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 Background: This study aimed to compare the size and location of the traditional and conservative endodontic access cav-
ities of the right maxillary first molar teeth, projected on the occlusal surface using cone-beam computed to-
mography (CBCT), to obtain an ideal access cavity.

 Material/Methods: Five hundred CBCT images of the right maxillary first molars, including 198 males and 302 females, were ret-
rospectively evaluated using KaVo eXam Vision software. First, a rectangular coordinate system was estab-
lished. The coordinates of 4 pulp horns and 3 root canal orifices, which projected on the occlusal surface, were 
marked on it. Two different access cavities were then created by connecting these points: (1) traditional end-
odontic access cavity (TEC) required removal of the entire roof of the pulp chamber to establish a straight-line 
access to the root canal system; (2) conservative endodontic access cavity (CEC) was formed by connecting the 
projection of each root canal orifice on the occlusal. Data were analyzed using Kruskal-Wallis and Pearson’s 
correlation tests at a 5% significance level.

 Results: The area of TEC was approximately 9.61 mm2 for males and 8.91 mm2 for females. The area of CEC was ap-
proximately 3.4 mm2 for males and 3.16 mm2 for females. The projections of all pulp horns and root canal or-
ifices were in or near the central area of nine-rectangle-grid.

 Conclusions: Compared with the traditional access cavity, creating a conservative access cavity was less invasive. Meanwhile, 
the access cavity should be limited to the central or near the central area of nine-rectangle-grid.
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Background

The maxillary first permanent molar erupts early and is key to 
mastication. Hence, pulpal and periapical diseases are common, 
and they frequently require endodontic treatment. Straight-line 
access from the pulp chamber to the root canal system is typical-
ly used in conventional root canal therapy. However, this usually 
results in excessive removal of tooth tissue [1], which can weaken 
the rigidity of the tooth [2] and decrease its fracture resistance [3]. 
Excessively large and improperly located endodontic access cav-
ities are the primary reasons for loss of tooth structure [4,5].

The traditional endodontic access cavity (TEC) involves remov-
ing the entire roof of the pulp chamber and all cervical dentin 
to obtain a straight-line pathway to all canal orifices. Infected 
and necrotic tissues are also removed [6]. Recently, the concept 
of conservative endodontic access cavity (CEC), with the goal 
of minimally invasive dentistry [3,7], has been developed to 
preserve the tooth’s structural integrity by saving pericervical 
dentin as much as possible [8]. The use of a conservative ac-
cess cavity allows the retention of more dental tissue, includ-
ing part of the pulp chamber roof and cervical dentin [9-13]. 
However, the location and size of pulp horns (that guide the 
TEC) and root canal orifices (that guide the CEC) projected on 
the occlusal surface are unclear.

An in vitro study showed the relationship between the coro-
nal access outline on the occlusal surface and the root canal 
orifices in molars. The occlusal surfaces and the exposed root 
canal orifices were photographed, after which the pre- and 
post-sectioning images of each specimen were stacked [14]. 
In another study with 55 extracted mandibular second molars, 
the localization and distribution of the root canal orifices was 
evaluated using digital photography and image stacking [15]. 
However, the image stacking technique is extremely sensitive, 
and image magnification often causes distortion, making it 
difficult to obtain accurate measurements of the anatomical 
position of the root canal orifices. Nowadays, CBCT is used as 
a three-dimensional (3D) imaging tool for in vivo data mea-
surement, which can accurately identify the root canal orific-
es’ position at the pulp chamber floor and accurately display 
the anatomical structure of the tooth [16].

Cone-beam computed tomography (CBCT) is a commonly used 
diagnostic tool in dentistry. CBCT images can illustrate the in-
ternal structures of teeth three-dimensionally and accurate-
ly at a high resolution while simultaneously eliminating the 
problem of superimposing anatomical structures by combin-
ing sagittal, coronal, and axial CBCT images [17,18]. It is used 
extensively in in vivo dental anatomy studies and clinical ap-
plications, mainly related to root canal systems [19,20]. It has 
also been used to acquire the precise pulp chamber landmark 
measurements in molars [21].

