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The aim of this study was to retrospectively determine the effects of applying different treatment 
methods to the bony access window on the healing outcomes in lateral sinus floor elevation (SFE). 
Lateral SFE with implant placement was performed in 131 sinuses of 105 patients. The following three 
treatment methods were applied to the bony access window: application of a collagen barrier (group 
CB), repositioning the bone fragment (group RW) and untreated (group UT). Radiographic healing in 
the window area, augmented bone height changes and marginal bone level changes were examined. 
Mixed logistic and mixed linear models were analyzed. Over 4.3 ± 1.4 years of follow-up, the implant 
survival rate was 100% in groups CB and UT, and 96.9% in group RW. The treatment applied to the 
window did not significantly influence the radiographic healing in the window area, augmented bone 
height changes or marginal bone level changes (p > 0.05). The healed window areas had generally flat 
morphologies and were fully corticalized. The mean changes in the augmented bone were less than 
1.5 mm in all groups. Marginal bone level changes were minimal. In conclusion, Healing outcomes were 
not different among three different methods to treat the bony access window in lateral SFE.

Keywords  Bone regeneration, Bony access window, Cone-beam computed tomography, Dental implant, 
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Indications for dental implant treatment have expanded widely, and now most treatment plans for missing teeth 
involve the use of implants1. However, some local tissue conditions require additional augmentation procedures 
to be performed simultaneously with implant placement or separately for reasons such as to ensure mastication 
load-bearing capability, mechanical or biological stability, and aesthetics. In the posterior maxilla, reduced 
bone height is a predominant issue due to maxillary sinus pneumatization2,3. The introduction of sinus floor 
elevation (SFE) procedures has increased the feasibility of attaining a sufficient amount of bone for supporting 
an implant4,5.

Different SFE procedures can be chosen according to the residual bone height6. Studies have demonstrated 
that successful transcrestal SFE is possible when the residual bone height is ≥ 5 mm7–9. When the residual bone 
height is ≤ 4 mm, lateral SFE is recommended for increasing the treatment predictability (for detaching the 
sinus membrane sufficiently and grafting bone-substitute material properly)10,11. A current drive for minimal 
invasiveness has further highlighted the usefulness of transcrestal SFE12, but lateral SFE is still performed due to 
the restricted visibility of and accessibility to the sinus membrane when performing transcrestal SFE.

Several approaches are used to make the bony access window in the lateral wall of the maxillary sinus during 
lateral SFE13. This bony window allows direct access to the sinus membrane and sinus cavity. After completing 
the grafting of bone-substitute material in the sinus cavity, it is recommended to cover the bony access window 
in order to prevent soft-tissue infiltration into and the migration of graft material out of the sinus cavity9,14,15. 
The role of a barrier over the window in lateral SFE is similar to that in guided bone regeneration. Such a 
barrier protects the augmented sinus cavity to promote a desirable cell population and space maintenance6,9,14. 
Furthermore, the maxillary sinus is influenced by respiratory action. For example, air pressure from the nasal 
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cavity transferred to the sinus can push the bone-substitute material, which can be minimized by adding a 
barrier over the bony window area15. There are two ways to cover the window: The first is using a barrier 
membrane (predominantly collagen membrane) to cover the access window and neighbouring area, overlapping 
the window margin by > 2 mm13, The second is to deploy the bone fragment that is detached from the window 
site when a bony access window is made using a surgical bur or piezoelectric device. This detached fragment can 
be repositioned at the window site instead of using a barrier membrane16.

However, some authors have questioned the need for a barrier over the access window. A recent preclinical 
study using a rabbit sinus found no statistically significant differences in new bone formation or total augmented 
area between groups with and without a barrier membrane17. Similar results have also been found in a few 
clinical studies. Barone et al. (2013) found similar new bone formation in the groups with and without membrane 
coverage (30.7% vs. 28.1%) in core biopsy specimens18. Imai et al. (2020) found that the changes in augmentation 
height and area after 9 months of healing did not differ significantly between groups with and without membrane 
coverage (0.6 mm vs. 0.8 mm and 10–11% vs. 15–20%, respectively)19.

