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Introduction
Inflammation of the maxillary sinuses, also known as 

maxillary sinusitis, may occur due to viral, bacterial, and 
fungal agents. Approximately 10%-12% of cases of max-
illary sinusitis are reported to be caused by odontogenic 
infections in the roots of posterior teeth that are adjacent 
to the maxillary sinus space. As a result of the transport 
of microorganisms from infected periapical tissues, acute 

or chronic sinusitis can develop.1 It has been reported that 
apical periodontitis,2 periodontal diseases,3 implant ther-
apy,4 and tooth extraction5 increase the risk of maxillary 
sinusitis. Apical and marginal periodontitis account for 
83% of all dental causes of maxillary sinusitis.2

A normal sinus is not observed on a radiograph unless 
there is an increase in mucosal thickness or irritation by 
an allergic or infectious agent.1 Mild maxillary sinus mu-
cosal thickening is a normal finding in asymptomatic in-
dividuals.6 In fact, maxillary sinusitis has been classified 
as mucosal thickening exceeding 2 mm in most circum-
stances.7 Based on this, it has been suggested that maxil-
lary sinus mucosal thickening over 2 mm should be con-
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sidered as indicative of a pathological condition.1,8

Panoramic radiography,9 which is the modality most 
commonly used to evaluate the relationship of the max-
illary posterior teeth roots to the maxillary sinus, allows 
imaging of anatomical structures at a low cost and a rela-
tively low radiation dose. However, panoramic radiogra-
phy has disadvantages, such as the superposition of ana-
tomical structures, unwanted magnification, and the lack 
of cross-sectional analysis.10 For this reason, panoramic ra-
diographs can be inadequate for investigating the relation-
ships between the upper posterior teeth and the maxillary 
sinus.11 Ever since it was first introduced in 1998,12 cone-
beam computed tomography (CBCT) has become popular 
in diagnosis and treatment planning in dentistry.13 Although 
computed tomography (CT)14,15 is considered the gold stan-
dard for displaying the paranasal sinuses, CBCT is gener-
ally preferred for clinical applications because of its lower 
radiation dose,16 higher resolution, and lower scanning 
time.1 It allows 3-dimensional cross-sectional imaging, 
which eliminates distortion and superposition.17 

Maxillary posterior teeth roots can cause oroantral com-
munications due to their proximity to the sinus floor.18 
For posterior maxillary pre-implant surgical procedures or 
tooth extractions, most dentists use panoramic radiographs 
to evaluate the distance between the dental root apex and 
the maxillary sinus. It is important for clinicians to be able 
to connect the results of 2-dimensional images to the reality 
of the situation. The first aim of this study was to compare 
panoramic radiography with CBCT for evaluating topo-
graphic relationships, such as the classification of maxil-
lary posterior teeth and their distance to the maxillary sinus 
floor, and the second was to determine the relationship be-
tween maxillary sinus pathology and the presence of apical 
lesions.

Materials and Methods
Sample and Study Design
In our study, 285 patients’ digital records (paired pan-

oramic radiographs and CBCT scans) were examined 
retrospectively. Patients who had both CBCT scans and 
panoramic radiographs taken for various reasons, such as 
implant surgery, third molar surgery, and orthodontic treat-
ment, were included in the study. The patients were 18-68 
years of age (mean, 28.58 years), 38% (n=111) were male, 
and 61.1% (n=174) were female. The study protocol was 
approved by the Research Ethics Committee of Necmettin 
Erbakan University, Faculty of Dentistry (no. 2017/012). 
All procedures were performed in accordance with the 

ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008. 

Individuals who had second premolar, first molar, and 
second molar teeth in the right and left maxillary posterior 
region were included in the study. Individuals younger than 
18 years of age with maxillary posterior teeth with open 
apices, individuals with maxillary implants in the posterior 
region, and individuals lacking any of the teeth examined 
in the study were not included. Since periodontal diseases 
can cause maxillary sinus pathology,3 teeth with alveolar 
bone loss of more than half of the bone support were also 
excluded.

