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Abstract: Background and objectives: The average rate of chronic sinusitis after maxillary implantation
was approximately 5.1%. However, the evidence of predictive risk factors for sinusitis after
implantation is lacking. The aim of this study was to perform an anatomic study on the maxillary
sinus mucosal thickness (MSMT), the distance between the maxillary sinus ostium and sinus floor
(MOD), and the MSMT/MOD ratio as a preoperative risk indicator for sinusitis after maxillary dental
implantation. Materials and Methods: Between October 2008 and October 2019, all patients referred to
the otolaryngology department were included in this study. A total of 120 patients were enrolled.
The 95 patients who received no treatment prior to implantation were classified into Group A, the 16
patients who used antibiotics before implantation were classified into Group B, and the patients
who had implants inserted after functional endoscopic sinus surgery were classified into Group C.
The MSMT, MOD, MSMT/MOD ratio, anatomical factors associated with ostial obstruction, and the
occurrence of postoperative sinusitis were reviewed. Results: There were significant group differences
in MSMT (Group A vs. Group B, p = 0.001; Group B vs. Group C, p = 0.003; Group C vs. Group A,
p < 0.0001). The MOD showed no significant difference among the three groups. The MSMT/MOD
ratio showed significant differences between Groups A and B (p = 0.001), B and C (p < 0.0001),
and C and A (p < 0.0001). Conclusions: It is important to check not only the proportion of the
maxillary sinus occupying lesion, but also the status of the maxillary sinus osteomeatal complex when
making therapeutic decisions. In addition, collaboration between dentists and otolaryngologists
could improve outcomes in patients with maxillary sinus lesions.
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1. Introduction

The use of dental implants has rapidly increased, and they are being used in almost all dentistry
units in the country, resulting in a greater overall number of complications. In particular, low bone
density and thin alveolar ridges can lead to various complications in the maxillary sinus [1]. The average
rate of chronic sinusitis after maxillary implantation, among 25 studies, was approximately 5.1% [2].
Inflammatory edema in the maxillary sinus, membrane perforation, migration of graft material
secondary to membrane perforation, and preexisting chronic sinusitis are known risk factors for
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postoperative sinusitis after dental implantation [2-6]. However, the risk factors are difficult to assess
prior to implant placement in the maxillary sinus, apart from radiologically suspicious sinusitis.
Some dentists have been exploring whether implants are appropriate in cases where abnormalities are
detected in the maxillary sinus after panoramic radiography or cone beam computed tomography
(CBCT). However, the evidence required to establish management guidelines after maxillary dental
implantation is lacking. Therefore, we performed an anatomic study on the maxillary sinus mucosal
thickness (MSMT), the distance between the maxillary sinus ostium and sinus floor (MOD), and the
MSMT/MOD ratio as preoperative risk indicator for sinusitis after maxillary dental implantation,
based on 11 years of experience of dentists and otolaryngologists at our hospital.

2. Materials and Methods

This study and the associated chart review were approved by the institutional review board of
our hospital (approval no. KC19RESI0517). All patients referred from our periodontology department
to the otolaryngology department, between October 2008 and October 2019 for dental implants,
were included. Before the implant was placed, all patients had a CBCT scan taken. A total of 120
patients were enrolled in this study. Diabetes mellitus, asthma, past history of endoscopic sinus surgery,
MSMT (including any cysts or solitary polyps), MOD, MSMT/MOD ratio, obstruction of the maxillary
sinus ostium, anatomical factors potentially associated with ostial obstruction (such as paradoxical
middle turbinate or Haller cells), and the occurrence of postoperative sinusitis were reviewed.

The patients were divided into three groups. The 95 patients who received no antibiotic treatment
prior to implantation were classified into Group A, and the 16 patients who were using antibiotics
before implantation were classified into Group B. The remaining nine patients, in whom implants were
inserted after functional endoscopic sinus surgery (FESS), were classified into Group C.

All measured parameters are expressed as means + standard deviation. A normality test was
performed, and differences between two groups were analyzed by using Student’s t-test or the
Mann-Whitney test. Pre- and post-treatment differences were analyzed by using the paired t-test or
Wilcoxon signed rank test. Differences among the groups were analyzed by using the Kruskal-Wallis
test. The post hoc Mann—-Whitney test was applied, with the significance level established by using
Bonferroni’s method. A p-value < 0.05 was considered to indicate statistical significance. All statistical
analyses were conducted by using SAS software (ver. 9.4; SAS Institute, Cary, NC, USA).

