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ABSTRACT

Objectives: To assess the relationships between the
maxillary first molar and the maxillary sinus floor in
a group of patients referred to a dental clinic. Meth-
ods: Ninety-seven patients were recruited for this
study. The distances between the examined roots
(mesio-buccal, disto-buccal and palatal) as well as
furcations, and the sinus floor, were evaluated using
cone beam computed tomography, and grouped as
follows: class 0: distance = 0 mm; class 1: 0 mm <
distance < 2 mm; class 2: 2 mm < distance < 4 mm;
class 3: 4 mm < distance < 6 mm; class 4: 6 mm <
distance. The Spearman’s Rank Correlation coeffi-
cient was used to test the univariate associations be-
tween furcation-sinus floor distance and each root
class. Results: The prevalence of class 0 was the high-
est for the palatal root (44.33%), followed in de-
scending order by mesio-buccal (40.21%), and
disto-buccal (38.14%) roots. The highest correlation
coefficient was recorded when assessing the relation-
ship between furcation-sinus floor distance and pala-
tal root classes (rho = 0.66, p < 0.001, n = 97). Conclu-
sions: Altogether, the results suggest that the palatal
root of the maxillary first molar not only had the
closest relationship with the sinus floor, but also
proved to be the best predictor for the furcation-sinus
floor distance. The clinician should be aware of the
anatomical and morphological details of this root,
especially when taking surgical decisions.
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1. INTRODUCTION

The development of the maxillary sinus begins during
fetal period and continues after birth. With the comple-
tion of the adult dentition eruption sequence, the maxil-
lary sinus reaches its full development. The maxillary
sinus is a pyramid-shaped osseous cavity, the base being
represented by the nasal antral wall and the tip lying in
the zygomatic bone. Its volume is estimated to be about
an average of 15 cc. [1]. The inside lining, a ciliary epi-
thelium, transports bacteria and other possible foreign
material toward the opening to the nasal cavity (maxil-
lary ostium) on a thin mucous layer. A healthy maxillary
sinus is aseptic in 80% to 100% of the population, con-
taining neither bacteria nor any other foreign material
[2,3]. The inferior wall of the maxillary sinus, which is
curved rather than flat, is formed by the lower third of
the medial wall and the buccoalveolar wall. The topog-
raphy of the inferior wall with the maxillary root apices
varies according to an individual’s age, size and degree
of pneumatization of the maxillary sinus and the state of
dental retention [4].

The apices of the maxillary posterior teeth roots may
protrude into the sinus, therefore the thickness of sinus
floor is markedly reduced. After extraction, some com-
plications might occur, like oroantral fistulae or root dis-
placement, especially for first and second maxillary mo-
lars. Among them, the first molar, being the first perma-
nent tooth to erupt, is frequently prematurely extracted,
exposing the maxillary sinus to the risk of oroantral
communication.

The primary aim of the study was to assess the dis-
tances between the apices of the first molar roots and the
floor of the maxillary sinus, expressed as the thickness of
the bony plate between the root apices and the antrum,
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with aids of the cone beam computed tomography (CBCT)

images. In addition, the distance between the furcation
area and the sinus floor, its clinical relevance, as well as

age-related changes of the measurements, were evaluated.

The null hypothesis that the means of measurements do
not differ significantly between age groups, was formu-
lated in the present study.

2. PATIENTS AND METHODS

The study was conducted between January and Decem-
ber 2011. The dental CBCT images were taken from 97
patients. The images and the demographic data were ob-
tained from the archives belonging to the Clinic of Oral
Implantology, “Dr. Carol Davila” Central Universitary
Emergency Military Hospital, Bucharest, Romania. The
study was approved by the Ethical Committee for Re-
search from the University of Medicine and Pharmacy,
Bucharest.

Only maxillary first molars without apical periodontal
diseases and/or without periodontal pockets were in-
cluded in the study. One maxillary first molar was se-
lected from each patient. The patients had no evidence of
maxillary sinus inflammation.

All subjects were scanned using a CBCT machine—
iCat (Imaging Sciences International), and the CT data
were analyzed using dedicated software—iCatVision. All
studies were obtained using the same scanning protocol:
sensor dimension—20 x 25 cm; grayscale resolution—
14 bit; voxel dimension—0.25 mm; acquisition time—
13.9 seconds; 120 KV, 5 mA; number of acquired im-
ages—528.

