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Abstract: The aim of this study was to evaluate the accuracy and feasibility of flapless implant
placement using a light-cured surgical template made of composite resin comprising dimethacrylate
and diurethane, performed simultaneously with crestal sinus augmentation. This pilot study was
a prospective, single-armed, controlled clinical trial. Four patients having an edentulous region in
the posterior maxilla with 4 to 8 mm of residual ridge height were enrolled. Flapless fully-guided
implant placement was performed using a zero-setup surgical template with simultaneous crestal
sinus graft. Horizontal, vertical, and angular deviations of the placed implants from the planned
positions were measured. Clinical observations were made, and implant stability was measured up
to 3 months postoperatively. All four implants were placed and maintained successfully without
complication. The mean deviations of the four implants were 1.27 and 1.85 mm horizontally at
platform and apex, respectively, 0.84 mm vertically at apex, and 4.76◦ in angle. Satisfactory implant
stability was obtained in all implants at placement and 3 months. Fully-guided implant placement
and crestal sinus graft using a zero-setup surgical template can be a safe and feasible method with
acceptable accuracy. A randomized controlled trial should be performed in the future to validate its
clinical performance in terms of surgical time, accuracy, and patient-reported outcomes.

Keywords: guided implant surgery; sinus augmentation; flapless surgery

1. Introduction

In the modern era of implant dentistry, it has been well established that the implant
fixture should be placed in its prosthetic-driven position [1]. There are many obvious
advantages that stem from the correct implant positioning, such as a realistic cervical
emergence profile, efficient loading of the occlusal force, and simple oral hygiene [2]. In
essence, the correct positioning of the implant fixture determines the long-term survival
and success of the implant therapy [3].

Traditionally, implant surgeries were performed free-handed. Precise placement of
the implant or several implants into the planned positions required the knowledge and
skill of an experienced surgeon [4]. The situation would become even more demanding in
a horizontally or vertically atrophic ridge, where guided bone regeneration or maxillary
sinus augmentation procedures would be needed. Even an experienced surgeon can be put
under pressure in these circumstances, which may result in a severely deviated implant
from the initially planned position.
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To compensate for this, various surgical templates have been developed and widely
used, which are prefabricated according to a virtual plan devised from computer software
using the superimposed data of cone-beam computed tomography (CBCT) and intraoral
scanning [5]. These surgical templates can be conveniently fabricated using a 3D printer.
The clinical use of the fully-guided surgical templates has many benefits. Apart from
the obvious accuracy of implant placement [6], dangerous anatomical structures can be
evaded, and an immediate provisional restoration can be delivered [7,8]. Furthermore, a
previous study has revealed that the use of a fully-guided surgical template can improve
the patient-reported outcome measurements and allow less experienced surgeons to place
implants accurately [9,10]. However, there is still room for improvement for the existing
guide systems. For instance, the guide fabrication process can be time-consuming due to
the transfer of data between facilities, and the various steps in the process may create an
amplification of errors that may become significant [6].

Recently, a novel, fully-guided surgical template has been proposed, namely the VARO
Guide®. A unique intraoral device called the “pre-guide” is used to create the VARO guide,
which is a preliminary version of the surgical template. The pre-guide looks like a single-
sextant bite impression tray and contains light-curable composite resin. The impression
of the edentulous sextant is taken with the pre-guide by the curing of the resin, and then
CBCT is taken with the pre-guide in situ. The drilling hole locations within the pre-guide
are virtually planned on the CBCT imaging. This data is sent to a milling machine that
fabricates the fully-guided surgical template from the pre-guide. In summary, the current
system can be made inside a single facility (in-house), does not involve a model, be it
conventional or digital (model-free), and requires just a milling machine and no laboratory
work or a 3D printer (zero-setup). In our previous in vitro study using the VARO guide, a
similar placement accuracy was shown compared to a conventional 3D-printed surgical
guide; however, the preparation time was much shorter [11]. Now, there is a need to verify
the feasibility and accuracy of the VARO guide clinically. In addition, there are only a
few studies that have evaluated the accuracy of fully-guided implant placement in the
atrophic alveolar ridge [6]. The VARO guide is compatible with a crestal sinus grafting
kit that utilizes hydraulic pressure to lift the sinus membrane, which can help to reduce
surgical difficulty.

