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Abstract Background/purpose: The success of transcrestal sinus floor elevation (TSFE) is pri-
marily reliant upon the experience of the surgeon owing to the limited operative visibility. To
evaluate the accuracy associated with the use of a dynamic navigation system when con-
ducting posterior maxilla implant surgery with TSFE.
Materials and methods: Twenty-eight implants were placed in 28 patients requiring implanta-
tion in the posterior maxilla via a TSFE approach. The drills were used to access the planned
position (within 1 mm of the bottom of the maxillary sinus floor) under dynamic navigation sys-
tem. TSFE was then accomplished using osteotomes and a piezoelectric device. Lastly, the
implant was inserted under the dynamic navigation. Three effective deviations between
planned and actual implant placement were then measured including angular deviation (AD,
degrees), entry point horizontal deviation (EPHD, mm), and apical point horizontal deviation
(APHD, mm).
Results: The AD, EPHD, and APHD between the planned and actual implant placement were
3.656 � 1.665�, 1.073 � 0.686 mm, and 1.086 � 0.667 mm, respectively. Premolar site AD
values were less than those for molar sites (P Z 0.004). No significant differences in these out-
comes were observed in different surgeons. Obvious sinus perforation was not detected by im-
mediate postoperative cone beam computed tomography imaging.
Conclusion: The accuracy associated with using a dynamic navigation system when conducting
posterior maxilla implant surgery via a TSFE approach using piezoelectric devices was
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comparable. This technique thus achieved appropriate interventional precision and safety
while decreasing the morbidity associated with the TSFE approach.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Transcrestal sinus floor elevation (TSFE) is a commonly used
operative technique in the posterior maxilla when there is
insufficient residual bone height. Several studies have
demonstrated that this approach is less invasive, associated
with fewer complications, and requires a shorter operative
duration as compared to other techniques.1 The success of
TSFE, however, is primarily reliant upon the experience of the
operating surgeon owing to the limited operative visibility
associated with this surgical approach. When using drills and
hand osteotomes, Schneiderian membrane perforations have
the potential to occur, and detecting such perforations during
or after TSFE procedures remains challenging. As such, the
development of effective preventative approaches and de-
vices is important in order to ensure better patient outcomes.
Notably, these Schneiderian membrane perforations may be
avoidable when applying a dynamic navigation system and
piezoelectric devices in this operative context.

Dynamic computer-aided implant surgery (dCAIS) has
been proposed as an effective approach to minimizing
intraoperative deviation from planned implant place-
ment,2,3 enabling the safe and accurate location of an entry
point in the surgical area while facilitating the avoidance of
the maxillary sinus and inferior alveolar nerve,4,5 thus
ensuring dynamic mastery over the operative space and the
angle of implant placement.6,7 Such dynamic navigation
systems provide real-time 3D visuals during implant surgery,
ensuring the consistent tracking of implant drills and the
location of the maxillary sinus floor.

Piezoelectric devices use ultrasonic microvibrations to
perform an osteotomy without cutting the soft tissue,
thereby largely avoiding any harm to the sinus mucosa.
Piezoelectric device use in the context of TSFE has been
reported to reduce membrane perforation and to yield
satisfactory results.8,9

In our clinical experience, the combined use of a dy-
namic navigation system and piezoelectric devices can
accurately and safely remove the bone at the bottom of the
maxillary sinus floor when performing implant surgery with
TSFE. Several studies have confirmed the efficacy and ac-
curacy of utilizing a dynamic navigation system when con-
ducting implant placement.10e12 However, no prior studies
to our knowledge have explored the accuracy of such a
system in the context of posterior maxilla implant surgery
conducted via a TSFE approach and using piezoelectric
devices. As such, we herein sought to assess the angular
deviation, entry point horizontal deviation, and apical
point horizontal deviation in this surgical context in order
to better establish the accuracy of this technique and to
evaluate its relative advantages and the factors which may
influence associated outcomes.
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Materials and methods

Patient selection

This retrospective analysis was approved by the Peking
University School and Hospital of Stomatology Institutional
Review Board (Approval Number: PKUSSIRB-202165090).
Between October 2019 and July 2021, 28 total implants
(SP or BLT, 4 4.1 or 4.8 mm, SLActive� 8 or 10 mm,
Roxolid�, Loxim�, Straumann, Waldenburg, Switzerland)
were placed in 28 patients requiring implantation in the
posterior maxilla with TSFE. Digital visual planning was
performed for all implants, which were placed using dy-
namic navigation system guidance. We confirm that
informed consent was obtained from each patient for their
images to be published.

