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Introduction

Odontogenic sinusitis (ODS) is an inflammatory condition 
of the paranasal sinuses secondary to dental pathology or den-

tal procedures. Past studies reported that ODS occupied around 
10% of sinusitis, but recently many articles suggest that its in-
cidence is increasing up from 25% to 40% of all chronic si-
nusitis.1-3) In the case of unilateral maxillary sinusitis, ODS has 
been reported to be up to 70%.3) The known infection routes 
are as follows: 1) spreading of endodontic infection or peri-
odontitis to the sinus floor, 2) opening of an oroantral fistula 
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Background and Objectives   The present study was designed to investigate the normaliza-
tion period of the maxillary sinus after endoscopic sinus surgery (ESS) for odontogenic sinus-
itis (ODS) and factors related to it. The thickness of the maxillary sinus mucosa may reflect the 
improvement of symptoms and may help determine when the dental implant procedure will 
be possible. 
Subjects and Method   A total of 52 patients (34 males and 18 females) who were diagnosed 
with ODS and treated by ESS between 2014 and 2019 were enrolled in this study. The recovery 
status was defined as ‘improved’ when the mucosal thickness of the maxillary sinus was less 
than 4 mm measured by X-ray radiograph; ‘partially improved’ when it was 5 to 10 mm, and 
‘little’ when it was more than 10 mm. The recovery period of the maxillary sinus after ESS 
was measured with an endoscope and X-ray radiograph and its related factors were analyzed. 
Results   About 2.1±1.6 months were required for maxillary sinus to return to normal as in-
vestigated with an endoscope and X-ray radiograph. Assessed one month after ESS when 
compared to the three months after ESS, the results showed 100% recovery in ‘improved’ cas-
es, 85.7% in ‘partially improved’ cases, and 50% in ‘little’ cases. ‘The mucosal thickness of 
the maxillary sinus one month after ESS’ (p<0.001), ‘oroantral fistula (OAF)’ (p=0.010), and 
‘delayed extraction’ (p=0.028) were significantly related to the recovery period of the maxil-
lary sinus by multiple regression analysis.
Conclusion   ODS responds well to the ESS, and the mean period for returning to normal 
maxillary sinus was 2.1±1.6 months. The normalization period of the maxillary sinus was pos-
itively correlated with the mucosal thickness of the maxillary sinus one month after ESS, 
OAF, and delayed tooth extraction.
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(OAF) after tooth extraction, 3) tears of sinus floor mucosa 
during sinus augmentation, and 4) penetration of dental or 
graft materials into sinus.4) Recently, the incidence of iatrogen-
ic causes of ODS is increasing proportionally with the expan-
sion of implant procedures.4) The clinical symptoms of ODS 
are nasal obstruction, posterior nasal drip, pressure, or pain on 
the face which can be seen common in non-ODS, which make 
it difficult to distinguish ODS from non-ODS. About 50% of 
patients with ODS may report previous dental surgery or infec-
tion, but only one-third of them may complain of dental pain 
that may provide a diagnostic clue.5) Therefore, a physician’s 
high degree of suspicion is important in diagnosing ODS. 

The condition of the maxillary sinus mucosa is not only an 
indicator assessing the effectiveness of the treatment but also 
the basic condition for implementing dental implants later. 
The therapeutic goal of ODS is to resolve sinusitis symptoms 
and to recover the inflammation of maxillary sinus for dental 
implants when needed. Many studies have reported the effec-
tiveness of the surgical outcome of ODS through a question-
naire on symptoms or endoscopic findings.6,7) To the best of 
our knowledge, there are few studies on the effect of endo-
scopic sinus surgery (ESS) using the serial radiologic evalua-
tion of maxillary sinus. Radiologic assessment of the surgical 
outcome may be more objective and intuitive than a question-
naire. The measurement of the mucosal thickness of maxillary 
sinus may reflect the recovery of the maxillary sinus and may 
help determine when dental implants are possible. 

The present study was designed to evaluate the period of 
the maxillary sinus to return to normal after ESS for ODS and 
factors related to the normalization period. 

