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Topographic relationship between maxillary sinus and roots of
posterior teeth: a cone beam tomographic analysis

Purpose

The objective of the research was to determine the relationship between root apices
and maxillary sinus wall, and to analyze pulpoapical conditions of 2"¢ premolars, 1%
molars, 2" molars, 3 molars using cone beam computerized tomography (CBCT).

Materials and Methods

This study was conducted on a retrospective manner of CBCT images of 1000
maxillary sinus with 500 subjects, who visited the Department of Dento-Maxillofacial
Radiology. The association of each teeth with sinus floor and pulpoapical status
were categorized. The association among gender, age, lateralization of sinus cavity
were evaluated.

Results

A total of 602 second premolars, 500 first molars, 623 second molars, 347 third
molars were evaluated. There were no significant differences between pulpoapical
condition of teeth and gender or left and right sides (p=0.065, p=0.072). There
were significant associations between pulpoapical condition of all teeth and age
(p=0.023), and the relationship of each root with maxillary sinus and age (p=0.037).
There was significant association between vertical position and right/left sides in
second and third molars (p=0.033).

Conclusion
Age seems to have relationship with periapical condition of teeth, and the
association of root with the sinus cavity.

Keywords: Radiology, Age, Inflammation, Pulp, Root canal

Introduction

Maxillary sinuses are the largest cavities within the maxillary bone (1).
The dimensions of the sinus shows variations (2). The sinus floor extends
between adjacent teeth (3), mostly creating elevations in the sinus sur-
face (4). Maxillary molar and premolar roots are in close association with
the sinus floor and may cause undesirable oroantral communication (5,
6). Evaluating the anatomic relation between roots of posterior teeth and
the cavity floor before planning root canal treatment and procedures re-
lated to root apices are important (5).

Close proximity between the root of the maxillary posterior teeth and
sinus floor can induce infection from a periapical problem spreading
within the sinus, (3, 7) and may cause sinus diseases (8). Previous studies
reported that the anatomic association between tooth roots and maxil-
lary sinus floor may affect the spread of odontogenic infection caused by
molar teeth (9, 10). It is known that the relationship between tooth maxil-
lary sinus is affected by orthodontic treatment, (11) including intrusion or
bodily movement may cause moderate root resorption close relationship
maxillary sinus (12). When dental roots are closely related to the maxil-
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lary sinus, dental problems (i.e. periapical lesions), become
a possible source of the inflammation directing the sinus
cavity (1, 13). Therefore, clinicians should carefully examine
the association between the root of posterior teeth and the
maxillary sinus before dental intervention (5, 6).

Cone beam computerized tomography (CBCT) scans are
very important to evaluate the characteristics of maxillary
sinus including the association between maxillary teeth and
sinus. Advanced scanning is a valuable clinical three-dimen-
sional technique which has several advantages including
better resolution and decreased scanning time (14, 15). CBCT
seems to help the practitioners making more accurate evalu-
ation of hard tissues, and helps decreasing the distortion and
superimposition of the related anatomic landmark (16).

The objective of the this research was to understand the
topographic association between the maxillary cavity and
roots of posterior teeth by using CBCT imaging.

Materials and Methods
Study samples

Six hundred and twenty patients with 1240 sinus images
were included in this study. The CBCT sections taken from
individuals who referred the Department of Dentomaxillo-
facial Radiology, during the period of 2009 to 2012. Patients,
who were looking for dental procedures (i.e. ebdoosseous
implants, root canal procedures, periodontal application,
dentofacial treatments and oral diseases) were included. All
patients with total edentulism, pathologies related to roots,
bone lesions in associations with systemic disorders, trau-
matic lesions, tumors in the maxilla premolar/molar region,
reduced sinus visibility in the CBCT scan volume, or with
evident artifacts, superposition and magnification were ex-
cluded from this study. Therefore, this retrospective study
consisted of 716 maxillary sinuses of CBCT images achieved
from 358 patients (160 female, 198 male patients and mean
age of 36.66+13.51years). Ethics committee approval was re-
ceived (Approval number: 971328527050.01.04).

CBCT measurements

The CBCT sections were obtained from a scanner (I-CAT
vision TM Imaging Science International, Hatfield, PA, USA)
at 120 kVp and 18.54 mA, with an exposure time of 8-9 sec-
onds. The voxel size of the images was 0.25mm - 0.4mm. Im-
age measurements was done on the KaVo 3D eXam Vision
(KaVo Dental GmbH, Biberach/Riss, Germany). All scans were
evaluated by one calibrated examiner (T.T.Y.).