Image Acquisition 
In this retrospective study, the records were analyzed of 

patients whose radiographs were taken according to the de-
partment’s routine protocol, which ensured the elimination 
of distortions and patient positioning errors by stabilizing 
patients’ heads while keeping their Frankfurt horizontal 
plane parallel to the floor. Additionally, all panoramic ra-
diographs were taken by the same technician, using the 
same panoramic device (2D Veraviewpocs, J Morita, MFG 
Co., Kyoto, Japan). The included scans were taken accord-
ing to the manufacturer’s recommendations, which includ-
ed specific exposure parameters according to the patients’ 
head size and age. All of the CBCT images used in the 
study were taken in a sitting position using a Morita 3D 
Accuitomo 170 device (J Morita MFG Corp., Kyoto, Ja-
pan) operated at 90 kVp and 5 mA, with 17.5 seconds of ro-
tation time, 0.25-mm voxels, and a 100-mm field of view, 
according to the manufacturer’s recommended protocol. 
All observations were made by a single maxillofacial ra-
diologist with 7 years of experience in maxillofacial radiol-
ogy, using i-Dixel version 2.0 (manufactured by J Morita, 
MFG Corp.) on a 2.66 GHz Intel Xeon PC with 3.25 GB 
of RAM, the Windows XP Professional operating system, 
and a 27-inch flat panel color display with a resolution of 
2,560×1,600 pixels (U2711HTM; Dell, Round Rock, TX, 
USA).

Radiographic Assessment
A total of 1,710 teeth (570 premolars and 1,140 molars) 

were grouped according to endodontic treatment status 
and the presence of periapical lesions, as shown in Fig-
ure 1. The presence or absence of periapical lesions was 
determined separately on the panoramic radiographs and 
CBCT images, by the same observer. A periapical lesion 
was considered to be present when the lamina dura was 
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invisible and there was a periapical radiolucency around 
the root apex indicating bone destruction.19 The following 
groups were defined: group 1, non-endodontically treated 
teeth without an apical lesion; group 2, non-endodontical-
ly treated teeth with an apical lesion; group 3, endodonti-
cally treated teeth without an apical lesion; and group 4, 
endodontically treated teeth with an apical lesion (Fig. 1).

A total of 570 maxillary sinus images of 285 patients 
were evaluated to identify maxillary sinus pathology (max-
illary sinus mucosal thickening >2 mm) in both the right 
and left sinuses (Fig. 2). The smallest vertical distance of 
the tooth roots to the maxillary sinuses was measured on 
panoramic radiography and CBCT scans. To ensure stan-
dardization of the measurements on CBCT, the software 
was oriented parallel to the occlusal surface and sagittal 
slices were used for distance measurements. Based on the 
study of Oberli et al.,20 the topographic relationships be-
tween roots and the adjacent maxillary sinuses were cat-
egorized in both panoramic images (Fig. 3) and sagittal 
CBCT slices (Fig. 4) as follows: class 1, the presence of 
distance between the root tip and the sinus floor; class 2, 
contact between the root tip and the sinus floor without the 
root entering the sinus; and class 3, presence of the root tip 
inside the sinus.

Statistical Analysis
All statistical analyses were performed using SPSS ver-

sion 21 (IBM Corp., Armonk, NY, USA). Mean values and 
standard deviations were calculated as descriptive statis-
tics. The measurements were repeated in 50 patients twice 
by 1 observer. The intraobserver correlation coefficient 
was calculated. The conformity of continuous numerical 
variables to the normal distribution was analyzed by the 
Shapiro-Wilk test. A normal distribution was not found, 
and non-parametric tests were therefore applied. The 

Fig. 2. Measurement of maxillary sinus mucosal thickening on a 
sagittal cone-beam computed tomography slice.

Fig. 1. Grouping of teeth on sagittal cone-beam computed tomog-
raphy slices by apical condition. A, B, C, and D represent groups 1, 
2, 3, and 4, respectively.

A	 B

C	 D

Fig. 3. Classification of the topographic relationships of maxillary first molars with the maxillary sinus on panoramic radiographs. A, B, 
and C represent classes 1, 2, and 3, respectively.

A	 B	 C
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Mann-Whitney U test was used (1) to compare distance 
measurements between the sexes and (2) to determine the 
relationship between distance measurements and pathology 
of the maxillary sinus (presence/absence). The Wilcoxon 
signed-rank test was used to compare the smallest vertical 
distances of the roots of maxillary posterior teeth to the 
maxillary sinuses on panoramic radiographs and CBCT 
scans. The Pearson chi-square test was used (1) to deter-
mine the relationship between the apical status of the teeth 

(groups 1-4) in the 2 imaging modalities and (2) to analyze 
the topographic relationships of the roots of the teeth with 
the maxillary sinus (classes 1-3) in both imaging methods. 
Odds ratios (ORs) and confidence intervals (CIs) were cal-
culated. The OR is a measurement of the relationship be-
tween an exposure and an outcome. The presence of at least 
1 apical lesion adjacent to the maxillary sinus was regarded 
as the exposure, or risk factor, in this study. P values<0.05 
were considered to indicate statistical significance.

