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Introduction
The maxillary sinus is the largest paranasal sinus, and 

the topography of the maxillary sinus floor is extremely 
variable. The position of the roots relative to the sinus 
floor has several important clinical implications.1

The close relationship of the maxillary posterior teeth 
and maxillary sinus floor may result in various complica-
tions. A periapical or periodontal infection of maxillary 
molars and premolars may spread to the maxillary sinus 

and cause odontogenic sinusitis.2-4 An oroantral commu-
nication or root displacement into the sinus cavity may 
occur after extraction of the first and second molars.5,6 
The maxillary sinus is also relevant for endodontic pro-
cedures due to the introduction of endodontic instruments 
and materials beyond the apices of teeth in close proxim-
ity to the sinus.7 The extraction of roots protruding into 
the sinus could increase the associated risk of pneumati-
zation.8 In addition, root protrusion into the maxillary si-
nus may influence root resorption or tipping during ortho-
dontic treatment.9,10 Therefore, it is essential to assess the 
anatomical relationship of teeth relative to the maxillary 
sinus in order to avoid these complications.

The relationship between the maxillary sinus and the 
roots of the maxillary teeth can be assessed using vari-
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ous radiographic techniques. Panoramic radiography is 
commonly used to evaluate the anatomical relationship 
between the maxillary posterior teeth and the maxillary 
sinus. However, it has limitations, such as superimposi-
tion of anatomic structures, distortion, and the absence of 
cross-sectional information.11,12 Cone-beam computed to-
mography (CBCT) can provide 3-dimensional images and 
can be used to evaluate the relationship between the root 
and the maxillary sinus without distortion and superimpo-
sition of adjacent structures.13,14 

Several studies have compared the relationship of the si-
nus floor to the roots on panoramic radiographs with CBCT 
images.15-19 When panoramic radiographs showed a distinct 
distance between the roots and the sinus, it was found to be 
unnecessary to order CBCT.20 However, there was signifi-
cant disagreement between panoramic radiographs and CT 
or CBCT images when the panoramic radiograph showed 
root protrusion into the sinus.18,21,22 Panoramic radiography 
was unreliable for evaluating the relationship between the 
roots and the maxillary sinus.16,20 The clinician must de-
termine when it is necessary to order CBCT to assess the 
relationship between the maxillary sinus and the maxillary 
posterior teeth.22

In previous studies, some instances of root protrusion 
into the sinus shown on panoramic radiographs were actu-
ally shown to be located laterally or medially to the sinus 
on CBCT images.15-18 Lopes et al.18 and Themkumkwun et 
al.19 investigated panoramic radiographic signs indicating 
actual protrusion of the roots into the maxillary sinus. They 
attempted to offer decision-making criteria regarding the 
need for CBCT scans before treatment planning in the pos-
terior maxilla.18,19

The purpose of this study was to investigate correlations 
between findings on panoramic radiography and CBCT 
for evaluating the relationship between the maxillary sinus 
floor and the roots of maxillary posterior teeth. In addition, 
radiographic signs indicating actual root protrusion into the 
maxillary sinus were evaluated on panoramic radiographs.

Materials and Methods
The study protocol was approved by the Institutional Re-

view Board of Pusan National University Dental Hospital. 
The subjects of this retrospective study were randomly se-
lected from patients who visited Pusan National University 
Dental Hospital and underwent panoramic radiography and 
CBCT scans between 2013 and 2014. The inclusion criteria 
were patients aged from 20 to 50 years with the presence of 
all maxillary premolars and molars. Patients with patholog-

ic lesions in the maxilla and with a history of orthodontic 
treatment were excluded from the study. The final sample 
group included data from 305 patients (162 men and 143 
women; mean age, 28.6±7.3 years; age range, 20 to 50 
years). A total of 2,440 teeth were selected for the study, in-
cluding 1,220 molars and 1,220 premolars.

All panoramic radiographs were taken using a Proline 
XC machine (Planmeca Co., Helsinki, Finland). CBCT 
scans were performed using a PaX-Zenith 3D (Vatech Co., 
Hwaseong, Korea) with settings of 5.2-5.7 mA, 106-110 

kV, an exposure time of 24 s, a voxel size of 0.2 mm, and a 
field of view of 16×14 cm. The CBCT data were saved in 
the Digital Imaging and Communications in Medicine for-
mat, and the images were analyzed using Ez3D Plus Pro-
fessional CBCT software (Vatech Co., Hwaseong, Korea). 
Only patients with clear images from both radiographic 
techniques were included in this study.

