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Abstract
Objective The aim of this study was to propose a comprehensive maxillary sinus (MS) contour classification system 
based on the evaluation of anatomical characteristics from cone beam computed tomography (CBCT) examination 
and investigate the relationship between sinus contours and sinus floor elevation (SFE).

Methods A total of 283 CBCT scans from patients who had single tooth loss in the posterior maxilla and underwent 
SFE were analyzed. The MS was classified at each tooth position. For buccal-palatal evaluation, the classification 
from Type A to E was narrow-taper, taper, ovoid, square, and irregular, respectively. For mesial-distal evaluation, the 
classification from Type 1 to 4 was flat, slope, concave, and septa, respectively. The major anatomical parameters 
evaluated were (1) residual bone height (RBH), (2) sinus width (SW), (3) maxillary sinus angle (MSA), (4) buccal dip 
angle (BDA), (5) palatonasal recess (PNR), and (6) sinus depth.

Results Eleven groups of MS contour were classified after detailed calculation. Differences in the RBH, MSA, BDA, and 
SW among different groups were statistically significant. The narrow-taper and slope MS (A2) group had the highest 
RBH (8.66 ± 0.77 mm), largest BDA (79.9° ± 3.18°), smallest MSA (19.8° ± 2.01°), and narrowest SW (6.30 ± 1.23 mm). 
The lowest RBH was in the square and concave sinus (D3) group (5.11 ± 2.70 mm). The ovoid and concave sinus (C3) 
group had the smallest BDA (50.64 ± 8.73 mm) and largest MSA (74.11° ± 11.52°). The square and flat MS (D1) group 
had the widest SW (19.13 ± 3.69 mm). A strongly significant positive correlation was observed between the SW and 
MSA (r = 0.67) and a strongly negative correlation between the SW and BDA (r = − 0.65). The prevalence of PNR (mean 
angle: 104.06° ± 16.83°, mean height: 14.72 ± 11.78 mm) was 38% and frequently observed in the ovoid and slope MS 
(C2) group.

Conclusion Despite certain characteristics at different tooth sites, the same tooth position was categorized 
differently using different classification systems, indicating large anatomical variations in the MS. The classification 
system proposed herein allows for classification based on general characteristics at a single tooth site, aiming to help 
surgeons in improving presurgical evaluation.
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Background
Tooth extraction and the progressive pneumatization of 
the maxillary sinus (MS) can cause difficulties for den-
tal implant replacements in the upper posterior region. 
Maxillary sinus floor elevation (SFE) is widely used to 
achieve adequate bone height for implant placement in 
the posterior maxilla and is considered one of the most 
predictable bone augmentation procedures currently 
employed [1, 2].

Although the success rate of SFE procedures has been 
proven to be high, various complications have been 
reported both during surgery and in the postoperative 
period. Sinus membrane perforation (SMP) is the most 
common intraoperative complication during SFE, and it 
can result in the loss of graft materials, acute or chronic 
maxillary sinusitis, and potential implant failure; there-
fore, maintaining the integrity of the sinus membrane is 
crucial for achieving short- and long-term success [3, 4].

Addressing how to reduce the graft material absorption 
and increase the formation of vital new bone has always 
been a popular topic in research on SFE procedures [5, 
6]. Some researchers have studied the characteristics and 
proportions of graft materials [7, 8], while others have 
focused on the osteogenic properties of the sinus cavity 
[9–11]. Although a few studies reported that the sinus 
membrane may present osteoinductive potential, most 
studies emphasize the importance of maximizing con-
tact between the graft material and sinus wall to promote 
bone healing. This approach is important, as sinus walls 
serve as the major source of osteoprogenitor cells and 
blood supply [10, 11].

