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Abstract Objective: The risk factors for the development of re-
tention cysts of the maxillary sinuses (RCMs) are not 
clear, although RCMs are common findings on radiog-
raphic images. This study was conducted to evaluate the 
correlation between RCMs and other nasal-paranasal 
anomalies and to demonstrate the possible effects of 
these anomalies on the development of RCMs. 
Methods: In the study, paranasal sinus computerized 
tomography (PNsCT) images from 5166 patients were 
retrospectively reviewed. Correlations between RCMs 
and osteomeatal complex obstruction, accessory os-
tium presence, abnormalities of the middle turbinate, 
and nasal septal deviation were analyzed in the PNsCT 
images. The paranasal sinus anomalies on the side of the 
RCMs were compared to the contralateral side.
Results: A total of 1880 RCMs were detected in 1429 
(27.6%) of 5166 patients. At least one nasal-paranasal 
sinus anomaly was associated with 88.7% of the RCMs. 
In the descending order, accessory ostium presence, 
accessory ostium, middle turbinate anomalies, and 

nasal septal deviation are pathologies that accompany 
RCMs. When unilateral RCMs were compared with 
the normal side, significant correlations were observed 
between RCMs and osteomeatal complex obstructi-
on, accessory ostium, and middle turbinate anomalies 
(p=0.001, p=0.016, and p=0.03, respectively). RCMs 
were commonly found on the same side as osteomeatal 
complex obstruction (p=0.001), middle turbinate ano-
malies (p=0.001), and accessory ostium (p=0.052).
Conclusions: In this study, the coexistence of osteomeatal 
complex obstruction, accessory ostium, middle turbinate 
anomalies, and nasal septum deviation with RCMs was 
analyzed by investigating PNsCT findings in 5166 patients. 
The results show that RCMs are associated with pathologies 
that increase paranasal inflammation, such as osteomeatal 
complex obstruction, and are good markers for nasal-pa-
ranasal sinus anomalies. The presence of incidental RCMs 
should be a warning sign of nasal-paranasal sinus anomalies.
Keywords: Paranasal sinuses, anomalies, nasal cavity, 
turbinates, computed tomography

Öz Amaç: Maksiller sinüs retansiyon kistleri (MsRK) 
radyolojik incelemelerde sık karşılaşılan bulgular ol-
makla birlikte, MsRK'lerin gelişimi için risk faktörleri 
açık değildir. Bu çalışma MsRK'ler ile diğer nazal-pa-
ranazal sinüs anomalileri arasındaki korelasyonu de-
ğerlendirmek ve bu anomalilerin MsRK gelişimi için 
olası etkilerini ortaya koymak amacıyla yürütülmüştür.
Yöntemler: Çalışmada, 5166 hastanın paranazal sinüs 
bilgisayarlı tomografi (PNsBT) görüntüleri geriye dönük 
olarak değerlendirildi. PNsBT görüntülerinde MsRK’ler 
ile osteomeatal kompleks obstrüksiyonu, aksesuar ostium 
varlığı, orta konka anomalileri, nazal septal deviasyon ara-
sındaki korelasyonlar analiz edildi. MsRK olan taraftaki 
paranasal sinüs anomalileri, olmayan tarafla karşılaştırıldı.
Bulgular: MsRK, 5166 hastanın 1429'unda (%27.6) 
toplamda 1880 olmak üzere saptandı. MsRK’lerin 
%88.7’sine en az bir nazal-paranazal sinus anomalisi eş-
lik etti. Azalan sırada; osteomeatal kompleks obstrük-
siyonu, aksesuar ostium, orta konka anomalisi ve nazal 
septum deviasyonu, MsRK’lere eşlik eden patolojilerdi. 