The available data regarding treatments applied to the access window were mainly derived from comparisons 
between two groups16,18,20,21 and results obtained in studies involving a single group22,23. Moreover, the samples 
in these studies have been relatively small. Hence, it remains necessary to elucidate the effects of applying various 
treatments to the bony access window in larger samples. This information would facilitate the ability to choose 
the best—or at least an acceptable—option from alternative clinical options in individual cases.

Therefore, the aim of this study was to retrospectively determine the effects of three different approaches for 
treating the bony access window in lateral SFE.

Results
Lateral SFE was performed in 131 sinuses of 105 patients aged 62.1 ± 11.1 years, comprising 62 males and 43 
females, with 266 implants placed simultaneously with lateral SFE. The patients included 77 non-smokers. The 
follow-up period was 4.3 ± 1.4 years (Table 1).

The 131 sinuses comprised 33, 24 and 64 in groups CB, RW and UT, respectively. Sinus membrane perforation 
was detected in 54 sinuses, but no patients reported abnormal sino-nasal symptoms after the initial healing 
period. The residual bone height was 2.7 ± 0.9 mm at T0 (2.3 ± 0.8, 3.2 ± 0.8 and 2.8 ± 0.8 mm in groups CB, RW 
and UT, respectively). Immediately after lateral SFE (T1), the bone height (between the bone crest and the top of 
the augmented bone) increased to 17.4 ± 2.7 mm (17.2 ± 2.6, 17.8 ± 2.7 and 17.3 ± 2.8 mm in groups CB, RW and 
UT, respectively), and decreased slightly to 16.4 ± 2.8 mm (16.2 ± 2.7, 17.0 ± 2.7 and 16.3 ± 3.0 mm, respectively) 
after final prosthesis insertion (T2). At the last follow-up visit (T3), small but continuous decreases in the bone 
height were measured (15.8 ± 2.7, 16.4 ± 2.9 and 15.9 ± 3.0 mm, respectively) (Table 1; Figs. 1 and 2).

The most common morphology in the bony window area was flat (60.6%, 82.4% and 68.8% in groups CB, 
RW and UT, respectively), followed by a protruded appearance (33.3%, 17.6% and 28.1% in groups CB, RW and 

Patient level Total (n = 105) Group CB (n = 29) Group RW (n = 28) Group UT (n = 48)

Age (years) 62.1 ± 11.1 57.5 ± 10.6 64.1 ± 11.6 63.8 ± 10.5

Sex (male: female) 62:43 18:11 14:14 30:18

Follow-up period (years) 4.3 ± 1.4 4.8 ± 1.4 3.6 ± 1.2 4.4 ± 1.3

CV 37 10 8 19

DM 10 4 1 5

Smoking 28 10 6 12

Implant failure 1 0 1 0

Implant level Total (n = 266) Group CB (n = 72) Group RW (n = 64)
Group UT 
(n = 130)

Implant length 10.2 ± 0.6 mm 10.2 ± 0.7 mm 10.1 ± 0.4 mm 10.2 ± 0.6 mm

Implant diameter 4.5 ± 0.4 mm 4.6 ± 0.5 mm 4.5 ± 0.4 mm 4.5 ± 0.4 mm

Bone height at T0 2.7 ± 0.9 mm 2.3 ± 0.8 mm 3.2 ± 0.8 mm 2.8 ± 0.8 mm

Bone height at T1 17.4 ± 2.7 mm 17.2 ± 2.6 mm 17.8 ± 2.7 mm 17.3 ± 2.8 mm

Bone height at T2 16.4 ± 2.8 mm 16.2 ± 2.7 mm 17.0 ± 2.7 mm 16.3 ± 3.0 mm

Bone height at T3 16.0 ± 2.9 mm 15.8 ± 2.7 mm 16.4 ± 2.9 mm 15.9 ± 3.0 mm

Marginal bone level 
change (mesial) 0.1 ± 0.4 mm 0.2 ± 0.7 mm 0.0 ± 0.0 mm 0.1 ± 0.3 mm