The morphology of MS can either facilitate or compli-
cate the incidence of Schneiderian membrane perforation 
(SMP), as well as the reconstruction of the graft mate-
rial. Therefore, the existing sinus anatomic variations are 
factors that should be considered in preliminary surgi-
cal decision making. To the best of the authors’ knowl-
edge, there remains no standard way to classify sinus 
contours. Contemporary studies proposing MS contour 
classification systems mainly focus on a single cone beam 
measurement Sects. [12–14], despite the MS being ste-
reoscopic and irregular, with different buccal-palatal and 
mesial-distal contours. Describing the entire MS based 
on a single section has limitations that can easily lead to 
an incorrect preoperative diagnosis.

Due to its low level of radiation exposure and higher 
diagnostic capability, cone beam computed tomography 
(CBCT) has become an essential diagnostic tool with 
many applications in implant dentistry in terms of bone 
quality and MS assessment, as well as in surgery itself 
[15, 16]. For this reason, we propose a comprehensive 
MS contour classification system based on a review of 
the literature and analysis of the characteristics of differ-
ent groups determined through CBCT examination. We 

then discuss the relationship between sinus contours and 
SFE, aiming to help surgeons improve their presurgical 
evaluations.

Materials and methods
Study design
The study was approved by the Ethics Committee of the 
Stomatological Hospital of Southern Medical University 
(approval number [2022] 08). Written informed consent 
was obtained from all participants. The CBCT scans 
were obtained from patients who required dental implant 
rehabilitation attending the Implantology Center at the 
Stomatological Hospital affiliated with Southern Medi-
cal University, China, between June 2017 and December 
2023. The inclusion criteria were: (1) patients were older 
than 18 years old; (2) patients had single tooth loss in 
the posterior maxilla with a healing period of more than 
12 weeks; and (3) patients had a residual bone height 
(RBH) of less than 10  mm. The exclusion criteria were: 
(1) images that were unclear or incomplete; (2) the pres-
ence of sinus pathology that made measurement impos-
sible; (3) the absence of adjacent or opposing teeth such 
that the location of the edentulous ridges corresponding 
to the tooth site could not be identified; and (4) the pres-
ence of previous sinus grafts or implants.

Image acquisition
Radiographic examination was performed with a Newton 
CBCT (Quantitative Radiology, Verona, Italy). Patients 
were positioned parallel to the floor with reference to 
the Frankfort horizontal plane. The technical parameters 
were set as follows: anode voltage, 110 kV; anode current, 
3 to 4.5 mA; scan time, 18 s; field of view (FOV), 12 cm × 
15 cm; and voxel size, 200 μm. Multi-planar reconstruc-
tions were viewed using the CBCT imaging modality 
with the instrument’s self-contained software program 
(ImageViewer, Guangzhou, China).

Sample size calculation
A priori power analysis was carried out during the study 
planning stage to determine an appropriate sample 
size for robust statistical analysis. To detect differences 
between the two groups with a two-sided 5% significance 
level and a power of 80%, at least of 275 tooth sites were 
deemed necessary.

Data collection
Qualified scans were reoriented to ensure bilateral sym-
metry of the maxilla and alignment of the hard palate 
parallel to the ground. A reference arch (80  mm wide) 
was drawn at the level of the crestal bone on cross-
sectional views, with its center corresponding to the 
center of the ridge. The sinus contours were read using 
coronal and sagittal images obtained at specific areas 
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corresponding to the first premolar, second premolar, 
and molar sites (PM1, PM2, M1, M2). As part of the 
qualitative research approach, two general practitioners 
(Lin and Zheng) reconstructed and observed the images. 
Inter-examiner variability was measured during the study 
with CBCT scans, where 20 randomly selected patient 
scans were reviewed by both practitioners (kappa = 0.65 
to 0.8, indicating moderate to good consistency). After-
wards, one of the reviewers (Lin) took the remaining 
measurements and recordings of the MS.