CBCT sections were reviewed twice by the same reserch-
ers to reduce error. The amount of error on the average is
0.0027, which is close to zero. Hence, we may suggest that
the measurement error is negligible. We also provide in-
tra-class correlation coefficient which is found to be high
and acceptable as 0.82.

Evaluations of anatomic associations between the maxillary si-
nus and teeth

The sagittal images were used to detect the relationship
between sinus floor and the roots of the maxillary premo-

lars/molars, and classified into 5 classes as previously de-
scribed (Figure 1) (1, 17):

D E
Figure 1. CBCT images show 5 types of vertical relationships between the
roots of the maxillary premolars/molars and the sinus floor. A. Buccal and
palatal roots apices were not in contact with the makxillary sinus floor, B.
Buccal and palatal roots apices were in contact with the makxillary sinus
floor, C. Buccal root apices were penetrated into the sinus cavity over the
makxillary sinus floor, D. Palatal root apices were penetrated into the sinus
cavity over the maxillary sinus floor, E. Buccal and palatal root apices were
penetrated into the sinus cavity over maxillary sinus floor.

Class I: Buccal and palatal roots apex were not contact
with the sinus floor,

Class Il: Buccal and palatal roots apex were in contact with
the sinus floor,

Class lll: Buccal root apex were penetrated into the sinus
cavity over the maxillary sinus floor,

Class 1V: Palatal root apex were penetrated into the sinus
cavity over the maxillary sinus floor,

Class V: Buccal and palatal root apex were penetrated into
the sinus cavity over maxillary sinus floor.

Assessment of pulpoapikal condition maxillary posteriors

The pulpoapikal condition maxillary premolars and molars
were classified into five classes as previously mentioned:(18)

Class I: Normal,

Class Il: Teeth with prosthetic crown,

Class Ill: Teeth with root canal therapy,

Class IV: Teeth with both root canal therapy and crown,

Class V: Teeth with severe carries that proceed more than
half of dentin.

Statistical analysis

SPSS 23.0 (SPSS Inc., Chicago, IL, USA) was used for statisti-
cal analyses. The effect of age and gender on the association
between root apices of posterior teeth and sinus floor was
investigated. Age was recorded into three categorie. Due to
the reponse variable and the covariates are categorical, Chi-
square test was applied to analyze the relationship between
root apices of maxillary premolars/molars and sinus floor by
gender, age and in sinuses. P values<0.05 were considered
sufficient to indicate statistical significance.



Makxillary Sinus and Roots of Posterior Teeth

41

Results

Based on current results; 1127 root apices were not in con-
tact with the maxillary sinus floor, and 731 teeth root apices
were in contact with the sinus. 135 buccal root apices were
penetrated into the sinus cavity where 70 palatal root apices
were also penetrated. 9 buccal and palatal root apices were
also inside the sinus cavity (Table 1).

According to the findings of this study, class | was most
frequently seen in the second premolar teeth and first molar
teeth. Class Il was the most frequently seen in the second
molar teeth and class | was the most frequently seen in the
third molar teeth (Table 1). No significant association were
detect between the left and right regions, and as well as the
relationship between premolars/molars to maxillary sinus
(P=0.082). There was only significant association between
gender and first molars (P=0.036) (Figure 2). Age is an im-
portant factor in the relationship of the root of teeth with
the sinus (P=0.037) (Figure 3).

When the pulpoapical condition was assessed, 289 teeth
had prosthetic crown, 212 teeth had root canal therapy, 39
teeth received both root canal therapy and crown, and 45
teeth had severe carries that proceed more than half of den-
tin. There was no significant difference between pulpoapi-
cal condition of teeth and gender both left and right side
(P=0.065, P=0.072) (Figure 4). Further, no associations were

detected between pulpoapical condition of teeth and left/
right sinus sides (P=0.081). However, there were significant
associations between pulpoapical condition of teeth and
age (P=0.023) (Figure 5). Table 2 shows pulpoapical condi-
tions of premolars/molars.

Discussion

In the present study, we investigated pulpoapical condi-
tion of maxillary premolar/molar teeth and the association
between the root of these teeth and the sinus floor. The
main structure that should be considered in surgical/non-
surgical procedures in the upper jaw posterior region is the
maxillary sinus (19, 20). Due to the close proximity between
posteriors and the maxillary sinus, microorganisms in apical
lesions may pass by possibly infiltrating through porosity of
bone (21). The roots of the maxillary posteriors are in close
proximity to the sinus, in some cases even less than 1 mm
that may, cause sinus perforation frequently during dental
procedures (19, 20). Previous studies reported that the per-
foration rate was between 10% and 50% (22, 23). Before api-
coectomies, the distance between the posterior roots and
the sinus floor presented to be considered very important
and should be carefully evaluated to prevent possible com-
plications (24).

