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Background: Cone-beam computed tomography (CBCT) presurgical assessment on the

maxillary sinus can reduce the possibility of Schneiderian membrane perforation. This

study examined Schneiderian membrane thickness (SMT) and its relationship with

neighboring hard tissues for patients with and without membrane thickening. For patients

with sinus infections, we evaluated dimensional changes of the SMT post-extraction

relative to pre-extraction SMT and residual bone height (RBH).

Methods: CBCT images from 93 patients needing single-tooth implant reconstruction

without (n ¼ 83) and with (n ¼ 14) odontogenic infected maxillary sinuses were assessed.

SMT, RBH, and lateral wall thickness (LWT) were measured. Causes of extraction, RBH in

the infection site, and retrospective post-extraction record of SMT were recorded for the

thickened SMT group.

Results: Mean SMT for normal SMT group was 1.13 ± 0.43 mm, RBH was 6.26 ± 2.38 mm;

upper and lower LWT was 1.85 ± 0.95 mm, and 3.07 ± 2.26 mm, respectively. RBH and LWT

had no significant relationships with SMT. For thickened SMT group, mean values for SMT

and RBH prior to extraction were 4.53 ± 2.46 mm and 1.97 ± 1.43 mm, respectively. Pre-

extraction SMT had a moderately negative correlation with pre-extraction RBH. SMT res-

olution in thickened SMT group was observed by 2.80 ± 1.37 months post-extraction; post-

extraction SMT was not significantly different from normal SMT group (p ¼ .187).

Conclusions: Within the limitation of the sample size, thickened SMT induced by odonto-

genic infection subsides about 3 months following tooth extraction, and further sinus

lifting implant surgery may be considered.
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At a glance of commentary

Scientific background on the subject

Odontogenic infection in posterior maxillae may cause

Schneiderian membrane thickening. Though controver-

sial, thickened Schneiderianmembrane relates to higher

risk ofmembrane perforation in sinus lifting surgery.We

use cone-beam computed tomography to observe the

structural changes of Schneiderianmembrane thickness

(SMT) before and after tooth extraction.

What this study adds to the field

Thickened SMT caused by odontogenic infection sub-

sides after tooth extraction. Regardless of the SMT before

tooth extraction, sinus lifting implant surgery maybe

considered in about 3 months after removal of dental

infection source.

b i om e d i c a l j o u r n a l 4 2 ( 2 0 1 9 ) 3 2 8e3 3 4 329
Tooth extraction in the posterior maxillary region may cause

atrophy of the alveolar ridge and pneumatization of the

maxillary sinus, resulting in difficulties in implant rehabili-

tation [1]. First introduced by Tatum in 1980, sinus floor

elevation has become an important treatment in implant

placement [2,3]. For insufficient residual bone height (RBH),

either the lateral wall technique or the osteotome technique is

used [4]. A major surgical complication during sinus lifting

procedures is Schneiderian membrane perforation [5], which

increases the risk of grafted sinus infection [6]. The Schnei-

derian membrane is composed of pseudostratified ciliated

columnar epithelium, connective tissue, and periosteum, and

maintains the health and drainage of the maxillary sinus [7].

Maintaining Schneiderian membrane integrity is often

considered to lead to a more favorable clinical outcome in

sinus lifting surgery, possibly relating to its osteogenic po-

tential [8].

Although several anatomical factors can influence sinus

membrane perforation during sinus floor elevation, including

sinus septa [9] and RBH [10], Schneiderian membrane thick-

ness (SMT) is also an important factor [11]. SMT can be

determined both histologically and radiographically; in

healthy populations, the average SMT is less than 2 mm

radiographically [11]. An SMT greater than 2 mm is an indi-

cation of mucosal thickening [12,13]. Causes of sinus mem-

brane thickening can be dental, such as periodontal or

endodontic lesions, or earenoseethroat-related, such as

allergic sinusitis or cystic lesions; the incidence of dental-

related sinusitis is 10%e12% [13]. In advanced periodontitis

and endodontic infections, the closer the inflammation is to

the sinus, the greater the chance for sinus thickening [13].

Advanced periodontitis may cause swelling of the maxillary

sinus membrane and periodontal therapy significantly re-

duces its swelling [14].