MS classification
The comprehensive MS classification proposed in this 
study is based on previous studies published by Niu 
[12] and French [13]. In terms of coronal sections, the 
MS was divided into five subgroups: Type A = narrow 
tapered; Type B = taper; Type C = ovoid; Type D = square; 
and Type E = irregular (convex or septa in MS floor). For 
sagittal sections, MS contour was divided into four sub-
groups: Type 1 = flat; Type 2 = slope; Type 3 = concave, 
Type 4 = irregular (septa in MS floor). A total of 13 the-
oretical MS morphologies were thus categorized based 
on combinations of the classifications mentioned above 
(Fig. 1): A1: Type A and Type 1; A2: Type A and Type 2; 
A3: Type A and Type 3; B1: Type B and Type 1; B2: Type 

B and Type 2; B3: Type B and Type 3; C1: Type C and 
Type 1; C2: Type C and Type 2; C3: Type C and Type 3; 
D1: Type D and Type 1; D2: Type D and Type 2; D3: Type 
D and Type 3; E: Type E or Type 4. The MS was classified 
at each tooth position based on the specific morphology 
observed at that site.

MS characteristics
The following anatomical structures and variations were 
assessed at the coronal section: (1) residual bone height 
(RBH): the distance from the most coronal point of the 
alveolar crest and the MS floor; (2) maxillary sinus angle 
(MSA): the angle formed at the floor of the MS by a tan-
gent along the buccal and palatal bone walls of the MS. 
To measure MSA, two horizontal line was drawn at 3 mm 
and 10 mm from the sinus floor [17]. (Fig. 2A); (3) buc-
cal dip angle (BDA): the angle between the buccal bone 
plate and the horizontal plane (Fig. 2A); (4) sinus width 
(SW): the distance between the buccal and palatal walls 
at 3  mm, 5  mm, 7  mm, and 9  mm from the sinus floor 
(Fig. 2B); (5) palatonasal recess (PNR): the angle between 
the lateral nasal wall and the palatal wall within the MS 
[18] (Fig.  3A), and risk PNR: the PNR located <15  mm 
from the alveolar crest, with an angle of<90°; both the 
location of the PNR and its angulation were measured; 

Fig. 1 Comprehensive sinus contour classification
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and (6) sinus depth: sinuses were divided according to 
their extension into the alveolar process as measured 
from the hard palate: either above (I), 0 to 6 mm below 
(II), or more than 6 mm below (III) (Fig. 3B) [19].

Statistical analysis
The statistical analysis was performed using SPSS 22.0 
(IBM Corp., Armonk, USA). Qualitative data were dis-
played as mean values and standard deviations. For quan-
titative variables, frequency was determined. The normal 
distribution and variance homogeneity were measured. 
Normally distributed data with homogeneity of vari-
ance were analyzed using one-way analysis of variance 
(ANOVA). Non-normally distributed data were analyzed 
using the Welch test. The Pearson correlation coefficient 
(r) was used to test the correlations between variables, 
with an r value approaching + 1 indicating a stronger 
positive correlation and one approaching − 1 indicating 

a stronger negative correlation. Statistical difference was 
determined at p<0.05.

Results
Patients
A total of 266 patients (150 female and 116 male) with 
283 tooth sites were included in the study, as 17 patients 
had unilateral edentulism in the MS. The mean age of 
the patients was 40.0 ± 14.7 years. The included number 
of PM1s, PM2s, M1s, and M2s was 18, 60, 142, and 63, 
respectively.

Characteristics of different MS contours
MS contours were categorized into 11 groups, as no A1 
and A3 patients remained in the sample after detailed 
calculations. Statistical analysis revealed significant dif-
ferences among the different groups, including in RBH, 
MSA, and BDA, as illustrated in Table 1.

Fig. 3 Sinus characteristics. (A) Palatonasal recess (PNR). (B) sinus depth (type II)

 

Fig. 2 Sinus characteristics. (A) Angle α: maxillary sinus angle (MSA), Angle β: buccal dip angle (BDA). (B) Sinus width (SW) at 3 mm, 5 mm, 7 mm, and 
9 mm from the sinus floor
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RBH
The A2 and D2 groups had the most sufficient RBH, with 
an average height of approximately 8 mm. In comparison, 
the average RBH for the B3, C3, D1, and D3 groups was 
less than 6  mm. RBH was weakly negatively correlated 
with SW9 (r = − 0.232, P < 0.05).