3. Results

The mean patient age was 60.1 + 13.5 years. There were 50 (47.6%) males and 55 (52.4%) females.
Patients with diabetes mellitus (n = 16), asthma (n = 3), or a history of endoscopic sinus surgery
(n = 4) were included. No postoperative complications were observed in these patients. A total of 120
maxillary sinus patients were examined, using CBCT. The mean MSMT (7.97 + 8.47 mm), mean MOD
(30.36 £ 5.51 mm), and mean MSMT/MOD ratio (0.26 + 0.26) were obtained.

The mean MSMT was 5.68 + 5.74 mm in Group A, 11.84 + 8.22 mm in Group B, and 25.3 + 11.1
mm in Group C. There were significant differences between the groups (Group A vs. B, p = 0.001;
Group B vs. Group C, p = 0.003; Group C vs. Group A, p < 0.0001). The mean MOD was measured
to be 30.33 + 5.08 mm in Group A, 29.98 + 7.31 mm in Group B, and 31.35 + 6.81 mm in Group
C; there were no significant differences in the between-group comparisons (Group A vs. Group B,
p = 0.804; Group B vs. Group C, p = 0.502; Group C vs. Group A, p = 0.637). The mean MSMT/MOD
ratio was calculated to be 0.19 + 0.19 in Group A, 0.39 + 0.25 in Group B, and 0.78 + 0.24 in Group C;
there were significant differences between Groups A and B (p = 0.001), B and C (p < 0.0001), and C and
A (p <0.0001) (Figure 1).
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Figure 1. (A) Maxillary sinus parameters: comparison between the groups. Values for the maxillary
sinus mucosal thickness (MSMT) and distance between the maxillary sinus ostium and sinus floor
(MOD) (A) MSMT/MOD ratio (B). * p < 0.05 Group A vs. Group B; ** p < 0.05, Group B vs. Group C;
***p < 0.05, Group C vs. Group A.

Sinusitis after maxillary dental implantation was detected in 2 out of 120 cases. Details of the cases
with sinusitis complications are provided in Table 1. Anatomical variations in the nasal cavity among
the 120 cases were analyzed based on CBCT. Concha bullosa (1 = 30, 25.0%), Haller cells (n = 13, 11.0%),
and paradoxical curvature of the middle concha (n = 1; 0.8%) were seen in some cases. There were no
anatomical variation-related cases of postoperative sinusitis. However, obstruction of the maxillary
sinus ostium, which was another risk factor identified by CBCT, was observed in two cases (1.7%).
In one case, which did not respond to antibiotics, the MSMT/MOD ratio was 0.6. Therefore, FESS,
and implantation thereafter, was performed. In another case, the MSMT/MOD ratio was 0.23; therefore,
we applied dental implants, but postoperative sinusitis nevertheless occurred in this case.

Table 1. Case-based analysis of patients experiencing unilateral maxillary sinusitis complications after
dental implants.

Patient Age Sinus S}llde Anat'on’ucal MOD MSMT MSMT/  Other Risk Medical Surgical
Number Group  Sex (years) (Toot] Variation (mm)  (mm) MOD Factors on Treatment Treatment
Number) in OMU Ratio CBCT
1 B Male 85 Right (16) None 372 18 0.48 None Yes None
2 A Male 55  Left(26) None 3 75 023 Ostial Yes Yes
obstruction

OMU, ostiomeatal unit; MOD, the distance between the maxillary sinus ostium and sinus floor; and MSMT,
the maxillary sinus mucosal thickness.