The aim of the present pilot study was to evaluate the accuracy and feasibility of
implant placement in the vertically atrophic posterior maxilla using the VARO guide,
performed simultaneously with flapless crestal sinus augmentation.

2. Materials and Methods
2.1. Study Design and Patient Selection

The present pilot study was designed as a prospective, single-armed, controlled
clinical trial. All procedures adhered to the Declaration of Helsinki. The trial received
ethical approval from the Institutional Review Board of the Yonsei University Dental
Hospital (2-2020-0053), and it was registered with the Clinical Research Information Service
of the National Research Institute of Health in the Republic of Korea (KCT0005465). Four
patients were included in the study who attended the Department of periodontology, Yonsei
University Dental Hospital, from 2020 to 2021. Written informed consent was provided
by all patients prior to enrollment after being fully informed about the procedures. The
procedures were performed by two experienced surgeons who specialized in periodontal
and implant therapies.

2.1.1. Inclusion Criteria

The inclusion criteria were: (i) being >19 years of age, (ii) having a partially edentulous
region in the posterior maxilla needing dental implant therapy, (iii) having at least 3 months
of healing after the tooth extraction, and (iv) having 4–8 mm of residual ridge height,
allowing sinus augmentation by crestal approach
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2.1.2. Exclusion Criteria

A patient satisfying any one of the following exclusion criteria would be excluded from
the study: (i) having insufficient residual ridge height and width, which necessitates the
implementation of lateral bone augmentation or guided bone regeneration, (ii) containing
any lesions in the maxillary sinus including cysts, (iii) having uncontrolled diabetes, (iv)
being pregnant or lactating, (v) having a history of radiotherapy or chemotherapy in the
head and neck region, (vi) taken bisphosphonates within the past 4 months, (vii) having
any other contraindicative oral or systemic diseases to dental implants, and (viii) being a
smoker of >20 cigarettes a day.

2.2. Treatment Protocol
2.2.1. VARO Guide Fabrication

The fabrication of the VARO guide (Neobiotech, Seoul, Korea) is illustrated in Figure 1.
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Figure 1. The fabrication process of the VARO guide. (A) A “pre-guide” containing composite resin was opened from its
package. (B) The base of the pre-guide containing six radiopaque dots (arrows), which can be recognized by the milling
machine. (C) The pre-guide was applied to the edentulous site and then light-cured. (D) Once the cone-beam computed
tomography was taken with pre-guide in situ, virtual planning was conducted on computer software. (E) Using the planned
data, the VARO guide was fabricated by the VARO milling machine. (F) The completed VARO guide having a drill sleeve.

The fabrication process of the VARO guide is described in detail in a previous
study [11]. Following the initial visit of subject enrollment, the VARO guide was fab-
ricated as follows. The pre-guide (PGM13; Neobiotech, Seoul, Korea), containing uncured
composite resin comprising dimethacrylate and diurethane was seated on to the posterior
maxillary teeth, including the edentulous site. The pre-guide contains a sheet of polyvinyl
alcohol that covers the surface of the composite resin, which is intended to prevent the
formation of any undercuts during the indentation. With the pre-guide in situ, the com-
posite resin was light-cured from the buccal and palatal sides for 15 s each. The pre-guide
was then retrieved from the mouth, and the biting surfaces were cured for an additional
30 s. Once cured, the pre-guide was repositioned in the mouth and CBCT (Q-FACE, HDX
WILL, Seoul, South Korea) was taken (85 kV, 8 mA, and exposure time of 24 s) for both
upper and lower jaws. The CBCT images were then transferred to a computer software
(VARO Plan; Neobiotech, Seoul, Korea). Pre-surgical planning was performed on the
software, and the fixtures were virtually placed in their ideal positions. Drilling holes were
subsequently designed according to the fixture locations. This design file was extracted and
transferred to a milling machine (VARO Mill; Neobiotech, Seoul, Korea). The pre-guide
contains six radio-opaque reference points recognizable by the milling machine, which
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allows precise matching of the planned data with the actual pre-guide. The drilling holes
were created in the pre-guide by the milling machine, and the pre-guide is converted to the
VARO guide.