This study aimed to compare 2 endodontic access cavities of 
the maxillary first molar by contrasting the location and size 
of CBCT-derived designs of pulp horn projections and root ca-
nal orifice projections onto the occlusal surface, for obtaining 
ideal endodontic access cavities, retaining more healthy den-
tal tissue, accurate positioning and controlling the coronal ac-
cess cavity, and providing anatomic evidence for clinicians to 
standardize access opening, especially for the posterior teeth.

Material and Methods

Subjects

This study was approved by the Ethics Committee of the 
Stomatological Hospital of Tianjin Medical University 
(TMUhMEC2019015). Five hundred digitized CBCT images 
were selected for retrospective analysis in the Department of 
Radiology, Stomatological Hospital, Tianjin Medical University. 
These images were obtained when patients visited the hospital 
for an implant or orthodontic treatment between 2015 and 2018.

The inclusion criteria were: patient’s age between 10 and 70 
years; right maxillary first molars with an intact crown; no 
open apices, caries, periapical lesions, restorations, or root 
fractures; no intraradicular restorations, posts, metallic res-
torations, or other types of fixed prostheses; no calcification; 
and good image quality.

Cone-Beam Computed Tomographic Scans

CBCT images were taken using a KaVo 3D eXam device (Imaging 
Sciences International, Hatfield, PA) operated at 120 kV, 5 mA. 
Other scan parameters were: voxel size, 0.25 mm, field-of-view, 
208 cm2 (16×13 cm), and exposure time, 0.4 seconds. Scans 
were performed according to the manufacturer’s instructions. 
All images were analyzed in a dark room using a tablet with 
a 1920×1080 pixels resolution. The contrast and brightness 
of the images were adjusted to ensure the best visual effect.

Determination	of	Baseline	Plane	on	the	CBCT	Images	
Before Measurement

The coronal (blue line), sagittal (green line), and axial planes 
(red line) were positioned on the right maxillary first molar on 
a CBCT image (Figure 1) and the baseline plane was estab-
lished. The longitudinal axis of the target tooth was adjust-
ed to be perpendicular to the axial plane (horizontal plane). 
The tooth was rotated on the sagittal plane to ensure that the 
longitudinal axis of the tooth was without a mesial-distal tilt 
(Figure 1B). The coronal plane was also rotated so that the 
longitudinal axis of the tooth was without a buccal-lingual tilt 
(Figure 1C). After that, we combined the coronal plane with the 
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sagittal plane, moving the red line, across the dentin-enam-
el junction, to the dentin (Figure 1B, 1C). Next, we moved the 
green line and the blue line on the axial plane, ensuring that 
the green line was parallel to the mesial-distal direction and 
bisected the buccal-lingual distance and that the blue line was 
parallel to the buccal-lingual direction and bisected the me-
sial-distal distance on the axial plane. The intersection of the 
above 2 lines was placed at the center of the crown (Figure 1A).

The axial plane view was amplified to decrease the measure-
ment error by adjusting the length of the bottom of the axial 
plane view to 65 mm (13×5×1 mm=65 mm). Finally, 4 tangents 
were drawn at the 4 crown margin lines of the right maxillary 
first molar, on the axial plane view. The axial plane was de-
fined as the baseline plane (Figure 2A).

Establishment of a Rectangular Coordinate System After 
Determining	the	Baseline	Plane

The X-axis was set as the mesial crown margin tangential line 
and the Y-axis was set as the buccal crown margin tangential 
line, to establish a rectangular coordinate system for subse-
quent measurements of pulp horns and root canal orifices on 
the baseline plane (Figure 2A). All measurements of location 
and size of projections of pulp horns and root canal orifices 
on the occlusal surface were taken using this rectangular co-
ordinate system from the axial plane view on CBCT images.

