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Randomised Controlled Trial
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Radiographic outcomes of lateral
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without bone window
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Abstract. The objective of this study was to perform a comparative evaluation
of the radiographic outcomes of lateral sinus floor elevation with and without
bone window repositioning (BLSFE and LSFE, respectively) when applied
concomitantly with implant placement. A randomized controlled clinical trial
was conducted between February 1, 2016 and May 1, 2017 including 26
individuals with at least one missing tooth. Participants were randomized 1:1 to
undergo BLSFE (10 participants, 16 implants) or LSFE (13 participants, 19
implants). Bovine-derived xenograft was used in both groups and the implants
were inserted concomitantly. In the BLSFE group, the antrostomy was covered
with a repositioned bone window and then with a concentrated growth factors
(CGF) membrane. In the LSFE group, the antrostomy was covered with a CGF
membrane. Panoramic radiographs were taken before surgery (T0), immediately
postoperative (T1), and at 12 months postoperative (6 months after loading)
(T2). Marginal bone loss (MBL), apical bone gain, augmented alveolar bone
height, and intra-sinus bone augmentation were evaluated on panoramic
radiographs at T2. A linear regression analysis with generalized estimating
equation models was performed. The implant survival rate was 100% at 1 year
after implant surgery. The residual alveolar bone height at T0 was comparable
in the BLSFE and LSFE groups (3.58 ± 1.49 mm vs 4.12 ± 1.61, P = 0.32), as
was the alveolar bone height at T1 (13.61 ± 1.82 mm vs 12.38 ± 1.82 mm,
P = 0.06). At T2, significantly higher alveolar bone height, intra-sinus bone
augmentation, and apical bone gain, and lower distal MBL were observed in the
BLSFE group when compared to the LSFE group, with adjusting for covariates
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(β = 2.44, 95% CI 1.42–3.46, P < 0.0001; β = 2.38, 95% CI 1.35–3.41,
P < 0.0001; β = 2.33, 95% CI 1.23–3.42, P < 0.0001; and β = −0.43, 95% CI
−0.83 to −0.02, P = 0.038, respectively). No significant difference was observed
for mesial MBL or apical bone resorption at T2. Lateral sinus floor elevation
with bone window repositioning may result in higher bone augmentation after 1
year than the traditional approach. Further research is needed to elucidate the
effect of lateral sinus floor elevation with bone window repositioning.

The implant-supported prosthesis is an
important therapeutic option to re-
habilitate partially or totally edentulous
patients. However, a posterior edentu-
lous maxilla with insufficient vertical
height of the residual alveolar crest is a
common challenge. Maxillary sinus
floor elevation and grafting has been
adopted to resolve this clinical pro-
blem, either via lateral or transcrestal
approach.1–4

When the residual bone height be-
tween the sinus floor and the alveolar
crest of the maxilla is less than 5 mm,
the lateral sinus floor elevation ap-
proach is the first choice.5–7 During
lateral sinus floor elevation, the surgeon
needs to graft bone materials through
the bone window in the lateral wall of
the maxillary sinus. In the classic lateral
approach for sinus floor elevation, the
bone window is ground out with a
round diamond bur.8,9 For the pur-
poses of gaining sufficient visualization
of the surgical area, preventing com-
plications, and facilitating membrane
detachment, the surgeon needs to
choose both a wide flap and a large
bone window during the lateral sinus
floor elevation procedure.10 However,
according to a previous animal study,
new bone may start to form from the
septa of the sinus and the residual bony
walls of the maxillary sinus towards the
middle of the elevated area.11 The re-
sidual bone wall might be essential to
the intra-sinus new bone formation
process.12 Other studies have reported
that significantly more bone augmen-
tation in height and width was observed
in cases with a smaller bone window
when compared to those with a larger
bone window.13,14