MSA
The sharpest average MSA was less than 20° and observed 
in the A2 group. The mean MSA of the C groups was 
larger than 70°, and the largest angle was in the C3 group.

BDA
Contrary to that of the MSA, the largest average BDA 
was in the A2 group at approximately 80°. The smallest 
BDA was in the C3 group. The correlation coefficient 
between BDA and MSA was − 0.625 (P < 0.05), indicating 
a strongly negative correlation.

SW
Overall, SW became wider at higher measurement levels 
except for the SW in the A2 group (Fig. 4). The D1 and 
D3 groups had the widest SW at all measurement lev-
els, which was two times wider at SW3 and three times 
wider at SW9 than those of the A2 group. SW9 was 
strongly positively correlated with MSA (r = 0.67, P < 0.05) 
and strongly negatively correlated with BDA (r = − 0.65, 
P < 0.05).

PNR
PNR was identified in 38% of CBCT scans. Mean 
PNR was 104.06 ± 16.83° and the mean height was 
14.72 ± 11.78  mm from the alveolar crest. The high-
est prevalence of PNR was 63.8% in the C2 group. The 

Table 1 Characteristics of different MS contours, mean (± SD)
RBH(mm) BDA(°) MSA(°)

A2 8.66(0.77) 79.90(3.18) 19.89(8.01)
B1 6.70(1.91) 60.83(10.34) 48.27(7.72)
B2 6.81(1.52) 65.27(13.54) 49.05(8.11)
B3 5.41(2.41) 62.87(13.85) 50.82(8.35)
C1 6.99(2.06) 53.04(9.26) 70.13(9.59)
C2 6.69(1.37) 56.40(10.57) 71.33(7.82)
C3 5.27(2.04) 50.65(8.78) 74.66(11.52)
D1 5.93(2.10) 50.78(13.01) 65.62(18.28)
D2 7.98(2.00) 56.34(6.61) 54.73(27.39)
D3 5.11(2.70) 52.49(8.14) 64.69(11.64)
E 6.79(1.70) 56.13(13.48) 61.57(16.77)
Mean 6.37(2.09) 57.11(12.89) 60.94(16.97)
F value 9.648 9.282 45.949
P value 0.000 0.000 0.000
RBH: residual bone height; BDA: buccal dip angle; MSA: maxillary sinus angle

Fig. 4 Sinus width (SW) variation among different groups and measurement levels
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average angle of risk PNR, which was observed in 11.7% 
of CBCT scans, was 86.11 ± 5.91°, and the average height 
was 12.49 ± 2.03 mm. Regarding distribution, 60% of the 
D3 PNRs were at risk sites. No risk of PNR was found in 
the A2, C1, or D1 groups.

Sinus depth
The overall percentage of Type I, II, and III sinus was 
17.1% (48/283), 53.4% (151/283), and 29.2% (84/283), 
respectively. The distribution of the D1 group was most 
uneven, with 80% of WS categorized as Type II. Nearly 
45% of the C3 and D3 groups were categorized as Type 
III sinus, compared with 20 to 30% of the other groups.

Distribution of different MS contours
The distribution of different MS contours is illustrated 
in Table 2. The MS contours were dispersed among dif-
ferent tooth sites, with no classification accounting for 
more than 35% at one tooth site. The B2 and B3 groups 
were more often observed in PM1 (22.2%, 4/18). The B2 
group comprised the largest proportion of the PM2 area 
(28.3%, 17/60). In the M1 area, C3 group was the most 
common morphology (30.9%, 44/142). In the M2 area, B1 
group was the most common morphology (25.3%, 16/63). 
The E groups comprised 15.9% (45/283) of the total MS 
classification.

Discussion
The present study revealed significant variations in 
MS among different measurement sections and tooth 
positions, preventing the development of a simple and 
meaningful classification of the entire sinus and one mea-
surement section.