Measurement	of	Pulp	Horn	Projections	on	CBCT	Images

Moving the red axial plane line slowly toward the root on the 
rectangular coordinate system, a low-density image of the me-
siobuccal (MB) pulp horn appeared on the baseline plane, and 
the coordinates were marked (x1, y1). The line was moved fur-
ther toward the root until the low-density image of the disto-
buccal (DB), mesiopalatal (MP), and distopalatal (DP) pulp horns 
appeared. Each of their coordinates was also marked ([x2, y2], 
[x3, y3], and [x4, y4], respectively) (Figure 2B-2E).

Measurement	of	Root	Canal	Orifice	Projections	on	CBCT	
images

When the red axial plane line was continuously moved toward 
the root until the image showed the high-density shadow of 
the pulp floor, three low-density shadows of the 3 root canal 
orifices (MB, DB, and palatal) appeared. The position of each 
root canal orifice was on the center point of the low-densi-
ty shadow. The coordinates of the 3 root canal orifices were 
marked ([x5, y5], [x6, y6], and [x7, y7], respectively) (Figure 2F-2H).

Thus, 8 coordinates were obtained for each CBCT image 
(Table 1): the first measurement was the intersection of the pal-
atal tangent line and the distal tangent line (x0, y0) (Figure 2A), 
while the remaining 7 coordinates reflected the positions of 4 
pulp horns ([x1, y1], [x2, y2], [x3, y3], and [x4, y4]), and 3 root ca-
nal orifices ([x5, y5], [x6, y6], [x7, y7]) (Figure 2B-2H). The 8 coor-
dinate points were measured 3 times to yield their average, 
and this was corrected to 0.01 mm.

Observers

Two endodontic graduate students (A and B) received stan-
dardized training on KaVo 3D eXam Vision software by a radi-
ologist with 20 years of clinical experience, to ensure accurate 
identification and measurement of anatomical landmarks in the 
CBCT images. First, all 3 independently examined 20 CBCT im-
ages where each CBCT image had 8 coordinate points (16 data 
points), yielding 16×20=320 measurements. One week later, 
the 2 endodontic graduate students repeated the 320 mea-
surements. Before starting the study, the intra- and inter-ob-
server agreements between the radiologist and students A and 
B were calculated using the interclass correlation coefficient 
(ICC) to evaluate data reliability. According to the standardized 
measurement procedure mentioned above, the 2 endodontic 
graduate students measured 500 CBCT images for the study.

A B C

Figure 1.  Cone-beam computed tomography images identifying the baseline plane of a right maxillary first molar for subsequent 
measurements of anatomical landmarks. (A) The axial plane view shows that the blue line has been adjusted to be parallel 
to the mesial and distal crown margin tangential line and bisects the baseline plane. Similarly, the green line has been 
adjusted to be parallel to the buccal and lingual crown margin tangential line and bisects the baseline plane. (B) The sagittal 
plane view shows that the tooth has no mesial-distal tilt. This was achieved by adjusting the longitudinal axis of the target 
tooth parallel to the blue line. (C) The coronal plane view shows that the tooth has no buccal-lingual tilt. This was also 
achieved by adjusting the longitudinal axis of the target tooth parallel to the green line.
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Figure 2.  Each pulp horn and root canal orifice was identified according to the first appearance of their low-density shadow and was 
designated by the x, y coordinates in the X and Y axes system. (A) Buccal-lingual distance; Mesial-distal distance. (B-E) Pulp 
horns (red dots): the intersection of the coronal plane (blue line) and the sagittal plane (green line) (MB, DB, MP, DB). (F-H) 
Root canal orifices (blue dots): the intersection of the coronal plane (blue line) and the sagittal plane (green line) (MB, DB, P). 
MB – mesiobuccal; DB – distobuccal; MP – mesiopalatal; DP – distopalatal; P – palatal.
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Data Analysis

