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Abstract
Aim: To compare centre and peripheral tapping techniques during lateral window sinus lift preparation 
with respect to residual peripheral bone rim thickness and the frequency of Schneiderian membrane 
perforation in an ex vivo goat maxilla model.
Methods: Twenty goat maxillary specimens were evaluated, with both contralateral sides used, yielding 40 
lateral-window preparations arranged as 20 matched pairs. One side of each specimen underwent centre 
tapping, and the contralateral side underwent peripheral tapping. Residual peripheral bone rim thickness 
was measured at six predefined locations following window mobilization, and Schneiderian membrane 
perforation was recorded as present or absent. Residual bone-rim thickness was summarized as mean ± 
standard deviation (SD) from the available measurements, while membrane perforation was evaluated 
descriptively.
Results: Peripheral tapping demonstrated greater mean residual peripheral bone rim thickness than centre 
tapping at all six measurement sites. Based on recalculation from the available group-level summary data, 
significant differences were observed at the superio-anterior (0.26 ± 0.02 mm vs. 0.14 ± 0.01 mm; p < 
0.001), superior (0.27 ± 0.01 mm vs. 0.24 ± 0.01 mm; p < 0.001), superio-posterior (0.12 ± 0.02 mm vs. 0.10 
± 0.02 mm; p = 0.007), inferior (0.13 ± 0.02 mm vs. 0.09 ± 0.02 mm; p < 0.001), and inferio-anterior (0.19 ± 
0.02 mm vs. 0.09 ± 0.02 mm; p < 0.001) regions. The inferio-posterior difference was not statistically 
significant (0.13 ± 0.01 mm vs. 0.12 ± 0.02 mm; p = 0.165). Schneiderian membrane perforation was 
observed in 8/20 (40.0%) centre-tapping preparations and 4/20 (20.0%) peripheral-tapping preparations.
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Conclusions: Peripheral tapping was associated with greater residual peripheral bone-rim thickness at 
most evaluated sites and a numerically lower observed frequency of Schneiderian membrane perforation 
than centre tapping. The findings support peripheral tapping as a promising favourable technical profile 
that merits further paired experimental evaluation.

Keywords
centre tapping technique, implants, peripheral tapping technique, Schneiderian membrane, sinus lift

Introduction
Rehabilitation of the atrophic posterior maxilla with dental implants remains challenging because tooth 
loss is followed by progressive alveolar ridge resorption and pneumatization of the maxillary sinus, which 
may substantially reduce the vertical bone available for implant placement. Maxillary sinus floor 
augmentation was developed to overcome this anatomical limitation and has subsequently become an 
established reconstructive procedure for implant rehabilitation of the posterior maxilla [1–3]. Systematic 
reviews have demonstrated high implant survival following sinus augmentation, supporting the 
predictability of this approach when appropriate case selection and surgical principles are followed [1, 2].

Sinus floor elevation can be performed through transcrestal or lateral approaches, with selection 
influenced by residual bone height, sinus anatomy, required augmentation volume, and the planned implant 
protocol [3, 4]. The lateral-window approach provides direct access to the sinus and remains particularly 
useful when substantial vertical augmentation is required. However, the procedure requires preparation of 
a bony window in the lateral sinus wall, followed by controlled mobilization of the bony component and 
elevation of the Schneiderian membrane [3–5]. Because of the close anatomical relationship between the 
lateral wall and the underlying membrane, window preparation and mobilization represent critical stages 
during which membrane injury may occur.

Schneiderian membrane perforation is the most frequently reported intraoperative complication of 
lateral-window sinus floor elevation [5–7]. A systematic review of prospective controlled studies reported 
an overall membrane perforation occurrence of approximately 15.7% [8], while a meta-analysis by Al-
Dajani [7] reported 388 perforations among 1,652 sinus-lift procedures, corresponding to a weighted 
incidence of 23.5%. More recent systematic evidence continues to identify membrane perforation as a 
clinically relevant procedural complication [9, 10]. Although perforation does not invariably result in 
implant failure when appropriately recognized and repaired, it may complicate membrane elevation and 
graft containment and can require additional intraoperative management [9, 11].

The susceptibility of the Schneiderian membrane to perforation is multifactorial. Membrane thickness, 
the presence of sinus septa, residual alveolar bone height, lateral wall morphology and thickness, sinus 
contour, smoking, and operative variables have all been investigated as potential determinants [7, 10, 12–
14]. In a systematic review and meta-regression, Monje et al. [12] reported substantial variation in 
Schneiderian membrane thickness and emphasized the complexity of relating radiographic membrane 
dimensions to surgical complications. Subsequent clinical investigations have identified smoking, thin 
membranes, unfavourable sinus contours, and septa as factors associated with increased perforation risk 
[13, 15]. A recent systematic review and meta-analysis similarly identified membrane thickness, septa, and 
smoking among the most relevant factors associated with perforation during lateral-window sinus 
elevation [10].