4. Discussion

There have been several reports on the relationship between maxillary sinus mucosal thickness
and sinusitis after receiving maxillary dental implants [7,8]. Pneumatization of the maxillary sinuses,
which shows variation among patients, affects the selection of implant methods. Pneumatization
of the maxillary sinus in the edentulous maxillary ridge limits the volume of bone available for
implant placement; maxillary sinus augmentation has been used to address this issue [9]. Maxillary
sinus augmentation can be performed via a lateral or crestal approach [10,11]. Intraoperative
complications associated with the lateral approach include sinus membrane perforation and bleeding,
while postoperative complications include sinus graft infections, sinus infections, and sinusitis [12].
The following methods can be used to reduce or minimize complications in the posterior maxilla.
With the crestal approach, which is considered less invasive, the application of hydraulic pressure
may decrease perforations and increase survival rates [10]. It was previously believed that at least
5 mm of bone below the maxillary sinuses was required for application of the crestal approach [12].
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However, in a more recent report, the crestal approach was applied with only 2 mm of alveolar bone
available [13]. Sinus augmentation has been performed without graft materials, and a previous study
reported no significant difference in short-term implant survival in maxillary sinus augmentation with
versus without grafts [14]. The application of short implants may minimize complications. Previous
reports compared outcomes between < 6-mm- and >10-mm-long implants, placed after both lateral
and transcrestal sinus augmentation; it was suggested that placement of short implants may be a more
reliable option [15]. With the use of these methods, the success rates of maxillary sinus augmentation
and maxillary dental implantation have improved.

However, the risk factors associated with the maxillary sinusitis have not been evaluated
thoroughly. Ostial obstruction is believed to be one such risk factor, and it is important to both check
for maxillary sinus pneumatization and measure the thickness of the mucous membrane. Chen et
al. suggested that, when the height of polyp, cyst, or mucosal thickening was not less than half of
maxillary sinus, treatment of sinusitis and preventive FESS was needed [16]. Chan et al. reported that
it is necessary to consult with an otolaryngologist if mucosal thickening of maxillary sinus is more than
one-third [17]. However, there is a lack of clinical evidence supporting this assertion. Therefore, in this
study, we conducted this pilot study and explained the necessity to derive the related evidences.

Only 1.6% of the chronic sinusitis cases after maxillary implant were referred, compared to average
rate of 5.1% for other 25 studies in this study. We thought that it is because of close consultation
between dentists and otolaryngologists. In all the cases where any lesion in the maxillary sinus is
identified in preoperative CBCT, dentists refer the patient to an otolaryngologist for assessment. Thus,
the occurrence of complications may be lowered by reducing the risk factors before implants. Moreover,
FESS is used if antibiotics confer no therapeutic benefits and the risk of developing chronic sinusitis
after implantation is considered high. Our institute appears more strict with respect to the application
of surgical procedures (mean MSMT/MOD ratio: 0.78 + 0.24), compared to previous reports [16,17].
However, one case with ostium obstruction showed postoperative sinus complications, although the
MSMT/MOD ratio was low (0.23). Based on these results, not only the MSMT and MSMT/MOD ratio,
but also osteomeatal status, may be associated with postoperative sinusitis complications after dental
implants. Therefore, for patients with maxillary sinus lesions who are unresponsive to antibiotics,
FESS may be appropriate depending on the osteomeatal status and MSMT/MOD ratio. Previous studies
have focused mainly on the state of the maxillary sinus floor regarding maxillary implants. Therefore,
the key point of this manuscript is that the relative occupying lesion such as mucosal thickening or
a cyst or solitary polyp should be assessed with maxillary sinus ostium position and the depth of
maxillary sinus. Through this point, it was also to be discussed that, when taking cone-beam-computed
tomography and imaging, and evaluating the entire maxillary sinus, including the maxillary sinus
ostium, it would be an important criterion for evaluating surgery.

There were some limitations to this study. First, its retrospective nature limits the power of
the results, compared to randomized controlled studies. Second, we could not perform routine
postoperative CT in all enrolled patients, in consideration of the risk-benefit ratio of radiation exposure
and cost of the examination. Third, all patients were seen at a single institute, i.e., our tertiary
medical center, so selection bias is possible. Nevertheless, this study, which was characterized by close
collaboration between two departments to confirm each patient’s prognosis, provides important data
that could facilitate future assessments of dental-implantation patients.

5. Conclusions

In this study, MSMT, MOD, MSMT/MOD ratio, obstruction of the maxillary sinus ostium,
anatomical factors potentially associated with ostial obstruction, and past history of endoscopic sinus
surgery were analyzed, and the results showed that significant group differences were noted in
MSMT and MSMT/MOD ratio. It can be suggested that it is important to evaluate the status of the
maxillary sinus complex during therapeutic decision-making prior to maxillary dental implantation,
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to decrease the likelihood of postoperative sinusitis. In addition, collaboration between dentists and
otolaryngologists could improve outcomes in patients with maxillary sinus lesions.