2.2.2. Fully-Guided Implant Placement with Flapless Crestal Sinus Augmentation

The surgical procedures are summarized in Figure 2.
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panoramic radiograph showing the site of implantation. The upper right second premolar was vertically fractured; therefore,
an immediate implant was planned. (B) Virtual planning of implants on upper right second premolar and molar regions
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(E) Sequential osteotomy was performed using the VARO guide. (F) A hydraulic tube was utilized for the elevation of
the Schneiderian membrane. (G) Tissue-level implants were placed. (H) A periapical radiograph showing the typical
“dome-shape” elevation following the crestal sinus graft.

Flapless surgery was performed using the VARO guide sinus kit (Neobiotech, Seoul,
Korea). Infiltration anesthesia was performed at the surgical site using 2% lidocaine with
1:80,000 epinephrine. The thickness of the drill sleeve was determined so that the distance
from the top of the drill sleeve to the alveolar bone crest was either 12 or 10.5 mm, depend-
ing on the availability of the mouth opening. All the drills were designed with different
lengths of adaptable stoppers so that full-depth drilling can be performed according to
varying remaining ridge heights. A soft tissue punch, which is included in the system,
was used to expose the alveolar bone at the drilling site. Using the Sinus Drill with a
stopper of the correct length, the drilling was performed to just short of the sinus floor.
Then, an S-Reamer, having a non-cutting tip, was used to elevate a thin lid of bone at the
sinus floor into the sinus. The sinus membrane was checked for perforation using a depth
gauge as well as the Valsalva maneuver. The sinus membrane was elevated using saline
injected through the hydraulic syringe. A particulate bovine bone substitute (Bio-Oss;
Geistlich Pharma AG, Wolhusen, Switzerland) was delivered via a bone carrier through the
osteotomy site. If needed, widening of the osteotomy site was performed using the twist
drill of the appropriate diameter. Finally, a tissue-level implant fixture (IT III, Neobiotech,
Seoul, Korea) was placed with the VARO guide in situ. An optical impression was taken
with a scan body connected to the fixture, and then the scan body was replaced with a
healing abutment. Periapical radiographs of the placed implants were taken immediately
and 3 months after surgery.

2.3. Outcomes
2.3.1. Clinical Observation

The surgical site was inspected for any signs of adverse reaction, such as bleeding,
swelling, tenderness, and failure of osseointegration during the initial healing and follow-
up periods. Then the wound was dressed on the day after surgery using hydrogen
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peroxide, and follow-up examinations were performed at 10 days, 4 weeks, and 3 months
postoperatively.

2.3.2. Radiographic Observation

On the CBCT images, the remaining ridge height was measured around the virtu-
ally positioned implant. The remaining ridge height was defined as the height of the
alveolar ridge at the lowest point of the curvature in the sinus floor contacting the im-
plant fixture. After the surgery, the periapical radiographs were checked for any signs
of membrane perforation, including the scattering of the graft material. The height of
sinus membrane elevation was measured on the periapical radiographs immediately and
3 months after surgery.

2.3.3. Accuracy of Implant Placement
Superimposition of the Virtually Planned Implant and the Actually Placed Implant

The superimposition and measurement process of placement accuracy using the
VARO guide are summarized in Figure 3.

Appl. Sci. 2021, 11, x FOR PEER REVIEW 5 of 11 
 

 

2.3.1. Clinical Observation 
The surgical site was inspected for any signs of adverse reaction, such as bleeding, 

swelling, tenderness, and failure of osseointegration during the initial healing and follow-
up periods. Then the wound was dressed on the day after surgery using hydrogen perox-
ide, and follow-up examinations were performed at 10 days, 4 weeks, and 3 months post-
operatively.  

2.3.2. Radiographic Observation 
On the CBCT images, the remaining ridge height was measured around the virtually 

positioned implant. The remaining ridge height was defined as the height of the alveolar 
ridge at the lowest point of the curvature in the sinus floor contacting the implant fixture. 
After the surgery, the periapical radiographs were checked for any signs of membrane 
perforation, including the scattering of the graft material. The height of sinus membrane 
elevation was measured on the periapical radiographs immediately and 3 months after 
surgery. 