Results
The Cronbach alpha values for intraobserver reliability 

ranged from 0.84 to 0.93 on the CBCT measurements and 
from 0.81 to 0.91 on the panoramic measurements. Ac-
cording to the review of CBCT scans, pathology was pres-
ent in 41.8% (n=119) of the right maxillary sinuses and in 

Fig. 4. Classification of the topographic relationships of maxillary first molars with the maxillary sinus on sagittal cone-beam computed 
tomography slices. A, B, and C represent classes 1, 2, and 3, respectively. CBCT, cone-beam computed tomography.

A	 B	 C

Table 1. Maxillary sinus pathology according to root canal treatment status and the presence of an apical lesion

Panoramic radiography Group 1 Group 2 Group 3 Group 4 P value (chi-square)

Right second premolar 258 8 4 15 0.664
Right first molar 254 7 13 11 0.843
Right second molar 278 4 2 1 0.570
Left second premolar 259 7 11 8 0.817
Left first molar 252 6 12 15 0.098
Left second molar 268 9 5 3 0.565

Cone-beam computed 
        tomography Group 1 Group 2 Group 3 Group 4 P value (chi-square)

Right second premolar 251 11 11 12 0.076
Right first molar 240 20 9 16 <0.05
Right second molar 270 11 1 3 <0.05
Left second premolar 256 11 8 10 0.372
Left first molar 235 20 6 24 <0.05
Left second molar 261 12 5 7 <0.05

Group 1: non-endodontically treated teeth without an apical lesion, group 2: non-endodontically treated teeth with an apical lesion, group 3: endodontically 
treated teeth without an apical lesion, group 4: endodontically treated teeth with an apical lesion

Table 2. The closest vertical distances between maxillary posteri-
or teeth roots to the sinus floor measured using panoramic radiog-
raphy and cone-beam computed tomography (CBCT)     (unit: mm)

Panoramic  
radiography CBCT P value 

(Wilcoxon)

Right second premolar 0.72±1.93 1.66±2.42 <0.05
Right first molar 0.26±1.29 0.85±1.92 <0.05
Right second molar 0.13±0.90 0.54±1.54 <0.05
Left second premolar 0.94±2.22 1.92±2.78 <0.05
Left first molar 0.28±1.25 0.92±2.18 <0.05
Left second molar 0.20±0.97 0.63±1.73 <0.05
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43.5% (n=124) of the left maxillary sinuses. In the analy-
sis of panoramic radiography examinations, pathology was 
seen in 49.8% (n=142) of the right maxillary sinuses and 
in 38.9% (n=111) of the left maxillary sinuses. There was 
a statistically significant difference between the 2 methods 
in the detection of maxillary sinus pathology (P =0.025, 
P<0.05, respectively. More pathologies were detected on 
the panoramic images (n =253) than on the CBCT scans 

(n=243). 
No statistical significance was found for the relation-

ship between the presence of maxillary sinus pathology 
and the apical status of the maxillary posterior teeth in the 
analysis of panoramic radiographs (P>0.05). In contrast, 
a statistically significant relationship was found between 
the apical status of the right and left first and second mo-
lars and the presence of maxillary sinus pathology on the 
CBCT scans (Table 1). In cases where apical lesions were 
present in the right and left first and second molar teeth, 
maxillary sinus pathology was observed more frequently.

The panoramic radiography and CBCT scans showed 
statistically significant differences (Wilcoxon test, P<0.05) 
in all of the measurements of the closest vertical distance 
between the roots and the maxillary sinus. These distance 
measurements did not show a statistically significant differ-
ence between the 2 groups according to sex (Mann-Whit-
ney U test, P>0.05). The CBCT measurements had larger 
mean values for all teeth (Table 2). In both imaging meth-
ods, the right and left second molar teeth showed the clos-
est distance to the maxillary sinus. In both imaging meth-
ods, the distance from the roots of the maxillary teeth and 
the sinus floor did not show a significant relationship with 
the pathology of the maxillary sinus (Mann-Whitney U test, 
P>0.05).