To avoid Schneiderian membrane perforation, precise

presurgical radiographic assessment is paramount. Cone-

beam computed tomography (CBCT) is a widely used and
reliable procedure for characterizing conditions in the

maxillary sinus [15,16]. Low-dose CBCT offers more accurate

images than 2-dimensional panoramic radiography, which is

unclear and can often obscure odontogenic sinusitis [17]. In

addition, in sinus lifting surgery, the choice of a crestal

approach or lateral window technique depends on the RBH

and SMT to avoid perforation of Schneiderian membrane.

Therefore, success of sinus lifting surgery for patients with

odontogenic sinus membrane thickening requires precise

assessment of the relationship between the mucous mem-

brane and surrounding hard tissue, including RBH and LWT.

However, few longitudinal studies have assessed the changes

in these variables from the time of tooth extraction to the time

required for soft-tissue healing. The objectives of the present

study were to (1) investigate the relationship between the

thickness of the sinus membrane and the surrounding hard

tissues in a group of single missing teeth which had no

thickening of sinus membrane, and (2) examine changes of

SMT before and after extraction in persons with odontogenic

sinus infections and determine recovery time post-extraction

for the SMT and RBH. We hypothesize that thickened SMT

related to odontogenic infection subsides after extracting

these infected hopeless teeth.
Methods

Patients and images

Cone-beam computed tomography (CBCT) images of patients

were obtained from the department of periodontics at a hos-

pital in northern Taiwan. Patients met the following inclusion

criteria: (1) age � 18 years and of Taiwanese ethnicity, (2)

availability ofmaxillary CBCT scans for diagnostic assessment

of a dental implant following tooth extraction necessitated by

a root fracture or other endodontic procedure, or dental

inflammation, and (3) nonsmoking status. Patients were

divided into two groups: normal SMT, defined by patients with

no maxillary sinus infection, and thickened SMT, defined by

patients with a poor/hopeless prognosis due to a tooth

extraction history of periodontal origin [18], extensive peri-

apical lesions, non-restorable dental caries, and vertical root

fracture [7].

Patients' CBCT images were taken between January 2010

and November 2017 and met the following inclusion

criteria: (1) the image was distinct; (2) the maxillary sinus to

be measured was visible from its floor to 15 mm from the

alveolar crest of the edentulous ridge; 15 mm is where the

lateral window augmentation usually ends [19]; (3) RBH less

than 10 mm, and for normal SMT group, (4) only one single

missing toothdeither the second premolar, the first molar,

or the second molar. Images were excluded if they met the

following criteria: (1) the patient had a history of ortho-

dontic treatment, (2) ridge preservation procedure or any

other surgical interventions following tooth extraction, (3)

or sinus surgery, (4) the edentulous area could not be

determined, and for thickened SMT group (5) the reason for

extraction was unknown, or (6) without odontogenic infec-

tion. Images from the normal SMT group contained SMTs of

less than 2 mm, and no sinus pathologies present. Images
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Fig. 2 Representative images of cross-sectional cone-bean
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from the thickened SMT group showed SMTs of 2 mm or

more before extraction. For the thickened SMT group, a

second set of CBCT images was generated in the first recall

post-extraction after soft tissue healing [20] recovered

adequately to commence implant evaluation. Thickened

SMT group received regular implant follow-up every four to

six months.

Image acquisition

All included CBCT images were acquired using the ISI Cone

Beam 3D Dental Imaging System (USA) with a standardized

protocol. The acquisition parameters were as follows: slice

thickness, 0.25mm; pixel size, 0.25mm; tube voltage, 120 kVp;

tube current, 36.12 mA/s; and acquisition period, 40 s. Refor-

matted cross-sectional images were obtained using the dental

CT software SIMPLANT® 16 (Dentsply, USA) and presented as

real-size images through a thin-film transistor monitor with a

resolution of 1600 � 1200.

Measurements to determine SMT

Cross-sectional CBCT images of the center of the implant site

[Fig. 1, left] and themaxillary sinus [Fig. 1, right] were obtained

for normal SMT group prior to implantation surgery. Mea-

surements for thickened SMT groupwere obtained fromCBCT

images pre- and post-extraction [Fig. 2]. Measurements of SMT

and surrounding tissues were obtained from the maxillary

sinus; all data weremeasured in terms of SMT, RBH, and LWT.