Characteristics of different MS contours
Relationship between RBH and sinus depth
RBH is a key factor in determining the surgical approach 
for SFE. The Academy of Osseointegration Consensus 

Conference on Sinus Grafts recommends transcrestal 
SFE with simultaneous implant placement for RBH larger 
than 6  mm; lateral SFE for RBH 6  mm or smaller; and, 
in particular, lateral SFE with staged implant placement 
when RBH is smaller than 4  mm [20]. Several stud-
ies have proposed that as the impact of RBH does not 
appear to affect osteogenesis, greater emphasis should be 
placed on SFE surgical difficulty and complications [21, 
22]. The results of the present study suggest that RBH is 
more strongly determined by the mesial-distal sinus con-
tour with a trend toward a sloping > flat > concave site. 
This suggestion is partially in line with French et al. [13]. 
, whose study of single and multiple tooth loss revealed 
that RBH was highest in sloping MS, followed by concave 
and flat MS. Such findings demonstrate the morphol-
ogy variation between single and multiple tooth loss. In 
areas of multiple tooth loss, the sinus floor becomes flat-
ter due to the extensive pneumatization and absence of 
support from adjacent teeth. Comparatively, the sinus 
floor tends to present a concave morphology in an area of 
single tooth loss because pneumatization is localized [13, 
23, 24]. Several studies have also indicated that when the 
tooth root protrudes into the MS, the sinus floor often 
exhibits a deep concave morphology and low RBH after 
tooth extraction [24, 25]. Such a phenomenon may well 
explain our results.

The findings of the present study concur with those of 
Wagner et al., who found that RBH gradually decreases 
with increasing sinus depth [19]. This can be attributed to 
the greater extension of the MS into the alveolar process, 
inevitably resulting in a reduction of the RBH. Teng et 
al. [26]. and Berl et al. [27]. found a negative correlation 
between RBH and SW, as did the present study, albeit 
only a weakly negative correlation. All these results sug-
gest that RBH is more influenced by the vertical pneuma-
tization of the MS rather than the horizontal direction.

SW characteristics
Several studies classified MS into narrow, medium, or 
wide on the basis of SW [14, 26]. Nonetheless, our find-
ings indicate that SW varies with measurement height 
and tooth position, rendering a classification based solely 
on this parameter impractical. In Bertl et al.’s observa-
tional study [27], dimensional differences in SW among 
different tooth sites at lower measurement levels were 
minimal. By contrast, our research identified signifi-
cant SW variations in relation to MS contours. The SW 
was maintained at a similar dimension in the A2 group 
and became even narrower at SW7 and SW9, possibly 
because the middle third of the nasal cavity was larger 
at these measurement levels. Except for the A2 group, 
all the groups exhibited an increase in SW at higher 
measurement levels, with SW tending to increase from 

Table 2 Distribution of different MS contours, n (%)
PM1 PM2 M1 M2 Total

A2 3 5 1 1 10 (3.5)
B1 2 3 7 16 27 (9.5)
B2 4 17 5 9 35 (12.4)
B3 4 2 14 5 27 (9.5)
C1 0 4 22 13 38 (13.4)
C2 2 4 4 1 11 (3.9)
C3 1 3 44 2 51 (18)
D1 0 5 11 5 21 (7.4)
D2 0 6 0 1 7 (2.5)
D3 0 0 11 0 11 (3.9)
E 2 11 22 10 45 (15.9)
Total 18 60 142 63 283
PM1: first premolar; PM2: second premolar; M1: first molar; M2: second molar
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narrow-taper to irregular type, a result in alignment with 
the findings of Niu et al. [12].

Relationship between MSA and BDA
First proposed by Cho et al. [17]. , the MSA is a parame-
ter describing the axial angle between the buccal and pal-
atal bony walls. Since then, the MSA has been measured 
by different methods in different studies [28, 29]. We 
selected Cho et al.’s method, which is considered the tra-
ditional measurement method. Clinicians have frequently 
investigated the relationship between the MSA and SMP 
[17, 29–31]. In their study, Cho et al. [17]. , observed that 
when the MSA was smaller than 30°, the SMP rate was 
37.5% and decreased to 28.6% and 0% when the MSA was 
from 30° to 60° and greater than 60°, respectively. Pizzini 
et al. found that when the MSA was smaller than 90°, the 
SMP rate was the highest at 38%, and the rate was twice 
as high when the MSA was greater than 90° [29]. All 
these studies provide evidence that sharper MSA is asso-
ciated with higher SMP probability.