2.3.3. Accuracy of Implant Placement 

Superimposition of the Virtually Planned Implant and the Actually Placed Implant 
The superimposition and measurement process of placement accuracy using the 

VARO guide are summarized in Figure 3. 

 
Figure 3. Measurement of the positional accuracy of the VARO guide surgery. (A) The pre-surgi-
cal plan data was uploaded to a dental CAD software. (B) The STL files from the postsurgical opti-
cal impression were also uploaded to the same software. (C) The data set was transferred to a 3D 
analysis software and superimposed using teeth as references. (D) The drilling hole from the pre-
surgical data and the virtual abutment from the postsurgical data were used to “reverse engineer” 
the fixture positions. (E) The angular, vertical, and horizontal deviations were measured at im-
plant apex and platform levels. 

The pre-surgical plan data comprising the CBCT imaging and the guide design were 
extracted from the VG planning software (VARO Plan, Neobiotech, Seoul, Korea) and up-
loaded to a dental CAD software (exoCAD, exocad GmbH, Darmstadt, Germany). The 
STL files from the postsurgical optical impression were also uploaded to the same soft-
ware, and the scan body was transformed into a virtual abutment. This data set containing 
the pre and postsurgical information was transferred to a 3D analysis software (Geomagic 
Verify, SculptCAD, Dallas, TX, USA), and by using teeth as the reference, the pre and 
postsurgical data were superimposed. The pre-planned fixture position was extrapolated 
from the position of the drilling hole and the postsurgical fixture position from the virtual 
abutment. This process of extrapolating the fixture position is known as “reverse engi-
neering” and has been described in a previous study [11]. 

Parameters for Accuracy of Implant Placement 
The measurements were taken by one examiner (Joo-Nyun Kim). Each parameter 

was measured twice, and then the mean of the two measurements was used. 

Figure 3. Measurement of the positional accuracy of the VARO guide surgery. (A) The pre-surgical
plan data was uploaded to a dental CAD software. (B) The STL files from the postsurgical optical
impression were also uploaded to the same software. (C) The data set was transferred to a 3D analysis
software and superimposed using teeth as references. (D) The drilling hole from the pre-surgical
data and the virtual abutment from the postsurgical data were used to “reverse engineer” the fixture
positions. (E) The angular, vertical, and horizontal deviations were measured at implant apex and
platform levels.

The pre-surgical plan data comprising the CBCT imaging and the guide design were
extracted from the VG planning software (VARO Plan, Neobiotech, Seoul, Korea) and
uploaded to a dental CAD software (exoCAD, exocad GmbH, Darmstadt, Germany). The
STL files from the postsurgical optical impression were also uploaded to the same software,
and the scan body was transformed into a virtual abutment. This data set containing the pre
and postsurgical information was transferred to a 3D analysis software (Geomagic Verify,
SculptCAD, Dallas, TX, USA), and by using teeth as the reference, the pre and postsurgical
data were superimposed. The pre-planned fixture position was extrapolated from the
position of the drilling hole and the postsurgical fixture position from the virtual abutment.
This process of extrapolating the fixture position is known as “reverse engineering” and
has been described in a previous study [11].

Parameters for Accuracy of Implant Placement

The measurements were taken by one examiner (Joo-Nyun Kim). Each parameter was
measured twice, and then the mean of the two measurements was used.

• Vertical deviation (mm): the vertical distance between the planned and placed
fixture apices.

• Angular deviation (◦): the angle between the axes of planned and placed fixtures.
• Horizontal platform deviation (mm): the horizontal distance between the planned and

placed fixtures at the base of the transmucosal component of the tissue level implants.
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• Horizontal apex deviation (mm): the horizontal distance between the planned and
placed fixture apices.

2.3.4. Implant Stability

Implant stability was measured immediately after implant placement and at the
3-month follow-up using a resonance frequency analysis device (RFA) (Osstell ISQ, Inte-
gration Diagnostics AB, Gothenburg, Sweden). RFA is a widely used analyzer that shows
implant stability quotient (ISQ) values ranging from 1 to 100. ISQ values of 1–59 indicate
low stability, 60–69 indicate medium stability, and 70 or higher indicate high stability.