Marginal bone level 
change (distal) 0.2 ± 0.6 mm 0.3 ± 0.9 mm 0.1 ± 0.2 mm 0.1 ± 0.4 mm

Marginal bone level 
change 0.1 ± 0.5 mm 0.3 ± 0.8 mm 0.0 ± 0.1 mm 0.1 ± 0.3 mm

Implant failure 2 0 2 0

Table 1.  Demographics and healing outcomes in the three study groups. Data are mean ± standard-deviation 
or n values. CV, cardiovascular diseases; DM, diabetes mellitus; O1, Osteon I; O2, Osteon 2; O3, Osteon 3; T0, 
before lateral sinus floor elevation (SLE); T1, immediately after lateral SFE/simultaneous implant placement; 
T2, after final prosthesis insertion; T3, at the last follow-up visit.
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UT, respectively), with a depressed appearance being infrequent (with none in group RW). Unintegrated bone-
substitute particles were rarely observed in all groups. No scattering of the particles out of the sinus cavity was 
observed. Most areas were fully corticalized (90.9%, 85.3% and 73.4% in groups CB, RW and UT, respectively), 
with only two sites appearing to lack corticalization (one in each of groups CB and UT). The extents of protrusion 
of the healed window area were 0.4 ± 0.6, 0.4 ± 0.7 and 0.5 ± 0.7 mm in groups CB, RW and UT, respectively 
(Table 1; Figs. 1 and 2).

Two implants failed in one of the patients (in group RW), which was due to a loss of osseointegration. Each 
failure occurred prior to final prosthesis insertion. The marginal bone level was stable for the remaining 264 of 
the 266 implants. The overall change in the marginal bone level was 0.1 ± 0.5 mm: 0.1 ± 0.4 and 0.2 ± 0.6 mm at 
the mesial and distal aspects, respectively (Table 1).

Mixed logistic models
In the mixed logistic models, sex, smoking and residual bone height at T0 significantly influenced sinus 
membrane perforation (p < 0.05), with odds ratios of 0.23 (vs. male), 6.84 (vs. non-smoker) and 0.64 (for 
increasing the bone height by 1.0 mm), respectively (Appendix 1).

The treatment applied to the bony access window did not significantly influence the radiographic healing 
(both morphology and corticalization) of the bony access window area (p > 0.05) (Appendices 2, 3). However, 
the morphology was significantly influenced by sex, DM, smoking, implant length and diameter, sinus angle and 
width, lateral wall thickness, and residual bone height at T0 (p < 0.05).

Mixed linear models
In the mixed linear models, the changes in the height of the augmented bone were not significantly influenced by 
the treatment applied to the bony access window (p > 0.05). The changes between T1 and T3 were significantly 
influenced by the lateral wall thickness (with less shrinkage for a thicker wall), while those between T2 and T3 
were significantly influenced by the type of bone-substitute material (with more shrinkage for the Osteon 3 than 
the Osteon 2 material) (p < 0.05) (Table 2).

Fig. 2.  Bar graphs of radiographic healing in the window area and augmented bone height changes.

 

Fig. 1.  Representative radiographic images for the groups.
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Data are mean ± standard-deviation or n values. CV, cardiovascular diseases; DM, diabetes mellitus; O1, 
Osteon I; O2, Osteon 2; O3, Osteon 3; T0, before lateral sinus floor elevation (SLE); T1, immediately after lateral 
SFE/simultaneous implant placement; T2, after final prosthesis insertion; T3, at the last follow-up visit.

