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ABSTRACT

Objective: The aim of this study was to evaluate the anatomical distance between apices of the
palatine root of the maxillary first molars to the buccal bone plate to identify the vestibular surgical
pathway in a Turkish adult population using cone-beam computed tomography (CBCT) images.

Methods: CBCT scans of 107 (48 male and 59 female) patients were retrospectively analyzed. The
overall mean age was 38.6 years. The distance between the vestibular cortex and vestibular side of
the palatine root was measured for 192 maxillary first molars both on axial images parallel to the
palatal plane and on reformatted cross-sectional images. A Pearson’s chi square test and Mann-
Whitney U-test were performed to evaluate differences among age, localization, and measurements.
Differences were considered statistically significant at P<.05.

Results: The mean distance between the buccal cortex and the buccal side of the palatine root of
the superior first molar in both male and female patients was 10.13 and 9.70 mm, respectively. The
incidence of interposition of the lateral recess of the maxillary sinus between the roots was 42.2%
and 49% in men and women, respectively. Statistically significant sex-related differences were found
in the vestibular surgical pathway (P<.05).

Conclusions: For precise planning of endodontic surgery, it is crucial to determine the exact di-
mensions and location of the periapical lesion, as well as its relationship with the roots and other
neighboring anatomical structures. CBCT can be a powerful tool for the evaluation of surgical cases
in three dimensions with less ionizing radiation and better avoidance of complications during sur-
gery. (Eur J Dent 2013;7:35-40)
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INTRODUCTION

Conventional nonsurgical endodontic treatment
has a high degree of clinical success, but surgical
intervention becomes necessary in certain cases.
The aim of surgery is to eliminate infected tissues
by resecting the diseased root apex and sealing the
root tip with a retrograde filling, thus allowing the
tissues to heal."? Although this surgical procedure
has been considered difficult to perform for the
maxillary molars, particularly for the palatine root,
surgical endodontic treatment for the palatine root
of the maxillary molars has been shown to be de-
cisive and strategic to avoid root amputation or ex-
traction.®4

The operative site is frequently close to impor-
tant anatomical structures, such as the major pala-
tine vascular-nervous bundle and the maxillary si-
nus.® According to Wallace,® the latter lies between
the roots of the first and second superior molars
in 40% of cases. The buccal roots of the maxillary
molars are generally situated between the antero-
lateral surface of the sinus and the outer alveolar
plate, whereas the palatal roots are between the
base of the sinus and the palatine plate of the
maxilla.”® With palatal access to this area, perfo-
rations of the maxillary sinus, iatrogenic sinusitis,
and damage to the major palatine artery and/or the
major palatine nerve may occur. Clear visualization
of the operative area as well exact localization of
the anatomic structures surrounding the area be-
fore surgery is therefore crucial to prevent surgical
complications. The advent of three-dimensional
(3D) imaging has provided endodontists with tools
that were not previously available to clinicians, and
has facilitated interactive image manipulation and
enhancement to visualize the area of interest in
3D. Cone-beam computed tomography (CBCT] is
a 3D imaging modality that has been specifically
designed to produce undistorted 3D information
of the maxillofacial skeleton, including the teeth
and their surrounding tissues, with a significantly
lower effective radiation dose as compared with
conventional CT.** With proper knowledge of root
anatomy and the 3D interrelations of roots and the
maxillary sinus, a safer surgical intervention can
be performed, especially in the areas involving im-
portant anatomic structures, such as the maxillary
sinus and inferior alveolar nerves."

The aim of this study was to evaluate the ana-
tomical distance between apices of the palatine

root of the maxillary first molars to the buccal bone
plate to identify the vestibular surgical pathway in
two different age groups in a Turkish adult popula-
tion using reconstructed 3D CBCT images.