Although the MSA reflects the entire MS floor mor-
phology on coronal sections, it cannot describe the mor-
phology of the buccal and palatal bony walls individually. 
To address this problem, Pi et al. first introduced dip 
angle as a means of classifying the sinus contour [32]. 
To the best of our knowledge, our study was the first 
study investigating the characteristics of the buccal dip 
angle from radiographic examinations in a large sample 
of patients. Our findings revealed a strongly negative 
correlation between SW and BDA, indicating that an 
increased buccal inclination of the bony wall corresponds 
to a wider MS. We attempted but failed to measure the 
palatal dip angle because of the difficulty of measur-
ing it objectively due to the irregular morphology of the 
nasal cavity and the existence of the PNR. Although the 
C groups had the most buccal inclined bony wall, the D 
groups had the widest SW. These findings provide evi-
dence that the palatal bony wall of the square sinus is 
significantly more tilted toward the nasal cavity than the 
other morphology of the MS.

PNR
The PNR is an anatomical structure between the roof 
of the hard palate and the lateral wall of the nasal cav-
ity [18]. In our series, the highest prevalence of PNR was 
sloping MS, followed by concave and flat MS. Wagner et 
al., who first identified PNR, proposed that sharp-angled 
recesses (< 90°) might hinder sinus membrane elevation 
on the palatal wall [12, 18, 33]. Interestingly, we observed 
that concave sinus posed a greater risk of PNR than the 
sloping sites. Specifically, more than 50% of the C3 and 
D3 groups, which have the lowest RBH and widest SW, 
exhibited PNR at risk sites.

Distribution of different MS contours
The anterior border of the MS usually starts from the 
mesial or distal apex of the PM1 and PM2, commonly 
leading to a sloping sinus floor in the anterior part of the 
MS. At the same time, most concave sites are between 
adjacent teeth or septa, and therefore the concave con-
tour is most frequently observed in the M1 from the 
sagittal section. As pneumatization is more sufficient in 
the coronal section in the middle part of the MS, ovoid 
and square shapes are often seen in the M1, followed by 
a taper shape in the PM2 and M2 and a narrow-taper 
shape in the PM1 [34]. Despite the existence of certain 
characteristics at different tooth sites, diverse classifica-
tion systems have been used within the same tooth posi-
tion, indicating large anatomical variations in the MS.

The prevalence of irregular MS in the current study 
was 15.9%, slightly lower than that reported in other 
studies [35, 36]. This variance could be attributed to our 
measurement at individual tooth sites rather than the 
measure of the entire sinus. In addition, we did not clas-
sify transverse septa located in the upper third of the MS 
into the E group because we did not observe them on the 
sinus floor.

Characteristics of extensive pneumatization MS
Using the classification system proposed by Kalavagunta 
et al. [37]. , we found that the prevalence of extensive 
pneumatization in our study was 8.1%. The morphologi-
cal characteristics of extensive pneumatization were con-
sistent, including (1) a deep concave sinus floor (78.2%); 
(2) an extremely low RBH, typically smaller than 3  mm 
(69.5%); (3) a thin buccal and palatal bony wall, typi-
cally thinner than 1 mm (100%); (4) a sharp angled PNR 
(86.9%); and (5) an unobservable sinus membrane on 
CBCT scans (100%).

Application of comprehensive MS contour classification
Based on comprehensive MS contour classification and 
analysis of the characteristics observed on radiographic 
examination, we present several clinical recommenda-
tions based on the reviewed literature and the expertise 
of the authors.

