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ABSTRACT

Aim: Technology improvement and a better understanding of sinus anatomy and wound healing in the past decade have allowed
the development of minimally invasive surgical techniques. This systematic review focused on identifying and describing these
techniques for vertical and lateral sinus augmentation (VSA and LSA).

Materials and Methods: Electronic and hand search were conducted to screen the literature published from January 2003 to
May 2024. The selected studies had to include detailed techniques for minimally invasive SA. Data extraction included the study

types, sample size, technique/instrument details, and outcome measurements.

Results: A total of 36 articles (27 VSA, 8 LSA with an additional 1 article included both procedures) with 2732 sinus augmenta-
tion met the inclusion criteria. Minimally invasive VSA includes the use of modified rotary instruments with stopper, balloon,
hydraulic pressure, digital planning, endoscope, and operating microscope. These techniques aim for conservative flap reflec-
tion, precise sinus window preparation, and/or controlled sinus membrane elevation. Most of the selected studies (n =15) did not

report the incidence of sinus membrane perforation.

Conclusion: Within the limitations of this review, minimally invasive VSA and LSA achieved sufficient sinus augmentation

and implant success with the potential advantages of reduced surgical complications and morbidity. Comparative studies with

defined outcomes are encouraged to further validate these useful minimally invasive techniques for SA.

1 | Introduction

Sinus augmentation (SA) is indicated to increase the alveolar
ridge height in the posterior maxilla with inadequate height
for placing standard-length dental implants [1]. After tooth
extraction, alveolar bone resorption and sinus pneumatization
are inevitable. SA surgery is common, especially at maxillary
first molar tooth loss due to terminal periodontitis. With the

advanced vertical loss of alveolar bone, up to two-thirds of these
sites (67.40%) require SA procedure either with transcrestal/
vertical sinus augmentation (VSA) when residual bone height
is >5mm (23.50%) or lateral sinus augmentation (LSA) (41.20%)
when the bone height is <5mm [2].

In the traditional LSA approach, the lateral window outline
was described to extend the outline to the anatomical limit
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of the maxillary sinus cavity, which is delineated as 1-2mm
from the sinus floor, 2-3mm above the planned implant
length, 1-2mm from the anterior wall, and 5mm distal to the
most posterior planned implant site [3]. The window size of
approximately 15X 20 mm allows easy access. This traditional
outline requires extensive flap reflection, large lateral window
preparation, and a wide area of sinus membrane elevation to
the medial wall. This extensive outline could lead to a higher
incidence of sinus membrane perforation (SMP) [4] in approx-
imately one-fifth of LSA procedures (21%), increased patient
morbidity [5-10], inferior osteogenic potential, and slower
bone maturation due to missing bony wall [11]. The prev-
alence of full edentulism decreased significantly in the US,
from 18.9% to 4.9% during the half-century-spanning surveys
[12]. The need for multiple implant placements along with
large lateral window osteotomy preparation has been reduced.
On the contrary, there is a greater need for replacing a single
tooth gap with a smaller-sized window preparation.

The conventional osteotome approach for VSA used a blunt end
osteotome with a mallet to compact autologous bone and the
sinus floor. The compacted bone layer around the osteotomy site
lifts the sinus membrane vertically until the desired length is
achieved [13]. The main limitations of this technique are that
during the surgical steps, the operator is blinded and based pri-
marily on the individual's experience, and the detection of SMP
is not feasible through insufficient visualization of the small
osteotomy preparation. In addition, uncontrolled use of these
instruments could create trauma to the membrane, eventually
leading to membrane tears.

The advancement of surgical techniques, instruments, and
digital implant planning for VSA and LSA may allow for a min-
imally invasive approach with better control and higher accu-
racy of surgical execution that could lead to more favorable
treatment outcomes, less postoperative morbidity, enhanced
safety and efficacy during surgery. The standard implant
length is currently acceptable at 10 mm [14] and even a shorter
implant, such as 8 mm can be used to evade possible morbidity
or reduce treatment time [2, 15]. A minimally-invasive surgi-
cal approach for VSA and LSA using the use of specially de-
signed sinus lift instruments augmented visualization from an
operating microscope (OM) or endoscope, and the use of dig-
ital implant planning was introduced during the past decade
as an alternative to conventional LSA [16]. Understanding the
clinical outcome of these modified procedures could poten-
tially result in the development of more simplified procedures
with improved surrogate and patient-centered outcomes.
Thus, this review aims to critically appraise the current litera-
ture on both VSA and LSA surgery by applying the minimally
invasive concept using modified instruments, digital implant
planning, and/or high magnification loupes/the OM, and/or
an endoscope.

2 | Material and Methods

This systematic review followed the preferred reporting items
for systematic reviews and meta-analyses guidelines (PRISMA)
[17, 18]. This systematic review has been registered on.