A reference line was drawn on the image from the top of the

alveolar crest to the sinus floor in order to determine the value

for the RBH. SMT was measured from the lowest point of the

sinusfloor.Measurements of theupper and lower border of the

lateral wall thickness (LWT), which corresponded to the upper

and lower border of the lateral window, were obtained at

15mm (LWT15) and 3mm (LWT3) from the level of the alveolar
Fig 1 Representative image of an axial cross-sectional cone-

beam computed tomography (CBCT) scan used to examine

normal SMT and thickened SMT group. Left image shows the

absence of a maxillary molar. Right image shows the

maxillary sinus and landmarks used for measurements: the

center line is for reference (the top of the alveolar crest to the

sinus floor); RBH (red), SMT (yellow), LWT3 at 3 mm from

sinus floor (light blue), SMT3 at 3 mm from sinus floor

(Purple), LWT15 at 15 mm from sinus floor (orange), SMT15

at 15 mm from sinus floor (green).

computed tomography (CBCT) scans from patients with

thickened SMT for a single-tooth implant reconstruction in

the posterior maxilla pre- and post-extraction. (A) Pre-

extraction maxillary sinus with odontogenic infection,

showing thickened SMT; (B) Pre-extraction of maxillary

second molar for root fracture. Left: Maxillary second molar.

Right: Sinus floor perforation and thickened sinus

membrane (SMT ¼ 9.02 mm); (C) 4 months post-extraction of

maxillary second molar for root fracture. Left: Maxillary

second molar area. Right: Subsided sinus membrane

(SMT ¼ 1.13 mm).
crest [Fig. 1]. These represent the highest and lowest levels of

the osseous windowwhen a lateral approach is used for sinus

augmentation. Mucosal thickness perpendicular to the un-

derlying bone wasmeasured at SMT3 (membrane thickness at

lowest point of the lateral window, 3 mm) and SMT15 (mem-

brane thickness at highest point of the lateralwindow, 15mm).
Statistical analysis

Spearman correlation coefficients were calculated to

examine the relationships between SMT and RBH, SMT and

https://doi.org/10.1016/j.bj.2019.03.001
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Table 2 Mean measurements (mm) from CBCT images of
maxillary sinuses (n ¼ 94) of normal SMT group (n ¼ 83)
pre-implantation.

Area (mm) Mean (SD) Range (Max/Min)

SMT 1.13 ± 0.43 1.91/0.47

P2 1.02 ± 0.23

M1 1.11 ± 0.43

M2 1.19 ± 0.45

RBH 6.26 ± 2.38 9.45/0.86

P2 6.31 ± 2.17

M1 6.28 ± 2.49
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LWT. For images from patients with thickened SMT sinuses

calculations were determined between SMT pre-extraction

and the average time for recovery of the SMT. The

ManneWhitney U test was used to compare SMT between the

normal SMT group and the first visit post-extraction of the

thickened SMT group, as well as the longitudinal change in

SMT in the thickened SMT post-extraction. The significance

level for all statistical tests was set at p � .05. Analyses were

performed using the SPSS software package (IBM SPSS Sta-

tistics 17.0.1, Armonk, NY, USA) and Excel (Microsoft Excel

2008, Seattle, WA, USA).

M2 6.22 ± 2.24

LWT3 1.85 ± 0.95 5.65/0.60

P2 2.42 ± 1.42

M1 1.96 ± 0.96

M2 1.96 ± 0.96

LWT15 3.07 ± 2.26 11.03/0.05

P2 2.47 ± 1.18

M1 4.19 ± 2.51

M2 2.08 ± 1.54

SMT3 0.93 ± 0.64 4.97/0.29

P2 0.82 ± 0.25

M1 0.88 ± 0.52

M2 1.01 ± 0.79

SMT15 0.75 ± 0.45 3.18/0.30

P2 0.97 ± 0.29

M1 0.74 ± 0.28

M2 0.72 ± 0.59

Abbreviations: CBCT: cone beam computed tomography; RBH: re-

sidual bone height; SMT: Schneiderian membrane thickness; SMT3

and SMT5: Schneiderian membrane thickness at 3 mm and 15 mm,

respectively; LWT3 and LWT15: lateral wall thickness at 3 mm and

15 mm, respectively; P2: second premolar; M1: first molar; M2:

second molar.
Results

Normal SMT group

Demographic and clinical characteristics of the normal SMT

group (n ¼ 83) are shown in [Table 1]. The mean age was

56.39 ± 11.01 years (range 28e81) and there were 39 males and

44 females. All had received CBCT evaluations for single-tooth

implant reconstruction in the posterior maxilla. The tooth

extraction for these patients had been performed in other

clinics, therefore we had no clinical information regarding the

reason for extraction.