Maxillary sinus septa are particularly important during lateral-window preparation because they can 
interfere with osteotomy design and membrane elevation. A systematic review and meta-analysis involving 
more than 22,000 sinuses estimated a sinus-level septa prevalence of approximately 33%, highlighting 
their frequent occurrence [16]. Preoperative three-dimensional assessment is therefore important for 
identifying septa, lateral wall characteristics, sinus width, membrane morphology, and vascular structures 
that may influence surgical access [4, 14, 16]. CBCT-based anatomical studies have further demonstrated 
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considerable variability in lateral wall thickness, membrane thickness, sinus dimensions, and the position 
of relevant vascular structures [14].

Technical modifications have consequently been proposed to improve control during lateral-window 
preparation. Conventional rotary instruments, piezoelectric devices, manual instruments, different window 
geometries, and bone-lid approaches have all been investigated [3, 5, 6]. Romanos [17] described a 
simplified technique in which, after preparation of a small osteotomy, a mallet and mirror holder were used 
to fracture and mobilize the lateral bony wall. This approach provides a direct conceptual basis for 
controlled tapping of the prepared lateral window.

Nevertheless, the mechanical effect of the location at which tapping force is applied has received little 
comparative investigation. In centre tapping, force is concentrated toward the central portion of the 
prepared bony window, whereas peripheral tapping applies the mobilizing force closer to its margins. 
These different points of force application could theoretically produce different fracture patterns and 
consequently influence the amount of residual peripheral bone remaining after mobilization. A residual 
peripheral bony rim might, in turn, alter the mechanical interaction between the mobilized bony window 
and the underlying Schneiderian membrane. This proposed mechanism remains hypothetical, however, and 
should not be interpreted as demonstrating that a thicker residual rim necessarily protects against 
membrane perforation.

Accordingly, the present ex vivo study was designed to compare centre and peripheral tapping using 
contralateral sides of goat maxillary specimens. The study specifically evaluated residual peripheral bone-
rim thickness at predefined anatomical locations and the observed frequency of Schneiderian membrane 
perforation. The null hypothesis was that there would be no difference between centre and peripheral 
tapping in residual peripheral bone rim thickness or membrane perforation frequency.

Materials and methods
Study design and specimen preparation

This exploratory ex vivo comparative study was conducted using 20 freshly obtained goat maxillary 
specimens devoid of overlying skin and muscles. Both contralateral sides of each maxillary specimen were 
used, yielding a total of 40 lateral-window preparations arranged as 20 matched pairs. For each specimen, 
one side was subjected to centre tapping and the contralateral side to peripheral tapping, resulting in 20 
preparations for each technique. The specimens were obtained from a slaughterhouse where animals had 
been routinely slaughtered for food consumption. No animal was sacrificed specifically for the purposes of 
the present investigation. Baseline cortical bone thickness was not assessed using CBCT or another three-
dimensional imaging modality before window preparation. Although the contralateral design reduced 
between-specimen anatomical variability, potential site-specific differences in lateral wall morphology and 
cortical thickness could not be completely standardized.

Lateral window preparation

The maxillary sinus was localized using lateral cephalographic imaging (Figure 1). An oval-shaped lateral 
window was prepared in the lateral maxillary wall using a No. 8 round carbide bur under saline irrigation 
(Figure 2). Bone removal was continued until a thin residual layer of bone remained over the underlying 
Schneiderian membrane. The 40 lateral-window preparations were evaluated using two tapping 
approaches: centre tapping (n = 20) and peripheral tapping (n = 20).

For the centre-tapping technique, the handle of a dental mouth mirror was positioned at the centre of 
the prepared lateral bony window and tapped with a mallet perpendicular to the lateral bony wall 
(Figure 3). For the peripheral-tapping technique, the handle of the dental mouth mirror was positioned at 
the peripheral margin of the prepared lateral bony window, and tapping was similarly performed with a 
mallet perpendicular to the lateral bony wall (Figure 4). Following mobilization, the lateral bony window 
was carefully separated from the underlying Schneiderian membrane using the tip of a sinus curette.
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Figure 1. Lateral cephalogram to locate maxillary sinus and a cross mark indicating the location of the sinus.

Figure 2. Oval-shaped window was created using a No. 8 carbide round bur.

Figure 3. Centre tapping method.

Measurement of residual peripheral bone-rim thickness

Following mobilization of the lateral bony window, the residual peripheral bone rim thickness was 
measured using a micrometer (Figure 5). Measurements were obtained at six predefined locations around 
each lateral window: superio-anterior, superior, superio-posterior, inferio-posterior, inferior, and inferio-
anterior regions (Figure 6). All measurements were recorded in millimetres and were subsequently 
compared between the centre- and peripheral-tapping groups.
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Figure 4. Peripheral tapping method.

Figure 5. Measurements of paper-thin peripheral bone were measured using a micrometer.

Figure 6. Peripheral paper-thin bone thickness on various surfaces.

Assessment of Schneiderian membrane perforation

Following mobilization and removal of the lateral bony window, the underlying Schneiderian membrane 
was directly examined for loss of membrane integrity. Membrane perforation was recorded as a binary 
outcome (present or absent) for each lateral-window preparation. The number and proportion of 
perforations were subsequently compared between the two tapping techniques.
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Outcome measures

The study evaluated two principal outcomes: (1) residual peripheral bone rim thickness, measured in 
millimetres at six predefined locations—superio-anterior, superior, superio-posterior, inferio-posterior, 
inferior, and inferio-anterior—and (2) Schneiderian membrane perforation, recorded as present or absent 
following mobilization of the lateral bony window.