Patients eligible for inclusion in this study were: (1) in-
dividuals requiring posterior maxillary implants; (2) in-
dividuals that had provided written informed consent for
the use of a dynamic navigation system; (3) individuals for
whom preoperative digital visual implant planning was
conducted; (4) patients that underwent simultaneous TSFE;
and (5) patients with good overall health who were able to
accept the risks associated with implant surgery. Patients
were excluded from this study if they exhibited: (1) a
limited ability to open their mouth; (2) an excessive gag
reflex; (3) irradiation of the maxilla; (4) poor oral health;
(5) a history of heavy smoking; (6) bisphosphonate treat-
ment; (7) uncontrolled diabetes; (8) a history of drug use;
or (9) other conditions with the potential to impact the
implant surgery procedure or the use of a dynamic navi-
gation system.
Preoperative preparation

Cone beam computed tomography (CBCT) scans were ac-
quired for all patients using identical settings (90 kV, 8 mA,
8 s, voxel size: 180 mm; Carestream 9300, Carestream
Health, Rochester, NY, USA). All patients had a silicone
elastomer registration device placed in the surgical site
prior to CBCT imaging (Fig. 1A). Navigation registration
requires that there be one-to-one corresponding marker
points (the developing ball on the registration device) in
the mouth and on the CBCT scans. Digital CBCT data were
imported into the dental implant dynamic navigation sys-
tem software (Dcarer�), which was used to conduct pre-
operative implant planning. For each implant, the optimal
implant platform diameter, apical diameter, and length
were selected from the system implant library, and a suit-
able 3D virtual implant position was selected. As the im-
plants in our patients were placed in the posterior maxilla

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 Dynamic navigation preoperative preparation and intraoperative calibration and registration. (A) All patients should
have a registration device fitted in the surgical site using silicone elastomer before undergoing cone beam computed tomography
scanning, (B) Suitable three-dimensional virtual position for a left maxillary first premolar implant as planned in the dynamic
navigation software, (C) During the calibration step, the calibration drill is close to the hemispherical groove specified on the
reference device, 1 handpiece locator, 2 reference device, 3 fixation device, (D) The reference device with a fixation device was
affixed onto the other side of the same jaw, (E) The registration device was placed onto the surgical site and registration drill was
installed on the handpiece to collect the specific ball pit information on the registration device, (F) The drill was placed on the cusp
of the tooth to determine whether the drill position displayed in the dynamic navigation system was accurate.
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with TSFE, the preoperative planned implant apical posi-
tion was within 1 mm or less of the bottom of the maxillary
sinus floor (Fig. 1B). All preoperative virtual implant plan-
ning was conducted by a single surgeon with five years of
experience in performing computer-aided implant surgery
and 20 years of experience in conventional implant surgery.
Surgical procedure

Two surgeons performed these implant procedures, one of
whom had five years of experience and the other of whom
had >10 years of experience in conventional implant
placement. First, calibration is performed for instruments
with a required handpiece locator and reference device
(tracking devices). Both of these surfaces have infrared
light transmitters, which actively send infrared light that is
received as a signal by the navigator to establish the spatial
position of the device. Calibration drills are installed on the
handpiece in turn (with these two drills being used because
the endpoints of the two drills establish an axis that is used
when determining the orientation of the handpiece). The
calibration drill is positioned proximal to the hemispherical
groove specified on the reference device (Fig. 1C). In this
state, the navigator collects the signals sent by the hand-
piece locator and the reference device to determine the
relative positional relationship between them. The second
step is registration, in which the reference device with the
fixation device was placed on the other side of the same
jaw such that the spatial position of the reference device
represents the position of the patient’s jaw (Fig. 1D). The
actual registration device is reset in the mouth, and the
virtual CBCT resets the same virtual registration device.
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Registration drill is installed on the handpiece to collect the
specific ball pit information (at least six marker points) on
the registration device (Fig. 1E), and the relative positional
relationship of the handpiece locator, reference device,
virtual CBCT, and jaw position can then be determined
after collection. The registration device is then removed,
and the drill is placed on the cusp of the tooth to determine
whether the drill position displayed in the dynamic navi-
gation system is accurate (Fig. 1F). The surgeon is then able
to obtain a real-time 3D visualization of the drill and
implant during surgery, enabling them to monitor the pre-
operatively planned implant position and the anatomic
structures around the maxillary sinus floor (Fig. 2A).

