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Abstract

Purpose: Tooth extraction and the projection of the tooth roots into the maxillary sinus are reported to greatly
reduce the bone height from the alveolar ridge to the maxillary sinus floor, while missing teeth are reported to lead
to the expansion of the maxillary sinus, all of which are important considerations during dental implant treatment for
the maxillary molar region. Therefore, assessing the anatomical characteristics of the maxillary sinus acting as compli-
cating factors is crucial before sinus augmentation. We conducted a three-dimensional examination of the effects of

significance.

lous side (p=0.00036).

while NSD was not associated with MSV.

missing teeth and nasal septal deviation (NSD) on maxillary sinus volume (MSV).

Methods: We selected participants with two or more missing teeth from patients who underwent maxillary sinus
augmentation for a unilateral free-end saddle between April 2019 and December 2020. We calculated the MSV and
NSD using cone-beam computed tomography (CBCT). We compared the relationships of the presence/absence
of teeth and NSD with MSV bilaterally in each patient using the Wilcoxon t-test. p-values < 0.05 denoted statistical

Results: This study included 30 patients (30 sinuses; 12 men, 18 women). The average patient age was

582+ 10.2 years (men, 60.4+ 3.7 years;, women, 59.2 + 4.5 years; range, 40-77 years). The mean number of missing
teeth was 2.98 £ 1.01: 13 patients had two missing teeth and 17 had three or more missing teeth. Nine patients (30%)
had NSD. The mean MSV on the ipsilateral and contralateral sides of the NSD was 21.50 +3.84 cm?® and 22.10+ 3.56
cm?, respectively; thus, NSD did not affect MSV (p =0.150). The mean MSV on the edentulous and non-edentulous
sides was 21.5843.89 cm?® and 21.77 +4.30 cm?, respectively; thus, the MSV was significantly smaller on the edentu-

Conclusion: Although this study was a limited preoperative study, three-dimensional measurement of the maxillary
sinus with CBCT in partially edentulous patients revealed that missing teeth lead to substantial reductions in MSV,
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Background

The reason for tooth extraction and the projection of
the tooth roots into the maxillary sinus is reported to
greatly reduce the bone height from the alveolar ridge
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to the maxillary sinus floor, while missing teeth are
reported to lead to the expansion of the maxillary sinus,
both of which are important considerations during den-
tal implant treatment for the maxillary molar region
[1, 2]. Consequently, patients often require maxillary
sinus augmentation, which was extremely successful
in 94.9-100% of cases by a systematic review, irrespec-
tive of the implant material used [3]. Thus, maxillary
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sinus augmentation has become a widespread treat-
ment option with long-term stability. However, several
studies have reported intraoperative and postoperative
complications, such as arterial injury, sinus membrane
perforation, and sinusitis [3-5].

As anatomical risk factors for intraoperative com-
plication, such as maxillary sinus membrane perfora-
tion, Testori et al. reported sinus membrane thickness,
the presence of sinus septa, palatonasal recess, and
sinus contour [6], while Akay et al. [7] and Lee et al.
[8] reported on the relationship between sinus volume
and the presence of septum and sinus membrane thick-
ness. In another study, Testori et al. reported that sinus
membrane thickness, nasal septal deviation (NSD), pre-
vious history of sinusitis, and natural ostium obstruc-
tion were anatomical risk factors for postoperative
maxillary sinusitis, while the anatomical structure of
the maxillary sinus is known to affect intraoperative
and postoperative complications [9]. Moreover, the
osteomeatal complex (OMC), composed of structures,
such as the nasal septum, concha bullosa, middle nasal
concha, uncinate process, and Haller cells, reportedly
affects sinus membrane thickness which is a risk factor
for maxillary sinus membrane perforation and postop-
erative maxillary sinusitis [9]. Another study reported
that the maxillary sinus volume (MSV) differs between
individuals with and without maxillary sinusitis [10].
Furthermore, the relationship between sinus volume
and polyp formation and chronic rhinosinusitis has
also been reported, suggesting a strong association
between sinus volume and maxillary sinus lesions and
OMC [11]. Thus, assessing the anatomical characteris-
tics of the maxillary sinus that function as complicating
factors in maxillary sinus augmentation is considered
absolutely crucial.