In 2006, Palma et al. proposed a bone
window replacement technique.15 The
new surgical technique allowed the sinus
membrane to be elevated without the
help of adjunctive grafting materials and
the bone window was replaced after
surgery. Histology and histomorpho-
metry examinations showed new bone
augmentation. However, compared to

the classic lateral sinus elevation, it re-
mained unclear whether the bone aug-
mentation effect was better with the
replaced bone window technique. It was
hypothesized that if the bony window of
the sinus could be replaced in situ and
become revascularized over a short time
period, a relatively larger bone window
could be used to completely expose the
lateral wall of the maxillary sinus and
gain more convenient entry to the sinus
cavity, and that better bone regenera-
tion in the sinus grafting space would be
a potential benefit of the replaced bone
window. However, animal experiments
have been rare and the results con-
troversial. A histomorphometric study
in rabbits compared the effect of re-
positioning the bony plate over the an-
trostomy in maxillary sinus
augmentation with the classic lateral
sinus elevation in which the antrostomy
was covered with a collagen membrane.
The bone augmentation area and bone
density were similar at 8 weeks.16 An-
other histomorphometric study in sheep
compared the effect of repositioning the
bony plate over the antrostomy in
maxillary sinus augmentation with the
classic lateral sinus elevation, in which
the antrostomy was covered with a
polylactic membrane. A larger amount
of newly formed bone in the close-to-
window zone of the grafted area was
observed at 4 months.17

Nevertheless, the results of animal
experiments may be different from the
actual clinical situation in humans.
Only a few clinical studies using the
same technique have been reported.
Although these clinical studies showed
predictable bone augmentation and
implant success in the maxillary
sinus,18,19 it appears that there have
been few randomized controlled trials
(RCTs) in humans to compare the ef-
fect of repositioning the bony plate
over the antrostomy in maxillary sinus
augmentation with the classic lateral
sinus augmentation.
Therefore, the aim of this study was

to compare the clinical and

radiographic outcomes of lateral sinus
floor elevation with and without bone
window repositioning based on
an RCT.

Materials and methods

Study population

This study was a randomized con-
trolled clinical trial. The study protocol
was approved by the institutional ethics
committee (PKUSSIRB-201523068).
The study was registered with the
Chinese Clinical Trial Registry (regis-
tration number: ChiCTR-1900025824).
A total of 26 consecutive patients, 14

female and 12 male, with a mean age of
50 years, met the inclusion criteria. All
candidates were recruited from patients
who visited the Fourth Clinic
Department of Peking University
Hospital of Stomatology, China for
implant treatment, between February 1,
2016 and May 1, 2017. The protocol
was explained to the patients and
written consent forms were signed by
all participants.
The following inclusion criteria were

applied: a demand for implant therapy
in the maxillary premolar or molar area
with a residual bone height of less than
5 mm determined by panoramic radio-
graphs; healthy maxillary sinuses; the
possibility of achieving adequate pri-
mary stability during sinus floor eleva-
tion. The exclusion criteria were as
follows: general contraindication for
implant surgery; severe haemophilia;
poor oral hygiene; smoking; severe
bruxism or clenching habits.
The participants were divided ran-

domly into a BLSFE group (test group,
lateral sinus floor elevation with bone
window repositioning) and an LSFE
group (control group, lateral sinus floor
elevation) using computer-generated
permuted block randomization with an
allocation ratio of 1:1. The randomi-
zation information was kept in sealed
envelopes and the envelopes were
opened before surgery.
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Surgical and prosthetic procedures

The techniques are illustrated by two
posterior maxillary edentulous seg-
ments requiring bone augmentation by
sinus lift (Figs. 1a and 2a). A midcrestal
incision with two vertical releasing in-
cisions was made to raise a full thick-
ness mucoperiosteal flap and expose the
anterior sinus lateral wall. In the con-
trol group, the planned bone window
was ground out using a round diamond
bur (Fig. 1b). The inferior margin of
the antrostomy was 2 mm above the
sinus floor to generate a three-wall
compartment. In the test group, after
tracing the planned bone window, a
piezoelectric device (Piezomed; W&H
Dentalwerk Bürmoos GmbH, Bür-
moos, Austria) (Fig. 2b) was used to
make a bone window, which was later
separated entirely from the sinus
membrane. The position of the inferior
margin of the bone window was equal
to the sinus floor. The tip of the pie-
zoelectric saw was tilted to create a