MATERIALS AND METHODS

Data from CBCT examinations of 214 sitesin 107
(48 male, 59 female) patients referred to our outpa-
tient clinic were retrospectively analyzed. The over-
all mean age was 38.6 years [range, 18-81 years;
standard deviation (SD), 15.8 years]. Informed con-
sent was obtained from all patients before CBCT
examinations. Subjects with evidence of bone dis-
ease (especially osteoporosis), relevant drug con-
sumption, skeletal asymmetries, or trauma were
excluded from the study. There was no preference
regarding sex with respect to patient choice; how-
ever, only patients from our native population were
included in the study. Only high-quality scans were
included. Low-quality images, such as those with
scattering or insufficient accuracy of bony borders,
were excluded.

Imaging using CBCT

CBCT scans (NewTom 3G; Quantitative Radi-
ology s.r.l.,, Verona, ltaly) that included the entire
maxillary anatomy were used in this study. To avoid
motion artifact, every CBCT scan was standardized
according to a strict scanning protocol. Patients
were placed in a horizontal position, stabilized with
custom-made head bands and chin support, and
monitored to ensure that they remained motion-
less throughout the duration of the scan (36 s). The
CBCT image parameters were as follows: the axial
slice thickness was 0.3 mm and the voxels were
isotropic. All images were recorded at 120 kVP and
3 to 5 mA using a 9-inch field of view, an axial slice
thickness of 0.3 mm, and isotropic voxels. Radio-
graphic parameters (kV, mA) were determined au-
tomatically from scout views by the NewTom 3G.
Depending on the size of the patient and the extent
of beam attenuation, exposure varied up to 40%. All
constructions were performed on a 21.3-inch flat-
panel color-active matrix thin-film transistor (TFT)
medical display (Nio Color 3MP; Barco, Belgium)
with a resolution of 2048 x 1536 pixels at 76 Hz and
0.2115-mm dot pitch operated at 10 bits.

Image evaluation
ALl CBCT images were retrospectively evaluated
by a single observer. Axial, sagittal, cross-section-
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al, and panoramic images were reconstructed for
all semi-maxillae, and 3D reconstructions were
used as necessary (Figure 1). A specific function of
the management software that enables values in
millimeters to be obtained for lines traced directly
on the images was used to measure the distance
between the vestibular cortex and vestibular side
of the palatine root.

Measurements were performed on 192 maxil-
lary first molars both on axial images parallel to
the palatal plane and on reformatted cross-sec-
tional images perpendicular to the mesiodistal
axis of the tooth arch. Reference points for tracing
measurement lines were as follows: 1) point (P) on
the buccal side of the palatine root 2 mm below the
apex and 2] the corresponding point on the vestib-
ular cortex, between the two vestibular roots (BC).

Statistical analyses were performed using the
SPSS software (ver. 12.0.1; SPSS, Inc., Chicago, IL,
USA]. Wilcoxon matched-pairs signed-ranks tests
were used to assess the intraobserver reliability
of repeated measurements and examinations. Dif-
ferences according to sex and sites were evaluated
using chi-square tests, and measurements of the
distance between the apex of the palatine root of
the maxillary first molar to the buccal bone plate
were evaluated using Mann-Whitney U-tests. Dif-
ferences were considered statistically significant
when p < 0.05.

Figure 1. (a) showing actual measurements on axial and (b) reformatted cross-sec-

tions by means of the software of the machine.
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RESULTS

Repeated measurement of CBCTs indicated
no significant intraobserver differences (P>.05).
Intraobserver consistency was rated at 96.4% be-
tween two measurements. CBCT analysis revealed
that the mean value of the distance between the
buccal cortex and the buccal side of the palatine
root of the maxillary first molar in male and fe-
male patients was 10.13 and 9.70 mm, respectively
(total, 9.90 mm; range, 6.6-14.8 mm). There was
a statistically significant difference in the distance
between the vestibular cortex and vestibular side
of the palatine root between males and females
(P=.027) (Table 1).

