded to the group allo-
cation.

The positional accuracy of each implant placed us-
ing the CP or MP was evaluated by comparing the vir-
tually planned position with the actually placed posi-
tion using superimposed optical scan data based on
the previously reported reverse-engineering meth-
Od.2’3’ll

The presurgical project file which was extracted
from the virtual planning software and the postsurgi-
cal STL file were uploaded to dental computer-aided
design software (DentalCAD, exocad, Darmstadt, Ger-
many). These presurgical and postsurgical datasets
for the CP and MP groups with a merged layer of the
virtual scan abutment were transferred to 3D analy-
sis software (Geomagic Verify, SculptCAD, Dallas, TX,
USA) and were superimposed on each other using re-
sidual teeth on the dentiform model as definitive ref-
erence structures. From the virtual scan abutment in
the presurgical and postsurgical data, the center of
the platform and apex as well as the apex of the im-
plant fixture were visualized in an inverse manner, for
quantitative evaluations of the extent of deviation be-
tween the presurgery and postsurgery conditions.

In accordance with the previous research,>3!1 the
following four parameters were measured to assess
the positional accuracy:

= Vertical deviation (in millimeters), corresponding
to the linearly measured deviation in the aspect
of the vertical height of the implant platform.

= Angular deviation (in degrees), corresponding to
the angle between the virtually planned and ac-
tually placed implant axes of the implant.

= Platform deviation (in millimeters), correspond-
ing to the linear deviation in the horizontal aspect
at the implant platform level.

= Apex deviation (in millimeters), corresponding
to the linear deviation in the horizontal aspect at
the implant apex level.

The aforementioned measuring process is summa-
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Fig. 3. Measurements of placement accuracy. (A) Superimposition of presurgical (magenta) and postsurgical (blue) stere-
olithographic images. According to the locations of virtual scan abutments (presurgical, green and yellow; postsurgical,
blue), the deviations between the virtually planned and actually placed positions were estimated. (B) Schematic diagram
of the deviations measured between the virtually planned (magenta fixture) and actually placed (blue fixture) positions.
The vertical deviation (green double-headed arrow) was measured as the distance between the two black-dotted paral-
lel lines passing through the center of the fixture platform. The angular deviation (black curved double-headed arrow)
was measured between the black lines corresponding to the long axes of the fixtures. The platform deviation (blue dou-
ble-headed arrow) was measured between the blue dots representing the center of the fixture platform. The apex devia-
tion (purple double-headed arrow) was measured between the purple dots showing the center of the fixture apex.

rized in Fig. 3.

The total time spent on each surgical procedure in
the CP and MP groups was estimated using a stop-
watch from the start of delivering the surgical tem-
plate to the dentiform model to the final installation
of the implant fixture at the second molar site. The
measured time was recorded in seconds.

The data were represented by mean * standard-de-
viation values and analyzed statistically using standard
software (SPSS version 26, IBM, Armonk, NY, USA). The
Mann-Whitney U test was used to compare the devi-
ations and procedure time between the CP and MP
groups, and subgroup comparisons were addition-
ally conducted based on the implanted sites and the
surgeons’ experience. Comparisons between the first
molar and second molar sites within the CP and MP
groups were carried out using the Wilcoxon signed-
rank test. Statistical significance was set as P <.05.
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RESULTS

The results for the accuracy of implant placement are
summarized in Fig. 4 and Fig. 5 and Table 1, and Table
2.

For each dentiform model, an average amount of
deviation of the two implant fixtures was estimated
as a representative value for statistical comparison.
The vertical, angular, platform, and apex deviations
were 0.86 £ 0.33 mm, 4.96 £ 1.47°,1.48 = 0.25 mm,
and 2.23 = 0.63 mm, respectively, in the CP group,
and 0.75 = 0.37 mm, 4.36 £ 1.57°, 1.42 £ 0.55 mm,
and 1.91 = 0.42 mm, respectively, in the MP group. All
deviations were smaller in the MP group than in the
CP group, but none of the intergroup comparisons
were statistically significant.