According to the result of this study, we detected that Class
| (77.7%) was the most frequently seen and Class V (0.2%)

Table 1. The vertical relationship between root of the maxillary premolars/molars and the sinus floor

Class| Classl Class I Class IV ClassV Total
Right
2nd premolars 238 (39.5%) 59 (9.8%) 7 (1.20%) 1(0.2) 0 (0%) 305 (50.7%)
1st molars 119 (23.8%) 100 (20.0%) 18 (3.6%) 17 (3.4%) 2 (0.4%) 256 (51.2%)
2nd molars 127 (20.4%) 117 (18.8%) 43 (6.9%) 17 (2.7%) 0 (0%) 304 (48.8%)
3rd molars 103 (29.7%) 57 (16.4%) 10 (2.9%) 1(0.3%) 0 (0%) 171 (49.3%)
Left
2nd premolars 230 (38.2%) 58 (9.6%) 6 (1%) 2(0.2%) 1(0.2%) 297 (49.3%)
1st molars 108 (21.6%) 94 (18.8%) 23 (4.6%) 18 (3.6%) 1(0.2%) 244 (48.8%)
2nd molars 102 (16.4%) 178 (28.6%) 26 (4.2%) 10 (1.6%) 3 (0.5%) 319 (51.2%)
3rd molars 100 (28.8%) 68 (19.6%) 2 (0.6%) 4(1.2%) 2 (0.6%) 176 (50.7%)
Total 1127 731 135 70 9
Gender = 1 a8
= Femals = =i
e

2nd molar 3rd molar

Figure 2. The relationship of each root of premolars/molars and maxillary
sinus and gender.

2nd molar

Figure 3. The relationship of each root of premolars/molars and maxillary
sinus and age.
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Gender
 Male
mm Female

2nd molar

3rd molar

Figure 4. The relationship between pulpoapical condition of teeth and

gender.

Table 2. The pulpoapical candition maxillary premolars/molars

2nd premolar

Age

. <25

. 25-50
>50

" 2nd molar

3rd molar

Figure 5. The relationship between pulpoapical condition of teeth and

Class | Class Il Class 1l Class IV Class V Total
Right
2nd premolars 228 (37.8%) 49 (8.1%) 16 (2.6%) 6 (0.9%) 6 (0.9%) 305
1st molars 170 (34%) 33 (6.6%) 43 (8.6%) 5(1%) 5(1%) 256
2nd molars 220 (35.3%) 41 (6.5%) 36 (5.7%) 3 (0.4%) 4 (0.4%) 304
3rd molars 140 (40.3%) 15 (4.3%) 10 (2.8%) 3 (0.8%) 3(0.8%) 171
Left
2nd premolars 215 (35.7%) 49 (8.1%) 17 (2.8%) 7 (1.1%) 9 (1.4%) 297
1st molars 161 (32.2%) 25 (5%) 43 (8.6%) 6 (1.2%) 9 (1.8%) 244
2nd molars 210 (33.7%) 59 (9.4%) 38 (6.0%) 6 (0.9%) 6 (0.9%) 319
3rd molars 143 (41.2%) 18 (5.1%) 9 (2.5%) 3(0.8%) 3(0.8%) 176
Total 1487 289 212 39 45

was the least frequently detected in the second premolar
teeth. Kwak et al. demonstrated that the roots of the premo-
lars are in close proximity to the sinus floor when compared
to those of the molars. The present study reported here are
in support of their findings (18). The clinicians should con-
sider these findings before planning root canal treatment
and apical surgery procedures. Further, there were no sig-
nificant association between the left and right region of the
second premolar teeth, this result is also similar to of Kilic el
al. (5) As well as second premolar were evaluated by gen-
der, on contrary to the results of the research by Ok et al. (2),
we suggest that some differences were detect in the second
premolar: Class | and Class Il were more common in males,
however Class Ill was more common in females. Similar to
our study, Kilic et al. reported that there was no significant
association according to gender (5). The pulpoapical evalu-
ation revealed that the Class | was the most frequently and
Class IV was the least diagnosed. No statistically significant
difference was obtained between pulpoapical condition and
gender (P=0.07). The findings of the present study showed
that age was an important factor on the relationship of teeth
to the sinus and on the pulpoapical condition (P=0.023).
Previous studies have searched for the interaction between
the molar roots and the sinus (3, 25). Wallace et al. detected
that the roots of the first and second molars were closely re-
lated to maxillary sinus in 40% of cases (25). Class | was the
most frequently seen in first and third molars, 45.4%, 58.5%