All subjects were similarly positioned, with the occlu-
sal plane in close proximity to the horizontal positioning
laser beam, which was parallel to the orbital-auricular
horizontal; the vertical positioning beam was placed on
the patient’s mid line.

The images were examined by the same oral radiology
and implantology specialist (MS). Lines were drawn on
the cross-sectional images between the deepest point of
the maxillary sinus floor and the root tips of the maxil-
lary first molar, and the distances were measured using
built-in measurement tools. In order to accurately posi-
tion the axial cross-section images at the root apex the
distance between two consecutive sections was set at
0.25 mm.

Images were grouped according to the size of meas-
urements performed between the root tips and the maxil-
lary sinus floor, as follows: class 0: distance (d) = 0 mm;
class 1: 0 mm < d <2 mm; class 2: 2 mm < d < 4 mm;
class 3: 4 mm < d < 6 mm; class 4: 6 mm < d (Figures
1-5).

Statistical Analysis

Data distributions were expressed as means, standard
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Figure 1. Class 0 relationship between the palatal root and the
sinus floor.

1.41 mm

Figure 2. Class 1 relationship between the palatal root and the
sinus floor (1.41 mm distance).

deviations (SD), ranges, and percentages, as appropriate.
The Spearman’s Rank Correlation coefficient was used
to test the univariate associations between furcation-sinus
floor distance and each root class. Multiple linear regres-
sion models were used to examine these associations.
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1- Flat D=3.64 mm
2 - Flat D=1.00 mm

Figure 3. Class 1 relationship between the mesio-buccal root
and the sinus floor (1.00 mm). Class 2 relationship between the
disto-buccal root and the palatal floor (3.64 mm).

Figure 4. Class 3 relationship between the mesio-buccal root
and the sinus floor (4.32 mm).

The Student t-test was used to compare the differences
between the mean distances in males versus females.
One-way ANOVA (Bonferroni correction) was used to

Copyright © 2012 SciRes.
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Figure 5. Class 1 relationship between the palatal root and the
sinus floor (1.27 mm). Class 4 relationship between the disto-
buccal root and the sinus floor (7.00 mm).

test the null hypothesis. All tests of significance were
2-tailed.

The data were analysed statistically on the computer
using StatalC 11 (StataCorp. 2009. Stata: Release 11.
Statistical Software. College Station, TX, USA). A p-
value < 0.05 was considered statistically significant.

3. RESULTS

Fifty-two males, mean age of 38.83 years (SD 11.5,
range 20 to 64), and 45 females, mean age of 38.11 (SD
11.89, range 24 to 67) were recruited for this study. The
main outcomes of the measurements are shown in Table 1.

The prevalence of class 0 was the highest for the pala-
tal root, followed in descending order by mesio-buccal
and disto-buccal roots (Table 2). The means of furca-
tion-sinus floor distances depending on each root class
are presented in Table 3.

The gender did not influence significantly the mean
values of the measured distances (t-test, p > 0.05).