The extent of protrusion of the healed window area was not significantly associated with the treatment 
applied to the bony access window (p > 0.05), but it was significantly influenced by DM and the sinus width 
(p < 0.05) (Appendix 4).

The marginal bone level change was significantly influenced by DM and the treatment applied to the bony 
access window (p < 0.05) (Appendix 5). However, the changes were less than 0.5 mm in all cases.

Discussion
This study investigated the effects of using three different approaches to treat the bony access window in lateral 
SFE: barrier membrane, repositioned bone fragment and no coverage. It was demonstrated that (1) the treatment 
methods applied to the bony access window did not influence the augmented bone height, marginal bone level or 
implant survival, (2) the radiographic healing in the window area did not differ significantly among the groups, 
(3) smoking and the residual bone height at baseline significantly influenced sinus membrane perforation, and 
(4) certain factors significantly affected the marginal bone level but they appeared to be clinically negligible.

The use of a barrier membrane to cover the bony access window has been advocated. Several systematic 
reviews have demonstrated higher implant survival rates or lower failure rates of implants in an augmented 
sinus with barrier membrane coverage than in a sinus without such coverage9,14,24,25. The rationale of using a 
barrier membrane is consistent with the concept of guided bone regeneration. In this context, the bone fragment 
that is detached from the lateral sinus wall to gain access the sinus cavity can be repositioned. Even though 
the repositioned fragment does not completely cover the access window (due to the presence of cutting lines 
along the outline of the window), its presence may reduce soft-tissue ingrowth and act as an osteopromotive 
substrate16,23. Moreover, utilizing the available bone fragment decreases the treatment cost relative to using a 
barrier membrane. A few studies that have compared using a barrier membrane and repositioning the bone 
fragment have found no difference between these two approaches in terms of bone-to-implant contact ratio, 
intrasinus bone levels, amount of new bone formation or patient discomfort16,26.

Despite the above evidence, some may question the need for using a barrier membrane or repositioned 
bone fragment to cover the access window. The following factors are important to consider when addressing 
this question: (1) there is considerable healing sources for maxillary sinus from the surrounding bone walls and 
even the sinus membrane, and (2) the sinus is shaped like a bowl, which makes it suitable for containing bone-
substitute material in a stable manner. It is particularly interesting that some clinical and preclinical studies 
have found no differences in vital bone formation and the augmented dimensions between sinuses with and 
without the use of a barrier membrane17–19. In line with those previous observations, the present study found 
no significant differences in the changes in the augmented bone height and implant survival among the three 
groups. The reductions in bone height were 1.3 ± 2.2 mm (over 4.8 ± 1.4 years), 1.4 ± 1.8 mm (over 3.6 ± 1.2 
years) and 1.4 ± 1.6 mm (over 4.4 ± 1.4 years) in groups CB, RW and UT, respectively. Other studies using similar 
synthetic bone-substitute materials have found comparable changes: 0.27 ± 1.08 and 0.89 ± 1.39 mm at 35 and 72 
months, respectively27, 2.24 ± 2.41 mm at 36 months28 and 6.6% at 6 months29.

Only two implants failed in the present study, both in group RW, resulting in the survival rate of implants 
being 100% in groups CB and UT, and 96.9% in group RW. Due to the low incidence, it was not feasible to 
statistically analyze the association between implant failure and selected variables in this study (including the 
treatment applied to the bony access window).

The present study evaluated radiographic healing in the bony access window area using both morphology 
and corticalization. A flat morphology was most common in each group. However, the incidence of protruded 
morphology was higher in groups CB and UT than in group RW, without a significant difference between them. 
Pressure from the sinus membrane post-SFE might have been responsible for this healing outcome. However, the 
mean extent of the protrusion was less than 1.0 mm in all groups, and such protrusion did not differ significantly 
among the groups. Different results have been obtained previously15, with bone graft material being displaced out 
of the sinus by 0.5 ± 0.4 mm with a barrier membrane and 3.8 ± 3.1 mm without a membrane. This discrepancy 
between the results regarding radiographic healing might be due to the follow-up being considerably longer in 
the present study (4.3 ± 1.4 years) than in the study of Ohayon et al. (6 months). A longer follow-up is very likely 
to result in any displaced material being resorbed over time.