At both the first and second molar sites, the CP
group demonstrated slightly larger values for all devi-
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Fig. 4. Results of placement accuracy. (A) Overall accura-
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CP groups at the first molar site, (C) Accuracies in the MP
and CP groups at the second molar site.
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Table 1. Overall accuracy of the implant placement (mean % standard deviation)

Protocol Vertical (mm) Angular (°) Platform (mm) Apex (mm)
Modified 0.75 £ 0.37 436 + 1.57 1.42 +0.55 1.91 +0.42
Conventional 0.86 £ 0.33 496 + 1.47 1.48 +0.25 2.23 £ 0.63

Table 2. Subgroup analysis of the accuracy of the implant placement analysis (mean % standard deviation)

Protocol Vertical (mm) Angular (°) Platform (mm) Apex (mm)
(a) Accuracy of the implant placement based on the implanted sites
. Modified 0.96 = 0.37 3.68 = 1.99 1.18 £0.31 1.62 £ 0.47
First molar .
Conventional 1.07 £0.32 424+ 1.14 1.26 £0.28 1.89 £ 0.62
Modified 0.53 = 0.44 5.04 = 1.86 1.66 £ 1.00 2.20 = 0.61
Second molar .
Conventional 0.65 £ 0.43 5.68 £ 2.60 1.71+0.49 2.56 £ 0.98
(b) Accuracy of the implant placement based on the surgeons’ experience
Experts Modified 0.96 = 0.37 3.68 +1.99 1.18 £0.31 1.62 £ 0.47
Conventional 1.07 £0.32 424+ 114 1.26 = 0.28* 1.89 £ 0.62*
Beginners Modified 0.53£0.44 5.04 £1.86 1.66 + 1.00 2.20 £ 0.61
Conventional 0.65 £ 0.43 5.68 £ 2.60 1.71 + 0.49* 2.56 £ 0.98*
(c) Accuracy of the implant placement based the surgeons’ experience in the first molar site
Experts Modified 0.81 £0.28 4.06 = 2.59 1.11+0.24 1.66 + 0.55
Conventional 1.06 = 0.18 4.06 = 1.49 1.26 £ 0.24 1.70 £ 0.39
E Modified 1.12 +0.41 331%£1.29 1.25+0.38 1.58 + 0.41
Conventional 1.07 £ 0.45 4.43 £ 0.76 1.26 £ 0.34 2.09 +0.78
(d) Accuracy of the implant placement based the surgeons’ experience in the second molar site
Experts Modified 0.27 £ 0.33* 5.42 +1.95 1.94 £0.38 2.33 +0.67
Conventional 0.48 £ 0.41 454+ 172 1.33 £ 0.29* 1.99 £ 0.70*
Beginners Modified 0.80 £ 0.38* 4.67 £ 1.86 1.38 £0.38* 2.06 = 0.58*
Conventional 0.83 £0.42 6.83 £2.95 2.08 = 0.35*# 3.13 £ 0.92*#

+Statistical significance found between the experts and beginners within the modified protocol (P <.05).
* Statistical significance found between the experts and beginners within the conventional protocol (P <.05).
#Statistical significance found between the modified and conventional protocols within the beginners (P <.05).

ations than the MP group, but none of the intergroup
comparisons were statistically significant.

In the CP group, the implants placed by the experts
showed smaller values for all deviations than those
placed by the beginners, but the differences were sta-
tistically significant only for the platform deviation
(1.30 = 0.14 mm vs. 1.67 £ 0.17 mm) and the apex
deviation (1.85 £ 0.23 mm vs. 2.61 £ 0.69 mm) (P <
0.05). In contrast, none of the deviations in the MP
group differed significantly between the experts and
beginners.

Comparing the accuracy between the experts and
beginners at each implanted site revealed no signifi-
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cant differences at the first molar site. At the second
molar site, the beginners exhibited significantly larg-
er platform and apex deviations (2.08 = 0.35 mm and
3.13 = 0.92 mm, respectively) compared with the ex-
perts (1.33 £ 0.29 mm and 1.99 £ 0.70 mm, respec-
tively) when the surgery was performed using the CP
(P <.05), and the vertical deviation when using the
MP was significantly larger for the beginners (0.80 *+
0.38 mm) than for the experts (0.27 * 0.33 mm, P <
.05).