When the topographic relationships between dental roots 
and the maxillary sinus were examined, a statistically sig-
nificant difference was found between the results of pan-
oramic radiography and CBCT (P<0.05) (Table 3). In both 
imaging modalities, the second premolar was farthest from 
the maxillary sinus (class 1), and the left first molar was the 
tooth most commonly seen within the maxillary sinus (class 
3) (Table 3). Compared to CBCT, the distance between the 
roots and the maxillary sinus was smaller on the panoramic 
radiographs. However, the panoramic radiographs showed 
a higher proportion of class 3 relationships (with the root 
tips seen in the sinus) than CBCT.

Binary logistic regression analysis of the CBCT images 
showed that the presence of at least 1 apical lesion adjacent 
to the maxillary sinus increased the likelihood of maxillary 
sinus pathology by 2.37 times (OR, 2.37; 95% CI, 1.58-Ta
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3.55, P<0.05). In contrast, on the panoramic radiographs, 
the presence of at least 1 apical lesion was not associated 
with a significant risk increase for maxillary sinus patholo-
gy (OR, 1.02; 95% CI, 0.64-1.65, P>0.05).

Discussion
In this study, the relationship between the maxillary si-

nus floor and maxillary posterior teeth roots was analyzed 
using CBCT and panoramic radiography. Furthermore, the 
relationship between maxillary sinus pathology and apical 
lesions was investigated. In previous studies on this topic, 
it has been emphasized that the sinus floor and maxillary 
molar teeth roots are closely related.11,21,22 In our study, the 
relationships between the maxillary sinus and the second 
premolar, first molar, and second molar teeth were inves-
tigated. The measurements of the closest vertical distance 
between the tooth root and the maxillary sinus on panoram-
ic radiographs and CBCT scans showed statistically signif-
icant differences between these imaging methods. Specif-
ically, the vertical distance measurements on CBCT scans 
showed higher values (P<0.001). Panoramic radiography 
is an easy-to-access, cheap, and low-dose imaging meth-
od that is generally the first-line technique for examining 
teeth and jaws in dentistry. Nonetheless, the horizontal and 
vertical magnification factors of panoramic radiographs 
and variations in the positioning of patients decrease the 
reliability of distance measurements on panoramic radio-
graphs. For this reason, panoramic radiography is not rec-
ommended for distance measurements and is less reliable 
than 3-dimensional imaging techniques.23 In this retrospec-
tive study, records were analyzed of patients whose radio-
graphs were taken according to the department’s routine 
protocol, which ensured the elimination of distortions and 
patient positioning errors by stabilizing patients’ heads 
while keeping their Frankfurt horizontal plane parallel to 
the floor. This protocol is important because the reliability 
of the panoramic radiography method is highly dependent 
on the patients’ head position. If this step is neglected, there 
could be distortions or enlargements depending on the po-
sition of the maxillary structures and the head, preventing 
proper measurements from being made. 

In our study, the classification proposed by Oberli et 
al.20 was applied to classify the topographic relationships 
between the teeth and the sinus. This classification was 
used to describe the spatial relationship of posterior teeth 
roots with the sinus floor on CBCT and panoramic images, 
and the 2 imaging methods showed significant differences 
regarding this relationship. Class 1 (presence of distance 

between the root tip and sinus) was found less often on the 
panoramic radiographs. Panoramic radiography yielded a 
higher proportion of class 3 relationships (with the root tips 
seen in the sinus) than CBCT. The immediate relationship 
between the position of the tip of the root and the maxillary 
sinus is a predictive factor for oroantral communication.24 
Both overdiagnosis and underdiagnosis of this relationship 
are possible using panoramic radiography. The true spatial 
relationships between (1) the sinus and the root tip and (2) 
the sinus and a lesion can only be determined using CBCT 
for the above-mentioned reasons (magnification, distortion, 
and head positioning).