Radiographic analysis was available from 94 maxillary si-

nuses formeasurements of SMT and surrounding hard tissues

[Table 2]. Studying CBCT images resulted in mean measure-

ments of 1.13 ± 0.43 mm for the SMT; measures for SMT3 and

SMT15 were 0.93 ± 0.64 mm and 0.75 ± 0.45 mm, respectively.

The mean RBH was 6.26 ± 2.38. Lower and upper LWT varied

with maxillary tooth region; at LWT3, the second premolar

area had the greatest thickness (2.42 ± 1.42 mm), for LWT15

the first molar region was greatest (4.19 ± 2.51 mm).

Spearman correlation analysis of SMT and surrounding

hard tissue demonstrated a significant, but weak, positive

correlation between the SMT and RBH (p ¼ .04, rs ¼ 0.213).

There were also significant, but weak, positive correlations for
Table 1 Demographics and clinical characteristics of
patients requiring tooth implants (N ¼ 93).

Characteristic Patients

Normal SMT
(n ¼ 83)

Thickened SMT
(n ¼ 14)

Age (year); mean ± SD

(range)

56.39 ± 11.01 (28e81) 54.29 ± 9.26 (39e70)

Gender (n)

Male 39 8

Female 44 6

Reason for extraction

Advanced

periodontitis

NA 6

Root fracture NA 7

Retained tooth with

apical lesion

NA 1

Number of sinuses

measured (n)

94 14

Abbreviation: SD: standard deviation.
the SMT3 and LWT3 (p ¼ .019, rs ¼ 0.242) and the SMT15 and

LWT15 (p ¼ .007, rs ¼ 0.277).

Thickened SMT group

Demographic and clinical characteristics of the thickened

SMT group (n ¼ 14) are shown in [Table 1]. The mean age was

54.29 ± 9.26 years (range, 39e70) and there were 8 males and 6

females. The maxillary sinuses (n ¼ 14) and infected teeth of

the 14 patients had been radiographically analyzed. The rea-

sons for extraction were advanced periodontitis (n ¼ 6), root

fracture (n ¼ 7), and a retained root with apical lesion (n ¼ 1).

[Table 3] shows mean measures for the SMT and sur-

rounding hard tissue pre-extraction of bilateral sinuses, and

measures of the SMT post-extraction of the SMT thickened

sinus. The ManneWhitney U test indicated the measurement

of SMT3 between thickened and normal SMT groups showed

significant difference (Z score ¼ �4.19362, p < .00001), and

there was no significant difference between thickened and

normal SMT groups regarding SMT15 (Z score ¼ 0.494,

p ¼ .624). Accordingly, SMT thickening induced by dental

infection may extend to the lower border of lateral window.

The time between extraction and the first recall evaluation

was 3e6months; at least 2.80 ± 1.37months were required for

the thickened pre-extraction SMT to subside. Spearman cor-

relation showed no significant relationship between pre-

https://doi.org/10.1016/j.bj.2019.03.001
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Table 3 Meanmeasurements (mm) from CBCT images of SMT and surrounding hard tissue of maxillary sinuses (n¼ 14) of
thickened SMT group (n ¼ 14) pre-extraction and for SMT at first recall post-extraction, and mean time of first recall.

Area Pre-extraction Post-extraction

SMT thickened side Collateral arch Mean (SD) Range (Max/Min)

Mean (SD) Range (Max/Min) Mean (SD) Range (Max/Min)

SMT 4.53 ± 2.46 9.23/2.14 1.24 ± 0.36 1.64/0.56 1.25 ± 0.29 1.77/0.81

RBH 1.97 ± 1.43a 4.64/0

LWT3 3.07 ± 0.09 4.50/1.03 2.51 ± 1.22 4.37/0.90

LWT15 3.02 ± 0.96 11.54/0.79 3.93 ± 1.93 7.08/1.27

SMT3 3.07 ± 0.96 4.50/1.03 0.86 ± 0.24 1.35/0.56

SMT15 0.64 ± 1.64 6.62/0.25 0.70 ± 0.40 1.60/0.25

Abbreviations: SD: standard deviation; CBCT: cone beam computed tomography; RBH: residual bone height; SMT: Schneiderian membrane

thickness; SMT3 and SMT5: Schneiderian membrane thickness at 3 mm and 15 mm, respectively; LWT3 and LWT15: lateral wall thickness at