The incidence of interposition of the lateral re-
cess of the maxillary sinus between the roots was
42.2% and 49% in men and women, respectively
(45.8% in overall measurements) (Table 2). In fe-
male patients, the incidence of interposition of the
lateral recess of the maxillary sinus between roots
was higher, but statistical significance was not ob-
served (P=.345).

With respect to age groups, measurements in
patients 18 to 54 years of age were slightly higher
than those in patients 55 years of age and older
(Table 1), but statistical significance was not ob-
served (P=.061). The incidence of interposition of
the lateral recess of the maxillary sinus between
the roots was significantly higher in patients 18 to
54 years of age (58.4%] than in patients 55 years of
age and older (27.8%) (P=.001) (Table 2).

DISCUSSION

Surgical intervention may be require for some
clinical conditions that are refractory to conven-
tional endodontic treatment.’*'” However, because
of the close proximity of the maxillary molar teeth
to the maxillary sinus, investigation of the opera-
tive area before surgery is crucial. A thorough
history, clinical examination, and high-quality
periapical radiographs are essential18 for preop-
erative diagnosis of teeth referred for apical sur-
gery. However, periapical radiography is limited by
the fact that information is rendered in only two
dimensions.”

Because periapical radiographs are 2D imag-
es of 3D structures, superimposition of adjacent
structures may obscure the visibility of teeth and
surrounding structures. CBCT produces a cone-
shaped X-ray beam, and this makes it possible to
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capture the image in a single exposure rather than
capturing the slices separately as in multi-detec-
tor CT (MDCT). The most important advantage of
this imaging modality is acquiring comparable
images with a much lower radiation dose than
MDCT.” " In recent studies, it was concluded that
CBCT scans are more accurate than periapical ra-
diographs and are effective and safe for the detec-
tion of dentoalveolar structures.’?

According to the results of this study, the mean
value of the distance between the buccal cortex
and the buccal side of the palatine root of the max-
illary first molar was 9.9 mm, which was compa-
rable with the results of Rigolone’s study,® in which
it was 9.73 mm. In the maxillary first molar teeth
in Huumonen's study? the distance was 9.6 mm.
In another study by Jin et al,?2 the thickness from
the palatal root to the buccal bone plate was 10.69
mm.

In terms of differences between males and fe-
males in this study, the male group showed thicker
bone measurements as compared with females
(10.13 and 9.70, respectively). Jin et al?? also found
thicker bone plates in men than in women, but did
not recommend different apical surgery protocols
for men and women. This disparity, which was sta-
tistically significant in this study, can be explained
by skeletal size differences between the sexes.

The present study also showed that the sinus
floor was interposed between the palatal and buc-

cal roots of the maxillary first molars in 45% of
patients. This value was larger than that found by
Rigolone et al,®* who found the maxillary sinus to
be located between the buccal and palatal roots
of the maxillary first molars in 25% of patients us-
ing CBCT. On the other hand, Huumonen et al?’and
Low et al' found larger values for maxillary molar
teeth (62% and 76%, respectively). In terms of dif-
ferences between age groups, the maxillary sinus
was interposed more often in patients aged 18 to
54 years than in patients aged 55 years and older.
Previous studies®? reported that the volume of
the maxillary sinus decreases as a result of ag-
ing, and this may explain our results. The decrease
in volume may be caused by the loss of minerals
in the bone matrix of all bony structures that sur-
round the maxillary sinus in all directions; these
structures contact the maxillary sinus, and their
loss of minerals decreases the maxillary sinus
volume.2825.26

Because apical surgery normally involves a la-
bial or buccal approach, the thickness of the buc-
cal bone plate is an important factor in terms of
reaching the apex and securing the surgical field,
especially in the case of maxillary molars. Peri-
apical surgery of the palatine root of the maxillary
molar teeth is considered difficult because of the
complexity and variability of the anatomic struc-
tures, such as the major palatine vascular-ner-
vous bundle and the maxillary sinus. In addition,

Table 1. Measurement of the vestibular surgical pathway on cone-beam computer tomography (CBCT) images according to age and sex.