tapered osteotomy, to ensure the sta-
bility of the bone window when it was
repositioned.
In both groups, the sinus membrane

was then detached and elevated to
create a secluded compartment for the
implants. After the elevation was com-
pleted, the implant sites were prepared
following an undersized drilling pro-
tocol, with the aim of obtaining ade-
quate primary stability for implant
healing. Deproteinized bovine bone
(Bio-Oss; Geistlich Pharma, Wolhusen,
Switzerland) was grafted into the me-
sial, distal, and inside part of the sinus
through the access window. Implants
were placed (Thommen Medical AG,
Grenchen, Switzerland; Element or
Contact, diameter 4.0–5.0 mm, length
8–11 mm). Next, bone substitute was
grafted through the access window to
fully cover the implant inside the sinus
(Fig. 1c, Fig. 2c).
In the test group, the bone window

was replaced (Fig. 2d) and then covered
with a concentrated growth factors

(CGF) membrane (Medifuge MF200;
Silfradent srl, Santa Sofia, Italy)
(Fig. 2e). In the control group, the an-
trostomy was directly covered by a
CGF membrane. Finally, the muco-
periosteal flap was replaced and closed
in both groups (Fig. 1d, Fig. 2f).
Primary stability was evaluated after

implant insertion.20,21 If the insert
torque reached 35N∙cm and the im-
plant showed no movement in any di-
rection, a healing abutment was
connected with a transmucosal healing
protocol. Otherwise, a healing cap was
connected with a submerged healing
protocol. After a 6-month healing
period, 16 single crowns and 13 bridges
were delivered on the support of 38
implants. All patients received screw
retained full-ceramic restorations
(Fig. 1e, f, Fig. 2g).

Clinical and radiographic assessment

Perforations during sinus membrane
elevation were recorded. The implant

Fig. 1. Treatment procedure in the LSFE group (control group). (a) Preoperative buccal view of the alveolar ridge. (b) A small bone
window was made using a round diamond bur and the sinus membrane was then elevated. (c) Bone grafting and implant placement. (d)
Wound closure. (e) Buccal view of the final restoration. (f) Occlusal view of the final restoration. (g) Panoramic radiograph taken at 1
year postoperative.
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survival rate was calculated at T2 and
assessed based on the criteria proposed
by Buser et al.: the absence of mobility,
the absence of subjective complaints
such as pain or paresthesia, the absence
of peri-implant infection, and the ab-
sence of continuous radiolucency
around the implant.22

Baseline panoramic radiographs
were taken before surgery at T0.
Panoramic radiographs were also taken
immediately after surgery (T1) and 6
months after loading (T2; 1 year after
surgery). Standardized panoramic
radiographs were obtained using an X-
ray device (Planmeca ProMax Dimax3

Ceph; Planmeca, Helsinki, Finland)
under the same conditions: an X-ray
voltage of 60–62 kV, a current of
8–12 mA, and an exposure time of 16
seconds.23 Alveolar bone height im-
mediately postoperative was measured
on the radiograph taken at T1. Al-
veolar bone height, apical bone gain,
and marginal bone loss (MBL) were
measured on the panoramic radio-
graphs at T2. Intra-sinus bone aug-
mentation in height at 1 year after sinus
augmentation surgery was calculated as
follows: the alveolar bone height at T2
minus the residual bone height at T0.
Apical bone resorption at 1 year after
sinus augmentation surgery was calcu-
lated by subtracting the baseline apical
bone gain at T1 from the apical bone
gain at T2. MBL was measured in the
region between the implant abutment
junction and the alveolar bone
crest (Fig. 3).