3 mm and 15 mm, respectively.
a Measured at site of infection.
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extractionmeasures of SMT or the RBH at the infected site and

time required for the sinus membrane to recover (SMT,

p ¼ .735, rs ¼ 0.099; RBH, p ¼ .471, rs ¼ �0.210). However, there

was a significant and moderately negative correlation be-

tween the pre-extraction SMT and the RBH at the infection site

(p ¼ .023, rs ¼ �0.601. The ManneWhitney U test indicated

measurements for SMT post-extraction of thickened SMT

group were not significantly different from the pre-

implantation SMT of normal SMT group (Z score ¼ �1.319,

p ¼ .187). The results of ManneWhitney U tests for comparing

SMT and LWT between the normal SMT group and the

collateral arch of thickened SMT group are shown in [Table 4],

demonstrating the SMT thickening induced by odontogenic

infection was unilateral.

Measures for the LWT3, LWT15, SMT3 and SMT15 showed a

wide variation [Table 3], and a broad range of measurements;

no significance between measures of the SMT could be

determined. Regular follow-upwasmaintained by 12 of the 14

patients in the thickened SMT group, allowing for longitudinal

assessment of radiological changes in the SMT. [Table 5]

shows the SMT values post-extraction at the first and last

recall. Although the ManneWhitney U test showed a signifi-

cant difference in values for the SMT between groups [Table

5], it has no clinical significance. SMT values remained lower

than 2 mm for up to 62 months post-extraction.
Discussion

Normal SMT group without odontogenic infection and

Thickened SMT group with odontogenic infection were

correlated in present study. To reduce the case selection bias,
Table 4 Comparison of CBCT SMT and LWT between the
normal SMT group and the contralateral Sinus of the
thickened SMT Group.

SMT LWT3 SMT3 LWT15 SMT15

ManneWhitney U test (z-

score)

0.379 0.870 0.530 0.110 0.640

There was no significant difference between groups (p < .05).
thickened SMT cases without odontogenic infection, which

need intervention of other specialists such as ENT doctors

before sinus lifting implant surgery, and normal SMT cases

with odontogenic infection, whichwere not influential to SMT

changes, were excluded at the beginning of the research.

Few studies have examined the relevance of the relation-

ship between the SMT and the surrounding hard tissues. In

the present study, correlations between SMT and RBH and

between SMT from the lateral wall direction and LWT were

not statistically significant in the normal SMT group. A his-

tological analysis of Schneiderian membranes by Insua et al.

(2017) found thin lateral wall thickness caused by long-term

bone resorption could be associated with thin SMT [21].

However, our findings are based on CBCT measurements and

are similar to those of Lin et al. (2016) who demonstrated the

SMT remains stable radiographically, regardless of sur-

rounding bone changes [22]. The heterogeneity of findings in

these studies may be a result of different measurements.

Indeed, Insua et al. found differences in measurements

depending on whether the analysis was based on histological

or radiographic measures. Clinical characteristics of a study

group, such as smoking habits, diagnoses of periodontitis, and

types of edentulism, are also potential factors that can influ-

ence the results. Therefore, we limited inclusion criteria for

our normal SMT sample to people seeking single-tooth

implant rehabilitation in the posterior maxilla. Middle-aged

people are the largest group to receive dental implants [23],

therefore the participants in our study are representative of

typical dental implant patients. Smokerswere excluded due to
Table 5 Longitudinal change in SMT at first and last recall
(the first visit and the last visit post-extraction) in
thickened SMT group (n ¼ 12).

Group Follow-up time (months) SMT (mm)

Mean Range (Max/Min) Mean ± SD

First recall 2.62 5.60/1.5 1.30 ± 0.27

Last recall 23.58 62/7 1.06 ± 0.26

ManneWhitney U test

p ¼ .04a

a Significant difference between groups.
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the negative effect on sinus augmentation and an increased

implant failure rate [24].

Anatomic measurements of the LWT are important when

considering sinus lifting procedures using the lateral wall

approach. Variation in thickness at different lateral wall sites

may lead to increased risk of membrane perforation [25].

Additionally, Kang et al. [26] discovered that the greater the

LWT, the wider the vessel diameter, the risk of iatrogenic

trauma and excessive bleeding may increase during the pro-

cedure. LWT differed according the maxillary region of the

extracted tooth for the normal SMT group in our study. LWT

was greater in the second premolar region, and the upper

region of the lateral window at different heights, demon-

strating penetration of a thicker bony wall would be required

in the lateral wall technique. Yang et al. (2012) andMonje et al.