Subjects and Methods

We retrospectively reviewed medical records of 52 patients 
diagnosed with dental origin sinusitis. Patients who had un-
dergone ESS were included in this study after the failure of 
medical treatment. Before planning the ESS, amoxicillin com-
bined with β-lactamase inhibitor was used as primary antibi-
otics for at least four weeks, and levofloxacin was used if pri-
mary antibiotics was ineffective or had side effects. Patients 
who are non-ODS and those who had ODS that improved by 
medical treatment were excluded. Patients who were unable to 
go to follow-up after ESS and who had not taken X-ray radio-
graphs and endoscopic exams regularly were excluded. This 
study was conducted with the approval of the Institutional Re-
view Board (EMC-001-2020110).

Procedures
In all patients, a functional ESS was performed on the in-

volved sinus under general or local anesthesia. During ESS 
operation, the natural ostium of the maxillary sinus was opened 
large as possible to remove and irrigate residues from the in-
side and to allow the physician to inspect the maxillary sinus 
with endoscope easily later. The polyps in the maxillary sinus 
were removed transnasally as possible, the canine fossa was 
punctured, and the polyps were shaved under an angled endo-
scope when the polyps were not completely removed by the 
transnasal approach. After surgery, amoxicillin with/without 
clavulanate was used for 1 to 2 weeks in addition to saline 
irrigation. We replaced it with amoxicillin with β-lactamase 
inhibitor or levofloxacin when there was no improvement or 
kept discharging from maxillary sinus. All patients underwent 
ENT examinations with simple X-ray radiographs and an en-
doscope at 14, 30, 45, 60, and 90 days after surgery (Fig. 1). 
In cases of persistent infection or delayed improvement, pa-
tients were examined weekly. The average follow-up dura-
tion was 12.2 months (range, 4-23 months).

Measurement of mucosal thickness of the maxillary 
sinus by simple X-ray radiograph

Patients were subjected to Waters’ view at follow-up. Mu-
cosal thickening was measured at the midpoint of each of the 
superior, medial, and inferolateral sides of the affected maxil-
lary sinus on the Waters’ view image. When the mucosal thick-
ening was observed on all three sides, the mean of the thick-
ness was measured by their three sides; when the mucosal 
thickening was observed on two sides, the mean was measured 
by their two sides; and when the mucosal thickening was ob-
served only on the inferolateral side, the value of the thickness 
of the inferolateral side was determined according to the mu-
cosal thickness of the maxillary sinus (Fig. 2). We defined ODS 
as ‘improved’ when the mucosal thickness is 4 mm or less, 
‘partially improved’ when it is 5 to 10 mm, and ‘little’ when it 
is more than 10 mm by Waters’ view.

Recovery status evaluation of the maxillary sinus
The recovery status was defined as ‘recovery’ when max-

illary sinus was assessed to be ‘improved’ by the X-ray ra-
diograph and there was no purulent discharge or edema by 
endoscopic exam, and it was defined as ‘not yet’ when max-
illary sinus was assessed to be any state by the X-ray radio-
graph and some purulent discharge or edema was found in-
side the maxillary sinus by the endoscopic exam. All patients 
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were determined to evaluate the recovery status of the maxil-
lary sinus within three months.

Statistics 
Statistical analysis was carried out using SPSS 18.0 (SPSS 

Inc., Chicago, IL, USA). It was assumed that p<0.05 is sig-
nificant. The prevalence of the various clinical variables was 

investigated. The period returning to normal maxillary sinus 
was compared in each etiology of ODS using a one-way analy-
sis of variance test, and the period returning to normal was 
also compared according to the timing of dental extraction 
using a t-test. Multiple linear regression analysis was used to 
analyze factors associated with recovery periods after ESS.

Results

A total of 85 patients were diagnosed with ODS. Of them, 
52 patients were enrolled in this study, except for 26 who had 
improved with medical treatment, and 7 who had not follow-
up regularly. A total of 56 sides of 52 patients were included in 
this study, and bilateral ODS was confirmed in four patients. 
The mean age was 60.3±3.8 years, and the male-to-female 
ratio was 34/18. The leading cause of ODS was periapical pa-
thology (periapical periodontitis, periapical abscess, and root 
remnants) with 30 cases (53.6%), followed by implant-related 
cases with 17 cases (30.3%). Among implant-related cases, 
penetration into the floor of the maxillary sinus by implant fix-
ture was 14.3%, periimplantitis was 5.4%, graft failure during 
sinus floor augmentation was 8.9%, and misplaced implant 
fixture as a foreign body was 1.8%. The cases of ODS related 
to the tooth extraction were 9 (16.1%) (Table 1). 