Statistical analysis

The characteristics of the participants
and implants, and the radiographic
parameters were compared between the
two groups. Variables were presented
as the mean ± standard deviation va-
lues. The Student t-test was performed
for continuous variables and the χ2 test
for categorical variables. Generalized
estimating equation (GEE) models
were used to assess the effect for ex-
posure, with adjustment for covari-
ates.24,25 Only one time-point (T2) was
selected for GEE analysis. Considering
the situation that there might be more
than one implant in one patient, GEE
was used to adjust the potential corre-
lation of data. There were five models

Fig. 3. Depiction of the measurements obtained from the radiographs. (A) Vertical dis-
tance between the alveolar crest (implant rough surface and smooth surface junction) and
the bottom of the maxillary sinus at T0. (B) Vertical distance between the alveolar crest
(implant rough surface and smooth surface junction) and the bottom of the maxillary
sinus at T1. (C) Vertical distance between the alveolar crest (implant rough surface and
smooth surface junction) and the bottom of the maxillary sinus at (D) Apical bone level at
T1. (E) Apical bone level at T2. (F) Apical bone resorption between T1 and T2. (G) The
height of the sinus membrane elevation at T1. (H) The augmented bone height in the
maxillary sinus at T2.

Fig. 2. Treatment procedure in the BLSFE group (test group). (a) Preoperative buccal view of the alveolar ridge. (b) Osteotomy using a
piezoelectric saw and removal of the bone window. (c) Bone grafting and implant placement. (d) Bone window repositioning. (e) CGF
membrane preparation. (f) Wound closure. (g) Final restoration. (h) Panoramic radiograph taken at 1 year postoperative.
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used in the GEE: model I, not adjusted
for any covariates; model II, adjusted
for age and sex; model III, adjusted for
residual alveolar bone height at T0;
model IV, adjusted for tooth site, im-
plant length, and implant diameter;
model V, adjusted for age, sex, residual
alveolar bone height at T0, tooth site,
implant length, and implant diameter.
The results were presented as β (95%
confidence interval (CI)). β Values are
the regression coefficients from the
analysis, and they represent the mean
difference in outcome between the two
groups. The statistical analyses were
two-tailed and a P-value < 0.05 was
considered statistically significant. The
statistical power was calculated using
PASS version 11.0 (NCSS LLC, Kays-
ville, UT, USA).
All of the statistical analyses were per-

formed with R (http://www.R-project.org)
and EmpowerStats software (www.em-
powerstats.com, X & Y Solutions, Inc.,
Boston, MA, USA).

Results

Characteristics of participants and
implants

A total of 26 consecutive patients were
enrolled between February 1, 2016 and
May 1, 2017, and were assigned ran-
domly to the LSFE group (n= 13) and
BLSFE group (n = 13). The 1-year
follow-up was completed by 10 parti-
cipants (76.9%) in the BLSFE group
(three participants were lost to follow-
up) and 13 participants (100%) in the

LSFE group (Fig. 4). The participant
and implant characteristics are reported
in Table 1. No significant difference in
age, sex, tooth site (premolar, molar),
implant length, or implant diameter
was found between the two
groups (P > 0.05).

Implant survival rate and radiographic
findings

The residual alveolar bone height at T0
(3.58 ± 1.49 mm vs 4.12 ± 1.61,
P= 0.32) and the alveolar bone height
at T1 (13.61 ± 1.82 mm vs
12.38 ± 1.82 mm, P= 0.06) were com-
parable in the BLSFE and LSFE
groups. The implant survival rate was
100% at T2. Among the outcomes of
this study, three indices, T2 alveolar
bone height, T2 intra-sinus bone aug-
mentation, and T2 apical bone gain,
differed between the two groups
(Table 2).