In terms of corticalization, the incidence of full corticalization was higher in groups CB and RW than in group 
UT. Molnár and colleagues (2022) performed re-entry (for implant placement) at 6 months after lateral SFE with 
the application of a barrier membrane or a repositioned bone fragment to the window16. Those authors observed 
that the bone-substitute particles were imbedded in the newly formed bone and the repositioned bone fragments 
were fully integrated in the respective sites. In the present study all implants were placed simultaneously with 
SFE, and thus direct observations were not possible. On CBCT images, bone-substitute particles-like pieces 
were rarely observed at the cortical bone level in all groups, indicating favourable integration of the particles 
with newly formed bone. However, it should be noted that there can be some differences between clinical and 
radiographic observations due to the resolution of CBCT. The follow-up period and defect characteristics 
(sufficient bone walls and favorable shape) might have contributed to these observations.

Other factors influencing the radiographic morphology in the healed window area were smoking, sinus 
angle and width, lateral wall thickness, and residual bone height at T0. A habit that exerts pressure on the 
sinus membrane and anatomical conditions can influence healing in the bony window area, but such influences 
appeared not to be associated with implant stability or survival.

It is worth mentioning that some factors were related to sinus membrane perforation, with smoking and 
residual bone height in particular being identified as risk factors in systematic reviews30,31. It is suspected that the 
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condition of the sinus membrane deteriorates to make it susceptible to perforation and tearing32. An association 
between a reduced bone height and increased risk of sinus membrane perforation can be explained by a higher 
tension of the membrane during attempting to detach the sinus membrane to an increased extent33.

In the present study, three bone substitute materials (O1, O2 and O3) were used. All materials were biphasic 
calcium phosphate (BCP), composed of beta-tricalcium phosphate (beta-TCP) and hydroxyapatite (HA), 
with different ratios in each material. O1 comprises 70% HA + 30% beta TCP, O2 30% HA + 70% beta TCP, 
and O3 60% HA + 40% beta TCP. One can argue that those differences may influence the radiographic bone 
height changes due to different characteristics of components: beta-TCP resorbs fast and replaces with newly 
formed bone, but HA resorbs slowly and plays a role in maintaining dimensional stability. In preclinical models, 
heterogeneous findings were noted in terms of new bone formation and dimensional stability depending on the 
ratio of HA and beta-TCP34,35: significant difference in the former one using the mandible in minipig, but no 
significant effect in the latter using the sinus in the rabbit. However, it is more probable that the different ratios 
would not significantly impact sinus augmentation because the sinus cavity is a containing-type defect, which 
indicates that it is more favorable for new bone formation and dimensional maintenance17. A few clinical studies 
are available for BCPs with different HA: beta-TCP ratios, and thus, it is hard to conclude whether different 
HA: beta-TCP ratios lead to a significant difference in sinus augmentation (even though, in the present study, 
statistically significant shrinkage of the radiographic bone height between T2 and T3 was noted for the Osteon 
3 compared to the Osteon 2). In other clinical studies, BCPs yielded 0.89 ± 1.39 mm of height loss at 72 months 
27 and 15.7% of volume loss at 6 months36.

The change in marginal bone level was less than 0.5  mm over 4.3 ± 1.4 years of follow-up in this study, 
which indicates successful integration and functioning of the implants in the augmented sinuses. It is also worth 
mentioning that regular implant maintenance programs contributed to such favorable marginal bone stability.