International prospective register of systematic reviews
(PROSPERO) under registration number CRD42024538770.

3 | Search Strategy
(1) Focused questions.
(1.1) Based on PICO principle;

(1) Population: Adult patients in need of LSA or VSA for one or
more dental implant placements.

(2) Intervention (or exposure): Minimally invasive LSA or VSA
involving the OM, loupes, an endoscopic approach, and digital
implant planning of LSA or VSA irrespective of technique and
technology used.

(3) Control (or comparator): Not applicable.

(4) Outcome of interest and the study design: Description and
rationale of the minimally invasive LSA or VSA techniques in
controlled clinical trials, case reports/series, and prospective or
retrospective clinical studies.

(2) Study selection criteria.

Inclusion criteria

« Studies had to have at least one patient receiving LSA or
VSA for implant placement. Surgical techniques used for
sinus augmentation had to be clearly described, involving
the minimally invasive concept using modified instruments,
digital implant planning, and/or high magnification loupes/
the OM and/or an endoscope.

« Studies could have more than one group of participants re-
ceiving different sinus augmentation techniques.

« Studies had to report the total number of LSA or VSA proce-
dures performed in all participants.

Exclusion criteria

« In vitro studies, animal studies, narrative reviews, repeated
reports with similar patients, communications, or expert
opinions were excluded from this review.

« Articles not in English.

The primary outcome of this systematic review is the descrip-
tion and rationale of the minimally invasive sinus augmentation
techniques. The event of intraoperative SMP was also recorded
as a secondary outcome.

(3) Search strategy.

A search was conducted for studies published from January
2003 to May 2024 in MEDLINE (PubMed) using specific key
terms (Appendix A Search Strategy). To broaden the scope
of the electronic search and ensure inclusivity, four separate
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searches were performed to identify all articles meeting the
inclusion criteria. The key term search is outlined as follows:
([sinus augmentation] AND [microsurgery]) AND ([sinus aug-
mentation] AND [sinus lift]) AND (surgical guides) (((sinus aug-
mentation) AND (sinus lift))) AND (minimally invasive) AND
((sinus augmentation) AND (sinus lift)) AND (lateral window).
Furthermore, the reference list was screened to identify any ad-
ditional articles that might meet the inclusion criteria.

4 | Data Extraction and Data Synthesis

The titles and abstracts of all retrieved articles were independently
screened by two authors (AR and BS). The full texts of potentially
qualifying articles were examined. The third independent exam-
iner (H-L C) was contacted in case of disagreement. If the selected
articles had multiple group comparisons, only the group meeting
the inclusion criteria was included. Data were independently ex-
tracted by the two authors (AR and BS) and compared. The ac-
curacy of the data was confirmed by the third examiner (H-L C).

5 | Assessment of Risk of Bias in the Included
Studies

Study characteristics, quality, and heterogeneity were assessed
by the Cochrane risk-of-bias tool for randomized trials for ran-
domized controlled trials (RCT) [19], and risk of bias in non-
randomized studies of interventions tools for non-RCTs [20] by
two authors (AR and BS).

6 | Results

A total of 48 articles were selected for full-text review after
screening 256 abstracts and titles (Figure 1); 12 articles were
further excluded. The excluded articles and the reason(s) for
exclusion are listed in Table 1. Finally, 36 articles with 2732
procedures in 1887 patients were included in this review. The se-
lected studies included two RCTs, 10 prospective cohort studies,
five retrospective studies, and 19 case series/reports (Table 2:
Treatment strategies in selected articles).

[ Identification of studies via database and registers
)
S
= Records removed before
= - —>
E=) Database (n = 265) Duplicate records removed
E (n=29)
) l
Records excluded
(n=100)
Records screened 1. Atrticles not in EngllSh
(n = 256) (2. Procedures involved surgeries
beyond the lateral and crestal
area of the maxillary sinus
2 :
(= .
8 Reports sought for Rerzgits1 gg; retrieusd
[3) retrieval > . -
n (n = 156) 1. Surglc_al_ proceQureg not related
to a minimally invasive approach
Reports assessed for ~ Reports excluded:
eligibility L] 1. Insufficient details of the surgical
(n =48) procedure (n = 5)
) 2. The procedure involved surgeries
l beyond lateral and crestal area of
— the maxillary sinus (n = 2)
- 3. Surgical procedure was not
e Studios included in review related to minimally invasive
% (n = 36) apprqach (n=23) ‘
= 4. Animal or cadaver studies (n = 2)
e/

FIGURE1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart.
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TABLE1 | Excluded articles and reasons.