Statistical analysis

Data were entered into Microsoft Excel and analysed using IBM SPSS Statistics, version 21.0. Continuous 
variables were summarized as mean ± standard deviation (SD), and categorical variables as frequency and 
percentage. Normality of residual bone-rim thickness measurements was assessed with the Shapiro–Wilk 
test.

The experimental design consisted of 20 matched specimens, with centre and peripheral tapping 
performed on contralateral sides of the same specimen. However, the original specimen-level paired 
measurements were unavailable at the time of the present reanalysis. Consequently, within-specimen 
correlation could not be reconstructed retrospectively. The available residual bone rim thickness data were 
therefore evaluated from the reported group-level summary statistics. Between-technique comparisons of 
residual bone rim thickness were recalculated from the available means, SDs, and sample sizes using two-
sided independent-samples t-tests. These analyses should be interpreted as secondary summary-level 
comparisons rather than paired analyses of the original specimen-level observations. A two-sided p value < 
0.05 was considered statistically significant.

Schneiderian membrane perforation was summarized descriptively as frequency and percentage for 
each tapping technique. Because perforation represented a paired binary outcome and the original 
specimen-level concordant and discordant pair information was unavailable, an appropriate paired 
categorical test such as McNemar’s test could not be reconstructed reliably. Therefore, no inferential p 
value, odds ratio, or confidence interval was used to establish superiority for the membrane-perforation 
outcome, and the observed difference between techniques was interpreted descriptively.

Data considerations

The original specimen-level paired dataset was not available for retrospective reanalysis. Accordingly, the 
paired structure of the experiment could not be incorporated into the recalculation of the continuous 
outcomes, and paired categorical analysis of membrane perforation could not be performed. No individual 
specimen-level observations were reconstructed or imputed for the purposes of the present analysis.

The primary outcome measures were residual peripheral bone rim thickness at predefined locations 
and the occurrence of Schneiderian membrane perforation during mobilization of the lateral bony window.

Results
Residual peripheral bone-rim thickness

Residual peripheral bone rim thickness was greater with peripheral tapping than with centre tapping at all 
six predefined measurement locations (Table 1). The largest absolute differences were observed at the 
superio-anterior and inferio-anterior regions.

Table 1. Comparison of residual peripheral bone rim thickness between centre and peripheral tapping techniques.

Measurement site Centre tapping (n = 20)
mean ± SD (mm)

Peripheral tapping (n = 20)
mean ± SD (mm)

Mean difference (mm)* p-value†

Superio-anterior 0.14 ± 0.01 0.26 ± 0.02 0.12 < 0.001
Superior 0.24 ± 0.01 0.27 ± 0.01 0.03 < 0.001
Superio-posterior 0.10 ± 0.02 0.12 ± 0.02 0.02 0.007
Inferio-posterior 0.12 ± 0.02 0.13 ± 0.01 0.01 0.165
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Table 1. Comparison of residual peripheral bone rim thickness between centre and peripheral tapping techniques. 
(continued)

Measurement site Centre tapping (n = 20)
mean ± SD (mm)

Peripheral tapping (n = 20)
mean ± SD (mm)

Mean difference (mm)* p-value†

Inferior 0.09 ± 0.02 0.13 ± 0.02 0.04 < 0.001
Inferio-anterior 0.09 ± 0.02 0.19 ± 0.02 0.10 < 0.001
* Mean difference calculated as peripheral tapping minus centre tapping. Values are mean ± standard deviation (SD). † Two-
sided p-values recalculated from the available group-level means, SDs, and sample sizes using independent-samples t-tests.

At the superio-anterior region, mean residual bone rim thickness was 0.14 ± 0.01 mm with centre 
tapping and 0.26 ± 0.02 mm with peripheral tapping (p < 0.001). At the superior region, the corresponding 
values were 0.24 ± 0.01 mm and 0.27 ± 0.01 mm, respectively (p < 0.001).

At the superio-posterior region, mean thickness was 0.10 ± 0.02 mm with centre tapping and 0.12 ± 
0.02 mm with peripheral tapping (p = 0.007). At the inferio-posterior region, mean thickness was 0.12 ± 
0.02 mm and 0.13 ± 0.01 mm, respectively; this difference was not statistically significant (p = 0.165).

Mean residual rim thickness at the inferior region was 0.09 ± 0.02 mm with centre tapping compared 
with 0.13 ± 0.02 mm with peripheral tapping (p < 0.001). At the inferio-anterior region, the corresponding 
values were 0.09 ± 0.02 mm and 0.19 ± 0.02 mm, respectively (p < 0.001). Thus, five of the six evaluated 
locations demonstrated statistically significant differences in the summary-level comparisons, whereas the 
inferio-posterior difference was not statistically significant.

Schneiderian membrane perforation

Schneiderian membrane perforation was observed in 8 of 20 (40.0%) centre-tapping preparations 
compared with 4 of 20 (20.0%) peripheral-tapping preparations (Table 2). Correspondingly, membrane 
integrity was preserved in 12/20 (60.0%) centre-tapping preparations and 16/20 (80.0%) peripheral-
tapping preparations. Thus, the observed frequency of Schneiderian membrane perforation was 
numerically lower with peripheral tapping than with centre tapping. However, because the two 
preparations represented contralateral sides of the same specimens and the original specimen-level 
concordant and discordant perforation records were unavailable for retrospective paired categorical 
analysis, no inferential comparison was performed for this outcome. Consequently, the observed 20-
percentage-point difference should be interpreted descriptively and does not establish a statistically 
significant reduction in membrane perforation with peripheral tapping.