Sex/Age n Mean distance S.D. p value
Female 102 9.7 1,3
0.027*
Male 90 10,13 1,36
Age 18-54 113 10,1 1.4 0.061
n indicates number, s.d. Standard deviation, * Statistical significant
Table 2. Incidence of interposition of the lateral recess of the maxillary sinus between the roots according to age and sex.
Sex/Age Incidence of interposition of the lateral recess of the maxillary sinus between the roots accord-
L ing to age and sex
+ Total p value
n % n % n %
Female 52 51 50 49 102 100
34
Male 52 57,8 38 42,2 90 100 0345
Total 104 54,2 88 45,8 192 100
18-54 47 41,6 66 58,4 13 100
Age
55+ 57 72,2 22 27,8 79 100 0.001*
Total 104 54,2 88 45,8 192 100

n indicates number, s.d. Standard deviation, * Statistical significant

B European Journal of Dentistry



problems with vision and access to the palatine
root have discouraged endodontic surgery. Howev-
er, with improved equipment and instrumentation
such as microsurgical loupes and microscopes,
fiber optics, micromirrors, ultrasonic root-end
preparation, and CBCT, many of these difficulties
are reduced.>?"?” Rigolone et al® suggested a less
invasive vestibular surgical approach with the aid
of intraoperative microscopy and fiberoptics to per-
form apicoectomy in the palatal root of maxillary
first molars.

In this study, maxillary sinuses were present
on this route in almost half of patients. For precise
planning of endodontic surgery, it is crucial to de-
termine the exact dimensions and locations of peri-
apical lesions, as well as their relationship with the
roots and other neighboring anatomic structures.
Precise determination of bone thickness and the
exact location of anatomic structures in relation to
the lesion allows for adequate surgical planning,
assuring a more predictable outcome.?.%

Thus, CBCT seems indispensable to case se-
lection and planning for endodontic surgery. The
thickness of the cortical plate, the cancellous bone
pattern, fenestrations, and the inclination of the
roots of the teeth planned to undergo periapical
surgery are able to be determined preoperatively.
The roots of the maxillary posterior teeth and their
periapical tissues can be visualized separately and
in all three orthogonal planes without superimpo-
sition of the overlying zygomatic buttress, alveolar
bone, or adjacent roots. The spatial relationship of
the roots of multirooted teeth can be visualized in
three dimensions.*®

Although the present study demonstrated that
CBCT is a superior diagnostic tool for identification
of a vestibular surgical pathway, it should be stated
that CBCT images should not necessarily replace
conventional radiographic images when there is no
need for a surgical procedure to eliminate infected
tissues by resecting the root apices. CBCT stud-
ies cause higher radiation exposure (4-20 times
greater]. From the standpoint of radiation risk,
CBCT appears to have three to seven times the
risk of a panoramic examination depending on the
area examined, degree of collimation, and acquisi-
tion software version. Thus, selection of an imag-
ing modality for diagnostic and surgical purposes,
as in this study, should be based on the diagnostic
yield expected and should be in accordance with

1 January 2013 - Vol.7

Kalender, Aksoy, Basmaci, Orhan, Orhan

the “As Low As Reasonably Achievable” (ALARA]
principle.’s3132

Based on the findings in this study, we strongly
recommend CBCT imaging before planning end-
odontic surgery of the palatine root of maxillary
molars. It seems reasonable to use vestibular ac-
cess in proper cases. Further studies should be
performed to evaluate the benefits of this imaging
modality.

In conclusion, for precise planning of endodon-
tic surgery, it is crucial to determine the exact di-
mensions and locations of periapical lesions, as
well as their relationship with the roots and other
neighboring anatomic structures. CBCT can be a
powerful tool for the evaluation of surgical cases
with accurate measurements in all three dimen-
sions and less ionizing radiation to avoid complica-
tions during surgery.
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