Tek taraflı MsRK'ler normal taraf ile karşılaştırıldı-
ğında, MsRK'ler ile osteomeatal kompleks obstrüksi-
yonu, aksesuar ostium, orta konka anomalisi arasında 
anlamlı ilişkiler gözlendi (sırasıyla, p=0.001, p=0.016 
ve p=0.03). MsRK'ler, osteomeatal kompleks obstrük-
siyonu(p=0.001), orta konka anomalileri (p=0.001) ve 
aksesuar ostium (p=0.052) ile aynı tarafta bulundu.
Sonuç: Bu çalışmada, 5166 hastada PNsBT bulguları 
incelenerek; osteomeatal kompleks obstrüksiyonu, ak-
sesuar ostium, orta konka anomalisi ve nazal septum 
deviasyonu ile MsRK'lerin birlikteliği analiz edil-
miştir. Elde edilen sonuçlar, MsRK’lerin orta konka 
anomalisi gibi paranazal sinüs inflamasyonunu artıran 
patolojiler ile ilişkisini göstermekte ve MsRK'lerin, 
nazal-paranazal sinüs anomalileri için iyi bir belirteç 
olduğunu ortaya koymaktadır. Rastlantısal MsRK 
varlığı olası nazal-paranazal sinüs anomalileri açısın-
dan uyarıcı bir bulgu olmalıdır.
Anahtar kelimeler: Paranasal sinüs, anomali, nazal 
kavite, konkalar, bilgisayarlı tomografi
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Introduction
Retention cysts of the maxillary sinuses (RCMs) generally appear as 
dome-shaped, rounded, soft tissue masses, mostly on the floor of the 
maxillary sinus. Obstruction of the ducts of the seromucous glands is 
thought to induce the development of retention cysts. Consequently, 
RCMs are lined by epithelium and contain mucous or serous fluid 
(1). The most common locations of these mucosal cysts are ethmoid 
and frontal sinuses, while 10% are in the maxillary sinuses (2). The 
reported prevalence of RCMs in the general population ranges from 
3.2% to 35.6% (3). It is often believed that RCMs are a self-limit-
ing situation, with spontaneous regression and disappearance rates 
of 17.6%-38% (1). However, recent studies have declared a relation 
between RCMs and symptoms, such as nasal obstruction, headache, 
facial pain in the sinus areas, nasal discharge, and postnasal drip (4).

Paranasal sinus computed tomography (PNsCT) can generally 
distinguish RCMs from the other forms of maxillary sinus pa-
thologies (5, 6). The cysts are the most common incidental find-
ings in the maxillary sinuses (7). In addition, PNsCT is more 
valuable for detecting accompanying pathology or anatomical ab-
normalities than for scoring paranasal sinus inflammation (7-9).

This study determined the importance of incidental RCMs in an as-
ymptomatic population by analyzing the relationship between RCMs 
and nasal-paranasal sinus abnormalities through PNsCT images.

Methods
This retrospective study was approved by the ethics committee 
of a tertiary referral center (no. 2015/2-27). 

This study reviewed PNsCT images of the paranasal sinuses ob-
tained from 8000 consecutive patients between September 2007 
and November 2015 who were evaluated for nasal obstruction, 
rhinorrhea, headache, chronic otitis media, facial pain, and facial 
trauma. Patients with acute sinusitis, nasal polyposis and masses, 
and anatomical defects secondary to previous surgery accord-
ing to the PNsCT scan were excluded. In total, 5166 patients 
were enrolled into the study. All the PNsCT examinations were 
performed using a 64-slice CT scanner (Aquilion 64; Toshiba 
Medical Systems, Tochigi, Japan) with 0.5 mm collimation, 120 
kV, and 150 mAs. Coronal, axial, and sagittal reformatted imag-
es in 2-mm slice thicknesses were evaluated in the bone window. 
When necessary, additional reformatted images were obtained. 
All examinations were reviewed by an otolaryngologist and a 
radiologist in consensus to differentiate abnormalities.

The presence of RCMs, osteomeatal complex obstruction (OMCO), 
an accessory ostium, and abnormalities of the middle turbinate (AMT) 
were evaluated independently for the right and left sides. Nasal septum 
deviation (NSD) was assumed to disrupt the normal physiology in 
both nasal passages and evaluated as abnormal for both sides (10). The 
diagnosis of RCMs was confirmed using the following criteria: (1) a 
uniformly dense, homogeneous, spherical or dome-shaped shadow 
arising from the wall or floor of the maxillary sinus with the demarca-
tion of the lateral borders >5 mm in the longest dimension; (2) no bony 
destruction; (3) no association with tooth roots (to exclude dentigerous 
cysts); and (4) a spherical and smooth outline along the free border (4).