3. Results
3.1. Clinical Observation

The detailed information of each site has been presented in Table 1.

Table 1. Demographic information of the surgical sites.

Case Sex Age
Implant

Placement
Site

Size of Implant
Fixture

(Diameter ×
Length mm)

Initial Torque/
* Bone Quality/*
Bone Quantity

Remaining
Ridge
Height
(mm)

1
2
3
4

F
F
F
F

76
78
52
60

26
16
16
27

5.0 × 8.5
5.0 × 10
4.5 × 8.5
5.0 × 10

40 N/D2/B
50 N/D2/B
50 N/D2/B
30 N/D3/B

3.6
8.19
5.85
8.39

ISQ; implant stability quotient. * Classification according to Lekholm and Zard.

Cases 1 and 4 were in the most-posterior single-tooth gap of the maxillary arch. Case
3 was the only case with an edentulous region of more than one tooth, having placed two
consecutive implants. The default height from the top of the drill sleeve to the alveolar
bone crest was 12 mm. However, the length was reduced to 10.5 mm in Case 2 due to
limited mouth opening. Wide implants having diameters of at least 4.5 mm were placed in
all sites with the minimum placement torque of 30 N.

No tearing of the sinus membrane was evident during surgery and in the postoperative
radiographs. All of the treated sites healed uneventfully. Prosthetic treatment had been
completed following the 3-month visit for all cases.

3.2. Radiographic Observation

The periapical radiographs of each case taken at baseline and 3 months postoperative
have been shown in Figure 4. The mean and standard deviation of the remaining ridge
heights of the four cases was 6.68 ± 1.99 mm. Case 1 had the shortest remaining ridge
height of 3.6 mm, and Case 4 had the tallest remaining ridge height of 8.39 mm. The
periapical radiographs taken after surgery revealed the typical “dome-shaped’ elevation of
the sinus membrane without signs of membrane tear. The mean amount of sinus membrane
elevation in all cases was 5.29 ± 1.41 mm immediately after surgery and 5.27 ± 1.36 mm at
3 months after surgery.
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Figure 4. Periapical radiographs taken at baseline and 3 months. (A, B, C, and D) represent Cases 1, 2, 3, and 4, respectively,
at baseline. (E, F, G, and H) represent cases 1, 2, 3, and 4, respectively, at 3 months postoperative.

3.3. Accuracy of Implant Placement Using the VARO Guide

The measurements for the accuracy of implant placement have been shown in Table 2.

Table 2. Parameters showing deviation between virtually planned and actually placed implants.

Case Hp (mm) Ha (mm) A (◦) V (mm)

1 1.85 2.82 6.39 0.96
2 1.62 2.18 5.45 1.53
3 0.87 1.41 4.71 0.54
4 0.75 0.97 2.49 0.31

Mean ± SD 1.27 ± 0.47 1.85 ± 0.71 4.76 ± 1.44 0.84 ± 0.46
Median (Min, Max) 1.25 (0.75, 1.85) 1.80 (0.97, 2.82) 5.08 (2.49, 6.39) 0.75 (0.31, 1.53)

Hp: horizontal deviation at implant platform (mm). Ha: horizontal deviation at implant apex (mm). A: Angular
deviation. V: Vertical deviation at the apex (mm).

The total of four implants placed using the VARO guide demonstrated mean devia-
tions of 1.27 ± 0.47 mm horizontally at the platform, 1.85 ± 0.71 mm horizontally at apex,
4.76 ± 1.44◦ in angle, and 0.84 ± 0.46 mm vertically at the apex. Case 4, having the tallest
height of the remaining ridge, exhibited the most accurate implant placement in regards to
all parameters. Case 1, having the shortest remaining ridge height, was the least accurate
in the horizontal and angular aspects. Case 2, placed in the upper right first molar region
using the reduced sleeve length of 10.5 mm, was the least accurate in the vertical aspect. In
terms of the errors in angular and horizontal aspects, there was a trend of reduction from
Case 1 to Case 4.