Table 2. Schneiderian membrane perforation according to tapping technique.

Tapping technique Perforation absent, n (%) Perforation present, n (%) Total, n

Centre tapping 12 (60.0) 8 (40.0) 20
Peripheral tapping 16 (80.0) 4 (20.0) 20
Total 28 (70.0) 12 (30.0) 40
Note: Centre and peripheral tapping were performed on contralateral sides of the same 20 specimens.

Discussion
The present ex vivo study investigated whether the location of tapping during mobilization of a prepared 
lateral bony window influenced residual peripheral bone rim thickness and Schneiderian membrane 
integrity. Peripheral tapping was associated with greater mean residual bone rim thickness at all six 
evaluated locations, with summary-level comparisons reaching statistical significance at five sites. The 
second observation was a numerically lower frequency of Schneiderian membrane perforation with 
peripheral tapping: perforation occurred in 4/20 (20.0%) peripheral-tapping preparations compared with 
8/20 (40.0%) centre-tapping preparations. Importantly, because the original specimen-level concordant 
and discordant perforation records were unavailable, this paired binary outcome could not be subjected to 
an appropriate retrospective paired analysis. The 20-percentage-point difference must therefore be 
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regarded as descriptive and hypothesis-generating rather than evidence that peripheral tapping 
significantly reduces membrane perforation.

The importance of preserving Schneiderian membrane integrity during lateral sinus floor elevation is 
well established. Membrane perforation represents the most common intraoperative complication of the 
lateral approach [6–8]. Reported frequencies vary considerably according to study design, operator 
experience, anatomical characteristics, instrumentation, and definitions of perforation. Al-Dajani [7] 
reported a weighted incidence of 23.5%, whereas Stacchi et al. [8] identified membrane perforation and 
vascular injury as the principal intraoperative complications reported in controlled studies. This variation 
is important when interpreting the 40% and 20% frequencies observed in the present experiment, because 
rates obtained from an ex vivo animal model should not be directly compared with clinical incidence 
estimates.

The rationale for evaluating tapping location derives from the simplified lateral-window technique 
described by Romanos [17], in which a mallet and mirror holder were used to mobilize the prepared buccal 
sinus wall. The present investigation extends this mechanical concept by distinguishing between force 
applied centrally and force applied near the peripheral margins. The finding that peripheral tapping left a 
greater residual bony rim at most measurement sites suggests that the location of force application may 
influence the pattern by which the thin residual lateral wall fractures during window mobilization. 
However, fracture propagation, applied impact force, window displacement, and stress distribution were 
not measured in the present experiment. A specific biomechanical mechanism therefore cannot be inferred 
from residual thickness measurements alone.

Preservation of the lateral bony window itself has received increasing attention in sinus augmentation. 
Techniques involving replacement or preservation of a bone lid have been investigated because the lateral 
window participates in healing of the augmented compartment. Schiavon et al. [18], in a systematic review 
and meta-analysis of the bone-lid technique, found evidence from preclinical studies that repositioning the 
bony lid may favour new bone formation, although clinical evidence remains limited. These observations 
demonstrate that the lateral bony window is biologically and mechanically relevant rather than merely an 
access opening. Nevertheless, the residual peripheral rim evaluated in the present experiment differs from 
a repositioned bone lid, and the findings of bone-lid studies should therefore not be directly extrapolated to 
the tapping techniques investigated here.

The relationship between residual bone preservation and membrane perforation is likely to be 
complex. Anatomical studies demonstrate substantial variability in the lateral sinus wall, Schneiderian 
membrane, sinus width, septa, and vascular anatomy [14, 19]. Kawakami et al. [14], using CBCT assessment 
of patients scheduled for lateral sinus floor elevation, reported variation in mucosal thickness, lateral wall 
thickness, sinus width, and septal anatomy. Zijderveld et al. [19] similarly showed that anatomical or 
surgical findings frequently required modification of the standard lateral-window procedure. These 
observations are relevant to the present study because baseline CBCT characterization was not performed. 
Consequently, contralateral sides cannot be assumed to have had identical cortical thickness or sinus 
morphology before osteotomy.

Sinus septa constitute one of the best-established anatomical difficulties during lateral sinus 
augmentation. Earlier systematic evidence reported septa in approximately 13–35% of maxillary sinuses 
[20], while a more recent meta-analysis estimated a prevalence of 33.2% per sinus and 41.0% per patient 
[16]. Septa can necessitate modification of lateral-window geometry and complicate membrane elevation 
[16, 20]. Clinical studies have also associated septa with an increased likelihood of membrane perforation 
[13, 15]. These findings reinforce the importance of controlling anatomical variables in future studies 
examining subtle differences between window-mobilization techniques.