Intergroup comparisons of accuracy between the
CP and MP for the experts and beginners at each im-
planted site revealed no significant difference when



the implant was placed at the first molar site by either
the experts or the beginners. At the second molar site,
the experts showed similar accuracies when using the
CP and MP, whereas the platform and apex deviations
for the beginners were significantly larger when the
implant was placed using the CP than when using the
MP (2.08 £ 0.35 mm vs. 1.38 £ 0.38 mm, P <.05; and
3.13 £ 0.92 mm vs. 2.06 = 0.58 mm, P < .05; respec-
tively).

The total time required to perform the osteotomy
and fixture installation was significantly longer for the
MP group (484.8 £ 108.2 sec) than for the CP group
(390.8 £ 81.3 sec, P <.05). The procedure time did not
differ significantly between the experts and beginners
either for the CP or MP surgery. The results are listed
in Table 3.

DISCUSSION

This study investigated the positional accuracies of
fully guided implant placement using a mucosa-sup-
ported surgical template with two surgical protocols:
the CP and the MP. The deviations for all of the mea-
sured parameters were slightly higher in the CP group
than in the MP group. Comparing the accuracies for
the MP revealed that the experts and beginners per-
formed similarly, whereas the linear platform and
apex deviations were larger for the beginners than for
the experts for the surgery using the CP, especially at
the second molar site where it was farther from the
adjacent natural tooth.

A previous systematic review reported that chang-
ing the plan made prior to surgery is one of the intra-
operative complications of fully guided implant sur-
gery,'2 and this may occur due to displacement of the
implant fixture during the installation stage. A me-

Table 3. Procedure time (seconds, mean = standard deviation)
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ta-analysis found that the mean linear deviation was
1.12 mm at the entry point and 1.39 mm at the apex.?
Another review found similar mean platform, apex,
and angular deviations of 0.99 mm, 1.24 mm, and
3.81°, respectively.® The mean linear and angular de-
viations in the present CP and MP groups were larger
(> 1.4 mm and > 4°, respectively) than the aforemen-
tioned results, which is probably attributable to the
use of a mucosa-supported template in cases of dis-
tal extension. This outcome is supported by several
previous studies’ finding that performing flapless im-
plant surgery results in the surgical guide being more
stable when it is supported by the mucosa than by
the tooth,2%12 which is considered to be due to the
mucosal resilience that eventually causes unwanted
class-1 lever movement of the template.!3

The deviation was smaller at the second molar site
when the implants were placed using the MP rather
than the CP in the present study. A recently reported
multilevel regression analysis found that when a mu-
cosa-supported surgical stent was used for fully guid-
ed implant placement, the deviations were signifi-
cantly larger when the implant site was farther from
the most-posterior natural tooth located mesial to the
edentulous site.? This was attributed to the rigidity
of the resin-based surgical guide and the magnitude
of class-I lever movement, which respectively de-
crease and increase as the implant is positioned far-
ther from the adjacent natural tooth, and this prob-
lem could be controlled by the use of a distal anchor
pin.2 In the present study, the use of an extra drill and
fixture mount placed at the first molar site during the
osteotomy and fixture installation phases seemed to
move the fulcrum distal from the most-posterior nat-
ural tooth to the first molar implant site, which conse-
quently reduced the class | lever movement.

Procedure time

Surgeons’ experience

Procedure time

Modified 484.8 + 108.2%

Conventional 390.8 + 81.3*

Experts 440.0 + 81.5
Beginners 529.5 + 119.5
Experts 401.7 £91.7
Beginners 379.8 £ 76.5

#Statistical significance found between the modified and conventional protocols (P <.05).
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In the same vein, utilizing the extra drill at the sec-
ond molar site is thought to have reduced the devia-
tion at the first molar site. Numerous previous studies
found that the stability of the surgical guide and place-
ment accuracy could be optimized when fixed struc-
tures such as natural teeth or anchor pins are located
both mesial and distal to the implant site.®1#18 |n the
MP group of the present study, placing the extra drill
at the second molar site while performing the osteoto-
my and during the installation stages at the first molar
site increased the stability of the template and make
the mucosa-supported guide resemble the tooth- or
anchor-pin-supported one. This suggests that this
simple modification to the surgical protocol is a use-
ful alternative to placing the anchor pin distal to the
mucosa-supported stent, which could be beneficial in
terms of both avoiding having to use an additional in-
strument and reducing the surgical invasiveness.