All images were evaluated by a single oral and maxillo-
facial radiologist. The panoramic radiographs and CBCT 
images were assessed as separate subsets in a random se-
quence. Study images were evaluated twice at an interval 
of 4 weeks. Intra-observer reliability was assessed using 
the kappa statistic.

The relationship between the maxillary posterior teeth 
and the maxillary sinus floor was evaluated according to 
the criteria established by Jung and Cho.15 On the pan-
oramic radiographs, the relationship of the root to the 
maxillary sinus floor was classified into three types: type 0, 
the root was not in contact with the maxillary sinus floor; 
type 1, the root was in contact with the cortical border of 
the sinus; and type 3, the root apex projected into the sinus 
cavity (Fig. 1).

In addition, the panoramic radiographs were assessed 
for interruption of the cortex of the maxillary sinus floor, 
which Lopes et al.18 suggested to be a panoramic radio-
graphic sign of root protrusion into the maxillary sinus (Fig. 
2).

On the CBCT cross-sectional images, the relationship 
between the roots and the maxillary sinus floor was clas-
sified into 4 types: type 0, the root was separate from the 
sinus floor; type 1, the root was in close contact with the 
sinus floor; type 2, the root projected laterally along the 
sinus cavity, but was actually lateral or medial to it; and 
type 3, the root projected into the sinus cavity (Fig. 3). On 
the panoramic radiographs, type 2 was included in type 3 
because it was difficult to distinguish between types 2 and 
3 on the 2-dimensional panoramic radiographs. 

For assessing the root-sinus relationship, a single score 
was obtained for each tooth on the panoramic radiographs 
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and for each root of the tooth on the CBCT images. On 
the CBCT images, the maxillary premolars were evaluat-
ed as only a single root because the roots of most premo-
lars were fused, and each maxillary molar root was classi-
fied in terms of the above types.

On the CBCT images, root protrusion of the maxillary 
molars into the maxillary sinus was classified according to 

the following 5 subtypes, based on the positional relation-
ships of the buccal and palatal roots with the sinus floor: 
B2P3 (buccal root type 2, palatal root type 3); B3P0 (buccal 
root type 3, palatal root type 0); B3P1 (buccal root type 3, 
palatal root type 1); B3P2 (buccal root type 3, palatal root 
type 2); B3P3 (buccal root type 3, palatal root type 3) (Fig. 
4).

Fig. 2. Interruption of the cortex of 
the maxillary sinus floor on panoram-
ic radiographs. A: No interruption of 
the sinus floor; B: interruption of the 
sinus floor.

A B

Fig. 3. Cone-beam computed tomographic images show 4 types of relationship between the root and the sinus floor. A: Type 0, the root is 
separate from the sinus floor; B: type 1, the root is in contact with the sinus floor; C: type 2, the root projects laterally along the sinus cavi-
ty, but is outside the sinus borders; and D: type 3, the root projects into the sinus cavity. 

A B C D

Fig. 1. The relationship between the maxillary sinus floor and the roots on panoramic radiographs. Type 0: the root is not in contact with the 
maxillary sinus floor; type 1: the root is in contact with the cortical border of the sinus; and type 3: the root apex projects into the sinus cavity.

A B C
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Contingency cross-tables with scores given for panoram-
ic radiographic images and CBCT images were created. 
Information from the CBCT images was used as the refer-
ence standard. In addition, the positive and negative predic-
tive values of the panoramic radiographs were calculated. 
The chi-square test was used to determine the significance 
of relationships between actual root projection into the si-
nus and interruption of the sinus floor cortex. P values less 
than 0.05 were considered to indicate statistical signifi-
cance. Statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY, USA).

Results
In total, 2,440 maxillary premolars and molars from 305 

subjects were evaluated on panoramic radiographs and 

CBCT images. The kappa values for intra-examiner reli-
ability were 0.930 and 0.933 in the assessment of the pan-
oramic radiographs and CBCT images, respectively.

On the panoramic radiographs, most molars showed a 
type 3 root-sinus relationship. Type 0 was most common-
ly seen in the first premolars and type 1 was more often 
found in the second premolars (Table 1).