Statistical analysis was performed using R software, ver-
sion 3.5.2 (R Foundation for Statistical Computing; 
http://www.r-project.org/). Eight coordinate points (8 coor-
dinate points) were analyzed with the Shapiro-Wilk statisti-
cal test to assess the normality of data distribution. Levene’s 
test was used to analyze the homogeneity of variance of the 
8 coordinate points. Normally distributed data were present-
ed as mean±standard deviation, while skewed data were de-
scribed using median (upper and lower quartiles). Data sat-
isfying normality and homogeneity of variance assumptions 
were subjected to an analysis of variance, while the Kruskal-
Wallis test was used for data that showed non-normality or 
inhomogeneity. After grouping by sex, Pearson’s correlation 
test was used to assess the association between the patients’ 
age and the 8 coordinate points. The Kruskal-Wallis test was 
used to evaluate sex differences for the 8 coordinate points. 
Significance was set at P<0.05.

Results

The ICC scores between the radiologist and students A and B 
were 0.98 and 0.97, respectively. The ICC scores of the 2 post-
graduates for the first and second time was 0.99 and 0.98, 

respectively. Therefore, these measurements had high intra- 
and inter-observer reliability.

Among the 500 CBCT images, 198 were males (39.6%), and 
302 were females (60.4%). Age was normally distributed with 
the mean age being 30.29±12.05 years. The normality tests 
of the 8 coordinate points are shown in Table 2, and those of 
the homogeneity of variance tests are shown in Table 3. No 
statistically significant correlations were observed between 
patient age and the 8 coordinate points, either among males 
or females (Table 4).

The nine-rectangle-grid, shown in Figure 3, comprised trisec-
tion of the buccal-lingual diameter (Lb, Lp) and trisection of 
the mesial-distal diameter (Lm, Ld) on the baseline plane. The 
projections of 4 pulp horns (red dot) that guide the TEC and 3 
root canal orifices (blue dot) that guide the CEC in the base-
line plane are shown in Figure 3A and 3C. Connecting the 4 
red dots formed a red oblique quadrilateral, essentially concen-
trated in the central area of the nine-rectangle-grid. Similarly, 
connecting the 3 blue dots formed a blue triangle, primarily 
in the central grid with extension in the distal and buccal ar-
eas (Figure 3).

The area of TEC was 9.61 mm2 in males and 8.91 mm2 in fe-
males (P<0.05, Table 5). The area of CEC was 3.4 mm2 in males 
and 3.16 mm2 in females (P<0.05, Table 5). The ratio of the 

Symbols Clinical meanings

(x0, y0)
x0 Buccal-lingual distance: the distance from the buccal marginal ridge to the lingual marginal ridge

y0 Mesio-distal distance: the distance from the mesial marginal ridge to the distal marginal ridge

(x1, y1)
x1 x-Coordinate of MB pulp horn: the distance from the MB pulp horn to the buccal marginal ridge

y1 y-Coordinate of MB pulp horn: the distance from the MB pulp horn to the mesial marginal ridge

(x2, y2)
x2 x-Coordinate of DB pulp horn: the distance from the DB pulp horn to the buccal marginal ridge

y2 y-Coordinate of DB pulp horn: the distance from the DB pulp horn to the mesial marginal ridge

(x3, y3)
x3 x-Coordinate of MP pulp horn: the distance from the MP pulp horn to the buccal marginal ridge

y3 y-Coordinate of MP pulp horn: the distance from the MP pulp horn to the mesial marginal ridge

(x4, y4)
x4 x-Coordinate of DP pulp horn: the distance from the DP pulp horn to the buccal marginal ridge

y4 y-Coordinate of DP pulp horn: the distance from the DP pulp horn to the mesial marginal ridge

(x5, y5)
x5 x-Coordinate of MB orifice: the distance from the MB root canal orifice to the buccal marginal ridge

y5 y-Coordinate of MB orifice: the distance from the MB root canal orifice to the mesial marginal ridge

(x6, y6)
x6 x-Coordinate of DB orifice: the distance from the DB root canal orifice to the buccal marginal ridge

y6 y-Coordinate of DB orifice: the distance from the DB root canal orifice to the mesial marginal ridge

(x7, y7)
x7 x-Coordinate of P orifice: the distance from the P root canal orifice to the buccal marginal ridge

y7 x-Coordinate of P orifice: the distance from the P root canal orifice to the mesial marginal ridge

Table 1. Symbols used and descriptions of the 16 CBCT measurements.