Defects in the fontanel area of the lateral nasal wall observed in 
both axial and coronal PNsCT images were interpreted as an 
accessory ostium. An accessory ostium is rounder than the natu-
ral ostium and the size ranges from 1.2×1.0 to 8.2×6.9 mm (11). 
Accessory openings detected in the axial and coronal images 
were accepted as accessory ostium. Bony anatomic variation of 
the middle meatus including pneumatization, paradoxical cur-
vature, and bifid concha, was noted as middle turbinate patholo-
gy. NSD was defined as a shift of the nasal septum >3 mm from 
the midline. Figure 1 demonstrates some paranasal sinus ana-
tomic variations accompanying maxillary sinus retention cysts.

Statistical analysis
All data were analyzed using the Statistical Package for the Social 
Sciences, version 20.0 (IBM Corp.; Armonk, NY, USA). The re-
lationships between RCMs and nasal-paranasal sinus abnormal-
ities were analyzed using the chi-squared test. Logistic regression 
was used to determine the risk ratio. The McNemar test was used 
to compare the nasal-paranasal pathology of the cyst and non-cyst 
sides with unilateral RCMs, OMCO, accessory ostia, and AMT. 
A p value <0.05 was considered to indicate statistical significance.

Results
The average patient age at the time of PNsCT was 37+13.5 (range, 
16-70) years. There were 2692 (52.1%) females and 2474 (47.9%) 
males. RCMs were present in 18.2% of 10,332 maxillary sinuses. 
There were 445 OMCO, 737 accessory ostia, 843 AMT, and 
952 NSD coexisting with the RCMs in the same side (Table 1).  
There was no abnormality other than RCMs in 895 patients. 

All correlations between the presence of an RCM and na-
sal-paranasal sinus abnormalities were statistically significant. 

Figure 1. a-c. Some paranasal sinus anatomic variations accompanying maxillary sinus retention cysts; (a) middle turbinate pneumatization 
and nasal septum deviation; (b) an accessory ostium; (c) osteomeatal complex obstruction, middle turbinate pneumatization, and nasal septum 
deviation

b ca
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Of the factors examined in the multivariate analysis, the risk 
factors for RCMs were in the order as OMCO>accessory osti-
um>AMT>NSD (Table 2).

Discussion
The significance of RCMs, particularly in patients presenting to 
otolaryngologists with RCMs found incidentally on radiologi-
cal evaluations, is controversial because it is not certain whether 
RCMs represent true sinus pathology or are completely inciden-
tal findings. In addition, there is no consensus regarding wheth-
er an RCM requires treatment in symptomatic or asymptomatic 
patients (1, 4, 7). The associated abnormalities of the nasal cavity 
and paranasal sinuses on CT might reveal factors predisposing 
to RCMs and give clinicians an idea for managing RCMs.

Studies have used the patient history, Lund-Mackay radiological 
score, and patency of the osteomeatal complex to evaluate the sig-
nificance of RCMs (2, 4, 7). The correlation between RCMs and 
nasal-paranasal sinus abnormalities has been studied in patients 
with chronic sinusitis. We evaluated the PNsCT images of patients 
whose complaints were non-specific to investigate the relationship 
between incidental RCMs and the relevant nasal-paranasal sinus 
pathologies. Consecutive patients were enrolled to eliminate varia-
tions depending on the climate at the time of PNsCT. Comparing 
unilateral RCMs with the opposite side should prevent individual 

minor factors, such as allergic rhinitis, smoking, or heavy metal ex-
posure, which may affect the study results.

The etiology of RCMs is not clear; barotrauma, dental disease, 
sinusitis, and allergic rhinitis have been considered in the forma-
tion of RCMs (4, 12). Recent studies have demonstrated that pa-
tients with RCMs had a higher Lund-Mackay radiological score 
for chronic rhinosinusitis than patients without cysts (2, 12). It is 
generally believed that OMCO, accessory ostia, AMT, and NSD 
can lead to complaints or symptoms via chronic paranasal sinus 
inflammation (13-16). Therefore, recurrent mucosal inflamma-
tion is a putative risk factor for the development of RCMs.