However, most studies on the anatomical characteris-
tics of the maxillary sinus have conducted two-dimen-
sional assessments based on the sagittal or coronal plane
of computed tomography (CT). Few studies have con-
ducted three-dimensional examinations of missing teeth
and the OMC, and none have performed comparisons
within individual patients.

Therefore, we conducted a three-dimensional examina-
tion of the effects of missing teeth and NSD on MSV.

Methods

Study design and participants in this prospective study
We selected patients with two or more missing teeth
from among those who underwent maxillary sinus aug-
mentation for a unilateral free-end saddle at Showa Uni-
versity Dental Hospital Department of Implant Dentistry
between April 2019 and December 2020.
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Eligibility criteria

The inclusion criteria were as follows: (1) cone-beam CT
(CBCT) performed > 3 months after tooth extraction; (2)
patients aged>40 years; (3) lateral missing molars, (4)
residual bone height in the loss area <4 mm; and (5) pres-
ence of partial edentulism in the posterior region of the
maxilla.

The exclusion criteria were as follows: (1) maxillary
sinus floor mucosal thickness>5 mm on CBCT; (2)
smoking; (3)with a septum; (4) presence of non-transpar-
ent objects in the maxillary sinus, such as mucinous cysts
or polyps; (5) history of paranasal sinus disease; (6) bron-
chitis, bronchial asthma, or other respiratory illnesses;
(7) anticoagulant therapy for conditions, such as ischemic
heart disease; (8) uncontrolled diabetes; and (9) periapi-
cal inflammatory disease in the maxillary posterior teeth.

Due to the lack of similar research and preliminary out-
come studies, we chose a sample size of 30 as adequate.
Power study indicated that a sample size of 25 would
result in an 80% chance of detecting a meaningful effect
(significance p <0.05 [two-sided test]; 0.6 effect size).

The study protocol conformed to the ethical prin-
ciples established during the World Medical Associa-
tion Declaration of Helsinki of 1975 as revised in 2000.
This study was approved by the Ethical Committee of
Showa University Dental Hospital (Approval Number:
DH2020-020).

Measurements

MSYV based on CBCT data measurements

All images were obtained using the KaVo 3D eXam (KaVo
Dental Systems, Biberach, Germany). The scanning
parameters were 120 kVp, 5 mA, 8.9-s acquisition time,
0.25-mm-thick axial slice and isotropic voxel size, and
imaging area of 16 x 16 cm. All images were recorded in
the Digital Imaging and Communications in Medicine
(DICOM) format. All data were composed of 0.25-mm
axial slices as single DICOM files. Axial images were
exported with a 512 x 512 matrix as a single frame for
each DICOM file (Fig. 1).

The CBCT images were transferred to a computer,
where the MSVs were measured using the MIMICS
23.0 software. Thresholding was applied with mini-
mum and maximum limits of — 1024 HU and — 526 HU,
respectively. The maxillary sinus was cropped using the
software’s “edit masks” tool along the following bor-
ders: around the bone structure and narrowest space of
the ostium between the infundibulum and the uncinate
process. Subsequently, the connection with outer air
was cropped slice by slice using the segmentation tools.
Finally, the “region growing” tool was applied, enabling
segmentation splitting created by thresholding into
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dimensions. MSV maxillary sinus volume

Fig. 1 Method for measuring MSV. Upper-left: Visualization of the maxillary sinus in the coronal plane. Lower-left: Visualization of the maxillary
sinus in the axial plane. Upper-right: Visualization of the maxillary sinus in the sagittal plane. Lower-right: Visualization of the maxillary sinus in three

several objects. The MSVs were calculated using the soft-
ware’s “calculate 3D” tool [12].

NSD Measurements

In accordance with our previous study [13], the presence
of NSD was determined on coronal CBCT by the method
described by Bhandary and Kamath [14]. A straight line
was drawn from the maxillary anterior spine to the crista
galli. The angle between the most defective part of the
nasal septum and this straight line was measured and
termed as the defection angle. A deviation greater than
9° denoted the presence of NSD and angles less than 9°
denoted the absence of NSD (Fig. 2).