3.1. Assessment of Possible Associations between
Furcation-Sinus Floor Distance and Root
Classes

The highest correlation coefficient was recorded when
assessing the relationship between furcation-sinus floor
distance and palatal root classes (rho = 0.66, p < 0.001,
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Table 1. The main outcomes of distance to sinus floor measurements (mm).
Variable N Mean (SD) Range
Mesio-buccal root 97 1.7 (2.01) 0t09.71
Disto-buccal root 97 1.49 (1.69) 0to 7.59
Palatal root 97 1.51(1.9) 0to 7.63
Furcation 97 6.66 (3.05) 2.25to0 14.9
Table 2. The frequency and prevalence of first molar roots per class.
Class Mesio-buccal root” (%) Disto-buccal root” (%) Palatal root” (%)
0 39 (40.21) 37 (38.14) 43 (44.33)
1 22(22.68) 29 (29.9) 25 (25.77)
2 25 (25.77) 24 (24.74) 15 (15.46)
3 7(7.22) 5(5.15) 11 (11.34)
4 4(4.12) 2 (2.06) 3(3.09)
‘N=97.
Table 3. Furcation-sinus floor mean distance (mm) measured per root class.
Class
Roots 0 1 2 3 4
N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)
Mesio-buccal 39 53(2.2) 22 596(2.28) 25  7.64(3.14) 7 9.69(2.76) 4  12.41(2.35)
Disto-buccal 37 4.7 (1.53) 29 644 (2.57) 24 8.65(2.92) 5 1048 (3.41) 2 12.67(0.53)
Palatal 43 4.88 (1.68) 25 6.19 (2.26) 15 8.4 (2.6) 11 10.95 (2.85) 3 11.78 (2.28)
Table 4. The mean values of root- and furcation-sinus floor distances related to age decades.
. 20-29ys 30-39ys 40-49ys 50-59ys 60 - 69 ys
Root/Furcation
Mean (SD)
Mesio-buccal 0.81 (1.12) 1.19 (1.33) 1.72 (1.99) 3.59 (2.58) 3.93 (2.75)
Disto-buccal 0.98 (1.53) 1.07 (1.22) 1.58 (1.74) 2.78 (1.83) 2.81(2.3)
Palatal 0.57 (1.54) 1.28 (1.47) 1.75 (2.53) 2.76 (1.74) 3.2(1.65)
Furcation 6.01 (2.72) 6.07 (2.88) 6.94 (3.2) 7.93 (3.03) 8.97 (3.53)
n = 97). The associations between furcation-sinus floor 4. DISCUSSION

distance and palatal and disto-buccal root classes main-
tained significant after including them in a multivariate
model (95% CI of adjusted analyses: 0.87 to 1.79 and
0.46 to 1.51, respectively; p < 0.001).

3.2. Results Stratification Based on Age Decades

In order to assess whether the bone thickness may be
influenced by age variations, the measurements were
stratified based on age decades. Five groups were ob-
tained. There was a trend of increasing distance between
root apices and sinus floor in older age groups (p <
0.005). The highest variations of distances to sinus floor
were recorded for the mesio-buccal root, followed by the
palatal and disto-buccal roots (Table 4).

Although the distance furcation-sinus floor had the
same increasing trend, no statistical significant differ-
ences were recorded between age groups.

Copyright © 2012 SciRes.

The study aimed to assess the distance between the api-
ces of the first molar roots and the floor of the maxillary
sinus, expressed as the thickness of the bony plate be-
tween the root apices and the antrum, with aids of the
CBCT images. Additionally, the age-related changes of
the measurements were evaluated. With respect to the
results obtained, the null hypothesis was rejected.

Among the recent radiographic techniques, the method
used in the present study, that is CBCT, is valuable for
implant treatment planning and placement due to the 3D
imaging of hard tissue structures, being appropriate for
evaluation of sinus floor integrity after tooth extraction
and before impression techniques [5].

The highest number of cases with classes 0 and 1 was
recorded for the palatal root, and the disto-buccal root,
respectively. Anatomically, three teeth are described as
being in close proximity of the sinus floor: the second
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maxillary premolar, the first maxillary molar, and the
second maxillary molar. Among them, the first maxillary
molar roots were emphasized as having a direct relation-
ship with the maxillary sinus floor. The roots of the sec-
ond molars (especially the mesio-buccal roots), followed
by the first molars (especially the buccal roots), third
molars, second premolars and first premolars have the
closest proximity to the sinus floor [6]. Based on CT
analyses, the distance of root apices to the floor of the
maxillary sinus was reported to be the smallest in the
mesio-buccal root of the second molar among the maxil-
lary posterior teeth [7]. In another study, the distance
between sinus floor and root tip was the longest for the
first premolar root tip and the shortest for the second
molar disto-buccal root tip for both right and left sides.
In the same study, the maxillary first molar was reported
to have the shortest distance for the disto-buccal root tip,
whilst the longest was recorded for the palatal root [8].
Interestingly, in the present study, the mesio-buccal root
of the maxillary first molar was over passed by the pala-
tal root (61 cases versus 68 cases with classes 0 and I),
although the high prevalence of class 0 recorded for all
three roots confirms the close anatomical relationships
between the tooth and the sinus floor. Georgescu et al. [9]
have recently obtained higher mean values when meas-
uring the distances between the root apices of the maxil-
lary first molar and the sinus floor, and this can be ex-
plained by the lack of cases with class 0. In the current
study, the prevalence of class 0 cases was around 40%.