3.4. Implant Stability

The results from implant stability measurements are shown in Figure 5.
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Case 1 having the least remaining vertical ridge height showed the least initial stability, and vice
versa for Case 4.

All implants were placed with sufficient initial torque and stability for the connection
of healing abutments. The initial placement torque ranged from 30 to 50 N in all cases. ISQ
values showed a pattern of increase from the initial to the 3-month postoperative period.
Case 1 exhibited the lowest stability at immediate and 3-month postoperative, represented
by ISQ values of 59 and 64, respectively. These values indicate the borderline between low
and medium stability of the implant fixture. Medium to high stability was achieved in the
other cases. Case 4 exhibited the highest initial stability represented by ISQ values of 70.
All of the ISQ values were acceptable for the application of conventional loading protocol
in this study.

4. Discussion

The VARO guide is a novel, fully-guided implant placement system characterized
by the in-house, model-free, and zero-setup approaches. The present pilot study was
performed to evaluate the accuracy and feasibility of the VARO guide system in the
atrophic posterior maxilla for fully-guided flapless implant placement with simultaneous
crestal sinus graft. From the four implants that had been placed using the VARO guide,
the main findings of the study were: (i) the VARO guided surgery exhibited a range of
deviation from the planned position of around 1 mm, (ii) simultaneous crestal sinus graft
can be performed safely and without complication, and (iii) good stability was achieved
for the placed implants at the initial and late stages.

According to a recent meta-analysis of 669 implants placed in partially edentulous
areas, the mean global deviation values were 2.68◦ in angle; 1.03 mm coronally; 1.33 mm
apically; and 0.59 mm vertically [12]. In the current study, the deviation values were 4.76◦

in angle, 1.27 mm horizontally at the platform, 1.85 mm horizontally at apex, 0.84 mm
vertically at the apex. The deviation values revealed here were slightly larger than that
of the meta-analysis. This could be due to the fact that these implants were placed in a
challenging situation of the atrophic posterior ridge, where there is a lack of bone support
at the apical region of the implant fixture. Furthermore, all of the cases in this study were in
the posterior region, the majority of them in the most posterior tooth of the arch, whereas
the data from the meta-analysis was a combination of data from the anterior region. There is
evidence in the literature that guided surgery in the anterior region produces more accurate
results compared to the posterior since implant placement procedures in the molar region
are more often faced with difficulties related to access and vision [13]. For evaluation of the
guide suitability for clinical application, two criteria can be considered: (i) the possibility
to deliver the immediate provisional prosthesis by passive fit (i.e., without chairside
correction), and (ii) the safety margin deduced from the deviation data of the surgical guide.
The recorded values in the present study were greater than the prosthetic requirement
for the passive fit of immediate provisional restorations, which has been reported to be
around 0.1–0.15 mm [14–16]. Achieving such a high degree of precision seems difficult
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despite the current technological advances. Concerning safety, the vertical deviation at the
apex is probably the most relevant outcome as it affects the proximity to vital anatomical
structures [12]. With that being said, the vertical deviation of less than 1 mm demonstrated
using the VARO guide could be considered “safe” in regards to preventing injuries to the
inferior mandibular nerve and perforation of the Schneiderian membrane.

Case 4, which was placed in the most-posterior single tooth region at the upper second
molar, was the most accurate in all aspects among the four cases. This case also showed
the greatest remaining ridge height of 8.39 mm. Case 2 had a comparable remaining ridge
height of 8.19 mm; however, it was the least accurate in the vertical aspect. This was owed
to the limited mouth opening in Case 2 and the subsequent difficulty in maneuvering the
drill. Design solutions of the surgical guide to overcome the lack of vertical dimension
include opening the buccal side of the drill sleeve to allow drill entry and reducing the
sleeve length. Whether the buccal opening of the drill sleeve affects accuracy has been
investigated previously [13]. In that study, the use of the open sleeve design resulted in
less accurate implant placement in the posterior region. In another study that investigated
the effect of drilling distance, sleeve length, and sleeve height, it has been shown that the
length of the sleeve had no influence on accuracy, but rather the drilling distance below the
sleeve had a significant effect on the accuracy of implant placement [17]. The VARO guide
has adopted the latter design of reduced sleeve length rather than the open-sleeve design,
which should produce greater accuracy according to these indications in the literature.