All imaging measurements based on CBCT were con-
ducted by experienced dental radiology specialists. NSD
was considered to be present if this deviation exceeded
9°.

Statistical analysis

Due to large differences among patients, we compared
the relationships of the presence/absence of teeth and
NSD with MSV on the left and right sides within indi-
vidual patients using the Wilcoxon ¢-test. p-values <0.05
were considered statistically significant (PASW Statistics
18.0; SPSS Inc. SPSS, Japan).

AT

Fig. 2 Method for measuring NSD. NSD nasal septal deviation

Results
The patients’ clinical characteristics are depicted in
Table 1. The study population included 30 patients (60
sinuses; 12 men, 18 women). The average patient age
was 58.2+10.2 years (men, 60.4=£3.7 years; women,
59.2+4.5 years; range, 40-77 years). The mean num-
ber of missing teeth was 2.98+1.01: 13 patients had two
missing teeth and 17 patients had three or more missing
teeth. NSD was observed in 9 patients (30%).

The mean MSV on the non-edentulous side was
21.7694+4.30 cm® (men: 23.01+3.68 cm?® women:
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Table 1 Patient data

Men 12 women 18
(30 maxillary sinus)

Age 58.2410.2 years old
Number of missing Ave 2.9841.01 tooth
teeth Two tooth 13 persons

More than three 17 persons
NSD Present 9 persons

Absent 2 | persons

21.050+4.467 cm?®), with a maximum value of 29.26
cm?® and a minimum value of 13.91 cm® On the eden-
tulous side, the mean MSV was 21.58 4+ 3.890 cm? (men:
23.246+3.75 cm®, women: 20.62+3.634 cm’), with
maximum and minimum values of 28.37 cm?® and 11.74
cm?, respectively. In patients with NSD, the mean MSV
on the ipsilateral and contralateral sides of the NSD was
22.098+3.36 cm® and 21.5043.84 cm? respectively
(Table 2). Thus, the MSV varied greatly among individual
participants.

Also, no implant loss was observed before the super-
structure was placed. Intraoperative maxillary sinus
mucosal perforation was observed in 2 patients (both had
nasal septal deviation), and postoperative maxillary sinus
inflammation was observed in 1 patient (this patient had
nasal septal deviation, sinus volume: 24.146 cm?®) (Fig. 3).

Effect of NSD on MSV

The mean MSV on the ipsilateral and contralateral
sides of the NSD was 21.504+3.84 cm? and 22.10+3.56
cm?, respectively; thus, MSV did not differ significantly
between the ipsilateral and contralateral sides (p =0.150).

Effect of missing teeth on MSV

The mean MSV on the edentulous and non-edentu-
lous sides was 21.58+3.89 ¢cm® and 21.774+4.30 cm?,
respectively. Thus, MSV was significantly lower on

Table 2 MSV overall and by missing teeth, NSD, and sex
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p=0.267

(8)<w g

contralateral sides ipsilateral sides
of the NSD of the NSD

Fig. 3 Comparisons of MSV based on the presence/absence of NSD.
NSD nasal septal deviation, MSV maxillary sinus volume

the edentulous side than on the non-edentulous side
(p=0.00036) (Fig. 4).

Discussion
The maxillary sinus is an important anatomical struc-
ture in maxillofacial surgery. Since previous studies have
mainly focused on the condition of the maxillary sinus
floor with respect to maxillary implants, there have been
few reports on the effect of the presence or absence of a
deviated nasal septum, polyp formation in the maxillary
sinus, the presence or absence of a septum, the influence
of bone head height on maxillary sinus volume [11, 15,
16], or the susceptibility to maxillary sinusitis due to a
deviated nasal septum [7]. However, the maxillary sinus’
pathological state, shape, and size significantly affect the
indications, difficulty, and rate of complications of maxil-
lary sinus augmentation. Hence, assessing the maxillary
sinus before dental implant treatment in the maxillary
molar region is highly valuable for the operator.