There were 23 cases (41.1%) involving maxillary and eth-

Fig. 2. The thickness of the maxillary sinus mucosa was measured 
as the mean distance from the midpoint of all three sides in Wa-
ters’ view. 
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Fig. 1. Representative case of the healing course of maxillary sinus mucosa after ESS (A, D: before ESS; B, E: two weeks after ESS; C, 
F: two months after ESS). ESS: endoscopic sinus surgery.
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moid sinuses together in preoperative CT, followed by 21 cas-
es (37.5%) involving frontal, ethmoid, and maxillary sinuses, 
followed by 10 cases (17.9%) involving only maxillary sinus. 
And, there was one case (1.8%) of pan-sinus involvement. 

The mean of the Lund-Kennedy endoscopic score was 3.4± 

1.7 points. And, there were six cases in which septoplasty was 
performed along with ESS due to severe deviation of the nasal 
septum. Moreover, there were six cases of OAF or communi-
cation. Four of them were closed spontaneously after ESS, and 
two were closed by a flap or suture technique by dentists. 

The presenting symptoms of ODS were as shown in Table 1. 
Presenting symptoms improved mostly within 1 to 2 weeks 
after ESS. Cheek pain was observed in 21.4%, and one pa-
tient complained of cheek numbness assumed to pressure on 
the infraorbital nerve, and its symptom gradually recovered 
1 month after ESS surgery.  

A total of 30 cases (53.6%) have improved on X-ray 1 month 
following ESS. Among them, periapical pathology was 43.3%, 
implant-related was 64.7%, and tooth extraction was 66.7%. 
The number of improvement on X-ray increased over time, 
indicating that by the 3 months, approximately 85 percent 
had improved, with no significant difference among etiolo-
gies (Fig. 3).

About 2.2±1.6 months for maxillary sinus was required to 
return to normal evaluated by the endoscope and X-ray radio-
graph. There was no difference in recovery period according 
to the etiology of ODS (p=0.590). By the 12th week, 16 out of 
17 cases were recovered in implant-related, eight out of nine 
cases were recovered in tooth extraction but it took about 2.5 
months because of a delayed case needed to repair OAF, and 
24 out of 30 cases were recovered in periapical pathology and 
remaining six wre normalized within three to four months, 
taking an average 2.3 months (Fig. 3, Table 2). The recovery 
period was significantly shorter in the cases of tooth extrac-
tion preoperatively or within one month of ESS than in the 
cases of conservative treatment in the periapical pathology 
(p=0.046) (Table 2). 

One of 56 ESS cases required revision surgery to open the 
obstructed ostium of the maxillary sinus, and the remaining 55 
cases returned to normal, showing a high success rate (98.2%). 

Significant factors were found to be related to the recovery 
period for ‘mucosal thickness of maxillary sinus one month 
after ESS’ (p<0.001), ‘OAF’ (p=0.010), and ‘delayed dental 
extraction’ (p=0.028) by multiple regression analysis (Table 3). 
The symptom duration or etiology did not significantly affect 
the recovery period.  

Fig. 3. Change of improvement of maxillary sinus mucosa over 
time after ESS. Bars show improvement rate of maxillary sinus 
mucosa. No significant differences were observed in improvement 
rate according to the etiology of odontogenic sinusitis. Differences 
in improvement rate among weeks were analyzed using chi-square 
test. (*p<0.05). ESS: endoscopic sinus surgery.
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Table 1. Clinical characteristics of patients (n=52)

Clinical characteristics of patients n (%)

Sinuses 56 sides
Age (years) 60.3±3.8
Male/female 34/18  
Symptoms duration (months) 6.1±8.5
Etiology

Periapical pathology
Tooth extraction
Implant-related cause

Penetration of implant fixture
Periimplantitis
Sinus augmentation failure
Misplaced foreign body

30 (53.6)

9 (16.1)

17 (30.3)

8 (14.3)

3 (5.4)

5 (8.9)

1 (1.8)

Lund-Kennedy endoscopic scores 3.4±1.7
Septal deviation
Oroantral fistulae
Diabetes

6 (10.7)

6 (10.7)

12 (21.4)

Involves sinuses
Only maxillary
Maxillary, ethmoid
Frontal, ethmoid, maxillary
Ethmoid, maxillary, sphenoid
Pan-sinuses

10 sides (17.9)

23 sides (41.1)

21 sides (37.5)

1 side (1.8)

1 side (1.8)

Presenting symptoms 
Nasal obstruction
Purulent rhinorrhea
Postnasal drip
Foul odor
Cheek pain
Headache
Orbital pain
Facial numbness

48 (85.7)

47 (83.9)

32 (57.1)

21 (37.5)

12 (21.4)

5 (8.9)

1 (1.8)

1 (1.8)
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Cases of delayed recovery of maxillary sinus mucosa for 
more than three months were caused by delayed causal tooth 
extraction, delayed OAF closure, prolonged antibiotic treat-
ment due to osteomyelitis, and restenosis of antrostomy site 
(Table 4).

