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Abstract
Aim: In this study, we aimed to investigate the relationship between sinus floor cortication (SFC) 
and Schneiderian membrane thickness (SMT) through cone-beam computed tomography (CBCT) 
images. 
Materials and Methods: A total of 292 maxillary sinuses of 146 patients (61 males, 85 females) 
who underwent a CBCT scan for dental implant treatment were evaluated. SFC was classified 
as follows: type-1: sinus floor exhibiting similar or higher density than the surrounding cortical 
areas, type-2: sinus floor exhibiting lower density than the surrounding cortical areas, type-3: 
sinus floor exhibiting no cortical bone, and type-4: sinus floor exhibiting fusion of sinus floor bone 
and native crestal bone. We also investigated the relationship between the SFC types and SMTs 
measured from the highest border of the membrane to the sinus floor on cross-sectional images.
Results: Type-1, type-2, type-3, and type-4 SFC were seen in 114, 102, 48, and 28 cases, respec-
tively. The Schneiderian membrane was found to be thinner in type-1 SFC than in type-2 SFC. No 
significant difference was found between type-3 and type-4 SFC in terms of SMT. 
Discussion and Conclusion: Evaluation of SFC and SMT using CBCT can provide information 
about implant stability and survival in treatment after sinus grafting. Although type-1 SFC is fa-
vorable for implant placement, it may also be associated with an increased risk of membrane 
perforation.
Keywords: cone-beam computed tomography; cortication; dental implantation; Schneiderian 
membrane; sinus floor augmentation

Öz
Amaç: Bu çalışmada sinüs tabanı kortikasyonu (STK) ve Schneiderian membran kalınlığı (SMK) 
arasındaki ilişkiyi konik ışınlı bilgisayarlı tomografi (KIBT) görüntüleri üzerinden incelemek amaç-
lanmıştır. 
Gereç ve Yöntemler: Dental implant tedavisi için KIBT çektirmiş 146 hastaya ait (61 erkek, 85 
kadın) toplam 292 maksiller sinüs değerlendirildi. STK şu şekilde sınıflandırıldı: tip 1: çevre kortikal 
alanla benzer ya da daha yüksek dansite gösteren sinüs tabanı, tip 2: çevre kortikal alandan daha 
düşük dansite gösteren sinüs tabanı, tip 3: kortikal kemik içermeyen sinüs tabanı, tip 4: krestal ke-
mikle kaynaşmış sinüs tabanı. Kesitsel görüntülerde membranın en üst noktası ile tabanı arasında 
ölçülen SMK ile STK tipleri arasındaki ilişki de incelendi.
Bulgular: Tip 1, tip 2, tip 3 ve tip 4 STK sırasıyla 114, 102, 48 ve 28 vakada görüldü. Schneiderian 
membran tip 1 STK’de tip 2 STK’ye kıyasla daha ince bulundu. Tip 3 STK ile tip 4 STK arasında SMK 
açısından anlamlı fark görülmedi.
Tartışma ve Sonuç: STK ve SMK’nin KIBT ile değerlendirilmesi sinüs greftleme sonrası tedavide 
implant stabilitesi ve sağkalımı hakkında bilgi sağlayabilir. Tip 1 STK, implant yerleştirme için elve-
rişli iken, daha yüksek bir membran perforasyonu riski ile ilişkili olabilir.
Anahtar Sözcükler: dental implantasyon; konik ışınlı bilgisayarlı tomografi; kortikasyon; Schnei-
derian membran; sinüs taban ogmentasyonu 
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INTRODUCTION
The maxillary sinus is a large pyramidal cavity sur-
rounded by the orbital, alveolar, facial, and infratem-
poral parts of the maxilla. The dimension, form, size, 
and wall density of the maxillary antrum vary among 
individuals and even from one site to another in the 
same subject (1). The bone volume in the posterior the 
maxilla is often inadequate for implant placement due 
to alveolar atrophy and sinus pneumatization. Howev-
er, the height of the alveolar process can be increased 
by sinus augmentation procedures (SAPs) (2,3). 

The maxillary SAP is a safe procedure associated 
with reduced complication incidences and implant 
survival rates up to 92% (4–6). The outcome of the pro-
cedure depends on various anatomic factors, including 
the sinus width and membrane thickness, amount of 
residual crestal bone, and angle between the medial 
and lateral walls (7). 

The Schneiderian membrane covers all internal 
walls of the maxillary sinus and contains multilayered 
cylindrical epithelium with a thickness of approxi-
mately 1 mm (8). Its perforation may affect the physi-
ological functions of the sinus, leading to postsurgical 
sinusitis, including sinus congestion compromising 
the graft prognosis and implant survival (9–11). High-
er perforation rates have been reported in thicker (≥3 
mm) and thinner (≤0,5mm) membranes (12).

Primary implant stability with the surrounding 
bone is a necessary condition for implant osseointe-
gration after SAPs (13). The amount of residual alveo-
lar bone and cortical stability have been reported to 
be effective on both primer stability and final implant 
performance (7). Efficacy of maxillary sinus floor cor-
tication has been investigated in the literature (13,14). 
Cortication level of the sinus floor can help determine 
if the implant can be placed at the same time, with or 
without SAP (7). 