Maxillary posterior roots and the sinus floor are sepa-
rated by bone and/or sinus mucosa.22 The thinness of this 
tissue structure may fail to prevent periapical and peri-
odontal infections from infiltrating into the maxillary sinus. 
Increased proximity of the maxillary posterior root to the 
base of the sinus has been reported to increase the risk of a 
tooth-related mucosal reaction.9 However, in our study, the 
distance between the roots of maxillary teeth and the sinus 
floor showed no relationship to maxillary sinus pathology 
on either imaging method. Based on the CBCT images, 
the presence of at least 1 apical lesion adjacent to the max-
illary sinus was found to increase maxillary sinus pathol-
ogy by 2.37 times. Since periodontal diseases can cause 
maxillary sinus pathology,3 teeth with alveolar bone loss 
more than half of the bone support were excluded from the 
study. Moreover, periodontal diseases cannot be diagnosed 
using radiological parameters alone; instead, radiological 
findings should be combined with a clinical examination. 
However, this study has the limitations of a cross-sectional 
study design, and no clinical examinations, such as pocket 
probing depth measurements or bleeding score calcula-
tions, were performed to assess periodontal disease activity. 
In future studies, clinical examinations of the patients and 
evaluations of periodontal disease activity will eliminate 
this problem.

The presence of at least 1 apical lesion was not asso-
ciated with a significant risk increase for maxillary sinus 
pathology on the panoramic radiographs (OR, 1.02; 95% 
CI, 0.64-1.65, P>0.05). Previous studies have reported 
ORs of 3.5,7 16.4,25 and 9.7515 for mucosal thickening in 
the presence of teeth with periapical lesions. It is believed 
that bacteria and toxins in apical lesions can infiltrate the 
maxillary sinuses directly or via the numerous vascular 
anastomoses, porous alveolar bone marrow, and lymphat-
ics, thereby infecting the sinus mucosa.1 In some instances, 
mucositis (intrinsic sinus pathology, not related to a peri-
apical lesion) can co-occur with a periapical lesion of the 
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premolars or molars. This study was limited to a cross-sec-
tional evaluation, so it was difficult to arrive at a definitive 
conclusion related to the causes of mucosal hypertrophy in 
the maxillary sinus. Further analyses in longitudinal studies 
are needed. 

In addition, although not evaluated in our study, the 
severity of periapical lesions may affect the prevalence 
of mucosal thickening. Lu et al.1 reported that the preva-
lence of maxillary sinus mucosal thickening was 41.5% 
in patients without apical periodontitis, more than 70% in 
patients with mild and moderate apical periodontitis, and 
100% in those with severe apical periodontitis. The ORs 
calculated in our study were lower than those previously 
reported in the literature,7,15,25 which may have been due to 
differences in the severity of periapical lesions in the teeth 
included in the study. 

In their study, Pommer et al.26 stated that the ideal si-
nus mucosal thickness was 0.09±0.05 mm on average. In 
contrast, Aimetti et al.27 reported that the mean sinus mu-
cosal thickness was 0.97±0.36 mm. In another study, it 
was emphasized that the sinus mucosa could only be seen 
when its thickness was 2 mm or more. It was also stat-
ed that a thickness exceeding 2 mm should be considered 
pathological.28 For this reason, in our study, cases where 
the sinus floor mucosa thickness was 2 mm or more were 
classified as pathological. The reported prevalence of mu-
cosal thickening of the maxillary sinus ranges from 12%7 
to 60.5%.15 This variation could be attributed to differences 
in race or age, as well as to the use of different diagnostic 
techniques.1 In this study, the rate of mucosal thickening 
exceeding 2 mm, which was defined as pathological, was 
found to be 41.8% in the right maxillary sinus and 43.5% 
in the left maxillary sinus in the CBCT examinations. On 
the panoramic radiographs, the frequency of pathology was 
49.8% in the right maxillary sinus and 38.9% in the left 
maxillary sinus.

In this study, compared to panoramic radiography, CBCT 
was more effective for the diagnosis of periapical lesions. 
Panoramic radiography is useful for the diagnosis of large 
periapical lesions. However, because of its low spatial res-
olution, it is inadequate for diagnosing initial periapical 
lesions and for evaluating relationships between teeth and 
the sinus.9 The spatial resolution of an imaging method is 
defined as its capability to resolve fine details.29 Further-
more, the anatomic superpositions common on panoramic 
radiographs make it difficult to detect periapical lesions.30 

In conclusion, compared to CBCT imaging, panoramic 
radiography showed different vertical distance measure-
ment values when evaluating the spatial relationships be-

tween the teeth and the maxillary sinus. Furthermore, the 
presence of periapical lesions adjacent to the maxillary si-
nuses was found to be a risk factor for sinus mucosal thick-
ening.
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