The root-sinus relationships observed in the CBCT im-
ages were classified into 4 types. In all roots of second 
molars, type 3 was the most common (33.9%), followed by 
type 1 (28.6%). Among second molars, 543 (89.0%) had 
3 roots, 41 (6.7%) had 2 roots, and 26 (4.3%) had 1 fused 
root. When each root was classified based on its relation-
ship with the sinus floor, type 3 occurred most frequently 
in the mesiobuccal roots of the second molars (48.4%) and 
occurred least frequently in the palatal roots of the second 

Table 1. The relationship of the maxillary posterior teeth with the maxillary sinus floor on panoramic radiographs (number and percentage)

       Type 0    Type 1     Type 3 Total

Maxillary second molar 68 (11.1) 111 (18.2) 431 (70.7) 610 (100.0)
Maxillary first molar 86 (14.1) 22 (3.6) 502 (82.3) 610 (100.0)
Maxillary second premolar 226 (37.0) 232 (38.0) 152 (24.9) 610 (100.0)
Maxillary first premolar 483 (79.2) 89 (14.6) 38 (6.2) 610 (100.0)

              Total 863 (35.4) 455 (18.6) 1122 (46.0) 2440 (100.0)

Fig. 4. The root protrusions of the maxillary molars were classified into 5 subtypes according to the combined types of the buccal and pala-
tal roots. A: B2P3 (buccal root type 2, palatal root type 3); B: B3P0 (buccal root type 3 and palatal root type 0); C: B3P1 (buccal root type 3 
and palatal root type 1); D: B3P2 (buccal root type 3 and palatal root type 2); E: B3P3 (buccal root type 3 and palatal root type 3).

A B C

D E



- 313 -

Yun-Hoa Jung et al

molars (12.5%). Type 0 was more frequent in palatal roots 
than in buccal roots (Table 2).

In all first molar roots, the prevalence of type 3 (30.9%) 
was similar to that of type 2 (30.3%). All the maxillary 
first molars were 3-rooted. In the first molars, type 2 was 
most frequent in the palatal roots (43.1%) and type 3 was 
most frequent in the mesiobuccal roots (32.8%) (Table 3). 
Type 0 was most commonly seen in the first premolars, 
and type 1 was more often found in the second premolars 

(Table 4).
According to the combined types defined by both buccal 

and palatal root configurations, root protrusion of the max-
illary molars into the sinus on the CBCT images was divid-
ed into 5 subtypes. Buccal root protrusion was more fre-

quent than palatal root protrusion in the maxillary molars. 
B3P2 (buccal root type 3, palatal root type 2) was most 
frequent in second molars and B3P3 (buccal root type 3, 
palatal root type 3) was most frequent in first molars (Table 
5).

The relationship between the maxillary posterior teeth 
and the sinus floor on the panoramic radiographs was com-

Table 4. The relationship between the roots of maxillary premo-
lars and the sinus floor on cone-beam computed tomographic im-
ages (number and percentage)

Second premolar First premolar

Type 0 228 (37.4) 482 (79.0)
Type 1 235 (38.5) 93 (15.2)
Type 2 66 (10.8) 27 (4.4)
Type 3 81 (13.3) 8 (1.3)

Total 610 (100.0) 610 (100.0)

Table 2. The relationship between the roots of maxillary second molars and the sinus floor on cone-beam computed tomographic images 

(number and percentage)

Second molar
                                        Three roots               Two roots One root

Total
Mesiobuccal root Distobuccal root Palatal root Buccal root Palatal root    Root

Type 0 63 (11.6) 80 (14.7) 178 (32.8) 4 (9.8) 18 (43.9) 5 (19.2) 348 (20.0)
Type 1 175 (32.2) 180 (33.1) 118 (21.7) 15 (36.6) 7 (17.1) 2 (7.7) 497 (28.6)
Type 2 42 (7.7) 55 (10.1) 179 (33.0) 11 (26.8) 10 (24.4) 7 (26.9) 304 (17.5)
Type 3 263 (48.4) 228 (42.0) 68 (12.5) 11 (26.8) 6 (14.6) 12 (46.2) 588 (33.9)

Total 543 (100.0) 543 (100.0) 543 (100.0) 41 (100.0) 41 (100.0) 26 (100.0) 1737 (100.0)

Table 3. The relationship between the roots of the maxillary first molars and the sinus floor on cone-beam computed tomographic images 

(number and percentage)

First molar Mesiobuccal root Distobuccal root Palatal root Total

Type 0 101 (16.6) 105 (17.2) 128 (21.0) 334 (18.3)
Type 1 170 (27.9) 162 (26.6) 44 (7.2) 376 (20.5)
Type 2 139 (22.8) 153 (25.1) 263 (43.1) 555 (30.3)
Type 3 200 (32.8) 190 (31.1) 175 (28.7) 565 (30.9)