Reason

Author and year

Insufficient details of the surgical procedure

The procedure involved surgeries beyond lateral and crestal area

of the maxillary sinus

Surgical procedure was not related to minimally invasive
approach

Animal or cadaver studies

Choudhary et al. 2022, Dhandapani et al. 2016, Soardi
et al. 2013, Soltan et al. 2011, Kfir et al. 2011.
Kiyokawa et al. 2016, Kunihiro et al. 2014.

Balaji et al. 2013, Yamada et al. 2013, Santagata et al. 2010.

Draenert et al. 2013, Zheng et al. 2014.

6.1 | Quality Assessment and Heterogeneity
Evaluation, Quality of Evidence

The two RCT studies showed a “low” overall risk of bias. Among
35 non-RCT, the overall “critical” risk of bias was assessed in 21

studies, with “serious”, “moderate”, and “low” risk of bias in 1,
11, and 1 study, respectively (Table 3).

7 | Minimally Invasive Vertical Sinus
Augmentation

Several techniques and arrays of instruments have been imple-
mented to increase success and reduce intraoperative surgical
complications. Only two studies were RCT [21, 22|, whereas
others were prospective, retrospective studies, and case series/
reports [23-29].

(1) Rotary instruments with safety features.

Adjustable stop devices have been added to manual and rotating
instruments to prevent accidental penetration [21-24, 26]. After
the probe drill which was set 1 mm short of the radiographic work-
ing length, the probe osteotome is then pushed until cortical bone
resistance is felt through tactile sensation. The surgical working
length was obtained from the probe and then used as a length for
the stop device. Subsequent steps were completed, and a bone core
and additional grafting materials were grafted into the sinus with
a calibrated osteotome. A few incidences of SMP (ranging from
3.33% to 6.67%) were reported with the additional use of an adjust-
able stop device in two RCTs and a prospective study [21, 22, 24].

Stoppers were also used in combination with a slow-speed hand-
piece or special side-cutting rotating instruments to abrade the
sinus floor [25, 28]. Both studies showed favorable treatment
outcomes with one sinus membrane micro laceration and no ev-
idence of graft extrusion into the sinus cavity.

Another study used a specially designed disposable hand-torque
sinus lift system [27]. A special hand-torque blade was advanced
into the osteotomy site until reaching the sinus membrane
after osteotomy preparation. The membrane was lifted by cu-
rets with color markings through the crestal osteotomy site and
then filled with biomaterials. Lastly, a recent prospective study
proposed a graftless approach in freshly extracted sockets and
healed sites [29]. The osteotomy preparation was completed at

a 0.5mm distance from the sinus floor. Then, the implant was
placed with a hand wrench to anchor the sinus cortical bone and
slowly tent the sinus membrane in an apical direction.

(2) Use of operating microscope.

An OM was used to perform minimally invasive VSA to inspect
the integrity of the sinus membrane in twelve patients [30]. The
magnification of 15X to 20X and illumination of the OM were
used after the completion of either the conventional osteotome
approach or the reverse drill protocol. One SMP was reported
after the initial osteotomy preparation. No other postoperative
complication was reported.

(3) Use of endoscope.

A case report used endoscopic evaluation after flapless implant
placement with a conventional osteotome VSA in one patient
[31]. The real-time observation of the sinus membrane move-
ment and direct inspection of the membrane integrity assisted
the clinician after using osteotome and platelet-rich fibrin inser-
tion. No SMP was observed during the VSA procedure.

(4) Hydraulic pressure.

One of the early studies proposed the use of hydraulic pressure
from the pressurized water of a round bur handpiece through
a pinhole, which can be used to lift the sinus membrane [32].
The study showed a 99.99% implant survival rate with 8 im-
plants failed out of 1577 implants during the 8-year follow-up
period. However, the incidence of SMP and bone gain were
not reported.

More recent studies implemented the use of saline pressure
from a rubber valve connected to a tube syringe [33, 34]. After
the complete removal of the sinus floor by a twist drill, ap-
proximately 2-3mL of saline solution was administered to
generate hydraulic pressure through the osteotomy site by a
hydraulic elevation device and stabilized by finger pressure.
During the hydraulic lifting, a gradual increase volume of sa-
line was achieved by multiple cycles of pushing and drawing
of a syringe. SMP was inspected by a lack of air bubbles in
the syringe and water transition to the nasal cavity. Additional
use of bone graft material in the osteotomy site is optional.
None of the SMP was observed among 49 cases using this hy-
draulic system [33].
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A case series used albumin concentrated growth factor (Alb-
CGF) gel in combination with the use of a piezosurgery de-
vice to perform VSA [35]. Initial membrane detachment by a
piezosurgical appliance, the sinus membrane was layered first
with the CGF membrane. It was further elevated with the hy-
draulic pressure from the Alb-CGF gel injected from a syringe.
Conventional bone grafting and implant placement were subse-
quently performed.

(5) Hydraulic pressure from an implant internal channel.