After the registration process, a midcrestal incision with
a full-thickness flap is made, and the drill is operated under
the guidance of the dynamic navigation system to reach the
planned site on the bottom of the maxillary sinus floor
(Fig. 2B). A piezoelectric device and osteotomes are then
used to accomplish TSFE (Fig. 2C and D). A dome-shaped
elevator is used after the piezoelectric surgery and prior
to osteotome use for premolars with a mesiodistal maxillary
sinus sloping floor and for molars with a buccolingual
sloping maxillary sinus floor. Lastly, the implant is inserted
into the surgical site under the direct view of the dynamic
navigation system (Fig. 2E) (Model: DHC-DI2, Digital-health
care Co., Ltd. Suzhou, China).
Postoperative treatment

After surgery, patients underwent immediate CBCT imag-
ing (Fig. 2F). The postoperative treatment protocol for all
patients was as follows: cefuroxime axetil (0.25 g bid per



Figure 2 Intraoperative procedure and postoperative cone beam computed tomography (CBCT). (A) Using the handpiece and
drills in a left maxillary first premolar implant surgical procedure with dynamic navigation system guidance, (B) The navigation
screen shows that the drill has reached the designed position at the bottom of the maxillary sinus floor, (C) A piezoelectric surgical
tip was used to break through the maxillary sinus floor, (D) After penetrating the maxillary sinus floor, osteotomes were used to
elevate the sinus membrane, (E) The implant was inserted into the surgical site under the direct view of the dynamic navigation
system, (F) A postoperative CBCT scan of the left maxillary first premolar implant.
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os) or roxithromycin (0.15 g bid per os) for 3e5 days with
daily mouth rinses with 0.2% chlorhexidine for 7 days.
Sutures were generally removed within 7 days after
surgery.

Accuracy evaluation

The planned preoperative and actual postoperative posi-
tions of the implants were matched by a blinded expert
using the Dcarer� dynamic navigation accuracy verification
software to measure deviations between the two (Fig. 3).
Owing to the specific position of these implants in the
posterior maxilla with TSFE in our patients, we measured
three effective deviations between these two positions,
including angular deviation (AD, degrees), entry point
horizontal deviation (EPHD, mm), and apical point hori-
zontal deviation (APHD, mm) (Fig. 4).

Deviation definition

AD: The angle between the center axes of the planned and
actual implants.

EPHD: The difference in the horizontal plane (mesio-
distal and buccolingual placement) between the entry
point of the planned and actual implants.

APHD: The difference in the horizontal plane (mesio-
distal and buccolingual placement) between the apical
point of the planned and actual implants.

Statistical analysis

If the data conformed to the normal distribution, deviations
were analyzed using independent-samples t-tests, if not,
using Mann-Whitney U test. Analyzed outcome variables
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included AD (degrees), EPHD (mm), and APHD (mm). SPSS
24.0 (IBM, Armonk, NY, USA) was used for all statistical
testing.

Results

Patient demographic and clinical characteristics

A total of 28 implant procedures were performed in 28
patients (15 male, 13 female), with a mean patient age of
50 years (range: 29e78). In total, there were 28 maxillary
implant sites with 5e9 mm of residual bone height. The
data of surgeons, implant sites, implant protrusion lengths,
implant diameters and implant lengths are in Table 1.

Complications

Intraoperative adjustments were made to planned implant
positioning for two implants in this study. We strictly and
carefully selected the indications for TSFE, and the implant
protrusion length was controlled less than 4 mm. Immedi-
ate postoperative CBCT did not reveal any significant
maxillary sinus perforation (fluid plane or scattered bone
graft material). All patients exhibited routine responses
including mild swelling and/or pain which recovered within
1 week after implant surgery with TSFE performed using
dynamic navigation and piezoelectric devices. No incision
site infections or symptoms of sinusitis were detected.

Implant placement accuracy

We measured three effective deviations between planned
and actual implant positions, including AD (degrees), EPHD



Figure 3 Accuracy evaluation in accuracy verification software. (A) Implant Coronal, (B) Implant Sagittal, (C) Implant Axial, (D)
Implant three-dimensional.
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(mm), and APHD (mm). These three values were
3.656 � 1.665�, 1.073 � 0.686 mm, and 1.086 � 0.667 mm,
respectively (Table 2).