Author Contributions: Conceptualization, LH.L., D.HK., SWK. (Soo Whan Kim), ].-B.P.,, and S.W.K. (Sung Won
Kim); methodology, LH.L., D.HK., SWK. (Soo Whan Kim), J.-B.P.,, and S.W.K. (Sung Won Kim); formal analysis,
LH.L, D.HK, SSWK. (Soo Whan Kim), J.-B.P.,, and S.W.K. (Sung Won Kim); writing—original draft preparation,
ILHL., D.HK., SSWK. (Soo Whan Kim), ].-B.P,, and SW.K. (Sung Won Kim); and writing—review and editing,
LH.L., D.HK, SWK. (Soo Whan Kim), J.-B.P,, and S.W.K. (Sung Won Kim). All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by Basic Science Research Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education (2017R1D1A1B03027903), and the Bio & Medical Technology
Development Program of the National Research Foundation (NRF) funded by the Ministry of Science & ICT
(2018M3A9E8020856, 2019M3A9H2032424), and the Korea Health Industry Development Institute funded by the
Ministry of Health and Welfare (HI14C3228). The sponsors had no role in the study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Regev, E.; Smith, R.A.; Perrott, D.H.; Pogrel, M.A. Maxillary sinus complications related to endosseous
implants. Int. ]. Oral. Maxillofac. Implants 1995, 10, 451-461. [PubMed]

2. Kim, J.S.; Choi, S.M.; Yoon, J.H.; Lee, E.J.; Yoon, J.; Kwon, S.H.; Yeo, C.D.; Ryu, J.S.; Lee, ].H.; You, Y.S; et al.
What affects postoperative sinusitis and implant failure after dental implant: A meta-analysis. Otolaryngol.
Head Neck Surg. 2019, 160, 974-984. [CrossRef] [PubMed]

3. Doud Galli, S.K.; Lebowitz, R.A.; Giacchi, R.J.; Glickman, R.; Jacobs, ].B. Chronic sinusitis complicating sinus
lift surgery. Am. J. Rhinol. 2001, 15, 181-186. [CrossRef] [PubMed]

4. Manor, Y.; Mardinger, O.; Bietlitum, I.; Nashef, A.; Nissan, J.; Chaushu, G. Late signs and symptoms of
maxillary sinusitis after sinus augmentation. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2010, 110,
el—ed. [CrossRef] [PubMed]

5. Peleg, M.; Chaushu, G.; Mazor, Z.; Ardekian, L.; Bakoon, M. Radiological findings of the post-sinus lift
maxillary sinus: A computerized tomography follow-up. J. Periodontol. 1999, 70, 1564-1573. [CrossRef]
[PubMed]

6. Timmenga, N.M.; Raghoebar, G.M.; van Weissenbruch, R.; Vissink, A. Maxillary sinus floor elevation surgery.
A clinical, radiographic and endoscopic evaluation. Clin. Oral Implants Res. 2003, 14, 322-328. [CrossRef]
[PubMed]

7. Carmeli, G.; Artzi, Z.; Kozlovsky, A.; Segev, Y.; Landsberg, R. Antral computerized tomography pre-operative
evaluation: Relationship between mucosal thickening and maxillary sinus function. Clin. Oral Implants Res.
2011, 22, 78-82. [CrossRef] [PubMed]

8.  Shanbhag, S.; Karnik, P.; Shirke, P.; Shanbhag, V. Cone-beam computed tomographic analysis of sinus
membrane thickness, ostium patency, and residual ridge heights in the posterior maxilla: Implications for
sinus floor elevation. Clin. Oral Implants Res. 2014, 25, 755-760. [CrossRef] [PubMed]

9.  Aldelaimi, T.N.; Khalil, A.A. Maxillary sinus augmentation. J. Craniofac. Surg. 2016, 27, €557—-€559. [CrossRef]
[PubMed]

10. Bruckmoser, E.; Gruber, R.; Steinmassl, O.; Eder, K.; Watzinger, E; Bayerle-Eder, M.; Jesch, P. Crestal sinus
floor augmentation using hydraulic pressure and vibrations: A retrospective single cohort study. Int. J. Oral
Maxillofac. Implants 2018, 33, 1149-1154. [CrossRef] [PubMed]