There were some limitations in this study. First, the groups were not randomly assigned due to the 
retrospective design, and so bias might have been present. Second, histological evaluations were not performed. 
Third, the window size was not exactly the same for each patient, but the size inevitably varied depending on 
the number of implants to be placed and the local anatomical situation. Fourth, all surgeries were performed 
by a single experienced surgeon. While this helped to improve the consistency of the outcomes, it might have 
adversely affected the external validity.

In conclusion, within the limitation of this study, implant survival, radiographic healing in the window area, 
augmented bone height changes and marginal bone level changes were not different among the three methods 
of treatment applied to the bony access window in lateral SFE.

Methods
Study design
This study included patients who underwent lateral SFE between January 2016 and December 2020. All patients 
were treated by the same experienced periodontist (W.-B.P.) in a private clinic. The study protocol was approved 
by the Institutional Review Board on Human Subjects Research and Ethics Committee Hanyang University 
Hospital (HYUH 2023-04-019). Due to the retrospective nature of the study, the Institutional Review Board 
(Hanyang University Hospital) waived the need of obtaining informed consent. The present study was performed 
in accordance with the Declaration of Helsinki. The STROBE guidelines were observed while preparing this 
manuscript.

Inclusion and exclusion criteria
The following inclusion criteria were applied:

	1.	� Good general health.
	2.	� Older than 20 years.
	3.	� Presence of an edentulous posterior maxilla with maxillary sinus pneumatization.
	4.	� Residual bone height < 5 mm.
	5.	� Adequate oral hygiene and periodontal condition for implant treatment.

The following exclusion criteria were applied:

	1.	� Systematic disease contraindicating dental surgery, such as uncontrolled metabolic disease, or head/neck 
radiotherapy or chemotherapy.

	2.	� Local sino-nasal conditions contraindicating SFE.
	3.	� Untreated periodontal diseases.
	4.	� Heavy smoker (> 10 cigarette per day).

A total of 105 patients (131 sinuses) met those criteria.

Study groups
The following study groups were established based on the treatments applied to the bony access window:

	1.	� Group CB (collagen barrier): covering the bony window with a collagen barrier.
	2.	� Group RW (repositioned window): repositioning the bone fragment that was detached from the lateral wall 

of the sinus.
	3.	� Group UT (untreated): leaving the window to heal without any treatment.
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Surgical procedures
All patients were administered 2.0  g of amoxicillin orally 1  h before surgery. Under local anaesthesia using 
2% lidocaine with 1:100,000 epinephrine, a mucoperiosteal flap was elevated to expose the lateral surface 
of the maxillary sinus. A surgical round bur was used to prepare a bony access window. The outline of the 
bony window was grooved carefully, followed by gentle pushing or hammering using an osteotome to induce 
greenstick fractures. Subsequently, the bone fragment within the access window was carefully detached from the 
sinus membrane. The size of the access window varied somewhat between the cases, but generally fell within 
the following ranges: mesio-distal length of 15–20 mm and apico-coronal height of 6–10 mm. After the bony 
access window had been prepared, the sinus membrane was carefully elevated from the sinus bone walls using 
sinus curettes (DASK kit, Dentium, Seoul, Korea). Synthetic bone-substitute material was then grafted (Osteon 
1; O1, Osteon 2; O3 or Osteon 3; O3, Genoss, Suwon, Korea). Simultaneous implant placement (Implantium, 
Dentium) was performed in all cases. The microthreaded portion of the implant helped obtain a sufficient level 
of primary implant stability, especially in cases of low bone quality and very limited residual bone. Depending 
on the case, undersized drilling was performed to increase primary stability further. When residual bone height 
was less than 2 mm, sub-crestal implant placement was avoided.

After bone grafting and implant placement, a cross-linked collagen barrier (Genoss Collagen Membrane, 
Genoss) was applied to the window and its nearby surrounding area in group CB, with the barrier extending 
2–3 mm beyond the window margin. In group RW the detached bone fragment was repositioned, while no 
other treatment was performed in group UT. In case of bony deficiency (other than the sinus), guided bone 
regeneration was performed using the same bone substitute material and collagen barrier. The flaps were sutured 
for submerged healing using non-resorbable suture material (Fig. 3).