Accuracy comparison between surgeons

We compared the accuracy outcomes associated with this
approach between the two surgeons who performed these
implant procedures. We did not detect any significant dif-
ferences in AD, EPHD, or APHD between surgeons (P > 0.05)
(Table 3).

Accuracy comparison between premolar and molar
sites

We next compared the relative accuracy of implant place-
ment via this approach between premolar and molar sites.
AD values for premolar sites were lower than for molar sites
(P Z 0.004), whereas there were no significant differences
between premolar and molar sites with respect to EPHD or
APHD (P > 0.05) (Table 4).

Discussion

Several prior studies have compared the accuracy of navi-
gation systems, static guide surgery, and freehand surgery
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in vitro,2,13 with navigation systems yielding comparable or
superior accuracy relative to static guide surgery and su-
perior accuracy to that associated with freehand dental
implant surgery. Similar findings have also been reported in
clinical practice.14e16 Dynamic navigation is thus a reliable
clinical approach,17 the accuracy of which is not affected
by surgeon experience level.15,16

TSFE was first introduced in the 1980s and was later
modified by Summers,18 who introduced a technique in
which a conventional drill was used to reach approximately
2 mm below the maxillary sinus floor. Hand osteotomes
were then used to elevate the Schneiderian membrane
after the infracture of the sinus floor.19 The residual bone
height of 5e9 mm achieved good postoperative outcomes
and minimal complications.20,21 The piezoelectric internal
sinus elevation (PISE) technique was introduced in 2003,22

and relies upon the use of a piezoelectric surgical tip in
place of osteotomes. However, bone graft condensation is
still required to elevate the sinus membrane in this pro-
cedure. For the present study, we used a drill to reach the
planned position (within 1 mm of the bottom of the
maxillary sinus floor) under the guidance of the dynamic
navigation system. Then, a piezoelectric surgical tip was
used to break through the sinus floor. After penetrating the
sinus floor, osteotomes were inserted to elevate the sinus
mucosa. Following membrane elevation, the graft was
compacted into the osteotomy site and the implant was



Figure 4 Deviations between preoperative (planned) and
postoperative (actual) implant positions.

Table 2 Dynamic navigation system accuracy in the
context of implant surgery with transcrestal sinus floor
elevation (TSFE).

AD (�) EPHD (mm) APHD (mm)

Mean ± SD 3.656 � 1.665 1.073 � 0.686 1.086 � 0.667
Min-max 0.791e6.487 0.031e2.682 0.233e2.782
95% CI 3.011e4.302 0.807e1.339 0.828e1.345

Note: AD: angular deviation, EPHD: entry point horizontal de-
viation, APHD: apical point horizontal deviation.
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placed. Through the application of a piezoelectric device
during this procedure, the duration and magnitude of
osteotome use were dramatically reduced. Significant
maxillary sinus perforation in this operative context may be
avoided as evidenced by the immediate postoperative CBCT
images.

In a recent systematic review of the accuracy of dy-
namic computer-aided implant placement conducted by
Jorba-Garcı́a et al.,2 the authors reported an average
Table 1 The datas of surgeons, implant sites, implant protru
patients.

Groups Surgeons Implant sites Prot

Surgeon 1 Surgeon 2 Premolar molar ＜2 m

Number 16 12 12 16 14
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angular deviation of 3.68� (95% CI: 3.61 to 3.74), an
average coronal global deviation of 1.03 mm (95% CI: 1.01
to 1.04), an average apical global deviation of 1.34 mm
(95% CI: 1.32 to 1.36) mm, an average lateral (2D) entry of
0.69 mm (95% CI: 0.67 to 0.72), and an average lateral (2D)
apex of 0.9 mm (95% CI: 0.83 to 0.97) in clinical studies.
Aydemir and Arısan6 conducted dynamic navigation and
freehand patient implant placement in the posterior
maxilla, and measured an average coronal deviation of
1.01 mm (SD: 0.07 mm), an average apical deviation of
1.83 mm (SD: 0.12 mm), and an average angular deviation
of 5.59� (SD: 0.39�) in the navigation group. In their study
of 219 implants placed using a fully guided dynamic navi-
gation approach, Block et al.23 reported an average
angular deviation of 2.97� (SD: 2.09), an average coronal
global deviation of 1.16 mm (SD: 0.59), an average apical
global deviation of 1.29 mm (SD: 0.65), an average lateral
(2D) entry of 0.74 mm (SD: 0.43), and an average lateral
(2D) apex of 0.9 mm (SD: 0.55). Herein, we measured AD,
EPHD, and APHD deviations between planned and actual
implant placement, and found these values to be
3.656 � 1.665�, 1.073 � 0.686 mm, and 1.086 � 0.667 mm,
respectively. Additionally, we found the angular deviation
to be smaller for premolar sites relative to molar sites, and
found that surgeon experience level had no impact on the
overall accuracy of this approach.