Cone-beam computed tomography (CBCT) is the 
current method of choice to assess the quality and 
amount of the alveolar bone before implant placement. 
CBCT has proven to be a useful tool in evaluating the 
anatomical and pathological structures of the maxil-
lofacial field, with its advantages of good image qual-
ity with high resolution and delivering remarkably low 
radiation doses (15). 

In this study, we aimed to investigate the relation-
ship between the sinus floor cortication (SFC) types 
and Schneiderian membrane thickness (SMT) by us-
ing CBCT images. Although there have been studies 
evaluating SFC and SMT separately, to our knowledge, 
no study has assessed the relation between SFC and 
SMT by using CBCT.

MATERIALS AND METHODS
Case selection
The study protocol was approved by the Ethics Commit-
tee of the Faculty of Dentistry, Bolu Abant İzzet Baysal 
University (2017/40). Preoperative CBCT scans of 146 
dental implant patients (61 males, 85 females; age range: 
21–70 years) were evaluated retrospectively; volumes 
were selected from the radiology archive at the Depart-
ment of Dentomaxillofacial Radiology, Faculty of Den-
tistry, Bolu Abant İzzet Baysal University. The scans were 
collected from January 2015 to December 2017. 

Patients with a history of maxillary sinus surgery, 
smoking, dental implant treatment in the posterior 
maxilla, and antral cysts and/or other sinus patholo-
gies were excluded. 

CBCT evaluation
The CBCT images were obtained using the I-CAT 

3D Imaging System (Imaging Sciences International, 
Hatfield, PA, USA) with the following parameters: 5 
mA,120 kVp, 16 x 9-12 FOV, and 0.3 mm voxel size.

A total of 292 maxillary sinuses were evaluated by 
a maxillofacial radiologist with an experience of seven 
years. Image analyses were performed using the I-
CAT Vision software (Imaging Science International), 
which provides coronal, sagittal, and cross sectional 
views of 0.3 mm slice thickness.

Data analysis
The SFC assessment and categorization were made 

according to the classification proposed by Choucroun 
et al. (7) (Table 1 and Figure 1). For SMT measure-
ment, the CBCT images were first reformatted to place 
the posterior maxillary region (from the first premo-
lar to the second molar) of the alveolar bone crest in 
a vertical position in axial views, and the hard palate/
floor of the nasal cavity in a horizontal position in coro-
nal views. Then, measurements were performed on the 
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thickest part of the Schneiderian membrane, from the 
floor of the sinus to the superior aspect of the mem-
brane. In the literature, a SMT of 1 to 2 mm is consid-
ered healthy (16–18) (Figure 2).

For intraobserver reliability assessment, 15 CBCT 
images (30 maxillary sinuses) were randomly selected 
and re-evaluated after four weeks.

Statistical analysis
Statistical analysis was performed using the SPSS 

v. 18 (SPSS Inc., Chicago, IL) software. Descriptive 
statistics were performed. The independent samples 
t-test was used to determine the relationship between 
membrane thickness and sex. The difference of cor-
tication types based on age and sex was assessed by 
the Fisher–Freeman–Halton test and the comparison 
of cortication type and sex according to age and SMT 
was made using ANOVA test. The Kappa test was used 
to determine intraobserver reliability.

RESULTS
Based on the repeated assessment of 30 maxillary si-
nuses separated by a 4-week interval, the Kappa test 
showed perfect intraobserver agreement (κ= 0.84).

The SMTs ranged from 0 to 8 mm, with a mean 
thickness of 0.991 mm. The mean SMT was found to 
be thicker in males (1.20 mm) than in females (0.782 
mm) (p<0.05). No statistically significant relation was 
found between age and SMT (r=0.069, p=0.239). 

In our study, a SMT >2 mm was considered patho-
logical, and we found that 63 (21.6%) of the 292 max-
illary sinuses fell into this category. Of the 63 patho-
logical membranes, 33 (52.4%) were in males and 30 
(47.6%) in females. The mean age of the patients who 
had a pathological SMT was 28.21 years.

Table 2 shows the relationship between SFC types, 
age, and SMT. SMT was significantly less in type-1 SFC 
than in type-2 SFC, but there was no significant differ-
ence between the other types. In addition, the mean 
patient age was significantly lower in type-1, type-2, 
and type-3 SFC than in type-4 SFC, but no significant 
difference was found between type-1, type-2, type-3 
SFC and age. Type-1, type-2, type-3, and type-4 SFC 
were seen in 114, 102, 48, and 28 cases, respectively.

The distribution of SFC types by sex is shown in 
Table 3. Type-1 and type-4 SFC were significantly 
more common in females and males, respectively. 
Type-2 and type-3 SFC were almost equally distrib-
uted between males and females.