The shape and size of the maxillary sinus are known
to be affected by genetics, the environment, and other
factors [17]. According to Kawarai et al. [18], paranasal

Total Missing tooth NSD Men Women
Non- Edentulous Contralateral Ipsilateral Non- Edentulous Non- Edentulous
edentulous sides sides of the sides of the edentulous sides edentulous sides
sides NSD NSD sides sides
Ave. 21675 21.769 21.582 22.098 21496 23.010 23.246 21.050 20619
Median 21.796  22.122 21676 21.999 21.087 23.702 24.140 21529 21.061
Min 11.739  13.906 11.739 16.003 14.040 16.003 15.863 13.906 11.739
Max 29.263  29.263 28371 27.602 19.382 27.944 28.371 29.263 26430
SD 4.10 4.300 3.890 3.559 3.840 3.677 3.753 4467 3.634

NSD nasal septal deviation, MSV maxillary sinus volume
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28 p=0.000535<0.01

(8)<w g

non-edentulous sides edentulous sides

Fig. 4 Comparisons of MSV based on missing teeth. MSV maxillary
sinus volume

sinus volume differs according to ethnicity and geogra-
phy; Japanese people, in particular, have a larger MSV
compared to other ethnicities. Additionally, a European
study, conducted by Fernandes [19] who investigated
European and Zulu populations, stated that the MSV
was larger in the European population (mean: right
side, 16.39 c¢cm?; left side, 16.42 cm®) than in the Zulu
population (mean: right side, 11.13 cm?; left side, 10.99
cm?®). This study examined the MSV within individual
patients due to the large ethnic and inter-individual
variations described above.

The nasal septum comprises bone and cartilage that
divide the nasal cavity bilaterally. A perfectly straight
nasal septum is extremely rare, while the prevalence of
NSD is reported to be 20-79% [14, 20]. Tao et al. stated
that patients who develop sinusitis have highly deviated
nasal septa [21]. Moreover, one study found that a high
grade of deviation leads to obstruction of the OMC in
the direction of deviation as well as frequent develop-
ment and high severity of sinusitis [22]. As demon-
strated by this study, the relationship between NSD and
the maxillary sinus is absolutely crucial.

The current study found that the presence of NSD
did not affect MSV. Orhan et al. [23] conducted a
three-dimensional CT-based retrospective study on
the relationship between NSD and MSV in 93 patients
aged 16-79 years (mean age: 37.6 = 14.4 years). They
reported that the MSV was smaller on the ipsilateral
side of the NSD than on the contralateral side. Similarly,
Sapmaz et al. [24] and Kapusuz et al. [25] reported that
NSD reduces the sinus volume on the ipsilateral side of
the deviation. In contrast, Al-Rawi et al. [26] conducted
a study on NSD and MSV in Arabic individuals (age
range: 18 — 71 years; mean age: 39.25 +15.61 years) and
did not observe a correlation between NSD and MSV.
In a separate study of 209 patients with symptoms of
sinusitis (mean age: 46.39 &+ 17.17 years), Lee et al. [27]

(2022) 8:19

Page 5 of 7

observed NSD in 50.48% of patients but did not observe
a correlation between NSD and MSV.

In this study, the prevalence of NSD was low, and MSV
did not differ between the ipsilateral and contralateral
sides of the deviation, conceivably because we examined
MSYV in patients aged >40 years and excluded patients
with a history of paranasal sinus disease.

Maxillary sinus floor pneumatization is generally said
to occur following maxillary molar extraction [28]. It is
commonly considered that as teeth are lost, both alveolar
resorption and the maxillary sinus pneumatization lead
to its expansion [28-30].

In previous studies using CBCT and CT, two-dimen-
sional anteroposterior and mediolateral measurements
were taken as the sinus dimension, and it has been sug-
gested that the influence of maxillary sinus pneumatiza-
tion is greater than that of alveolar bone resorption with
respect to the influence of tooth loss and age. However,
in the current study, three-dimensional evaluation (using
software) of SMV was investigated.

Regarding the effect of age, in a 3D evaluation study,
Aktuna et al. [12] examined the effect of age on patients
with all permanent teeth and reported that maxillary
sinus volume decreases with age increase. In addition,
Velasco-Torres et al. [31] reported that volume decreases
with age increase. Regarding the effect of tooth loss,
also in a 3D study, Luz et al. [32] reported that there is
no relationship between tooth loss and MSV using com-
parisons by dentition state (edentulous, partly edentu-
lous, dentate). Moreover, Scriber et al. [33] conducted a
similar study and reported no effect of tooth loss on sinus
pneumatization.