Discussion

Although ESS position for ODS is the same as in the cases 
of non-ODS as it aims to improve sinusitis symptoms but may 
differ in that it should prepare maxillary sinus inflammation-
free state to enable implant procedures when needed. Because 
complications related to implant procedure can be reduced 
only when the maxillary sinus is normalized, ODS is known 
to be well responded to ESS and its success rate is known to 
be high.6,7) But, it has not been known well how long the max-
illary sinus will take to normalize after ESS. In our study, the 
main symptoms of ODS improved within 1 month after ESS 
which is similar to other studies, and the period of the max-
illary sinus returning to normal took about 2 months, which 
might suggest that implant procedures should be recommend-
ed for at least more than 2 months after ESS. This information 
may be useful to consult patients who are going to undergo 
ESS for ODS. Patients want to know when implant procedure 
is possible along with the resolution of sinusitis symptoms. 
The symptoms related to pus or fungal balls that have accu-
mulated in the sinus improve immediately after surgical re-
moval, but radiologic haziness related to the edema or polyps 
takes several weeks to months to return to a normal state. The 
factors related to the period of normalization were not signifi-
cantly affected by the dental etiology in our study. However, 
the period was affected by the method of treating the causative 
teeth. Comparing dental treatments to determine whether to 
extract teeth or preserve them in treating periapical patholo-
gy in our study, the period of the maxillary sinus returning to 
normal was significantly shorter when teeth were extracted 
before or after ESS within a month than when treated with 
conservative methods as root canal therapy or an apicoecto-
my. And, there were 3 out of 12 cases (25%) where teeth had 
to be extracted eventually because inflammation of the max-
illary sinus was not controlled. In addition to delayed tooth 

Table 4. Cases of delayed recovery of the maxillary sinus mucosa after ESS

No. Etiology Sex Age Dur. (months) PHx. Sinuses Possible causes

2 #25 periapicitis Female 63 25 RA F, E, M Delayed causal tooth extraction
14 #16, #17 periapicitis Male 47 3 F, E, M Restenosis of middle meatal antrostomy 
21 #26 periapical abscess Female 34 2 PAN Delayed causal tooth extraction
30 Peri-implantitis #56 Female 73 2 DM E, M Osteomyelitis
31 Tooth extaction #16 Female 71 2 E, M Delayed closure of OAF
44 #26 periapical abscess Male 55 48 E, M Unknown
48 #27 Periapicitis Male 60 3 DM F, E, M Delayed closure of OAF

ESS: endoscopic sinus surgery, No.: number, Dur.: durations, PHx.: past medical history, RA: rheumatoid arthritis, DM: diabetes mel-
litus, F: frontal, E: ethmoid, M: maxillary, PAN: pan-sinuses, OAF: oroantral fistula

Table 2. The normalization period of the maxillary sinus after ESS 
according to the etiology and treatment methods of causative 
teeth

Normalization period of the maxillary sinus 
after ESS

Duration 
(months)

Mean normalization period (n=56)

Etiology
Periapical pathology (n=30)

Tooth extraction (n=9)

Implant-related cause (n=17)

Tx. methods of causative teeth
Teeth ext. before or within 1 mo. of ESS (n=18)

Conservative (RCT or apicoectomy) (n=12)

Additional ext. without improvement (3 of 12)  

2.2±1.6
(p=0.590*)

2.3±1.7 
2.5±1.8
1.9±1.2

(p=0.046†)

1.7±1.1
3.1±2.1

*one-way analysis of variance test, †t-test. ESS: endoscopic si-
nus surgery, Tx.: treatment, mo.: month, ext.: extraction, RCT: 
root canal therapy

Table 3. Multiple linear regression analysis for factors affecting 
normalization period of the maxillary sinus after ESS