Even though the accuracy improved, it took a mean
of approximately 1.5 minutes (94 seconds) longer for
the surgeons to place the implant using the MP com-
pared with using the CP. This seemed to be obvious
given that the osteotomy procedure for the MP is
more complicated than that for the CP, which could be
considered a drawback. However, this time difference
between the two groups is not clinically important
given that it usually takes tens of minutes to place the
implant and, more importantly, the procedure time
did not differ markedly between the experts and be-
ginners, which implies that the experience level of the
surgeon does not affect how the MP is implemented.

Whether the accuracy during guided implant sur-
gery is lower for less experienced surgeons is contro-
versial. Previous /n vitro studies found that the accu-
racy was lower for less experienced implant surgeons
than for the more experienced ones.1%20 A clinical
study found that implants tended to be placed less
accurately by dentists who were in the beginning of
their professional career, especially in the buccolin-
gual direction when they performed guided implant
placement.?! There was also a warning from the Eu-
ropean Association for Osseointegration Consensus
Conference in 2012 that more training was needed to
increase the accuracy of fully guided surgery.?? In con-
trast, recently reported studies have suggested that
there is no significant difference in placement accu-
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racy between more experienced and less experienced
surgeons, as verified both in vitro! and clinically.3*%3
However, those data should be interpreted with cau-
tion since the included less experienced surgeons
were mostly trainees and so were supervised by ex-
perts during the procedures.3423

When the surgery method was based on the CP, the
deviations caused by the beginners were significantly
larger than those caused by the experts, especially at
the platform and apex levels. It seemed that the inac-
curacy occurring at the second molar site by the be-
ginners critically contributed to this difference, since
the deviations did not differ significantly between
the experts and beginners at the first molar site. At
the second molar site, the difference in the apex de-
viation between the beginners and experts in the CP
group was noticeably larger than the difference in the
platform deviation, which could be attributed to the
circular movement of class-I lever movement appear-
ing in the distal end part of the surgical guide. Since
this lever movement starts from the platform level of
the fixture and ends at its apex level, when the dis-
tal-end part of the surgical template rotates apically
around the most posterior natural tooth, the devia-
tion between the planned and actually placed posi-
tions is more likely to be larger at the apex level than
at the platform level. It could be cautiously assumed
that the large discrepancies that occurred when the
beginners were performing the CP surgery resulted
from pressure applied to the distalfree-end part of
the surgical guide during the implant installation be-
ing higher than that applied by the experts. This pres-
sure seemed to have had smaller influence when the
surgery was performed using the MP because placing
the extra drill or fixture mount at the first molar site
moved the fulcrum point distally, which consequent-
ly shortened the range of lever movement. This as-
sumption may explain why the difference observed
between the experts and beginners in the MP group
became smaller, with statistical significance seen only
in the vertical deviation among the four measured pa-
rameters.

Some limitations of this study should be mentioned.
Firstly, placing the anchor pin at a distal position was
not included as an individual group. This needs to be
compared with the MP as a positive control group in




the future. Secondly, given that the difference in dis-
placement observed between the MP and CP mostly
did not exceed 1 mm, the improvement provided by
the MP might not be clinically significant. Indeed, a
previous systematic review stated that a deviation of
up to 2 mm was unlikely to cause any critical problem
regarding anatomic considerations, such as avoiding
the mandibular canal or the mental foramen during
the surgery.?* Nonetheless, most clinicians would
agree that digital dentistry-based fully guided im-
plant surgery has become the foundation for pros-
thetic-driven treatment and the immediate delivery
of a prefabricated prosthesis.?>2" Therefore, the ac-
curacy of fully guided implant placement should be
improved in order to reach the clinically acceptable
limit for passive prosthesis fitting, which is current-
ly known to be below 150 um.?82° Based on the out-
comes obtained in the present in vitro study, further
research should be performed at the in vivo and clini-
cal levels.

CONCLUSION

When placing the implant by the fully guided implant
surgery using a mucosa-supported template, modify-
ing the sequence of osteotomy and installation utiliz-
ing the spare drills and fixture mounts may enhance
the accuracy of implant placement compared to the
surgery driven by conventional sequence, and the en-
hancement was more prominent at sites farther from
the most posterior natural tooth. This new protocol
could potentially be a useful option for improving the
outcomes of mucosa-supported guide-based implant
placement in situations when an anchor pin cannot
be utilized.
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