Three studies adopted specially designed implants with a
1.5-mm-diameter internal L-shaped channel that allows lig-
uid injection from the lateral aspect of the implant to the apex
into the maxillary sinus, causing hydraulic pressure to elevate
the sinus membrane [36-38]. The implant length varied from
13, 14, 15.5, and 17mm for the residual height of 4, 5, 6.5, and
8 mm, respectively [36, 37]. The osteotomy preparation was in-
creased from a pilot drill to either a 3.2- or 4.2-mm final drill
(for 4.2- and 5.0-mm implant, respectively) up to 1-2mm from
the sinus floor. The implant was advanced to penetrate the sinus
by approximately 1 mm. Saline solution was used to inject into
a tubing port of the implant for approximately 2-3mL [37]. The
physiologic bleeding from the retracted saline indicated that the
implant tip was successfully placed into the sinus. After initial
lifting, the saline was disconnected, and 1-3cm? of flowable
bone graft was introduced by a syringe. The implant was then
advanced until the platform matched the crestal bone level.
All three studies with a total number of 99 implant surgeries
reported no postoperative complication and no SMP evident in
post-operative radiographs and CBCT.

Another variant of the implant with a straight internal channel
was developed with multiple outlets at the implant apex (later-
ally and apically) that allow direct endoscope observation and
a drug delivery system through the implant fixture [39]. Saline
solution (1cc) was injected and alternated with a 1-mm incre-
ment of implant advancement into the osteotomy preparation
until the platform was leveled up with the crestal bone. Fracture
of the sinus floor was detected by either physiologic bleeding
from the implant channel or the endoscope that was inserted
into the implant. The sinus membrane integrity was detected
by the respiratory movement of the saline flowing in and out of
the implant body. Seven of the 218 implants (3.2%) failed mainly
from early infection within 2weeks. The incidence of SMP was
not reported.

(6) Balloon technique.

A balloon technique for VSA was initiated after initial osteot-
omy preparation and gentle sinus floor elevation by osteotomes
[40]. The inflatable balloon was equipped with an inflator sy-
ringe and slowly inflated with saline solution until the desired
elevation (>10mm) was achieved. Bone grafting and implant
placement were then performed. One patient suffered from mild
nose bleeding and two out of 28 VSA surgeries were aborted due
to SMP.

Another retrospective study adopted a microscope to assist
the balloon VSA surgery [41]. The author described the use of
magnification of the microscope ranging from 4 to 16 x either

in direct or indirect vision from incision making, sinus mem-
brane elevation, and integrity evaluation, to suturing at the end
of surgery. The balloon was placed between the sinus floor and
the membrane, then inflated by saline solution from 2 to 4.5mL
to elevation <20mm of the elevation height. A syringe was
then used to inject calcium sulfate solution and an implant was
placed. Three SMPs were observed from 56 sites (two cases less
than 1.5 mm and one case with 5mm SMP). A similar case series
reported the adjunctive use of an endoscope to visualize sinus
membrane integrity [42]. The sinus floor was gently tapped by
the osteotome, and an endoscope was inserted through the os-
teotomy site to inspect the integrity of the Schneiderian mem-
brane. A latex balloon was then placed at the subantral space
and slowly inflated multiple times with >4 mL saline solution.
One SMP was observed in six patients.

The balloon technique has been used in a staged approach for
alveolar ridge height <4mm [43]. The balloon was inflated and
deflated slowly with a minimum number of five times until the
required amount of lift was achieved. After the input valve was
closed for a few seconds for membrane distension, the saline was
drawn out and the xenograft was compacted. There were two
cases of SMP, one with 2mm in size, and 1 due to the balloon
breakage.

(7) Guided minimally invasive vertical sinus augmentation.

Digital surgical guides for implant surgery have been incorpo-
rated into the minimally invasive vertical sinus augmentation
approach [44-46]. Calibrated osteotomes 0.1 mm smaller than
the sleeves of the surgical guide were tapped through the guide
to help maintain the working length [46]. Bone compactors also
have been used through the surgical guide to compress and ex-
pand the osteotomy site, which allows the fracture of the sinus
floor and the elevation of the sinus membrane [45]. Another VSA
technique incorporated a profiler and dispenser with the assis-
tance of the surgical guide [46]. The profiler, a fixture-like with
a smooth convex apex, was first inserted and lifted the sinus
membrane 5-6mm from the sinus floor. Second, a dispenser
with a channel in the body to the apex was then introduced into
the sinus. The sinus membrane was detached and lifted by the
dispenser and the flow from a fluid biomaterial. None of the
three studies reported the incidence of SMP.