Schneiderian membrane thickness represents another potentially relevant factor. Monje et al. [12] 
reported a pooled mean membrane thickness of approximately 1 mm but emphasized substantial 
methodological and biological heterogeneity. More recent evidence has continued to examine whether thin 
membranes are particularly vulnerable. A 2024 systematic review and meta-analysis found that 
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membranes were thinner in perforated cases than in non-perforated cases, although analyses using 
predefined thickness cut-offs did not consistently demonstrate a significant difference in perforation risk 
[21]. The most recent systematic evidence available before the present revision nevertheless identifies thin 
membrane phenotype among the factors warranting consideration during lateral-window surgery [10].

Patient-related and surgical variables may further modify perforation risk. Schwarz et al. [15], in an 
analysis of 407 sinus augmentation procedures, identified sinus septa, reduced residual bone height, and 
smoking as relevant risk factors. A later retrospective investigation involving 278 lateral sinus floor 
elevations similarly associated smoking, thin membrane, unfavourable sinus contour, and septa with 
perforation [13]. A systematic review specifically evaluating smoking also examined its association with 
Schneiderian membrane perforation [22]. Thus, perforation cannot reasonably be attributed to a single 
technical variable, and the numerically lower perforation frequency observed with peripheral tapping in 
the present study should not be interpreted as demonstrating an isolated causal effect of tapping location.

Instrumentation used for lateral-window osteotomy has also been extensively studied. Conventional 
rotary instrumentation remains widely used, while piezoelectric surgery has been proposed to provide 
more selective bone cutting and potentially reduce soft-tissue injury. Jordi et al. [23] reported weighted 
membrane perforation rates of approximately 24% with conventional rotary instruments and 8% with 
piezoelectric devices in their meta-analysis. However, comparative evidence has been less definitive. Atieh 
et al. [24] found no statistically significant reduction in membrane perforation with piezoelectric devices 
compared with rotary instruments and Stacchi et al. [25] subsequently concluded that although membrane 
tearing occurred less frequently with piezoelectric surgery, the available evidence was too weak to 
establish a definitive benefit.

This broader evidence is directly relevant to interpretation of the current findings. A numerical 
difference—even one that appears clinically substantial—should not automatically be equated with 
statistical or causal superiority. In the present study, the original analysis produced conflicting p-values and 
confidence intervals because the paired nature of the experimental design was not adequately 
incorporated. The revised analysis therefore deliberately avoids an inferential claim for membrane 
perforation. Since centre and peripheral tapping were performed on contralateral sides of the same 20 
specimens, McNemar-type paired analysis would require the original concordant and discordant pair 
information. These data were unavailable during reanalysis, and reconstructing them would introduce 
untraceable information. Consequently, 8/20 versus 4/20 is reported transparently as a descriptive 
observation.

The consequences of Schneiderian membrane perforation also warrant balanced interpretation. 
Historically, perforations have been regarded as potentially compromising graft containment and sinus 
augmentation outcomes. Proussaefs et al. [26], using a split-mouth design, reported less new bone 
formation at perforated sites repaired with collagen membranes than at non-perforated sites. Various 
repair strategies have subsequently been described, including collagen barrier membranes and techniques 
adapted to perforation size [11, 27]. Testori et al. [27], for example, described stabilization of collagen 
membranes for management of large perforations.

However, contemporary evidence indicates that appropriately managed perforation does not 
necessarily preclude successful implant rehabilitation. Díaz-Olivares et al. [9] reported implant survival of 
97.68% beneath previously perforated and repaired membranes compared with 98.88% beneath intact 
membranes and found no significant difference in implant survival. A broader systematic review of repair 
approaches similarly concluded that repaired perforations can achieve favorable implant outcomes [28]. 
More recently, a systematic review and meta-analysis reported implant survival of approximately 97.1% in 
perforated sinuses and 97.7% in non-perforated sinuses, without a statistically significant difference [29]. 
These findings indicate that preventing perforation remains desirable, but membrane perforation should 
not automatically be equated with treatment failure.
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The present study has several strengths. The two techniques were evaluated on contralateral sides of 
the same 20 goat maxillary specimens, thereby reducing some between-specimen biological variability. 
Residual bone thickness was evaluated at six predefined anatomical sites rather than by a single global 
measurement, permitting assessment of regional differences in the fracture pattern. In addition, membrane 
integrity was directly observed after mobilization of the lateral window. Finally, the revised statistical 
interpretation separates observations supported by available summary statistics from the membrane-
perforation outcome for which appropriate paired inferential analysis could not be reconstructed.

Several limitations must nevertheless be acknowledged. First, this was an ex vivo animal experiment, 
and goat maxillary anatomy and Schneiderian membrane characteristics cannot be assumed to reproduce 
those of humans. Second, baseline CBCT assessment was not performed; therefore, pre-existing differences 
in lateral wall thickness, membrane thickness, septal anatomy, and sinus morphology were not quantified. 
Third, the magnitude and number of mallet impacts were not objectively standardized or recorded, and 
biomechanical parameters such as fracture propagation, force distribution, and window displacement were 
not measured. Fourth, the sample comprised only 20 matched specimens and should be considered 
exploratory.

Most importantly, the original specimen-level paired dataset was unavailable during retrospective 
reanalysis. This prevented incorporation of within-specimen correlation into recalculation of the 
continuous outcomes and prevented appropriate paired categorical analysis of membrane perforation. The 
summary-level comparisons of residual bone rim thickness and descriptive perforation frequencies should 
therefore be interpreted with these limitations in mind. No specimen-level observations were 
reconstructed or imputed.