The treatment of chronic sinusitis is primarily directed to the pathol-
ogy of the osteomeatal unit (7, 17). The relationship between RCMs 
and OMCO was studied in patients who had undergone PNsCT to 
evaluate a possible chronic sinus disease. Those studies compared only 
the cyst and opposite sides and concluded that RCMs are not signifi-
cantly associated with OMCO (2, 4, 7). The strong association between 
RCMs and OMCO in our study supports that OMCO promotes the 
formation of RCMs. When RCMs are found incidentally, patients 
should be assessed for symptoms of OMCO and chronic sinusitis.

An accessory maxillary sinus ostium may be congenital or sec-
ondary to the disease processes due to obstruction of the primary 
ostium by maxillary sinusitis or due to pathological or anatomi-
cal reasons in the middle meatus resulting in the rupture of the 
membranous region known as the fontanel (18). An accessory 
ostium can lead to chronic mucosal inflammation of the parana-
sal sinuses due to circulation between the natural and accessory 
ostium (19, 20). It has also been suggested that antrochoanal 
polyps (ACPs) could arise from an antral cyst (21). In one study, 
70%-100% of ACPs protruded from an accessory ostium (22). 
In our study, an accessory ostium seems to have a lesser role in 
the etiology of RCMs compared with OMCO.

Concha bullosa, paradoxical concha, bifid concha, and NSD are com-
mon anatomical variants occurring in as much as 30%-70% of the 
population (15, 23). The middle turbinate is important in the drainage 
of the maxillary sinus. Extreme NSD can obstruct the osteomeatal 
unit, while the role of a minimally or moderately abnormal middle tur-
binate and NSD in the etiology of paranasal inflammation is contro-
versial (23, 24). These variations cause narrowing or obstruction of the 
osteomeatal unit, thereby reducing the normal airflow and mucociliary 
clearance of the sinuses. The strong relationship between unilateral 
AMT and RCMs suggests that we should evaluate AMT for a further 
risk of RCMs or maxillary sinus pathology. Although the significant 
relationships between the presence of RCMs and AMT or NSD are 
meaningful, further research is needed to ascertain the correlation, in-
cluding the degrees of the pathologies and the clinical findings.

Prospective studies about RCMs, including patient complaints and en-
doscopic examinations, in addition to the PNsCT analyses, will provide 
further information on the assessment and management of RCMs.

Many predisposing factors might lead to the development of RCMs. The 
analysis of the relationships of RCMs and nasal-paranasal sinus abnor-

Table 2. Correlation between RCMs and nasal-paranasal sinus 
abnormalities in the same side

    Logistic 
    regression  
   Logistic risk ratio when 
 Coexistent   regression all variables  
 with  risk ratio for analyzed 
Abnormalities  RCMs (%) p each variable  together

OMCO 41.9 p<0.001 3.94 3.64

Accessory ostium 23.8 p<0.001 1.67 1.56

AMT 22 p<0.001 1.49 1.33

NSD 20.6 p<0.001 1.50 1.33
RCMs: Retention cysts of the maxillary sinuses; OMCO: Osteomeatal complex 
obstruction; AMT: Abnormalities of the middle turbinate; NSD: Nasal septum deviation

Table 1. Distribution of nasal-paranasal sinus abnormalities by age 
and gender

 Age Gender, Number of 
 (mean±SD) female/male abnormalities

RCMs 36.64±0.36 705/724 1880 (18.2%)

OMCO 36.84±0.50 333/389 1061 (10.3%)

Accessory ostium 36.84±0.5 1015/1076 3097 (30%)

AMT 35.01±0.26 1321/1159 3830 (37.1%)

NSD 36.60±0.25 1508/1524 6064 (58.7%)*
RCMs: Retention cysts of the maxillary sinuses; OMCO: Osteomeatal complex 
obstruction; AMT: Abnormalities of the middle turbinate; NSD: Nasal septal deviation; 
SD: Standard deviation  
*NSD counted twice
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malities should provide information regarding the formation of the cysts 
and should help to determine the management of this common entity.

Conclusion
This study analyzed the coexistence of RCMs with OMCO, accesso-
ry ostia, AMT, and NSD by examining the PNsCT findings in 5166 
patients.  We postulate that RCMs are associated with nasal-parana-
sal sinus abnormalities that increase the risk of nasal-paranasal sinus 
inflammation, particularly OMCO. Physicians should consider these 
relationships when informing patients regarding not only the possi-
ble symptoms and disease that might progress but also regarding the 
actual symptoms of which they might not be aware.