Generalized estimating equation analysis
on the radiographic parameters

Table 3 reports the results of the GEE
analysis of the bone augmentation at
T2 between the two groups. The ana-
lysis showed 2.44 mm greater alveolar
bone height in the LSFE with bone
window repositioning (BLSFE) group
when compared to the LSFE group
(β = 2.44, 95% CI 1.42–3.46) in model
V, with adjustment for age, sex, re-
sidual alveolar bone height at T0, tooth
site, implant length, and implant dia-
meter. Similar results were found for

intra-sinus bone augmentation and
apical bone gain at T2. Intra-sinus bone
augmentation at T2 was 2.38 mm
greater in the BLSFE group than that
in the LSFE group (β= 2.38, 95% CI
1.35–3.41) and apical bone gain was
2.33 mm greater in the BLSFE group
than that in the LSFE group (β = 2.33,
95% CI 1.23–3.42) in model V. More-
over, no significant change was found
in the result for alveolar bone height,
intra-sinus bone augmentation, and
apical bone gain at T2, when adjusting
for the covariates or not (models I, II,
III, IV, and V). For the outcome vari-
able of distal MBL at T2, no significant
difference between the two groups
(P > 0.05) was observed in the four
models I, II, III, and IV. However, in
model V, after adjusting for all covari-
ates, a difference was found between
the two groups (β=−0.43, 95% CI
−0.83 to −0.02). The results indicated
that, independent of these confounders,
there was a difference in distal MBL
between the LSFE group and BLSFE
group: there was less distal bone re-
sorption in the BLSFE group. Re-
garding the outcomes of mesial MBL
and apical bone resorption at T2, no
significant differences in bone aug-
mentation were observed with any of
the five models.

Discussion

This study, based on an RCT design,
comparatively evaluated the 1-year
radiographic outcomes of lateral sinus
floor elevation with and without bone
window repositioning (BLSFE and
LSFE, respectively) when applied con-
comitantly with implant placement. In
this study, the implant survival rate was
100% within 1 year, which is consistent
with previous studies that have eval-
uated the survival rates of implants
placed following lateral sinus floor ele-
vation without bone window re-
positioning.12,26 In addition, all
patients obtained a sufficient alveolar
bone height (12.02 ± 2.05 mm), and
the intra-sinus bone augmentation was
stable at 12 months (8.18 ± 2.71 mm).
A previous study reported an average

intra-sinus bone gain in height using
the lateral approach and bone window
repositioning without grafting mate-
rials of 11.5 mm at 12 months,12 which
is in line with the results of this study.
The main finding of the present study is
that the BLSFE group had a better
postoperative effect than the LSFE

Fig. 4. Flowchart of the study participants. A total of 26 consecutive patients were en-
rolled and were assigned randomly to the LSFE group (n= 13) and BLSFE group
(n = 13). The 1-year follow-up was completed by 10 participants (76.9%) in the BLSFE
group (three participants were lost to follow-up) and 13 participants (100%) in the LSFE
group.
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group, including greater alveolar bone
height, intra-sinus bone augmentation,
and apical bone gain at T2. In more
detail, compared with the LSFE group,
the BLSFE group obtained 2.44 mm
more alveolar bone height, 2.38 mm
more intra-sinus bone augmentation,
and 2.33 mm more apical bone gain at
the time of the 1-year follow-up. These
results were independent of con-
founding factors such as age, sex, im-
plant characteristics, and baseline
residual bone height. The findings ver-
ified our hypothesis that the bone aug-
mentation effect would be better with
the replaced bone window technique
when compared to the classic lateral
sinus floor elevation when applied
concomitantly with implant placement.
Currently, there appears to be no

published RCT in humans that has
compared the effects of repositioning
the bony plate over the antrostomy in
maxillary sinus augmentation using

bone grafts versus the classic lateral
sinus floor elevation with bone grafts,
covering the antrostomy with CGF
membrane or collagen membrane. This
RCT study in humans was performed
to compare the effects of repositioning
the bony plate over the antrostomy in
maxillary sinus augmentation versus
the classic lateral sinus floor elevation
covering the antrostomy with CGF
membrane. In another clinical study,
the effect of sinus floor elevation using
the lateral approach with window re-
positioning and a xenogeneic bone
substitute as a grafting material was
evaluated by cone beam computed to-
mography (CBCT), histological, and
histomorphometric analyses.27 How-
ever, the sinus floor elevation was
conducted combined with early implant
insertion or delayed implant insertion,
and intra-sinus bone augmentation was
not measured.27 Importantly, in the
current study, alveolar bone height,