Relative to dynamic navigation, the accuracy of free-
hand implant placement approaches is generally reported
to be substantially reduced. For example, Block et al.23

reported freehand placement to be associated with an
average angular deviation of 6.5� (SD: 4.21), an average
coronal global deviation of 1.78 mm (SD: 0.77), an average
apical global deviation of 2.27 mm (SD: 1.02), an average
lateral (2D) entry of 1.19 mm (SD: 0.68), and an average
lateral (2D) apex of 1.84 mm (SD: 1.05) when assessing 122
implants placed via a such an approach. Varga et al.24

reported an average angular deviation of 7.13�, an
average coronal global deviation of 1.76 mm, and an
average apical global deviation of 2.42 mm in the maxilla
sion lengths, implant diameters and implant lengths in 28

rusion lengths Implant diameters Implant lengths

m 2e4 mm 4.1 mm 4.8 mm 8 mm 10 mm

14 19 9 13 15



Table 3 The angular deviation (AD), entry point horizontal deviation (EPHD), and apical point horizontal deviation (APHD) of
different surgeons.

Surgeon Number AD (�) EPHD (mm) APHD (mm)

Surgeon 1 16 3.598 � 1.648 0.903 � 0.599 0.998 � 0.490
Surgeon 2 12 3.735 � 1.757 1.300 � 0.754 1.205 � 0.859
P 0.834 0.132 0.465

Table 4 The angular deviation (AD), entry point horizontal deviation (EPHD), and apical point horizontal deviation (APHD) of
different implant sites.

Site Number AD (�) EPHD (mm) APHD (mm)

premolar 12 2.666 � 1.123 0.832 � 0.684 0.945 � 0.766
molar 16 4.399 � 1.640 1.254 � 0.650 1.192 � 0.585
P 0.004 0.108 0.342
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when conducting freehand surgery. Block reported that for
20 patients who underwent freehand surgical placement
performed by two surgeons, mean angular deviation,
platform lateral deviation, and apical lateral deviation
values were 7.69�, 1.15 mm, and 2.21 mm, respectively.16

In a separate study comparing planned and actual implant
placement in a mental navigation group, Vercruyssen
et al.25 reported an average coronal deviation of 2.77 mm
(SD:1.54 mm), an average apical deviation of 2.91 mm (SD:
1.52 mm), and an average angular deviation of 9.92� (SD:
6.01�). Aydemir and Arısan6 compared dynamic navigation
and freehand approaches in patients with bilateral
edentulism in the posterior maxilla in whom sufficient
bone volume was available to insert a standard implant
(3.5-mm diameter and 10-mm long), reporting an average
coronal deviation of 1.70 mm (SD: 0.13 mm), an average
apical deviation of 2.51 mm (SD: 0.21 mm), and an average
angular deviation of 10.04� (SD: 0.83�) in the freehand
group. These results thus suggest that freehand implant
placement is less accurate as compared to computer-
aided approaches. This is a particularly important
consideration when operating on an anatomical site that
requires absolute accuracy during the implant placement
procedure.

Pozzi and Moy evaluated the placement of 136 implants
in 66 patients using a computer-guided template to perform
flapless transcrestal maxillary sinus floor elevation with an
expanding-condensing osteotomes protocol. This approach
was able to achieve high rates of implant success when
implanting implants into the posterior maxilla in a site with
a single missing tooth with sufficient bone height
(5e9 mm).26