Ethics Committee Approval: Ethics committee approval was received 
for this study from the ethics committee of Health Sciences University 
Tepecik Training and Research Hospital (2015, 2/27).

Informed Consent: Informed consent was not received due to the ret-
rospective nature of the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - İ.Ç., İ.B.A.; Design - İ.B.A.; Supervi-
sion - E.D.; Resource - S.H.K.; Materials - Y.P.; Data Collection and/or 
Processing - S.U., S.H.K.; Analysis and/or Interpretation - İ.B.A., E.D.; 
Literature Search - İ.B.A.; Writing - S.U., İ.B.A.; Critical Reviews - E.D.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Sağlık Bilimleri 
Üniversitesi Tepecik Eğitim ve Araştırma Hastanesi Etik Kurulu’ndan 
alınmıştır (2015, 2/27).

Hasta Onamı: Çalışmamızın geriye dönük tasarımından dolayı hasta 
onamı alınmamıştır.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir - İ.Ç., İ.B.A.; Tasarım - İ.B.A.; Denetleme - 
E.D.; Kaynaklar S.H.K.; Gereçler - Y.P.; Veri Toplanması ve/veya İş-
lemesi - S.U., S.H.K.; Analiz ve/veya Yorum  - İ.B.A., E.D.;  Literatür 
Taraması - İ.B.A.; Yazıyı Yazan - S.U., İ.B.A.; Eleştirel İnceleme - E.D.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

References
1. Wang JH, Jang YJ, Lee BJ. Natural course of retention cysts of the 

maxillary sinus: long-term follow-up results. Laryngoscope 2007; 
117: 341-4. [CrossRef ]

2. Harar RPS, Chadha NK, Rogers G. Are maxillary mucosal cysts 
a manifestation of inflammatory sinus disease? J Laryngol Otol 
2007; 121: 1-4. [CrossRef ]

3. Moon IJ, Kim SW, Han DH, Shin JM, Rhee CS, Lee CH, et 
al. Mucosal cysts in the paranasal sinuses: Long-term follow-up 

and clinical implications. Am J Rhinol Allergy 2011; 25: 98-102. 
[CrossRef ]

4. Albu S. Symptomatic maxillary sinus retention cysts: Should they 
be removed? Laryngoscope 2010; 120: 1904-9. [CrossRef ]

5. Bradley DT, Kountakis SE. Correlation between computed to-
mography scores and symptomatic improvement after endoscopic 
sinus surgery. Laryngoscope 2005; 115: 466-9. [CrossRef ]

6. Bolger WE, Butzin CA, Parsons DS. Paranasal sinus bony anatomic 
variations and mucosal abnormalities: CT analysis for endoscopic 
sinus surgery. Laryngoscope 1991; 101(1 Pt 1): 56-64. [CrossRef ]

7. Bhattacharyya N. Do maxillary sinus retention cysts reflect ob-
structive sinus phenomena? Arch Otolaryngol Head Neck Surg 
2000; 126: 1369-71. [CrossRef ]

8. Kenny TJ, Duncavage J, Bracikowski J, Yildirim A, Murray JJ, 
Tanner SB. Prospective analysis of sinus symptoms and correlation 
with paranasal computed tomography scan. Otolaryngol Head 
Neck Surg 2001; 125: 40-3. [CrossRef ]

9. Stewart MG, Sicard MW, Piccirillo J, Diaz-Marchan PJ. Severity 
staging in chronic sinusitis: are CT scan findings related to patient 
symptoms? Am J Rhinol 1999; 13: 161-7. [CrossRef ]

10. Li L, Han D, Zhang L, Li Y, Zang H, Wang T, et al. Aerodynam-
ic investigation of the correlation between nasal septal deviation and 
chronic rhinosinusitis. Laryngoscope 2012; 122: 1915-9. [CrossRef]

11. Kim KR, Park CW, Choi SJ, Park IB. Surgical anatomy around the 
maxillary sinus ostium in cadavers. J Rhinol 1998; 5: 19-22. 