Digital-guided implant surgery was used in staged cylindrical
bone transplants in the VSA approach [47]. The cylindrical al-
lograft or autogenous graft was harvested with a trephine bur
2mm larger in diameter than the planned implant. The length of
the graft is also slightly longer than the planned implant. For the
recipient site, the osteotomy was prepared with a depth 2mm
short from the sinus floor and with a diameter 0.5mm smaller
than the block graft with a trephine bur at the implant-planned
position. This allows primary stability of the press-fit harvested
cylindrical graft. A circular bone window was created by a
socket former, and the cylindrical graft was inserted until the
level was flush with the crestal bone. The implants were placed
at the planned positions after the healing phase with additional
osteotome VSA if needed.

Navigated antral bone expansion adopted the use of a navi-
gation system to assist in VSA by medial wall expansion and
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simultaneous implant placement [48]. The first step was to use a
pilot drill in the available alveolar bone until reached 2 mm from
the sinus floor with angulation relative to the ideal implant posi-
tion. A bone expander was then inserted into the osteotomy site
and the tip of the expander lifted the sinus wall laterally toward
the sinus cavity. Both the pilot drill and the bone expander were
navigated by the dynamic navigation system. After the sinus an-
tral wall was lifted, the implant axis was then corrected by the
bone expander. The standard protocol of the drilling sequence
and the implant was also guided by the navigation system. The
incidence of SMP was not reported. There were two palatal alve-
olar process fractures and three implants that used angled abut-
ments to correct inaccuracy during implant placement surgery
from a total of 37 cases.

8 | Minimally Invasive Lateral Sinus
Augmentation

(1) Hydraulic pressure.

Hydraulic pressure was integrated into a minimally invasive
LSA procedure [49] with an adjunctive use of microsurgical
instruments. When only a part of the sinus requires augmen-
tation, a single osteotomy is adequate. A small lateral window
(3x3mm) was created sinus membrane was initially detached
from the wall with a 1-mm round osteoid-shaped instrument.
A ball-end instrument that elevated the sinus membrane from
the floor to the medial wall. The small window was fitted with a
syringe and hydraulic pressure was exerted by biocement injec-
tion. No SMP was reported in 29 cases.

(2) Guided minimally invasive lateral sinus augmentation.

Digital-guided LSA has been recently introduced to help
surgeons define the outline of lateral window preparation
[50-54]. Most of the included studies created a surgical guide
with a rectangular or ovoid-shaped slot extension at the vestib-
ular area of the planned implant position, allowing for precise
window preparation. One study proposed the “Low Window”
design the outline of the lateral window flush with the sinus
floor and anterior wall to reduce inadvertent SMP [55]. The
apical extent of the outline was determined at 6 mm from the
sinus floor to reduce the need for flap reflection. Furthermore,
the surgical angle accesses at the sinus floor and anterior wall
were planned to have more than a 90° angle from the medial
wall to facilitate surgical access and eliminate residual bone
that could interfere with the membrane elevation. None of the
SMP and postoperative complications were observed in 28
LSA interventions.

(3) Use of operating microscope.

An OM was used to perform minimally invasive LSA and create
a small lateral window (6 X 6 mm) [30]. The magnification (range
from 8% to 20x) and illumination of the OM were used during
the osteotomy preparation of the lateral window and sinus mem-
brane elevation. The integrity of the sinus membrane was also in-
spected prior to the placement of the bone graft, and the wound
was closed with micro sutures. None of the LSA procedures had
either postoperative complications or SMP (a total of nine cases).

Endoscope-assisted lateral sinus augmentation.

A retrospective study utilized the video endoscope for minimally
invasive LSA [56]. A 5X5mm osteotomy was located at the lat-
eraobasal aspect of the maxillary sinus and the sinus membrane
was detached with microsurgical instruments 2- and 4mm in
diameter. The window access was located at the most inferior
aspect of the sinus cavity to facilitate the laterobasal tunneling.
During the membrane elevation, the integrity of the membrane
was inspected with 2.7 mm optic equipment. Twenty-eight of the
LSA had SMP, accounting for a 23.73% perforation rate.

9 | Discussion

Recently, the advancement of dental implant surfaces/design,
bone grafts, and surgical instruments along with the improve-
ment of surgical techniques have made it possible for clini-
cians to execute more minimally invasive sinus augmentation.
Previous reviews showed a high success rate of sinus augmen-
tation surgery [57, 58]. Despite this, the most common intraop-
erative complication was SMP, which was reported to account
for 19.5% (0%-58.3%) [57] and 3.8% (0%-21.4%) [59] for LSA and
VSA procedures, respectively. Development of sinus instru-
ments, improved understanding of sinus anatomy and surgical
techniques have changed the approaches for accessing the sinus
in the past decade [9, 10, 60].