respectively, whereas Class |l was the (47.4%) most frequent-
ly seen in second molars. Class V was the least frequently
seen in all molar teeth. Similar to our results, most studies
detected that roots of second molars were closely associat-
ed with the maxillary sinus floor (3, 26, 27). The relationship
between buccal and palatal roots and sinus floor were found
difference. The present study showed that buccal root apices
were frequently projecting into the sinus cavity than palatal
roots in first, second and third molars. In contrast with this
study, Ok et al. suggested that the palatal roots were fre-
quently penetrated into the sinus (2). Whereas similar to the
buccal roots of the first molars were often penetrated into
the sinus floor. In accordance with this study, Eberhardt et
al. detected that the buccal roots of the second molars were
the extended to the sinus (27). Jung et al. observed that in-
trusion of the roots into the sinus floor was frequently buccal
roots of the molars, where second molars were the closest
to the sinus floor (10). We might suggest that the roots of
the second molars are closest to the sinus which is similar
to the results of Kwak et al (18). When published evidence is
considered having different methods, age groups and race
may be causing these differences. The present study detect-
ed significant associations between the relation of each root
and maxillary sinus and age (P<0.05). Differences between
the age groups may be associated with the development of
sinus and roots of teeth may change over time. There was a
significant association between vertical dimensions of teeth
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with sinus and right/left sides in second and third molars.
The only significant difference was detected between gen-
der and the relationship of each root with maxillary sinus in
first molars.

When pulpoapical condition was evaluated, Class | was
the most frequent, and Class IV and Class V had the lowest
in all teeth (2" premolar, 1%, 2" and 3™ molars). Age is an
imported factor for pulpoapical conditions. According to the
present findings, there was a significant difference between
age and pulpoapical conditation (P=0.023). With age, most
people have odontogenic problems which may result with
missing teeth, periodontal disease, endodontic problems,
prosthodontic procedures, dental caries, apical abscess, and
other pathologic conditions (28, 29).

When the limitation of the present study is considered, the
distance between each individual root of posterior maxillary
teeth was not measured.

Conclusion

Second molar teeth are the most closest to the maxillary
sinus. For pulpoapical condition, Class | is the most com-
monly seen in all evaluated teeth. Age is affected by both
the pulpoapical condition and the relationship between
the roots of molars/premolars to maxillary sinus floor. CBCT
analysis is a very important tool to evaluate maxillary pre-
molars/molars before dental procedure to prevent acciden-
tal oroantral complications such as sinus membrane perfo-
ration, penetration of foreign bodies and the possible risk of
an infectious disease within the sinus.
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Tiirkge Ozet: Maksiller Sinus ile Posterior Dislerin Kokleri Arasindaki
Topogratfik iliski: Konik Isinli Bilgisayarli Tomografi Analiz. Amag: Bu
calismanin amaci, Konik Isinli Bilgisayarli Tomografi (KIBT) kullanarak
kok uglari ile maksiller siniis duvan arasindaki iliskiyi ve 2. kiiclik azi,
1. azi, 2. azi ve 3. azi dislerinin pulpoapikal durumunu analiz etmektir.
Gerec ve Yontemler: Bu ¢alismada, oral diagnoz ve radyoloji béliimtine
basvuran 500 kisiye ait 1000 maksiller siniis KIBT gériinttileri retrospek-
tif bir sekilde analiz edildi. Her dis kékiiniin siniis tabani ile iliskisi ve
pulpoapikal durumu degerlendirilerek kategorize edildi. Cinsiyet, yas
ve sag/sol taraf arasindaki iliski degerlendirildi. Bulgular: Toplam 602
ikinci premolar, 500 birinci molar, 623 ikinci molar, 347 (i¢lincii molar

dis degerlendirildi. Dislerin pulpoapikal durumu ile cinsiyet veya sol ve
sag taraf arasinda anlamli fark yoktur (P = 0.065, P = 0.072). Tiim disler-
in pulpoapikal durumuile yas arasinda (P = 0.023) ve koklerin maksill-
er sindis iliskisi ile yas arasinda (P = 0.037) istatistiksel olarak anlamli
farklilik vardir. ikinci ve (iciincii biiyiik azi dislerin vertikal pozisyonu ile
sag / sol taraf arasinda anlamli iliski vardir (P = 0.033). Sonug: Yasin,
dislerin periapikal durumu ve dis kéklerinin maksiller sindis ile iliskisi
lizerinde etkili bir parametre oldugu gériilmektedir. Anahtar Kelimeler:
Radyoloji, yas, inflamasyon, pulpa, kék kanali
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