1. The E group (irregular sinus) presents the most 
significant surgical challenges during SFE and leads 
to the highest percentage of SMP. Transcrestal 
SFE may not be a good option for this morphology 
because it requires a higher mallet force to elevate 
the sinus membrane, and an inadequate force 
may possibly cause SMP. Several methods have 
been introduced to manage the presence of septa, 
including those based on avoidance of sinus 
septa; use of a surgical method that comprises 
the formation of several trap windows, depending 
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on the height of the septa; and methods based 
on the simultaneous removal of septa [12, 13, 
38–40]. Utilizing digital guides can enhance the 
precise positioning of the surgical window, thereby 
improving surgical accuracy and safety [40, 41].

2. The A2 group (narrow and slope sinus) also has 
a high risk of SMP. Fortunately, SFE is usually 
avoidable or does not require much vertical 
elevation, as the average RBH was more than 8 mm 
in this group. When SFE is unavoidable, a modified 
lateral SFE with an inferior margin of the window at 
the same level as the sinus floor might be indicated 
[12].

3. The incidence of SMP is lower in cases where a 
taper or slope sinus floor is identified on CBCT 
scans. Both transcrestal and lateral SFE techniques 
are advisable. It is noteworthy that the force applied 
from the osteotome is uneven in the slope sinus, and 
uneven tension during detachment of the mucosa 
is assumed to be responsible for SMP. Moreover, to 
elevate the sinus membrane sufficiently, the lower 
site of the angle sinus usually requires a greater 
elevation height, which increases the possibility of 
SMP. We recommend employing minimally invasive 
surgical tools to minimize the risk of SMP [42, 43]. 
Graftless SFE could also be a reliable approach 
to reduce augmentation procedures in patients, 
particularly when SMP occurs, thereby minimizing 
the need for graft material replacement into the sinus 
[44, 45].

4. SMP possibility was lowest when the contour was 
ovoid or square in the coronal section and concave 
or flat in the sagittal section. However, these groups 
usually had a lower RBH and wider SW. It is difficult 
to elevate the sinus membrane by osteotome 
thoroughly in wider MS, posing the risk of partial or 
complete embedding of the graft material beneath 
the sinus membrane. This impedes the infiltration 
of blood supply and osteogenic factors from the 
bony walls into the graft, resulting in increased 
graft resorption and reduced formation of vital new 
bone [22, 28, 46]. Although transcrestal SFE might 
be considered in cases with low RBH, lateral SFE is 
preferred for MS with a larger SW. Clinicians are 
advised to increase the proportion of autogenous 
bone and extend the healing period for better 
outcomes.

This study has several limitations that should be con-
sidered when reviewing the findings. First, it remains 
unclear whether the absence of the A1 and A3 groups 
was due to the study design or limitations in the dataset; 
this requires further validation with larger sample sizes. 
Second, several of the 11 groups examined in this study 

included fewer patients than the other groups, poten-
tially introducing bias into the statistical analysis. Third, 
a considerably smaller sample was examined at premolar 
sites, especially the PM1 area, and the timing of the pro-
cess of becoming edentulous was not documented. Given 
these limitations, the findings of this study may have 
more implications for molar sites. Finally, most published 
studies have described the MS characteristics based on 
different tooth positions; however, studies that describe 
MS characteristics based on sinus contour classification 
are lacking. The limitations of currently published studies 
hinder direct comparisons between our study and others, 
as the grouping methods vary. Despite this, we have veri-
fied the rationality of our data based on different tooth 
positions, and our results show numerical consistency 
with the clinically published literature.

Conclusion
Anatomical variations in the MS underscore the impor-
tance of specific treatment approaches and custom-
ized SFE planning. Thus, performing CBCT routinely 
prior to surgery is stressed. Despite distinct character-
istics observed among different tooth sites, diverse clas-
sifications were found within the same tooth position, 
indicating large anatomical variability in the MS. The 
classification provided herein outlines generalized char-
acteristics specific to individual tooth sites, aiming to 
help surgeons perform better presurgical evaluations.
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