A recent review proposed the term minimally invasive VSA,
such surgical intervention should have the following goals: (1)
minimize intra- and postoperative morbidity, (2) reduce treat-
ment time, and (3) simplify or eliminate the reconstructive pro-
cedures [61]. The review included only prospective controlled
trials and most of the selected studies compare osteotome and
drilling protocol with a limited number of studies that use hy-
draulic pressure, piezosurgery, and other alternative techniques.
The authors suggested that the use of standardized sequence
drills to access the sinus floor could help to reduce morbidity
with less chair time and high patient acceptance. In this review,
there is evidence that the use of rotary instruments with adjust-
able stoppers, hydraulic pressure, and balloon technique has
been implemented in VSA to minimize the incidence of inad-
vertent SMP [21-28]. With these adjunctive features, in addition
to the sequence drilling protocol from the previous review, an
increase in the safety of the VSA procedures is anticipated.

Similarly, hydraulic pressure was also integrated into a mini-
mally invasive LSA procedure [49]. The selected studies mostly
were prospective/retrospective studies and case reports/case se-
ries. Only two studies were randomized clinical trials [21, 22],
three studies reported zero SMP [23, 28, 33], and six studies did
not report the incidence of SMP [26, 27, 32, 34, 35, 39]. Most of
the studies used the Valsalva maneuver to detect the integrity of
the sinus membrane. Alternatively, either the leak of saline from
the hydraulic pressure technique into the nose or the presence
of air bubbles in the retracted saline solution were used as an
indicator for SMP.

Various SMP detection techniques among studies should be taken
into consideration as the incidence of such adverse events as SMP
during VSA is not always detected. A high incidence of SMP after
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36 VSA procedures has been shown in an ex vivo study [62]. The
perforation rate obtained by endoscopic evaluation was higher in
the conventional osteotome method (66.7%) compared to the ro-
tary instrument with adjustable stoppers (50%). One study used
the endoscope to assist in the balloon approach and reported one
incidence of SMP from six VSA procedures (16.67%) [42]. The high
detection rate in this study may result from the direct observation
of the sinus membrane from the endoscopic view. Hence, the
method of sinus membrane inspection should be taken into con-
sideration as it may affect the incidence of SMP and most of the
selected studies did not report the incidence of the adverse event.

The need to inject liquid from the side of the L-shaped implant
channel to elicit hydraulic pressure to the apex has made the
length of the implant longer than the 10-mm standard length im-
plant (range from 13 to 17mm) [36-38]. The longer the implant

e

FIGURE 2

implies the need for unnecessary greater elevation height and may
pose a risk of SMP during implant placement. The implant that
extrudes into the sinus during placement may exert extra pressure
on the bone graft, potentially causing the breakage of the mem-
brane and the dispersion of graft materials into the sinus cavity.
All three studies reported zero SMP. However, it may not be fea-
sible to evaluate the integrity of the sinus membrane when the
implant was placed before sinus lifting and the authors did not
provide any description of how the incidence of SMP was assessed.
A maximum safety elevation threshold of 5mm of VSA without
bone graft and implant placement has been proposed in a cadaver
model [62]. Further investigation may be needed to validate and
prove the safety of the approach. Additionally, one study used spe-
cially designed implants with a straight implant channel that al-
lows hydraulic pressure and endoscopic evaluation at the implant
apex [39]. Nonetheless, the incidence of SMP was not reported.

| (a, b) Initial panoramic and sagittal view of 14 edentulous area shows inadequate bone height for a 10-mm standard-length implant.

(c) Initial intraoral photo of 14. (d) Sinus membrane elevation with periodontal surgical curet at a single-tooth space. (f) Amnion-chorion membrane

placement at the lateral window. (g) Postoperative periapical radiograph.

FIGURE 3 | (a) Initial panoramic view of implant planning shows inadequate bone height for a 10-mm standard-length implant. (b) A surgical
guide was digitally designed for implant placement with an extension and a customized window LSA surgery. (c) The ideal implant position and the
lower outline of the lateral window (delineated as a white line) were located at the highest point of the slope of the sinus floor to preserve the alveolar
bone for implant primary stability. (d) Postoperative periapical radiograph.
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Guided VSA surgery mainly uses the surgical guided as an adjunc-
tive tool for osteotome, a dispenser, and a cylindrical graft to be
inserted in the osteotomy site to maintain working length [44-46].
This approach had a similar rationale to a rotating drill with ad-
justable stoppers that prevents inadvertent SMP from uncontrolled
osteotomy preparation. Another way for guided VSA is to use the
dynamic navigation system that allows medial antral wall expan-
sion [48]. Despite the advantages of real-time observation of the
osteotomy preparation, adjacent vital structure, and verification of
ideal implant position, care must be taken when using the bone
expander to avoid palatal process fractures and adjusting the oste-
otomy drilling path to the accurate implant position.