11. Testori, T.; Weinstein, T.; Taschieri, S.; Wallace, S.S. Risk factors in lateral window sinus elevation surgery.
Periodontol 2000 2019, 81, 91-123. [CrossRef] [PubMed]

12.  Esposito, M.; Cannizzaro, G.; Barausse, C.; Cosci, F.; Soardi, E.; Felice, P. Cosci versus Summers technique for
crestal sinus lift: 3-year results from a randomised controlled trial. Eur. J. Oral Implantol. 2014, 7, 129-137.
[PubMed]

13. Kim, YK Lee, J.Y,; Park, J.W.; Kim, S.G.; Oh, ].S. Sinus membrane elevation by the crestal approach using a
novel drilling system. Implant. Dent. 2017, 26, 351-356. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/7672848
http://dx.doi.org/10.1177/0194599819829747
http://www.ncbi.nlm.nih.gov/pubmed/30776960
http://dx.doi.org/10.2500/105065801779954120
http://www.ncbi.nlm.nih.gov/pubmed/11453505
http://dx.doi.org/10.1016/j.tripleo.2010.02.038
http://www.ncbi.nlm.nih.gov/pubmed/20610290
http://dx.doi.org/10.1902/jop.1999.70.12.1564
http://www.ncbi.nlm.nih.gov/pubmed/10632532
http://dx.doi.org/10.1034/j.1600-0501.2003.140310.x
http://www.ncbi.nlm.nih.gov/pubmed/12755782
http://dx.doi.org/10.1111/j.1600-0501.2010.01986.x
http://www.ncbi.nlm.nih.gov/pubmed/20946209
http://dx.doi.org/10.1111/clr.12168
http://www.ncbi.nlm.nih.gov/pubmed/23560797
http://dx.doi.org/10.1097/SCS.0000000000002864
http://www.ncbi.nlm.nih.gov/pubmed/27428922
http://dx.doi.org/10.11607/jomi.6478
http://www.ncbi.nlm.nih.gov/pubmed/30231105
http://dx.doi.org/10.1111/prd.12286
http://www.ncbi.nlm.nih.gov/pubmed/31407430
http://www.ncbi.nlm.nih.gov/pubmed/24977247
http://dx.doi.org/10.1097/ID.0000000000000570
http://www.ncbi.nlm.nih.gov/pubmed/28288021

Medicina 2020, 56, 470 60f6

14. Yang,].; Xia, T.; Wang, H.; Cheng, Z.; Shi, B. Outcomes of maxillary sinus floor augmentation without grafts
in atrophic maxilla: A systematic review and meta-analysis based on randomised controlled trials. J. Oral
Rehabil. 2019, 46, 282-290. [CrossRef] [PubMed]

15. Ravida, A.; Wang, 1.C.; Sammartino, G.; Barootchi, S.; Tattan, M.; Troiano, G.; Laino, L.; Marenzi, G.;
Covani, U.; Wang, H.L. Prosthetic rehabilitation of the posterior atrophic maxilla, short (<6 mm) or long
(210 mm) dental implants? A systematic review, meta-analysis, and trial sequential analysis: Naples
Consensus Report Working Group A. Implant. Dent. 2019, 28, 590-602. [CrossRef] [PubMed]

16. Chen, YW.,; Lee, EY.; Chang, PH.; Huang, C.C.; Fu, C.H. A paradigm for evaluation and management of the
maxillary sinus before dental implantation. Laryngoscope 2018, 128, 1261-1267. [CrossRef] [PubMed]

17.  Chan, H.L.; Wang, H.L. Sinus pathology and anatomy in relation to complications in lateral window sinus
augmentation. Implant. Dent. 2011, 20, 406-412. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1111/joor.12753
http://www.ncbi.nlm.nih.gov/pubmed/30537184
http://dx.doi.org/10.1097/ID.0000000000000919
http://www.ncbi.nlm.nih.gov/pubmed/31274666
http://dx.doi.org/10.1002/lary.26856
http://www.ncbi.nlm.nih.gov/pubmed/28921521
http://dx.doi.org/10.1097/ID.0b013e3182341f79
http://www.ncbi.nlm.nih.gov/pubmed/21986451
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