Variables B SE β p value VIF
MT of the MS 1 month  
  after ESS

0.195 0.021 0.743 ＜0.001 1.159

Etiology -0.109 0.119 -0.074 0.363 1.167
Age 0.012 0.010 0.090 0.251 1.083
LKE score 0.049 0.073 0.053 0.502 1.104
Duration -0.001 0.015 0.004 0.958 1.264
Involved sinuses 0.279 0.144 0.152 0.058 1.095
Oroantral fistula 1.047 0.391 0.209 0.010 1.101
Delayed extraction -1.308 0.577 -0.191 0.028 1.269
ESS: endoscopic sinus surgery, MT: mucosal thickness, MS: 
maxillary sinus, LKE: Lund-Kennedy endoscopic score, VIF: vari-
ance inflation factor
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extraction, OAF was also a factor that delayed the normal-
ization of the maxillary sinus after ESS. Without OAF being 
closed completely, maxillary sinus cannot be expected to re-
turn into an inflammation-free state. An OAF can be operat-
ed simultaneously or later with ESS, but if the size of the OAF 
is small, we can wait to close itself after ESS.

X-ray radiograph taken one month after ESS may be a use-
ful tool estimating the prognosis of the maxillary sinus. When 
the X-ray radiograph was assessed to be ‘improved’ (mucosal 
thickness is less than 4 mm) or ‘partially improved’ (mucosal 
thickness is 5 to 10 mm), the recovery rate of maxillary sinus 
evaluated three months after ESS reached about 95%. Howev-
er, the recovery rate reduced to 50% when the mucosal thick-
ness one month after ESS was assessed as ‘little’ (mucosal 
thickness is more than 10 mm). The normalization period of 
the maxillary sinus took about two months in this study so 
that the X-ray radiograph one month after ESS, or half of two 
months, seems to be reasonable for checking the prognosis 
of the ESS. Therefore, if the mucosal thickness of maxillary 
sinus does not improve significantly in the X-ray radiograph 
after one month, it may mean that a physician should check 
for other factors such as the opening of the maxillary sinus, 
closure of OAF, and other causal teeth properly treated which 
affect the prognosis of ODS. 

In our study, the causes of ODS were classified into three cat-
egories: periapical pathology (53.6%), tooth extraction (16.1%), 
and implant-related cause (30.3%). The composition of the 
etiology of ODS had been often reported differently by other 
studies. In the past, the predominant cause of ODS was tooth 
extraction.8-10) But, a recent review investigating the etiology 
of ODS among 674 patients reported that an iatrogenic cause 
accounted for 65.7% of cases, apical pathology accounted for 
25.1% of cases, and periodontitis accounted for 8.3%.11) This 
result may reflect the recent increase in implant procedures. 
The proximity between the teeth roots and the maxillary si-
nus floor is a contributing factor to pathophysiology in ODS. 
Pulpal infection can easily extend into periapical osteitis, fol-
lowed by a periapical abscess that can be identified by CT. 
Therefore, when diagnosing ODS through CT, a close exam-
ination of the root of teeth and maxillary sinus floor should 
be taken. Selden,12,13) who explained the mechanism of end-
odontic complication spreading by pulpal disease, reported 
radiological findings as follows: periapical radiolucency or 
lamina dura loss in radiographs, faintly radiopaque mass bulg-
ing into the sinus wall, and variable radiopacities on the in-
ferior sinus wall. The sinus floor augmentation by lifting the 

Schneiderian membrane and placing a bone graft is a preim-
plant procedure that is common for those who have lost teeth 
and aims to increase the thickness of bone in the posterior max-
illa. The main problem is tearing of the Schneiderian membrane 
during sinus floor augmentation, and it has been known to 
occur in around 7% to 35%.14-16) Small tear easily can be sealed 
with a collagen membrane or fibrine glue sealants and rarely 
cause sinusitis. However, a large tear may cause sinusitis with 
graft infection or graft displacement into the antrum and even-
tually fail to fill sufficient thickness, which may cause insta-
bility after implant procedure.17) 