Digitally guided LSA was used primarily to define the outline
for conventional lateral window design [50-54]. Despite this,
the term “minimally invasive” for guided LSA in this review
implies that the surgical guide enhances the accuracy of the
window preparation. The use of the guide does not entail a
smaller window size or reduce the flap extension. Only one
retrospective study suggested a small 6-mm height lateral
window with the outline flush with the sinus anterior wall
and the sinus floor or the “Low Window” technique [55]. The
surgical angle of the osteotomy at the anterior and floor was
recommended to be more than 90° to eliminate any undercut
at the osteotomy margin that could block the surgical access
for membrane detachment. The location of a small window

when placed at the most mesial recess of the maxillary sinus
could help clinicians to lower the SMP. The elimination of
any residual bone wall increases access and facilitates mem-
brane detachment. On the contrary, when the window is lo-
cated more distally, this creates a “blind” condition to elevate
the membrane. The advantage of a small window includes
less flap reflection, facilitates surgical access, and less mem-
brane elevation, which may lead to less incidence of SMP.
This minimally invasive window preparation is similar to the
microscope-assisted LSA procedure as the size of the window
was about 6 mm in height [30].

Adjunctive use of an OM during VSA and LSA has recently been
advocated in the literature [30]. With superior visual magnifica-
tion and enhanced illumination, an unparalleled visual advan-
tage of osteotomy preparation, sinus membrane elevation, and
assessment of the membrane integrity by direct observation are
advantageous, compared to traditional VSA and LSA surgery
(Figure 2, Video S1). The approach could potentially minimize
intraoperative surgical complications due to undetected SMP,
accelerate bone maturation, enhance early wound healing, and
reduce postoperative morbidity [8, 11]. Compared to a larger
conventional window outline that extends to anatomical lim-
its, this may result in opposite less favorable outcomes in terms
of inferior healing potential and more postoperative morbidity.
Moreover, extensive membrane elevation may pose a risk for

FIGURE4 | Intraoperative photos. (a) The 3D-printed surgical guide seating on the occlusal aspect. (b) Bone removal of the lateral sinus window.

(c) Application of bone replacement graft. (d) Implant placement through the surgical guide and osteoplasty at the facial bony exostosis. (e) Flap

closure with polytetrafluoroethylene sutures. (f) 6 weeks postoperatively.
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SMP, increase intraoperative bleeding, increase the use of bio-
materials, and unstable containment of the grafted bone at the
implant's planned location. Despite several benefits of using the
OM, there is a higher learning curve with the use of the OM
along with microsurgical instruments for LSA procedures.

Minimally invasive LSA compared to the traditional approach is
more challenging. Limited visibility and access to lift the sinus
membrane may need a higher level of manual dexterity, a spe-
cific microsurgical armamentarium for membrane detachment,
and assistance from co-axial illumination from dental loupes or
an OM. Hence, some exposure to conventional LSA and specific
microsurgical training from experienced microsurgical clini-
cians may be required for training a minimally invasive LSA.
Additionally, the difficulty assessment of the maxillary sinus is
also necessary before planning the LSA surgery. The use of dif-
ficulty score systems has been implemented in other fields than
implant dentistry [63, 64]. The LSA difficulty assessment could
assist in surgical planning, foresee any anatomical obstacles,
and predict the risk of intraoperative complications as well as an
adjunctive tool for clinician-patient communication [65].

A paradigm shift of sinus augmentation surgery from the con-
ventional to a more minimally invasive approach is that the
membrane elevation needs to fulfill two purposes: (1) to main-
tain membrane integrity and (2) to increase the bone-to-implant
contact [16]. Depending on the residual bone height, the sinus
membrane is manipulated differently. With digital guided im-
plant planning, the precision of the location of the window is
improved. The extent of the sinus membrane elevation could be
limited to the area where the implant will be placed (Figures 3
and 4). The elasticity of the sinus membrane allows detachment
and distension of the membrane from the pressure of the bone
replacement graft. Thus, the need to gain an elevation height of
the membrane to the implant apex and 5mm distal to the most
posterior planned implant site may not be mandatory. Regardless
of the benefit of using guided LSA, extensive flap reflection for
the lateral window guide positioning may result in inferior heal-
ing outcomes (Figure 4f). Furthermore, short implants have
gained popularity over the past decade as an alternative treat-
ment option for atrophic maxilla with acceptable clinical and
patient-reported outcomes [66, 67]. Therefore, the need for ex-
tensive sinus augmentation may be gradually diminished.