intra-sinus bone gain, and apical bone
gain in height were higher in the test
group than in the control group after
12 months of healing, and this was
statistically significant (all P < 0.05).
In a previous study using the re-

placed bone window technique, the
sinus membrane was elevated without
the help of adjunctive grafting mate-
rials.15 Studies have indicated that,
without grafting materials to support
the space, a collapse of the sinus
membrane might decrease the intra-
sinus bone gain over time.28 Hence, a
long implant (implant length > 12mm)
might have to be chosen to support the
sinus membrane, compensating for the
shrinkage in the elevation height re-
sulting from the collapse of the sinus
membrane.12 In the present study, the
bone window was replaced in an ap-
proach using bone graft materials.
Grafting materials may maintain the
space generated during the sinus

Table 1. Baseline characteristics of the patients and implants.

Variables LSFE group BLSFE group

Patient-level
Number 13 10
Age (years), mean ± SD 49.1 ± 10.2 51.1 ± 10.2
Sex, n
Male 8 4
Female 5 6

Implant-level
Number 19 16
Tooth site, n
Premolar 3 3
Molar 16 13

Implant length, n
8 mm 5 6
9mm 0 1
9.5 mm 13 7
11 mm 1 2

Implant diameter, n
4 mm 2 0
4.2 mm 3 0
4.5 mm 7 8
5mm 7 8

LSFE, lateral sinus floor elevation; BLSFE, lateral sinus floor elevation with bone window re-
positioning; SD, standard deviation.

Table 2. Radiographic characteristics of the bone height at T0, T1, and T2.

Variables (mm) LSFE group (n = 19) BLSFE group (n = 16)

T0 Residual alveolar bone height 4.12 ± 1.61 3.58 ± 1.49
T1 Alveolar bone height 12.38 ± 1.82 13.61 ± 1.82
T2 Alveolar bone height 10.92 ± 1.51 13.32 ± 1.86*
T2 Mesial MBL 0.39 ± 0.50 0.41 ± 0.29
T2 Distal MBL 0.75 ± 0.71 0.48 ± 0.31
T2 Intra-sinus bone augmentation 6.86 ± 2.40 9.74 ± 2.20*
T2 Apical bone gain 1.74 ± 1.03 3.96 ± 1.69*
T2 Apical bone resorption 0.76 ± 0.81 0.61 ± 1.18
T2 MBL 0.57 ± 0.53 0.52 ± 0.29

Data are presented as the mean ± standard deviation values. *P < 0.05. LSFE, lateral sinus floor elevation; BLSFE, lateral
sinus floor elevation with bone window repositioning; MBL, marginal bone loss; T0, baseline; T1, immediately after implant
surgery; T2, 1 year after surgery.
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membrane elevation procedure, so
normal length implants were inserted
(implant lengths 8–11mm). Hence, ex-
cessive elevation of the sinus membrane
is not needed, and a smaller bone
window and flap could be applied to
reduce the trauma and postoperative
responses.
Moderately rough-surface implants

with a 1-mm machined collar were in-
serted in a one-stage approach. In both
treatment groups, the implants were
placed with the polished collar above
the bone crest. At the 12–month follow-
up, the median mesial MBL and distal
MBL values were less than 1mm in
both groups. These findings confirm the
results of previous studies that have
reported minimal to no peri‐implant
MBL following sinus lift and con-
comitant implant placement.29,30

There were several limitations in this
study. The exact mechanism of bone
formation inside the sinus has not been
completely clarified. It is speculated
that the residual bone might provide a
basis for new bone formation, since it
was proved that reducing the

dimensions of the bone window re-
sulted in a larger amount of bone aug-
mentation.31 It has been indicated that
bone formation may occur from the
residual bone towards the sinus floor.32

An advantage of a replaceable window
approach is that the repositioned bone
window may better protect the grafted
material, preventing leakage of the
grafting materials and the ingrowth of
connective tissue through the
window.33 Another advantage of the
bone window repositioning technique
might be that, with a piezoelectric saw
of only 0.5 mm in thickness and a very
narrow osteotomy line, the replaced
bone window could rapidly become
revascularized, and bridges of new
bone from the edges of the antrostomy
may reach the repositioned bone
window, ultimately resulting in healing
of the bone window with the sur-
rounding lateral sinus wall as a whole.
The healed sinus wall might provide
osteoblast cells to favour the coloniza-
tion of the graft, and the replaced bone
window might partially bond to the
newly formed bone in the sinus.