Future studies should prospectively retain complete paired datasets, perform preoperative CBCT 
characterization of both sides, quantify Schneiderian membrane and lateral wall thickness, document septal 
anatomy, standardize window dimensions and tapping force, and use predefined paired statistical analyses. 
Experimental assessment of fracture propagation and force distribution could clarify whether peripheral 
force application genuinely produces a different mechanical failure pattern. Ultimately, adequately 
powered prospective clinical studies would be required before peripheral tapping could be recommended 
as superior to centre tapping in human lateral-window sinus augmentation.

Within the limitations of this ex vivo comparative study, it can be concluded that centre tapping was 
associated with less peripheral bone-rim thickness than the peripheral tapping method. Peripheral tapping 
was associated with 4/20 (20.0%) perforation of Schneiderian membrane compared to 8/20 (40.0%) of 
centre tapping preparation. This difference should be interpreted descriptively and further studies are 
suggested to make use of paired specimen-level perforation data to confirm the pattern.

Abbreviations
SD: standard deviation

Declarations
Author contributions

MM: Conceptualization, Methodology, Investigation, Writing—original draft, Writing—review & editing. 
SRD: Conceptualization, Methodology, Investigation, Data curation, Writing—original draft, Writing—
review & editing. KDK: Data curation, Formal analysis, Visualization Writing—review & editing. ARA: 
Project administration, Supervision, Writing—original draft, Writing—review & editing. AAA: Project 
administration, Supervision, Writing—review & editing. ASA: Project administration, Resources, Writing—
review & editing. FMA: Project administration, Resources, Writing—review & editing. KMA: Project 
administration, Supervision, Writing—review & editing. All authors read and approved the final submitted 
version.



Explor Med. 2026;7:1001434 | https://doi.org/10.37349/emed.2026.1001434 Page 11

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Ethical approval was not required for this study because it used goat maxillae, and no animals were 
sacrificed solely for this research. Instead, the specimens were procured from a slaughterhouse, where 
goats are routinely processed for food consumption.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

The data presented in this study will be available from the corresponding author upon reasonable request.

Funding

The authors extend their appreciation to Prince Sattam bin Abdulaziz University for funding this research 
work through the project number PSAU/2025/03/33904. The funders had no role in study design, data 
collection and analysis, decision to publish, or preparation of the manuscript.

Copyright

© The Author(s) 2026.

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
Pjetursson BE, Tan WC, Zwahlen M, Lang NP. A systematic review of the success of sinus floor 
elevation and survival of implants inserted in combination with sinus floor elevation. J Clin 
Periodontol. 2008;35:216–40. [DOI] [PubMed]

1.     

Wallace SS, Froum SJ. Effect of Maxillary Sinus Augmentation on the Survival of Endosseous Dental 
Implants. A Systematic Review. Ann Periodontol. 2003;8:328–43. [DOI] [PubMed]

2.     

Danesh-Sani SA, Loomer PM, Wallace SS. A comprehensive clinical review of maxillary sinus floor 
elevation: anatomy, techniques, biomaterials and complications. Br J Oral Maxillofac Surg. 2016;54:
724–30. [DOI] [PubMed]

3.     

Lyu M, Xu D, Zhang X, Yuan Q. Maxillary sinus floor augmentation: a review of current evidence on 
anatomical factors and a decision tree. Int J Oral Sci. 2023;15:41. [DOI] [PubMed] [PMC]

4.     

Greenstein G, Cavallaro J, Romanos G, Tarnow D. Clinical Recommendations for Avoiding and 
Managing Surgical Complications Associated With Implant Dentistry: A Review. J Periodontol. 2008;
79:1317–29. [DOI] [PubMed]

5.     

Stacchi C, Vercellotti T, Toschetti A, Speroni S, Salgarello S, Di Lenarda R. Intraoperative Complications 
during Sinus Floor Elevation Using Two Different Ultrasonic Approaches: A Two-Center, Randomized, 
Controlled Clinical Trial. Clin Implant Dent Relat Res. 2013;17 Suppl 1:e117–25. [DOI] [PubMed]

6.     

Al-Dajani M. Incidence, Risk Factors, and Complications of Schneiderian Membrane Perforation in 
Sinus Lift Surgery: A Meta-Analysis. Implant Dent. 2016;25:409–15. [DOI] [PubMed]

7.     

https://dx.doi.org/10.1111/j.1600-051x.2008.01272.x
http://www.ncbi.nlm.nih.gov/pubmed/18724852
https://dx.doi.org/10.1902/annals.2003.8.1.328
http://www.ncbi.nlm.nih.gov/pubmed/14971260
https://dx.doi.org/10.1016/j.bjoms.2016.05.008
http://www.ncbi.nlm.nih.gov/pubmed/27235382
https://dx.doi.org/10.1038/s41368-023-00248-x
http://www.ncbi.nlm.nih.gov/pubmed/37714889
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10504247
https://dx.doi.org/10.1902/jop.2008.070067
http://www.ncbi.nlm.nih.gov/pubmed/18672980
https://dx.doi.org/10.1111/cid.12136
http://www.ncbi.nlm.nih.gov/pubmed/23968289
https://dx.doi.org/10.1097/id.0000000000000411
http://www.ncbi.nlm.nih.gov/pubmed/26974034


Explor Med. 2026;7:1001434 | https://doi.org/10.37349/emed.2026.1001434 Page 12

Stacchi C, Andolsek F, Berton F, Perinetti G, Navarra CO, Di Lenarda R. Intraoperative Complications 
During Sinus Floor Elevation with Lateral Approach: A Systematic Review. Int J Oral Maxillofac 
Implants. 2017;32:e107–18. [DOI] [PubMed]

8.     