(2014), however, showed different trends in increases in LWT

from the second premolar to the second molar [27,28]. Other

studies [26,29] demonstrated that LWT was greater at higher

levels from the sinus floor than at lower levels, in agreement

with our findings. Furthermore, it is worth mentioning that in

the present study, the upper border in the first molar area was

greatest (4.19 ± 2.51 mm). According to Yang, structures

neighboring the maxillary sinus, such as the zygomatic

buttress, may influence the shape and thickness of the lateral

wall [29].

Measurements for maxillary regions of the RBH for the

normal SMT group were similar for all three regions. These

findings are in contrast to two studies reporting the lowest

measurement for the RBH was the first molar region and a

higher proportion of sites with an RBH �4 mm than second

premolar or secondmolar regions [30,31]. However, Shanbhag

et al. reported the lowest RBH in the second molar region

(4.79 ± 2.69 mm) comparing RBH in the first molar region

(5.14 ± 3.36mm), aftermeasuring 199 sinuseswith at least one

missing tooth [32]. Among these studies, the sequence of

tooth extraction and the time elapsed since tooth loss varied,

which resulted in different amounts of ridge resorption and

sinus pneumatization, and different measurements for the

RBH. In addition, reasons for tooth extraction affect the RBH;

extraction due to previous advanced periodontitis results in a

lower RBH than for caries or root fractures [7]. The lack of data

regarding the reasons for tooth extraction in these normal

SMT group prevents us from determining why our data varies

from these other studies.

We measured membrane thickness at the time of recall

after tooth extraction for the thickened SMT group in our

study. The mean time for the first recall was 2.80 months, at

which time the pre-extraction thickened Schneiderian

membrane had subsided to levels similar to SMT of the

normal SMT group. There was no indication of mucosal

thickening or infection in any of the following visits. Yoo

et al. also monitored the SMT over time after extraction,

from 4 to >12 months in three different groups of patients

[33]. The thickened Schneiderian membrane needed more

than 12 months to recover to a thickness of < 2 mm for

patients requiring extraction as a result of periodontal dis-

ease. The major variations between two studies may be due

to differences in the degrees of dental inflammation for

patients in the two studies; most thickened SMT group in

our study were in the acute stage of infection, furthermore,
smokers and ENT-related SMT thickening were excluded in

the present study, which were not mentioned in Yoo's
study. Removing the source of infection is the most

important treatment for odontogenic sinus membrane

thickening. Infections can be treated by tooth extraction,

periodontal therapy, root canal treatment, oral antibiotics,

or anti-inflammatory drugs [34]. Our patients' symptoms

were relieved after tooth extraction, allowing a more rapid

reduction in membrane thickness.

Limitations

Our study had several limitations. First, this was a retro-

spective study. The thickened SMT in the thickened SMT

group might have subsided before the first recall post-

extraction, however we have no available data. Second, the

sample size of the thickened SMT group was small because

obtaining CBCT images prior to extraction is not routine.

Third, the data was obtained radiographically, therefore there

is heterogeneity of the measurement procedures, and histo-

logical specimens were not available for comparison [11].

Although our findings are suggestive of the benefits of

obtaining CBCT measures over time, additional prospective

studies with sufficient sample size, as well as comprehensive

radiographic and histologic findings will be required to more

accurately assess changes over time in SMT following tooth

extraction.
Conclusions

This study examined the normal and thickened SMT of non-

smokers with a single missing tooth. Within the limitations of

the present study, it can be concluded that in normal SMT

group, RBH and LWT does not have a statistically significant

correlation with SMT. In the thickened SMT group, thickened

Schneiderian membrane resolution can be observed in

2.80 ± 1.37 months after the extraction of a single tooth with

odontogenic infection. A shorter distance between the infec-

tion site and sinus floor causes greater SMT but does not

prolong the time for the Schneiderian membrane to recover,

the Schneiderian membrane maintained a thickness of less

than 2 mm at all recall timepoints. Our study findings suggest

the risk of sinus lifting surgery associated with SMT can be

reduced by radiographic assessments with CBCT of odonto-

genic infected teeth, before and after extraction and sinus

lifting implant surgery maybe considered in about 3 months

after extraction.
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