In 54 (41.2%) of 131 sinuses, sinus membrane perforation was detected while detaching the bony window and 
elevating the sinus membrane. The size of the perforation varied roughly between 2 and 4 mm. After elevating 
the sinus membrane, a Prichard periosteal elevator was inserted under the elevated membrane to hold it up and 
to protect the perforated area37. In most cases the perforated area was spontaneously covered when folding the 
membrane during the elevation process. Bone-substitute material was then gently grafted while taking care to 
minimize the pressure applied to the sinus membrane. No other treatment was applied, such as covering the 
perforated site with a collagen barrier.

The patients were prescribed antibiotics (amoxicillin 250  mg, Ildong Pharmaceutical Co. Seoul, Korea) 
and a non-steroidal anti-inflammatory drug (Etodol® 200  mg, Yuhan Co. Seoul, Korea) for 7 days (thrice a 
day). They were instructed to rinse their mouths with 0.12% chlorhexidine solution (Hexamedine, Bukwang 
Pharmaceutical, Seoul, Korea). In the case of membrane perforation, the duration of medication was extended 
to 14 days.

At 4–6 months post-sinus augmentation/implant placement, implant sites were uncovered, and healing 
abutments were connected. After 1–2 months, final prostheses were delivered. All patients were recommended 
to visit the dental clinic at least twice per year for an implant maintenance program.

Data collection and measurement
The following data were collected from the patients’ records: age, sex, systemic diseases (diabetes mellitus [DM] 
or cardiovascular diseases), smoking, implant length and diameter, and bone-substitute material.

Cone-beam computed tomography (CBCT) scans were performed at several time points pre- and post-
operatively for each patient. For the CBCT scans, the following time points were chosen for evaluating the bone 
height (residual bone height plus augmented bone height): before lateral SFE (T0), immediately after lateral SFE 
(T1), after final prosthesis insertion (T2) and at the last follow-up visit (T3). For performing the measurements, 
the CBCT images were superimposed using computer software (OnDemand3D, CyberMed, Irvine, CA, USA) 
to find the best-matched sections. Then, on the same sagittal sections, the height of apico-coronal bone was 
measured along the long axis of the implant37,38. The changes in augmented bone height were calculated between 
different time points (Fig. 4).

Fig. 3.  Representative clinical photographs for the different groups.
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The lateral wall thickness, the angle between the lateral and medial walls of the sinus, and the width of 
sinus (3 mm above the bottom of the sinus floor) were also measured at T0. At T3, the radiographic healing 
in the bony access window area was assessed using the CBCT scans. The healing outcome was classified based 
on morphology (flat, protruded or depressed) and corticalization (full or partial). Moreover, protrusion or 
depression of the final surface of the healed window area was measured with respect to the adjacent bone surface 
(Fig. 4).

Marginal bone level changes between T2 and T3 on the mesial and distal sides of implants were also 
calculated, and those values were averaged (Fig. 4).

Statistical analyses
Statistical analyses were performed using standard statistical software (SAS 9.4, SAS Institute, Cary NC). Data 
are presented as mean ± standard-deviation or median and interquartile range. The data in the current dataset 
were analysed at the patient and implant levels, since some patients underwent multiple implant placement.

We applied a mixed binomial logistic model for sinus membrane perforation, a mixed multinomial logistic 
model for radiographic healing in the window area and mixed linear models for the changes in the augmented 
bone height and marginal bone level. The independent variables in those models included sex, systemic diseases, 
smoking, treatments applied to the bony access window, bone-substitute material, age, implant diameter and 
length, sinus width, sinus angle, lateral wall thickness and residual bone height at T0. A difference was considered 
statistically significant when p < 0.05.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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