Díaz-Olivares LA, Cortés-Bretón Brinkmann J, Martínez-Rodríguez N, Martínez-González JM, López-
Quiles J, Leco-Berrocal I, et al. Management of Schneiderian membrane perforations during maxillary 
sinus floor augmentation with lateral approach in relation to subsequent implant survival rates: a 
systematic review and meta-analysis. Int J Implant Dent. 2021;7:91. [DOI] [PubMed] [PMC]

9.     

Alalshaikh M, Tabasum A, Alotaibi N, Alesawy A, Ahmad S, Almas K, et al. Risk factors contributing to 
membrane perforation in lateral window maxillary sinus elevation: systematic review and meta-
analysis. Oral Surg Oral Med Oral Pathol Oral Radiol. 2025;139:642–59. [DOI] [PubMed]

10.     

Vlassis JM, Fugazzotto PA. A Classification System for Sinus Membrane Perforations During 
Augmentation Procedures With Options for Repair. J Periodontol. 1999;70:692–9. [DOI] [PubMed]

11.     

Monje A, Diaz KT, Aranda L, Insua A, Garcia-Nogales A, Wang HL. Schneiderian Membrane Thickness 
and Clinical Implications for Sinus Augmentation: A Systematic Review and Meta-Regression 
Analyses. J Periodontol. 2016;87:888–99. [DOI] [PubMed]

12.     

Shao Q, Li J, Pu R, Feng Y, Jiang Z, Yang G. Risk factors for sinus membrane perforation during lateral 
window maxillary sinus floor elevation surgery: A retrospective study. Clin Implant Dent Relat Res. 
2021;23:812–20. [DOI] [PubMed]

13.     

Kawakami S, Botticelli D, Nakajima Y, Sakuma S, Baba S. Anatomical analyses for maxillary sinus floor 
augmentation with a lateral approach: A cone beam computed tomography study. Ann Anat - Anat 
Anz. 2019;226:29–34. [DOI] [PubMed]

14.     

Schwarz L, Schiebel V, Hof M, Ulm C, Watzek G, Pommer B. Risk Factors of Membrane Perforation and 
Postoperative Complications in Sinus Floor Elevation Surgery: Review of 407 Augmentation 
Procedures. J Oral Maxillofac Surg. 2015;73:1275–82. [DOI] [PubMed]

15.     

Henriques I, Caramês J, Francisco H, Caramês G, Hernández-Alfaro F, Marques D. Prevalence of 
maxillary sinus septa: systematic review and meta-analysis. Int J Oral Maxillofac Surg. 2022;51:
823–31. [DOI] [PubMed]

16.     

Romanos GE. Window Preparation for Sinus Lift Procedures: A Simplified Technique. Implant Dent. 
2008;17:377–81. [DOI] [PubMed]

17.     

Schiavon L, Perini A, Brunello G, Ferrante G, Del Fabbro M, Botticelli D, et al. The bone lid technique in 
lateral sinus lift: a systematic review and meta-analysis. Int J Implant Dent. 2022;8:33. [DOI] 
[PubMed] [PMC]

18.     

Zijderveld SA, van den Bergh JP, Schulten EA, ten Bruggenkate CM. Anatomical and Surgical Findings 
and Complications in 100 Consecutive Maxillary Sinus Floor Elevation Procedures. J Oral Maxillofac 
Surg. 2008;66:1426–38. [DOI] [PubMed]

19.     

Maestre-Ferrín L, Galán-Gil S, Rubio-Serrano M, Peñarrocha-Diago M, Peñarrocha-Oltra D. Maxillary 
sinus septa: A systematic review. Med Oral Patol Oral Cir Bucal. 2010;15:e383–6. [DOI] [PubMed]

20.     

Ke Y, Xuan G. Does sinus membrane thickness influence the risk of perforation during lateral sinus lift 
surgery for dental implants? A systematic review and meta-analysis. Med Oral Patol Oral Cir Bucal. 
2024;29:e568–74. [DOI] [PubMed] [PMC]

21.     

Wang X, Ma S, Lin L, Yao Q. Association between smoking and Schneiderian membrane perforation 
during maxillary sinus floor augmentation: A systematic review and meta-analysis. Clin Implant Dent 
Relat Res. 2023;25:166–76. [DOI] [PubMed]

22.     