Limitations of this current systematic review included sub-
stantial heterogeneity with the study design, which carries a
moderate to critical risk of bias and inconsistent complication
reporting (15 studies with no report on the incidence of SMP).
Only two randomized clinical trials with a low risk of bias that
met the inclusion criteria were selected. Consequently, the ben-
efits of the minimally invasive surgical approaches and the ad-
junctive use of OM, endoscope, and guided sinus augmentation
still need to be explored. Future randomized clinical trials are
required to ideally assess and compare the benefits of minimally
invasive VSA and LSA in terms of bone maturation, accuracy of
bone graft placement at the planned implant position, incidence
of intraoperative complications, cost-effectiveness, and patients’
reported outcomes. Lastly, the implementation of microsur-
gical instruments along with the magnification and illumina-
tion of the OM and endoscope may enhance sinus complication
management.

10 | Conclusion

Modified instruments, digital planning, endoscopes, and OM
have been identified in the literature to execute minimally in-
vasive VSA and LSA procedures. Although the methods to de-
tect adverse events among these studies are inconsistent, these
minimally invasive techniques aiming for conservative flap
reflection, precise sinus window preparation, and controlled
membrane elevation may result in accelerated healing, fewer
complications, and less patient morbidity. Comparative studies
with defined outcomes are encouraged to validate these mini-
mally invasive sinus augmentation techniques.
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Appendix A
Search Strategy

(“paranasal sinuses”[MeSH Terms] OR (“paranasal”[All Fields] AND
“sinuses”[All Fields]) OR “paranasal sinuses”[All Fields] OR “sinus”[All
Fields] OR “sinus s”[All Fields]) AND (“augment”[All Fields] OR
“augmentation”[All Fields] OR “augmentations”[All Fields] OR “aug-
mented”[All Fields] OR “augmenting”[All Fields] OR “augments”[All
Fields]) AND ((“paranasal sinuses”[MeSH Terms| OR (“paranasal”’[All
Fields] AND “sinuses”[All Fields]) OR “paranasal sinuses”[All Fields]|
OR “sinus”[All Fields] OR “sinus s”[All Fields]) AND (“lifting”[MeSH
Terms| OR “lifting”[All Fields] OR “lift”[All Fields])) AND ((“surgi-
cal procedures, operative”’[MeSH Terms] OR (“surgical”’[All Fields]
AND “procedures”[All Fields] AND “operative”[All Fields]) OR “op-
erative surgical procedures”[All Fields] OR “surgical”’[All Fields] OR
“surgically”[All Fields] OR “surgicals”[All Fields]) AND (“guide”[All
Fields] OR “guided”[All Fields] OR “guides”[All Fields] OR “guid-
ing”[All Fields])). In addition the second search was: (“paranasal si-
nuses”[MeSH Terms| OR (“paranasal”’[All Fields] AND “sinuses”[All
Fields]) OR “paranasal sinuses”[All Fields] OR “sinus”[All Fields] OR
“sinus s”[All Fields]) AND (“augment”[All Fields] OR “augmenta-
tion”[All Fields] OR “augmentations”[All Fields] OR “augmented”[All
Fields] OR “augmenting”[All Fields] OR “augments”[All Fields|) AND
(“microsurgery”’[MeSH Terms] OR “microsurgery”[All Fields] OR
“microsurgeries”[All Fields]). Third search terms were: (“paranasal si-
nuses”[MeSH Terms| OR (“paranasal”’[All Fields] AND “sinuses”[All
Fields]) OR “paranasal sinuses”[All Fields] OR “sinus”[All Fields] OR
“sinus s”[All Fields]) AND (“augment”[All Fields] OR “augmenta-
tion”[All Fields] OR “augmentations”[All Fields] OR “augmented”[All
Fields] OR “augmenting”[All Fields] OR “augments”[All Fields])
AND ((“paranasal sinuses”[MeSH Terms| OR (“paranasal”[All Fields]
AND “sinuses”[All Fields]) OR “paranasal sinuses”[All Fields] OR “si-
nus”[All Fields] OR “sinus s”[All Fields]) AND (“lifting”[MeSH Terms]|
OR “lifting”[All Fields] OR “lift”[All Fields])) AND (“minimally”[All
Fields] AND (“invasibility”[All Fields] OR “invasible”[All Fields] OR
“invasion”[All Fields] OR “invasions”[All Fields] OR “invasive”[All
Fields] OR “invasively”[All Fields] OR “invasiveness”[All Fields] OR
“invasives”[All Fields] OR “invasivity”[All Fields])).

17 of 17



	Minimally Invasive Sinus Augmentation: A Systematic Review
	ABSTRACT
	1   |   Introduction
	2   |   Material and Methods
	3   |   Search Strategy
	4   |   Data Extraction and Data Synthesis
	5   |   Assessment of Risk of Bias in the Included Studies
	6   |   Results
	6.1   |   Quality Assessment and Heterogeneity Evaluation, Quality of Evidence

	7   |   Minimally Invasive Vertical Sinus Augmentation
	8   |   Minimally Invasive Lateral Sinus Augmentation
	9   |   Discussion
	10   |   Conclusion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References
	 Appendix A