The conventional TSFE procedure was used to estimate
the position of the drill based on the preoperative CBCT
images, positioning it to 1 mm below the floor of the
maxillary sinus.27 For less experienced surgeons and even
experienced surgeons dealing with the unique anatomical
structure of the maxillary sinus, the actual direction and
depth of the drill often differ from those planned positions.
This can result in two outcomes. For one, this can cause
damage to or perforation of the maxillary sinus mucosa.
Second, it may result in the presence of more residual bone
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below the maxillary sinus floor than expected, affecting the
subsequent use of hand osteotomes. If a piezoelectric de-
vice is used, however, it will prolong the operative dura-
tion. Dynamic navigation has noteworthy advantages when
conducting posterior maxillary implant surgery with TSFE,
particularly for premolars with a mesiodistal sloping
maxillary sinus floor and molars with a buccolingual sloping
maxillary sinus floor. A dome-shaped elevator was used
after piezoelectric surgery and before osteotome use for
patients in whom such sloping was observed. The preop-
eratively planned apical implant position was 1 mm or less
from the maxillary sinus floor, and we were able to use the
visual dynamic navigation system to accurately drill to the
lowest point of the sloping maxillary sinus floor. We then
removed the bone upward along the lowest point of the
maxillary sinus floor via piezoelectric osteotomy to achieve
TSFE. We were then able to insert the traceable implant
into the optimal position using the screen of the dynamic
navigation system.

Several factors have the potential to impact the accu-
racy of dynamic navigation. CBCT image quality can be
impacted by hardware, software, and human factors.3

Preoperative and postoperative CBCT imaging should be
conducted using the same settings, as differing CBCT im-
ages would impact the accuracy of overlap between plan-
ned and actual implant positions. Patients have a
registration device placed in the surgical site using silicone
elastomer prior to undergoing CBCT scanning. Registration
device movement would result in the incorrect positioning
of the radiological fiducial markers. As per manufacturer
recommendations, it is necessary to return the device to
the company for calibration after every 50 uses. When not
checked and repaired in a timely fashion, the system will
yield poor accuracy. Owing to a lack of teeth contour and
poor periodontal conditions, unstable registration and
fixing device positioning can also result in inaccurate dy-
namic navigation during surgery. Intraoperative factors can
also contribute to overall accuracy. Surgeons face a
learning curve to achieve proficiency with this approach.16

The degree of mouth opening can also affect the maxillary
posterior implant procedure, as it can confine the hand-
piece and drills to a limited area. During the TSFE
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operation, the density of residual bone and cortical bone at
the base of the maxillary sinus can also impact operative
accuracy. The nonuniform or discontinuous removal of bone
from the floor of the maxillary sinus can result in inaccurate
implant positioning, particularly for maxillary posterior
sites with less residual bone height.

We have several suggestions that may aid others in their
efforts to achieve optimal accuracy when conducting poste-
rior maxillary implant surgery with TSFE using dynamic navi-
gation. First, all patients should be fitted with a registration
device using silicone elastomer in the implant site prior to
CBCT imaging. The selection of the registration device type,
placement, and finishing all warrant careful consideration.
We were able to use a long registration device and additional
silicone elastomer to extend the overall length of this device
for patients inwhom the free ends of the posterior teethwere
missing. Patients can additionally bite rolled cotton on the
registration during CBCT scanning. All of these steps can
improve registration device stability and the repeatability of
associated manipulation. During implant surgery, it is impor-
tant to ensure the stability of the registration and fixation
devices.We applied steadypressure to the registrationdevice
and selected evenly distributed registration points to com-
plete the registration process. We were then able to perform
infiltration anesthesia after registration, particularly in pa-
tients in whom the free ends of posterior teeth were missing,
thereby avoiding the influence of soft tissue changes on
registrationaccuracy. Stability during all stages of the implant
placement procedure is critical, and the navigation guidance
should be carefully followed, with the actual position of the
implant in the surgical site being assessed to establish
whether further modifications to the implant design are
required. The implant should also be inserted under naviga-
tion guidance to ensure consistency between the planned and
actual positioning of the implant.

As this was a retrospective study with a small sample size
performed by two surgeons, additional large-scale prospec-
tive analyses will be essential to confirm the accuracy of dy-
namic navigation systems in the context of dental implant
surgery with TSFE. Such future prospective randomized
controlled trials should enroll surgeons with differing experi-
ence levels in order to gain further insight regarding the re-
lationships among maxillary sinus anatomy, dentist seniority,
and other variables associated with safe and accurate patient
outcomes following implant surgery with TSFE.

In summary, the results of this study suggest that the
accuracy of dynamic navigation systems used when con-
ducting posterior maxilla implant surgery with TSFE using
piezoelectric devices is similar to that of previously pub-
lished conventional implant navigation techniques,
improving the precision and safety of these interventions
while decreasing the morbidity of TSFE, making it a suitable
approach for clinical posterior maxilla implant placement.
The angular deviation values for premolar sites were smaller
than those for molar sites. Surgeon experience level did not
have any impact on the accuracy of this navigation method.
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