Total 610 (100.0) 610 (100.0) 610 (100.0) 1830 (100.0)

Table 5. Subclassification of root protrusion into the maxillary 
sinus on cone-beam computed tomographic images (number and 
percentage)

Maxillary  
second molar

Maxillary 
first molar

Buccal root type 2,  
palatal root type 3

0 (0.0) 30 (12.2)

Buccal root type 3,  
palatal root type 0

38 (13.1) 2 (0.8)

Buccal root type 3,  
palatal root type 1

41 (14.1) 2 (0.8)

Buccal root type 3,  
palatal root type 2

126 (43.3) 66 (26.9)

Buccal root type 3,  
palatal root type 3

86 (29.6) 145 (59.2)

Total 291 (100.0) 245 (100.0)
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pared with that on the CBCT images. The classification 
of the panoramic radiographs and CBCT images were the 
same in over 90% of cases when there was no contact be-
tween the root apex and the sinus floor (type 0). When the 
panoramic radiographs showed root protrusion into the si-
nus (type 3), the CBCT images had the same classification 
in 67.5% of second molars, 48.8% of first molars, 53.3% 
of second premolars, and 21.1% of first premolars. Among 
the cases of type 3 classification on the panoramic radio-
graphs, 18.8% of second molars and 39.2% of first molars 
were classified as having a root projecting laterally (type 2) 
on the CBCT images (Table 6).

The negative predictive value was 0.971 and 0.977 for 
the maxillary second molars and first molars, respectively. 
When the root apex was separate from the sinus floor, the 
panoramic radiographs had a high probability of predicting 
this finding. The positive predictive value was 0.675 and 
0.488 for the maxillary second molars and first molars, re-
spectively. The finding of root protrusion into the sinus on 
the panoramic radiographs had a moderate ability to pre-
dict root protrusion into the maxillary sinus. The positive 

predictive value was not evaluated for the first premolars 
because the frequency of root protrusion was very low in 
the first premolars (Table 6). 

Interruption of the sinus floor as an indicator of root pro-
trusion into the sinus floor was evaluated on the panoramic 
radiographs. Most cases of root protrusion into the sinus on 
CBCT images showed discontinuities of the maxillary si-
nus floor on panoramic radiographs (Tables 7 and 8). Most 
instances of type 2 classifications showed no interruption 
of the sinus floor on the panoramic radiographs. The chi-
square test showed a statistically significant relationship 
between root projection into the sinus and interruption of 
the sinus floor cortex (P<0.05).

Discussion
In this study, the relationship between maxillary posteri-

or teeth and the sinus floor on panoramic radiographs was 
compared with that on CBCT images, and the panoramic 
radiographic signs indicating root protrusion into the max-
illary sinus were determined.

Table 6. Comparison of the relationship of maxillary teeth in relation to the sinus floor on panoramic radiographs and cone-beam comput-
ed tomographic (CBCT) images (number and percentage)

CBCT
                            Panoramic radiograph

Total
   Type 0    Type 1    Type 3

Second molar Type 0* 66 (97.1) 4 (3.6) 0 (0.0) 70 (11.5)
Type 1† 2 (2.9) 107 (96.4) 59 (13.7) 168 (27.5)
Type 2‡ 0 (0.0) 0 (0.0) 81 (18.8) 81 (13.3)
Type 3§ 0 (0.0) 0 (0.0) 291 (67.5) 291 (47.7)
Subtotal 68 (100.0) 111 (100.0) 431 (100.0) 610 (100.0)

First molar Type 0* 84 (97.7) 4 (18.2) 5 (1.0) 93 (15.2)
Type 1† 2 (2.3) 18 (81.8) 55 (11.0) 75 (12.3)
Type 2‡ 0 (0.0) 0 (0.0) 197 (39.2) 197 (32.3)
Type 3§ 0 (0.0) 0 (0.0) 245 (48.8) 245 (40.2)
Subtotal 86 (100.0) 22 (100.0) 502 (100.0) 610 (100.0)

Second premolar Type 0 223 (98.7) 5 (2.2) 0 (0.0) 228 (37.4)
Type 1 3 (1.3) 227 (97.8) 5 (3.3) 235 (38.5)
Type 2 0 (0.0) 0 (0.0) 66 (43.4) 66 (10.8)
Type 3 0 (0.0) 0 (0.0) 81 (53.3) 81 (13.3)
Subtotal 226 (100.0) 232 (100.0) 152 (100.0) 610 (100.0)