DISCUSSION AND CONCLUSION
The condition of the Schneiderian membrane has been 
shown to be an important factor affecting the sinus 
perforation risk during surgical procedures (19). There 
have been studies reporting diverse SMT results due to 
local and technique-related factors, such as presence 
of maxillary sinus disease, allergic conditions, neigh-
boring periodontal inflammation and odontogenic 
infection, and use of different measurement methods. 
In our study, a SMT of ≤2 mm was considered healthy.

Rapani et al. reported a high perforation risk in pa-
tients with a SMT <1 mm (20). In our study, the mean 
female SMT (0.782 mm) was found to be significantly 
less than the mean male SMT (1.2 mm), indicating a 
higher perforation risk in female patients.
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Figure 1. SFC classification

Figure 2. SMT measurement 
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Janner et al. (19), Bornstein et al. (21), and Shahidi 
et al. (22) reported SMTs ranging between 0.2 and 34.6 
mm, 0.25 and 13.98 mm, and 1 and 31.9 mm, respec-
tively. In our study, we found that the SMT ranged be-
tween 0 and 8 mm. The differences between the studies 
may be related to etiological factors or use of different 
measurement methods.

Janner et al. (19) and Shahidi et al. (22) reported 
a pathological SMT rate of 37% and 40.3%, respec-
tively. In our study we observed a pathological SMT in 
21.57% of the study population. 

Some studies reported that the SMT could vary be-
tween the two sexes, being thicker in males (23–25), 
and our findings were consistent with these reports as 

we found that the mean SMT of our male patients was 
significantly greater (p<0.05). The SMT has also been 
reported to change with age; Phothikhun et al. (26) 
found a higher rate of pathological SMT among indi-
viduals aged ≥49 years and Shahidi et al. (22) reported 
that the mean patient age was significantly higher in 
patients with pathological SMTs than in those with 
non-pathological SMTs (46.6±15.9 years vs 42.5±14.8 
years), and that 58.3% of patients aged >60 years had a 
pathological SMT. However, in our study, we observed 
no link between age and SMT. The cortication level of 
the sinus floor is important for primary implant stabil-
ity and osseointegration. Choucroun et al. (7) evalu-
ated 100 CT scans and found 31 cases of type-1 SFC, 
41 type-2 SFC, 18 type-3 SFC, and 10 type-4 SFC. In 
our study, the most frequent type was type-1 SFC (114 
cases), followed by type-2 (102), type-3 (48), and type-
4 (28) SFC. Type-1 SFC yields the highest primary im-
plant stability, increasing the chances of osseointegra-
tion. Type-2, type-3, and type-4 SFC may complicate 
the initial implant stability, and thus require the use of 
various surgical approaches, such as sinus augmenta-
tion and/or delayed implant placement. However, in 
type 1 SFC a sufficient amount of residual crestal bone 
could provide bicortical implant stability without per-
forming SAP. 

In our study, type-1 SFC was more common in 
young and female patients, indicating a high rate of 
successful osseointegration and implant stability. Con-
versely, type-4 SFC was more common in older and 
male patients, suggesting a low success rate. These re-

Table 1. Classification of the SFC cross-sectional CBCT images 

 SFC type Description

1 Sinus floor exhibiting similar or higher density than the surrounding cortical areas; presence of less dense bone coronal to the 
sinus floor

2 Sinus floor exhibiting lower density than the surrounding cortical areas; presence of less dense bone coronal to the sinus floor

3 Sinus floor exhibiting no cortical bone

4 Sinus floor exhibiting fusion of sinus floor bone and native crestal bone; no bone is present coronal to the sinus floor.

Table 2. SFC type, age, and SMT relationship

n Mean Standard 
deviation p

Age

Type-1 
SFC 114 24.7 11.89

0.001

Type-2 
SFC 102 25.3 13.17

Type-3 
SFC 48 20.1 11.26

Type-4 
SFC 28 44.4 15.58

SMT

Type-1 
SFC 113 0.527 1.25

0.002

Type-2 
SFC 102 1.391 1.94

Type-3 
SFC 48 1.008 1.73

Type-4 
SFC 28 1.011 1.75

One-way ANOVA test was used.

Table 3. Distribution of SFC types by sex
Male Female p

n % n %

SFC

Type-1 36 29.5 78 45.9

0.002
Type-2 46 37.7 56 32.9
Type-3 20 16.4 28 16.5
Type-4 20 16.4 8 4.7

Total 122 170
* The Fisher–Freeman–Halton test was used.
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sults show that SFC type may change with age and sex. 
We found that the SMT was significantly lower in 

type-1 SFC than in type-2 SFC, and therefore we think 
that although type-1 SFC yields good implant stability 
and osseointegration there is also a high risk of sinus 
membrane perforation.

Evaluations of SFC and SMT can provide informa-
tion about implant stability and survival in treatment 
after sinus grafting. While an accurate evaluation is 
not possible with conventional radiography, CBCT 
can be helpful with a lower radiation dose compared to 
CT. Finally, although type-1 SFC is favorable for SAP, it 
should be kept in mind that it may also be associated 
with an increased risk of membrane perforation.
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