Conversely, Velasco-Torres et al. found that maxillary
sinus volume was smaller in completely and partially
edentulous patients than in dentate patients which they
cited as being due to the lack of stimulation of the maxil-
lary bone [31]. Similarly, M6hlhenrich et al. [34] reported
that MSV decreases with increase in tooth loss due to the
decrease in bone stress. In this study, a comparison of the
MSYV on the edentulous and non-edentulous sides within
individual patients revealed that MSV was significantly
lower on the edentulous side (p<0.005). Although we
examined unilateral partially edentulous patients to com-
pare MSV within each individual, our results were simi-
lar to those of Velasco-Torres et al. [31] and Moéhlhenrich
etal. [34].

This study differs from other studies in that we com-
pared differences in sinus volume due to tooth loss
between the same patients. Therefore, we postulated that
the sinus volume decrease was not due to the influence
of age. Rather, this decrease was due to the influence of
lack of stimulation of the maxillary bone. Furthermore,
although it was not part of the inclusion criteria, the fact
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that the tooth extraction timing of all the target patients
was within one year after tooth extraction may have had
some influence on the results of this study.

This study was a pilot investigation that only examined
maxillary sinus augmentation using preoperative CT.
The study limitations were as follows. First, we did not
examine the association between MSV and postopera-
tive complications. Second, we could not assess the effect
of the number of missing teeth due to the small sample
size. Third, we did not examine the relationships between
MSV and types of ostial obstruction other than NSD.
In the future, we endeavor to use larger sample sizes
and examine the associations of MSV with other forms
of ostial obstruction, membrane thickness, anatomical
structures in the maxillary sinus (including sinus septa),
and postoperative complications, such as sinusitis.

Conclusion

MSV was not associated with NSD but was greatly
reduced due to missing teeth using three-dimensional
CBCT measurements of the maxillary sinuses in partially
edentulous patients.

Abbreviations

CBCT: Cone-beam computed tomography; CT: Computed tomography;
MDCT: Multidetector computed tomography; NSD: Nasal septal deviation;
OMC: Ostiomeatal complex; PA: Periapical lesion; MSV: Maxillary sinus volume.

Acknowledgements

The authors would like to express their gratitude to Daisuke Sato for his work
on the statistical analysis of the data. They would like to thank Editage (www.
editage.com) for English language editing.

Author contributions

KY and MM designed the study. KY and TU performed data collection. YK, YS,
and MM analyzed the collected data. KY and MM wrote the original draft. KY,
YK, TU, YS, and MM contributed to the drafting of the paper and revising it
critically. All authors read and approved the final manuscript.

Funding
We declare that this research was not supported by research funds from any
external Grant, authority, or company.

Availability of data and materials
The datasets of the current study are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate

All participants provided informed consent verbally. Study information was
disseminated to participants both verbally and in written form. This study
protocol was approved by the Ethics Committee of Showa University Dental
Hospital.

Consent for publication
All the authors have approved the publication of this manuscript.

Competing interests
Kikue Yamaguchi, Yu Kataoka, Takashi Uesugi, Yoshiaki Shimoo, and Motohiro
Munakata declare that they have no competing interests.

(2022) 8:19

Page 6 of 7

Author details

'Department of Implantology Dentistry, Showa University School of Dentistry,
2-1-1, Kita-Senzoku, Ota-ku, Tokyo 145-8515, Japan. 2Division of Biomaterials
and Engineering, Department of Conservative Dentistry, Showa University
School of Dentistry, Tokyo, Japan.

Received: 28 December 2021 Accepted: 30 March 2022
Published online: 15 April 2022

References

1. Sharan A, Madjar D. Maxillary sinus pneumatization following extractions:
a radiographic study. Int J Oral Maxillofac Implants. 2008;23:48-56.

2. Kalabalik F, Ertas ET. Investigation of maxillary sinus volume relation-
ship with nasal septal deviation, concha bullosa, and impacted or
missing teeth using cone-beam computed tomography. Oral Radiol.
2019;35:287-95.