12. Kanagalingam J, Bhatia K, Georgalas C, Fokkens W, Miszkiel K, 
Lund VJ. Maxillary mucosal cyst is not a manifestation of rhi-
nosinusitis: results of a prospective three-dimensional CT study of 
ophthalmic patients. Laryngoscope 2009; 119: 8-12. [CrossRef ]

13. Jain R, Stow N, Douglas R. Comparison of anatomical abnormal-
ities in patients with limited and diffuse chronic rhinosinusitis. Int 
Forum Allergy Rhinol 2013; 3: 493-6. [CrossRef ]

14. Leung RM, Kern RC, Conley DB, Tan BK, Chandra RK. Osteo-
meatal complex obstruction is not associated with adjacent sinus 
disease in chronic rhinosinusitis with polyps. Am J Rhinol Allergy 
2011; 25: 401-3. [CrossRef ]

15. Poorey VK, Gupta N. Endoscopic and computed tomographic 
evaluation of influence of nasal septal deviation on lateral wall of 
nose and its relation to sinus diseases. Indian J Otolaryngol Head 
Neck Surg 2014; 66: 330-5. [CrossRef ]

16. Orlandi RR. A systematic analysis of septal deviation associated 
with rhinosinusitis. Laryngoscope 2010; 120: 1687-95. [CrossRef ]

17. Hamilos DL. Current reviews of allergy and clinical immunology. 
J Allergy Clin Immunol 2000; 106: 213-27. [CrossRef ]

18. Genc S, Ozcan M, Titiz O, Unal A. Development of maxillary acces-
sory ostium following sinusitis in rabbits. Rhinology 2008; 46: 121-4.

19. Mladina R, Vukovic K, Poje G. The two holes syndrome.  Am J 
Rhinol Allergy 2009; 23: 602-4. [CrossRef ]

20. Skladzien J, Litwin JA. Nowogrodzka-Zagorska M, Wierzchowski 
W. Morphological and clinical characteristics of antrochoanal polyps: 
comparison with chronic inflammation-associated polyps of the max-
illary sinus. Auris Nasus Larynx 2001; 28: 137-141. [CrossRef]

21. Berg O, Carenfelt C, Silfversward C, Sobin A. Origin of the choanal pol-
yp. Arch Otolaryngol Head Neck Surg 1988; 114: 1270-1. [CrossRef]

22. Frosini P, Picarella G, De Campora E. Antrochoanal polyp: analysis 
of 200 cases. Acta Otorhinolaryngol Ital 2009; 29: 21-6. 

23. Smith KD, Edwards PC, Saini TS, Norton NS. The prevalence of con-
cha bullosa and nasal septal deviation and their relationship to maxillary 
sinusitis by volumetric tomography. Int J Dent 2010; 2010: pii: 404982. 

24. Mohebbi A, Ahmadi A, Etemadi M, Safdarian M, Shadi Ghourchian 
S. An epidemiologic study of factors associated with nasal septum de-
viation by computed tomography scan: a cross sectional study. BMC 
Ear Nose and Throat Disord 2012; 12: 15. [CrossRef]

Turk Arch Otorhinolaryngol 2017; 55: 162-5 Arslan et al. Radiological Analysis of Retention Cysts 165

https://doi.org/10.1097/01.mlg.0000250777.52882.7a
https://doi.org/10.1017/S0022215107005634
https://doi.org/10.2500/ajra.2011.25.3567
https://doi.org/10.1002/lary.21040
https://doi.org/10.1097/01.mlg.0000157840.55659.62
https://doi.org/10.1288/00005537-199101000-00010
https://doi.org/10.1001/archotol.126.11.1369
https://doi.org/10.1067/mhn.2001.116779
https://doi.org/10.2500/105065899781389704
https://doi.org/10.1002/lary.23428
https://doi.org/10.1002/lary.20037
https://doi.org/10.1002/alr.21131
https://doi.org/10.2500/ajra.2011.25.3672
https://doi.org/10.1007/s12070-014-0726-2
https://doi.org/10.1002/lary.20992
https://doi.org/10.1067/mai.2000.109269
https://doi.org/10.2500/ajra.2009.23.3375
https://doi.org/10.1016/S0385-8146(00)00108-5
https://doi.org/10.1001/archotol.1988.01860230064025
https://doi.org/10.1186/1472-6815-12-15