In this study, there were eight cases of penetration of implant 
fixtures over 4 mm by CT among implant-related cases. Of 
the eight cases, pus was found in six cases and fungal balls 
were found in two. There has been controversy over whether 
penetration of implant fixture causes ODS, except for the dis-
placement of the implant. Chen, et al.,18) examining 18 cases 
of implant-related sinusitis, reported that 15 out of 18 patients 
underwent ESS; two of them had removed implants before 
the ESS, four had removed implants due to a recurrence af-
ter the ESS, and the other nine had improved without remov-
al implants after the ESS. This study suggested that the pos-
sible causes for ODS after implant penetration into the sinus 
were foreign body reaction to the exposed implant, penetra-
tion as a route for infection from the oral cavity, or an OAF 
caused by the removal of the penetrated implant. On the con-
trary, Jung, et al.,19) prospectively examining 9 patients with 
23 implants that had penetrated the maxillary sinus floor over 
4 mm by CT, reported that only maxillary sinus membrane 
thickening happened in 14 of the 23 implants without result-
ing in any maxillary sinusitis. 

The protocol of ODS has not been yet clear. In 2018, the 
American Academy of Endodontics suggested a position state-
ment on maxillary sinusitis originated from endodontic causes, 
putting emphasis that dental treatment (e.g., root canal thera-
py, apicoectomy, or tooth extraction) should be preceded, fol-
lowed by ESS only if needed.20) Many studies showed that a 
majority of patients improved with dental treatment alone, 
and ESS alone for ODS often fails to cure and even recurs un-
til dental treatment.21) A recent retrospective study was con-
ducted on 43 patients with ODS to identify predictors under-
going ESS. 48% of patients ultimately required ESS, and 52% 
of patients improved with medical and dental treatment with-
out ESS. Predictive factors for ESS in ODS were prior to den-
tal procedures and ostiomeatal complex involvement.22) How-
ever, if symptoms of sinusitis are severe or patients want a 
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rapid improvement of symptoms, ESS may be implemented 
first. Craig, et al.6) prospectively studied 37 symptomatic ODS 
patients whose medical treatment failed, and patients were 
allowed to voluntarily choose the order for primary dental 
treatment or primary ESS. It took 7 to 12.5 days for the pri-
mary ESS group and 38 to 56.2 days for the primary dental 
group to resolve cardinal sinusitis symptoms. The group that 
selected the ESS as a primary treatment showed faster and 
more significant symptom resolution. Recently, it has been 
approached in this way that lower grades of sinusitis without 
displacement of graft, foreign bodies, fungal balls, or antral 
polyps are resolved with medical and dental treatment, but 
significant sinusitis involving ostiomeatal complex or show-
ing total opacification of maxillary sinus requires ESS first. 
After ESS, it is reassessed whether to remove the dental im-
plant, to close OAF, or to extract causative teeth. This algo-
rithm may preserve dental implants as much as possible and 
may reduce the burden of dental treatment with the fast im-
provement of symptoms.18)

In this study, the process of normalization of the maxillary 
sinus was not comparable between ODS and non-ODS after 
ESS due to the retrospective research design and absence of 
the serial X-rays. It is expected that comparing the normaliza-
tion process through forward research will provide a better 
understanding of the effect of odontogenic causes on maxil-
lary sinus mucosa. Another limitation of this study is the se-
lection bias. In our study, periapical pathology occurs in more 
than 50% and tooth extraction occurs in less than 20%, in 
which the composition may reflect well the response of ESS. 
Since the composition ratio of the etiology of ODS may vary 
across studies, the surgical outcome of ESS may also differ 
according to the composition ratio. Therefore, our result may 
not reflect the natural course after ESS for ODS. Additional-
ly, it may be inaccurate in this study to use simple X-ray ra-
diographs rather than CT for measuring the mucosal thickness 
of the maxillary sinus. CT is known to be the gold standard in 
the diagnosis of maxillary sinus disease due to its high reso-
lution. CT can reflect well the 3D stereoscopic characteristics 
of the maxillary sinus, but X-ray can only show overlapping 
2D images. However, X-ray has the advantage of low radiation 
and low price, which make it easy to repeat. If the ostium of 
the maxillary sinus is opened wide during ESS, then, an X-ray 
radiograph combined with an angled endoscope may suffi-
ciently reflect the state of maxillary sinus compared to CT. 

In conclusion, ODS responds well to the ESS, and the mean 
period returning to normal maxillary sinus was 2.1±1.6 months. 

The normalization period of the maxillary sinus was positive-
ly correlated with the mucosal thickness of the maxillary si-
nus one month after ESS, OAF, and delayed tooth extraction.
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