3. Starch-Jensen T, Aludden H, Dahlin C, Christensen AE, Mordenfeld A. A
systematic review and meta-analysis of long-term studies (five or more
years) assessing maxillary sinus floor augmentation. Int J Oral Maxillofac
Surg. 2018;47:103-16.

4. Pjetursson BE, Tan WC, Zwahlen M, Lang NP. A systematic review of the
success of sinus floor elevation and survival of implants inserted in com-
bination with sinus floor elevation. J Clin Periodontol. 2008;35:216-40.

5. Barone A, Santini S, Sbordone L, Crespi R, Covani U. A clinical study of the
outcomes and complications associated with maxillary sinus augmenta-
tion. Int J Oral Maxillofac Implants. 2006;21:81-5.

6. Testori T, Tavelli L, Yu SH, Scaini R, Darnahal A, Wallace SS, et al. Maxillary
sinus elevation difficulty score with lateral wall technique. Int J Oral Maxil-
lofac Implants. 2020;35:631-8.

7. Akay G,Yaman D, Karadag O, Glingér K. Evaluation of the relationship of
dimensions of maxillary sinus drainage system with anatomical variations
and sinusopathy: cone-beam computed tomography findings. Med Princ
Pract. 2020;29(4):354-63.

8. LeeIH, Kim DH, Kim SW, Park JB, Kim SW. An anatomic study on the
maxillary sinus mucosal thickness and the distance between the maxil-
lary sinus ostium and sinus floor for the maxillary sinus augmentation.
Medicina (Kaunas). 2020;56(9):470.

9. Testori T, Weinstein T, Taschieri S, Wallace SS. Risk factors in lateral window
sinus elevation surgery. Periodontol. 2000;2019(81):91-123.

10. lkeda A.Volumetric measurement of the maxillary sinus by coronal CT
scan. Nihon Jibiinkoka Gakkai Kaiho. 1996;99:1136-43 (in Japanese).

11. Bagser E, Sarioglu O, Arslan iB, Cukurova I. The effect of anatomic variations
and maxillary sinus volume in antrochoanal polyp formation. Eur Arch
Otorhinolaryngol. 2020;277(4):1067-72.

12. Aktuna Belgin C, Colak M, Adiguzel O, Akkus Z, Orhan K. Three-dimen-
sional evaluation of maxillary sinus volume in different age and sex
groups using CBCT. Eur Arch Otorhinolaryngol. 2019;276(5):1493-9.

13. Munakata M, Yamaguchi K, Sato D, Yajima N, Tachikawa N. Factors
influencing the sinus membrane thickness in edentulous regions: a cone-
beam computed tomography study. Int J Implant Dent. 2021;7:16.

14. Bhandary SK, Kamath PSD. Study of relationship of concha bullosa to
nasal septal deviation and sinusitis. Indian J Otolaryngol Head Neck Surg.
2009;61:227-9.

15. Karatas D, Kog A, Yiksel F, Dogan M, Bayram A, Cihan MC. The effect of
nasal septal deviation on frontal and maxillary sinus volumes and devel-
opment of sinusitis. J Craniofac Surg. 2015;26(5):1508-12.

16. Asantogrol F, Cosgunarslan A. The effect of anatomical variations of the
sinonasal region on maxillary sinus volume and dimensions: a three-
dimensional study. Braz J Otorhinolaryngol. 2021;18:51808-8694.

17. Butaric LN. Differential scaling patterns in maxillary sinus volume and
nasal cavity breadth among modern humans. Anat Rec (Hoboken).
2015;298(10):1710-21.

18. Kawarai Y, Fukushima K, Ogawa T, Nishizaki K, Gunduz M, Fujimoto M,
et al. Volume quantification of healthy paranasal cavity by three-dimen-
sional CT imaging. Acta Otolaryngol. 1999;119:45-9.