The four cases included in this study exhibited a variation of deviation values. Case
1 showed the greatest deviation in the angle and horizontal aspects at the platform and
apex. This result could be owed to Case 1 having the least remaining ridge height among
all of the cases. In contrast, Case 4, having the tallest remaining ridge height, revealed the
most accurate result. There was also a correlation between the remaining ridge height and
the initial stability of the implants, as Case 1 was the least stable and Case 4 was the most
stable. Taking this into consideration, it could be deduced that shorter ridge height can
lead to less implant stability and less accurate implant placement.

Another possible explanation for the variation among the data might be the influence
of the learning curve. The four cases were performed in chronological order; therefore, the
skill of the surgeon at using the VARO guide would have improved after each case. This
was evident in the data, as there was a trend of decrease in error from Case 1 through to Case
4. However, due to the small number of subjects in this pilot study, it is difficult to draw a
conclusion based on statistics. In the authors’ knowledge, there has not been a prospective
trial up-to-date on the accuracy of guided implant placement with simultaneous crestal
sinus graft. It is necessary, therefore, to perform a randomized controlled trial to verify the
effect of the simultaneous flapless approach on the accuracy of guided implant placement.

It is also possible that other sources of error might have contributed toward the
deviation data in this study. Inaccuracies in VARO-guided surgery can be attributed to
factors that are intrinsic and extrinsic to the surgical guide. Intrinsic errors can arise from
the inaccuracy of the composite resin impression using the pre-guide and incorrect seating
of the pre-guide during CBCT taking. Polymerization shrinkage is an inherent drawback
of resin composite [18], and since the inner surfaces of the pre-guide had been cured
extraorally, shrinkage of the fitting surfaces can be a possibility. Extrinsic errors can result
from the movement of the VARO guide during implant placement and the experience of
the surgeon in the VARO guide protocol. In regards to the latter, however, a recent in vitro
study has reported similar outcomes in terms of time and accuracy when VARO guide
surgery was performed by expert and novice users [11]. In the same study, when the VARO
guide was compared to a 3D-printed surgical guide, the VARO guide required less time to
prepare, although the surgical time was similar.

Since the evolution of implant dentistry toward minimally invasive procedures, flap-
less surgery has been shown to provide many benefits. These include preservation of blood
circulation and soft tissue architecture [19], prevention of marginal bone loss by avoiding
bone denudation during flap elevation [20–22], and considerably less postoperative mor-
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bidity and discomfort in terms of the patient-reported outcome [23–25]. However, it can be
disadvantageous to perform flapless surgery freehanded as the true outline of the underly-
ing bone cannot be detected by palpation alone [26]. Furthermore, in the vertically atrophic
ridge, as in this study, accurate implant placement may seem like a challenging task. In the
VARO guide sinus kit, a soft tissue punch is included, and it has become possible to access
the sinus floor without raising a flap and place the implant fixture according to the virtual
plan. The advantage of this digital technique is that even when the sinus floor is curved,
the exact point of entry can be predicted and accurately accessed using the surgical guide.
Furthermore, elevating the sinus membrane using hydraulic pressure can help to prevent
the perforation of the sinus membrane and also detach the membrane from the sinus floor
more evenly around the implant fixture than the osteotome technique. In this pilot study,
all four cases were performed successfully without any complications, such as perforation
of the sinus membrane, and all implants were placed with stable initial torque of at least
30 N. In this regard, it could be proposed that the simultaneous crestal sinus graft using
the VARO guide sinus kit is a feasible technique when faced with remaining ridge heights
of 4 to 8 mm.

5. Conclusions

In summary, fully-guided implant placement with simultaneous crestal sinus graft
using the VARO guide could be a safe and feasible method with acceptable accuracy. The
limitation of the present pilot study was the paucity of data. Randomized controlled
trials comparing the VARO guide to a conventional or 3D-printed surgical guide should
be performed in the future to validate its clinical performance in terms of surgical time,
accuracy, and patient-reported outcomes.
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