First premolar Type 0 480 (99.4) 2 (2.2) 0 (0.0) 482 (79.0)
Type 1 3 (0.6) 87 (96.7) 3 (7.9) 93 (15.2)
Type 2 0 (0.0) 0 (0.0) 27 (71.1) 27 (4.4)
Type 3 0 (0.0) 0 (0.0) 8 (21.1) 8 (1.3)
Subtotal 483 (100.0) 89 (100.0) 38 (100.0) 610 (100.0)

*: all roots type 0, †: highest type is type 1, ‡: highest type is type 2, §: highest type is type 3
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Many studies have examined the prevalence of roots 
protruding into the maxillary sinus, with various results. 
Several studies found that the mesiobuccal root of the max-
illary second molar had the highest rate of protrusion into 
the maxillary sinus floor.18,23-28 Other studies reported that 
the palatal root of the first molar most frequently protruded 
into the sinus.19,29-32 Our results revealed that the type 3 (root 
protrusion into the sinus) configuration occurred most fre-
quently in the mesiobuccal root of maxillary second molars 

(48.4%), while type 2 occurred most frequently in the pal-
atal root of maxillary first molars (43.1%). Previous studies 
have reported that the palatal roots of second molars exhib-
ited the lowest incidence of protrusion into the sinus.29,30 
In our study, similar to previous studies, protrusion of roots 

into the sinus occurred least frequently in the palatal roots 
of second molars (12.5%). 

Many studies have assessed the relationship between the 
maxillary sinus and roots using various criteria. Several 
studies have evaluated the roots of maxillary teeth accord-
ing to 4 types: no touching (type 0), touching the cortical 
borders of the sinus (type 1), projecting laterally along the 
sinus cavity (type 2), and protruding into the sinus (type 
3).17,18,33,34 Other studies evaluated the roots of maxillary 
teeth according to 3 types: no touching (type 0), contact 
with the sinus floor (types 1 and 2, treated as 1 group), and 
penetrating into the sinus floor (type 3).16,19,26,29,32,35,36 Our 
study classified the relationship into 4 types. Therefore, 
it was difficult to compare the 2 classification systems (4 

Table 8. Relationship between interruption of the cortex of the maxillary sinus floor on panoramic radiographs and root protrusion of max-
illary premolars into the sinus on cone-beam computed tomographic (CBCT) images (number and percentage)

CBCT
                 Panoramic radiograph

Total
Interruption No interruption

Second premolar Type 0 0 (0.0) 228 (100.0) 228 (100.0)
Type 1 1 (0.4) 234 (99.6) 235 (100.0)
Type 2 3 (4.5) 63 (95.5) 66 (100.0)
Type 3 65 (80.2) 16 (19.8) 81 (100.0)
Subtotal 68 (11.1) 542 (88.9) 610 (100.0)

First molar Type 0 0 (0.0) 482 (100.0) 482 (100.0)
Type 1 1 (1.1) 92 (98.9) 93 (100.0)
Type 2 3 (11.1) 24 (88.9) 27 (100.0)
Type 3 4 (50.0) 4 (50.0) 8 (100.0)
Subtotal 8 (1.3) 602 (98.7) 610 (100.0)

Table 7. Relationship between interruption of the cortex of the maxillary sinus floor on panoramic radiographs and root protrusion of max-
illary molars into the sinus on cone-beam computed tomographic (CBCT) images (number and percentage)

CBCT
                Panoramic radiograph

Total
Interruption No interruption

Second molar Type 0* 0 (0.0) 70 (100.0) 70 (100.0)
Type 1† 4 (2.4) 164 (97.6) 168 (100.0)
Type 2‡ 3 (3.7) 78 (96.3) 81 (100.0)
Type 3§ 242 (83.2) 49 (16.8) 291 (100.0)
Subtotal 249 (40.8) 361 (59.2) 610 (100.0)

First molar Type 0* 0 (0.0) 93 (100.0) 93 (100.0)
Type 1† 0 (0.0) 75 (100.0) 75 (100.0)
Type 2‡ 11 (5.6) 186 (94.4) 197 (100.0)
Type 3§ 204 (83.3) 41 (16.7) 245 (100.0)
Subtotal 215 (35.2) 395 (64.8) 610 (100.0)