Another limitation of the present study
is that the intra-sinus bone augmenta-
tion was measured on two-dimensional
panoramic X-rays, and there might
have been a distortion due to this
technique. A CBCT evaluation method
is required for future research. Addi-
tional studies with a longer observation
period and with a larger sample size are
also necessary for further validation. In
addition, another limitation of this
study is the lack of sample size calcu-
lation before the study. However, con-
sidering that statistical significance was
obtained for some of the outcomes, the
power should be sufficient to detect
differences for these outcomes.
In conclusion, the findings of this

study suggest that the radiographic
prognosis for the bone window re-
positioning technique in combination
with grafting material and regular
length implants is better than that of the
classic lateral sinus floor elevation.
Further studies are required to elucidate
the effect of lateral sinus floor elevation
with bone window repositioning.

Table 3. Results of the multiple regression analysis of bone augmentation at T2 between the LSFE group and BLSFE group; values in
millimetres.

Variable
Model I Model II Model III Model IV Model V

β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI)
T2 Alveolar bone height
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group 2.41 (1.16, 3.66)* 2.30 (1.12, 3.49)* 2.41 (1.13, 3.68)* 2.77 (1.66, 3.89)* 2.44 (1.42, 3.46)*

T2 Mesial MBL
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group 0.02 (−0.26, 0.30) 0.04 (−0.22, 0.31) 0.10 (−0.14, 0.34) 0.13 (−0.25, 0.51) 0.21 (−0.21, 0.64)

T2 Distal MBL
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group − 0.27 (−0.70,

0.17)
− 0.26 (−0.64,
0.13)

− 0.20 (−0.64,
0.24)

− 0.38 (−0.82,
0.06)

− 0.43 (−0.83,
−0.02)*

T2 Intra-sinus bone
augmentation
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group 2.88 (1.33, 4.44)* 2.92 (1.29, 4.55)* 2.34 (1.06, 3.63)* 2.92 (1.25, 4.59)* 2.38 (1.35, 3.41)*

T2 Apical bone gain
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group 2.22 (1.23, 3.21)* 2.17 (1.26, 3.08)* 2.23 (1.19, 3.27)* 2.45 (1.33, 3.57)* 2.33 (1.23, 3.42)*

T2 Apical bone resorption
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group − 0.15 (−0.96,

0.65)
− 0.17 (−0.98,
0.63)

− 0.05 (−0.91,
0.80)

− 0.60 (−1.32,
0.12)

− 0.58 (−1.33, 0.16)

T2 MBL
LSFE group Ref. Ref. Ref. Ref. Ref.
BLSFE group − 0.04 (−0.37,

0.29)
− 0.02 (−0.35,
0.31)

0.01 (−0.27, 0.29) − 0.08 (−0.44,
0.29)

− 0.09 (−0.48, 0.31)

T2, 1 year after surgery; LSFE, lateral sinus floor elevation; BLSFE, lateral sinus floor elevation with bone window repositioning; MBL,
marginal bone loss; CI, confidence interval.
Outcome: T2 Alveolar bone height, T2 Mesial MBL, T2 Distal MBL, T2 Intra-sinus bone augmentation, T2 Apical bone gain, T2 Apical
bone resorption, T2 MBL. Exposure: LSFE group or BLSFE group. * P < 0.05.
Model I, not adjusted for any covariates. Model II, adjusted for age and sex. Model III, adjusted for residual alveolar bone height at T0.
Model IV, adjusted for tooth site, implant length, and implant diameter. Model V, adjusted for age, sex, residual alveolar bone height at
T0, tooth site, implant length, and implant diameter.
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