19. Fernandes CL. Volumetric analysis of maxillary sinuses of Zulu and Euro-
pean crania by helical, multislice computed tomography. J Laryngol Otol.
2004;118:877-81.


http://www.editage.com
http://www.editage.com

Yamaguchi et al. International Journal of Implant Dentistry

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(2022) 8:19

Wormald PJ. Endoscopic sinus surgery: anatomy, three-dimensional
reconstruction, and surgical technique. New York: Thieme Medical Pub-
lishers; 2008. p. 19-26.

Tao Z, Zuo J. The prevention and treatment of complications in endo-
scopic sinus surgery. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi.
2020;34:577-81 (in Chinese).

Firat AK, Miman MC, Firat Y, Karakas HM, Ozturan O, Altinok T. Effect of
nasal septal deviation on total ethmoid cell volume. J Laryngol Otol.
2006;120:200-4.

Orhan I, OrmeciT, Bilal N, Sagiroglu S, Doganer A. Morphometric analysis
of sphenoid sinus in patients with nasal septum deviation. J Craniofac
Surg. 2019;30:1605-8.

Sapmaz E, Kavakli A, Sapmaz HI, Ogetiirk M. Impact of hard palate angu-
lation caused by septal deviation on maxillary sinus volume. Turk Arch
Otorhinolaryngol. 2018;56:75-80.

Kapusuz Gencer Z, Ozkiris M, Okur A, Karagavus S, Saydam L. The effect
of nasal septal deviation on maxillary sinus volumes and development of
maxillary sinusitis. Eur Arch Otorhinolaryngol. 2013;270(12):3069-73.
Al-Rawi NH, Uthman AT, Abdulhameed E, Al Nuaimi AS, Seraj Z. Concha
bullosa, nasal septal deviation, and their impacts on maxillary sinus vol-
ume among Emirati people: a cone-beam computed tomography study.
Imaging Sci Dent. 2019;49:45-51.

Lee J, Park SM, Cha SW, Moon JS, Kim MS. Does nasal septal deviation
and concha bullosa have effect on maxillary sinus volume and maxillary
sinusitis? A retrospective study. J Korean Soc Radiol. 2020;81:1377-88.
Cavalcanti MC, Guirado TE, Sapata VM, Costa C, Pannuti CM, Jung RE, et al.
Maxillary sinus floor pneumatization and alveolar ridge resorption after
tooth loss: a cross-sectional study. Braz Oral Res. 2018;32:e64.
Velasco-Torres M, Padial-Molina M, Alarcén JA, O'Valle F, Catena A,
Galindo-Moreno P. Maxillary sinus dimensions with respect to the
posterior superior alveolar artery decrease with tooth loss. Implant Dent.
2016;25(4):464-70.

Sharan A, Madjar D. Correlation between maxillary sinus floor topogra-
phy and related rootposition of posterior teeth using panoramic and
cross-sectional computed tomography imaging. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2006;102:375-81.

Velasco-Torres M, Padial-Molina M, Avila-Ortiz G, Garcia-Delgado R, O'Valle
F, Catena A, et al. Maxillary sinus dimensions decrease as age and tooth
loss increase. Implant Dent. 2017;26:288-95.

Luz J, Greutmann D, Wiedemeier D, Rostetter C, Riicker M, Stadlinger B.
3D-evaluation of the maxillary sinus in cone-beam computed tomogra-
phy. Int J Implant Dent. 2018;4(1):17.

Schriber M, Bornstein MM, Suter VGA. Is the pneumatisation of the maxil-
lary sinus following tooth loss a reality? A retrospective analysis using
cone beam computed tomography and a customised software program.
Clin Oral Investig. 2019;23(3):1349-58.

Mahlhenrich SC, Heussen N, Peters F, Steiner T, Holzle F, Modabber A. Is
the maxillary sinus really suitable in sex determination? A three-dimen-
sional analysis of maxillary sinus volume and surface depending on sex
and dentition. J Craniofac Surg. 2015;26(8):e723-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Effects of missing teeth and nasal septal deviation on maxillary sinus volume: a pilot study
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and participants in this prospective study
	Eligibility criteria
	Measurements
	MSV based on CBCT data measurements
	NSD Measurements

	Statistical analysis

	Results
	Effect of NSD on MSV
	Effect of missing teeth on MSV

	Discussion
	Conclusion
	Acknowledgements
	References