*: all roots type 0, †: highest type is type 1, ‡: highest type is type 2, §: highest type is type 3
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types and 3 types) when evaluating type 1 and type 2.
Many studies have reported that the type 0 relationship 

was most commonly observed.20,22,23,25,28,32 Other studies 
showed that type 0 was most frequently observed in pre-
molars and type 3 in molars.16,18,19,26,34 Differences in re-
ported sinus-root relationships might be due to ethnicity or 
methodology.19 Our study found that type 0 was most fre-
quent in first premolars, type 1 was more frequent in sec-
ond premolars, and type 3, in which the root apex projected 
into the maxillary sinus, was most frequent in first and sec-
ond molars, as reported by previous studies.16,18,19,26,34

In the present study, the combined types of buccal and 
palatal roots in maxillary molars were evaluated. Shokri 
et al.34 reported that palatal root protrusion of maxillary 
molars was more common, and other studies reported that 
buccal root protrusion was more frequent.24,25,33 In this 
study, buccal protrusion (B3P0, B3P1, B3P2) was more 
common than palatal root protrusion (B2P3) (Table 5).

Previous studies have reported good agreement for roots  
that were not in contact with the maxillary sinus floor on 
panoramic radiographs and CT or CBCT images.17,18,20,21,22 
In our results, type 0 showed high agreement between 
panoramic radiographs and CBCT images, while the other 
types showed low agreement. In this study, the high neg-
ative predictive values indicated that CBCT is not nec-
essary when panoramic radiographs show that the root 
is not in contact with the maxillary sinus. On panoramic 
radiographs, it was difficult to assess 3D structures when 
the root apex was laterally or medially positioned to the 
sinus.18 In our study, when panoramic radiographs showed 
root protrusion into the sinus (type 3), 18.8% of second 
molars and 39.2% of first molars were classified as having 
the root projecting laterally (type 2) on CBCT images.

When a panoramic radiograph shows that a root projects 
into the sinus, a CBCT scan should be requested, consider-
ing that it involves actual root protrusion.18 Therefore, we 
evaluated panoramic radiographic signs indicating actual 
root protrusion. Previous studies have proposed panoram-
ic radiographic signs that could alert the dental clinician 
to possible root protrusions into the maxillary sinus.18,19 
Lopes et al.18 reported 5 panoramic signs of root protrusion 
into the maxillary sinus, as follows: projection of the root 
apices, interruption of the maxillary sinus floor, absence of 
the lamina dura, darkening of the root apices, and a supe-
riorly curving sinus floor enveloping the associated tooth 
root. They found that the projection of the root into the si-
nus and the interruption of the cortex of the maxillary sinus 
floor were statistically relevant indicators.18 Themkumk-
wun et al.19 modified one of the panoramic radiographic 

signs from the study of Lopes et al.18 by investigating the 
periodontal ligament space instead of evaluating the lamina 
dura due to the difficulty of identifying the radiopaque line 
of the lamina dura on panoramic images.19 They demon-
strated that projection of the root into the sinus and darken-
ing of the involved root apices on panoramic images were 
significant high-risk signs of root protrusion into the maxil-
lary sinus.19

Although we tried to assess all panoramic radiographic 
signs that previous researchers18,19 evaluated, it was diffi-
cult to determine absence of the lamina dura and periodon-
tal ligament space, darkening of root apices, and upward 
curving of the sinus floor enveloping the root because of 
superimposition, image distortion, and lack of sharpness 
on panoramic radiographs. Therefore, of these panoramic 
radiographic signs, we evaluated root projection into the si-
nus and interruption of the sinus floor. 

The CBCT images were less likely to be classified as 
showing protrusion than the panoramic radiographs be-
cause the root projection length on the panoramic radio-
graphs was larger than the root protrusion length on the CT 
or CBCT images.17,21 In our result, when the panoramic 
radiographs showed root protrusion into the sinus, 67.5% 
of second molars and 48.8% of first molars showed actu-
al root protrusion into the sinus, while the others showed 
a lower classification grade on CBCT images. Our study 
found interruptions of the maxillary sinus floor in 83% of 
the maxillary molars with actual root protrusion into the 
maxillary sinus. A statistically significant relationship was 
observed between actual root protrusion into the sinus and 
interruption of the sinus floor, as in a previous study.18

In conclusion, the mesiobuccal roots of second molars 
had the highest rate of protrusion into the maxillary sinus 
floor. Panoramic radiography was reliable when the root 
was not in contact with the sinus floor. The finding of root 
protrusion into the sinus on panoramic radiographs demon-
strated a moderate ability to predict root protrusion into the 
maxillary sinus. Interruption of the maxillary sinus floor 
could be considered as an indicator of actual root protru-
sion into the maxillary sinus.
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