The vertical relationships between the roots of maxil-
lary teeth and the sinus inferior wall have been classified
before. Thus, Freisfeld et al. [10] suggested three types
of vertical relationships (class 0: teeth roots not contact
the sinus floor; class 1: teeth roots contact the sinus floor,
but not project on sinus cavity; class 2: teeth roots pro-
ject into the sinus cavity), while other studies [11,12]
described five vertical classifications (class O: teeth roots
do not contact the sinus floor; class 1: teeth roots contact
the sinus floor, but do not project into the sinus cavity;
class 2: buccal roots project into the sinus cavity; class 3:
palatal roots project into the sinus cavity; class 4: buccal
and palatal roots project into the sinus cavity).

In order to evaluate the furcation topography, we sug-
gest here a new classification of the vertical relationships,
based on the thickness of the bony plate. When assessing
the mean distance from the root furcation to the sinus
floor, the present findings indicate that if the maxillary
first molar is in relationship with the maxillary sinus
floor, belonging to classes 2, 3, or 4, the lowest average
values of the bone thickness between the furcation and
the sinus floor are 7.64 mm, 9.69 mm and 12.41 mm,
respectively. In such cases, after tooth extraction, the
remaining bone height allows the clinician to insert an
implant immediately after extraction, without the need of

Copyright © 2012 SciRes.

sinus floor elevation. The mean values of the bone thick-
ness between furcation and sinus floor recorded in classes
0 and 1, recommend caution not only in root canal treat-
ments (RCT), but also in extraction and immediate im-
plant therapy.

The natural morphology of the root canal is tapered,
with an increase of its diameter from the apical foramen
to the coronal orifice. The most critical area is the apical
zone of the root canal, mainly due to its complex mor-
phology. It consists of lateral canals, accessory canals,
apical deltas, apical ramifications, isthmi, areas of re-
sorption etc. Particularly, the apical area of the maxillary
first molar is in the close vicinity of the maxillary sinus.
During RCT, the apical patency of the canal is obtained
by inserting a small diameter endodontic file through the
apical foramen. With regards to these procedures, there is
a high risk of perforating the apical tissues as well as the
sinus floor with the file, in class O relationships. It has
been reported a case of orbit abscess after RCT of a max-
illary first molar, caused by a rapid exacerbation of peri-
apical inflammation [13].

When planning endodontic surgery of the first maxil-
lary molar (e.g. apicoectomy), one should also take into
consideration the oroantral communication that may oc-
cur. It has been proven that conventional periapical ra-
diographs cannot be used as predictors for perforation of
the maxillary sinus during periapical surgery of maxil-
lary premolars and molars [14]. Therefore, in such cases,
preoperative CBCT scan is highly recommended.

The close proximity between the first molar roots and
the floor of the sinus represents an issue not only for en-
dodontic procedures, but also for periodontal surgery and
dental prosthetic therapy. Huang and Brunsvold [15]
reported a case of maxillary sinusitis following the perio-
dontal treatment of maxillary first molar, with deep pock-
ets and major bony defects. There is a case report de-
scribing that after a maxillary molar extraction, the im-
pression material was pushed into the antrum through an
unseen oroantral fistula [5].

The mean distances between the root apices and sinus
floor increased with age. Regarding the volume of the
maxillary sinus, it has been demonstrated that this in-
creases up to the age of 20 years, but then it starts de-
creasing [16]. Another study revealed that the growth of
the maxillary sinus continues until the 3rd decade in
males [17]. In this framework, our results suggest that
the teeth not only represent a good support for maintain-
ing the sinus bone floor, but also, if healthy, may stimu-
late bone apposition throughout life. The results of the
furcation-sinus floor distances, although higher in the
last decade groups, did not show the same variation.
Follow-up studies would provide more details about the
age related distance variations and the reasons why some
parameters are more affected than others.
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5. CONCLUSION

Altogether, the above results suggest that all roots of the
maxillary first molar are in close proximity of the sinus
floor. Among them, not only had the palatal root the
closest relationship with the sinus floor, but also proved
to be the best predictor for the furcation-sinus floor dis-
tance. The bone thickness measured between the furca-
tion area and the sinus floor may be a valuable indicator
in implantology. The clinician should be aware of the
anatomical and morphological details of this root, espe-
cially when taking surgical decisions.
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