Jordi C, Mukaddam K, Lambrecht JT, Kühl S. Membrane perforation rate in lateral maxillary sinus floor 
augmentation using conventional rotating instruments and piezoelectric device—a meta-analysis. Int 
J Implant Dent. 2018;4:3. [DOI] [PubMed] [PMC]

23.     

https://dx.doi.org/10.11607/jomi.4884
http://www.ncbi.nlm.nih.gov/pubmed/28494033
https://dx.doi.org/10.1186/s40729-021-00346-7
http://www.ncbi.nlm.nih.gov/pubmed/34250560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8273047
https://dx.doi.org/10.1016/j.oooo.2024.12.008
http://www.ncbi.nlm.nih.gov/pubmed/39955221
https://dx.doi.org/10.1902/jop.1999.70.6.692
http://www.ncbi.nlm.nih.gov/pubmed/10397526
https://dx.doi.org/10.1902/jop.2016.160041
http://www.ncbi.nlm.nih.gov/pubmed/27086614
https://dx.doi.org/10.1111/cid.13052
http://www.ncbi.nlm.nih.gov/pubmed/34750940
https://dx.doi.org/10.1016/j.aanat.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31330302
https://dx.doi.org/10.1016/j.joms.2015.01.039
http://www.ncbi.nlm.nih.gov/pubmed/25921824
https://dx.doi.org/10.1016/j.ijom.2021.10.008
http://www.ncbi.nlm.nih.gov/pubmed/34742634
https://dx.doi.org/10.1097/id.0b013e31818c65f6
http://www.ncbi.nlm.nih.gov/pubmed/19077574
https://dx.doi.org/10.1186/s40729-022-00433-3
http://www.ncbi.nlm.nih.gov/pubmed/36036281
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9424465
https://dx.doi.org/10.1016/j.joms.2008.01.027
http://www.ncbi.nlm.nih.gov/pubmed/18571027
https://dx.doi.org/10.4317/medoral.15.e383
http://www.ncbi.nlm.nih.gov/pubmed/19767706
https://dx.doi.org/10.4317/medoral.26545
http://www.ncbi.nlm.nih.gov/pubmed/38794940
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11249380
https://dx.doi.org/10.1111/cid.13146
http://www.ncbi.nlm.nih.gov/pubmed/36239295
https://dx.doi.org/10.1186/s40729-017-0114-2
http://www.ncbi.nlm.nih.gov/pubmed/29376211
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787532


Explor Med. 2026;7:1001434 | https://doi.org/10.37349/emed.2026.1001434 Page 13

Atieh MA, Alsabeeha NH, Tawse-Smith A, Faggion CM Jr, Duncan WJ. Piezoelectric Surgery vs Rotary 
Instruments for Lateral Maxillary Sinus Floor Elevation: A Systematic Review and Meta-Analysis of 
Intra- and Postoperative Complications. Int J Oral Maxillofac Implants. 2015;30:1262–71. [DOI] 
[PubMed]

24.     

Stacchi C, Troiano G, Berton F, Lombardi T, Rapani A, Englaro A, et al. Piezoelectric bone surgery for 
lateral sinus floor elevation compared with conventional rotary instruments: A systematic review, 
meta-analysis and trial sequential analysis. Int J Oral Implantol (Berl). 2020;13:109–21. [PubMed]

25.     

Proussaefs P, Lozada J, Kim J, Rohrer MD. Repair of the perforated sinus membrane with a resorbable 
collagen membrane: a human study. Int J Oral Maxillofac Implants. 2004;19:413–20. [PubMed]

26.     

Testori T, Wallace SS, Del Fabbro M, Taschieri S, Trisi P, Capelli M, et al. Repair of large sinus 
membrane perforations using stabilized collagen barrier membranes: surgical techniques with 
histologic and radiographic evidence of success. Int J Periodontics Restorative Dent. 2008;28:9–17. 
[PubMed]

27.     

Soares LFF, Malzoni CMA, da Silveira ML, Junior EM, Pigossi SC. Evaluation of Different Approaches for 
Sinus Membrane Perforation Repair During Sinus Elevation: A Systematic Review and Meta-analysis. 
Int J Oral Maxillofac Implants. 2024;39:107–18. [DOI] [PubMed]

28.     

Schiavo-Di Flaviano V, Egido-Moreno S, González-Navarro B, Velasco-Ortega E, López-López J, 
Monsalve-Guil L. Influence of Schneiderian Membrane Perforation on Implant Survival Rate: 
Systematic Review and Meta-Analysis. J Clin Med. 2024;13:3751. [DOI] [PubMed] [PMC]

29.     

https://dx.doi.org/10.11607/jomi.3895
http://www.ncbi.nlm.nih.gov/pubmed/26574851
http://www.ncbi.nlm.nih.gov/pubmed/32424379
http://www.ncbi.nlm.nih.gov/pubmed/15214227
http://www.ncbi.nlm.nih.gov/pubmed/18351198
https://dx.doi.org/10.11607/jomi.10180
http://www.ncbi.nlm.nih.gov/pubmed/38416004
https://dx.doi.org/10.3390/jcm13133751
http://www.ncbi.nlm.nih.gov/pubmed/38999315
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11242322

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study design and specimen preparation
	Lateral window preparation
	Measurement of residual peripheral bone-rim thickness
	Assessment of Schneiderian membrane perforation
	Outcome measures
	Statistical analysis
	Data considerations

	Results
	Residual peripheral bone-rim thickness
	Schneiderian membrane perforation

	Discussion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