MB – mesiobuccal; DB – distobuccal; MP – mesiopalatal; DP – distopalatal; P – palatal; CBCT – cone-beam computed tomography.
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area formed by the pulp horn projection-connecting lines to 
that of the root canal orifice projection-connecting lines was 
2.84 in males and 2.8 in females (P>0.05, Table 5, Figure 4).

Discussion

In root canal therapy, coronal access preparation is a crucial 
step and a prerequisite for an excellent endodontic progno-
sis [22]. Minimally invasive endodontics emphasizes the pres-
ervation of a maximal amount of healthy tooth tissue. In the 
present study, the traditional access cavity was determined 
by coronal access guided by the projection of the pulp horns. 
In contrast, the conservative access cavity was determined by 
coronal access, guided by the projection of the root canal or-
ifices. The location and size of 2 endodontic access cavities 
were compared based on projections of the pulp horns and 
the root canal orifices onto the occlusal surface of the right 
maxillary first molar using CBCT.

The study measurements included a voxel size of 0.25 mm 
and a large field-of-view for several reasons. First, considering 
the patient’s safety and radiation dose, a small CBCT exami-
nation should be considered in cases where lower dose con-
ventional radiography does not provide sufficient information 
for a confident diagnosis [23]. Second, CBCT is not routinely 
performed before root canal therapy. It is employed for com-
plex root canal systems when endodontic access cavities have 
been opened and the roof of the pulp chamber has been re-
moved. Third, the coronal structure is damaged, and dental 
defects occur when root canal therapy is performed for car-
ies. CBCT images are not suitable for the study of endodontic 
access cavities. Fourth, it is not ethical to have patients artifi-
cially photographed with CBCT with a voxel size of 0.125 mm 
for conducting the study. It is difficult to obtain such a large 
sample number of up to 500 CBCT images with intact teeth. 
Therefore, 500 CBCT images with large field-of-view were ob-
tained when patients visited the hospital for an implant or 
orthodontic treatment in this study.

Variable
Men N=198 Women N=302

W P-value W P-value

Age 0.97 0.00 0.89 0.00*

x0 0.99 0.14 0.99 0.11

y0 0.99 0.16 0.99 0.02*

x1 0.99 0.24 0.99 0.02*

y1 0.99 0.14 0.99 0.02*

x2 0.98 0.01* 0.87 0.00*

y2 0.99 0.14 0.98 0.00*

x3 0.99 0.62 0.99 0.13

y3 0.99 0.58 0.99 0.03*

x4 0.99 0.14 0.90 0.00*

y4 0.99 0.04* 0.96 0.00*

x5 0.98 0.02* 0.99 0.25

y5 0.98 0.01* 0.99 0.19

x6 0.98 0.00* 0.99 0.13

y6 0.99 0.19 0.99 0.01*

x7 0.99 0.09 0.98 0.00*

y7 0.99 0.07 1.00 0.49

PHPA 0.99 0.21 1.00 0.76

RCOPA 0.98 0.01* 0.99 0.01*

Ratio 0.89 0.00* 0.89 0.00*

Table 2.  Shapiro-Wilk normality test of 8 coordinate points for 
males and females.

* P<0.05. The definitions of x0…x7, y0…y7 are shown in Table 1. 
PHPA – pulp horn projection-connecting lines area; RCOPA – root 
canal orifice projection-connecting lines area.

Variable F P-value

Age 12.95 0.00*

x0 0.10 0.75

y0 0.13 0.71

x1 0.11 0.74

y1 0.00 0.95

x2 5.43 0.02*

y2 0.50 0.48

x3 2.50 0.11

y3 0.05 0.82

x4 0.05 0.82

y4 0.03 0.87

x5 10.11 0.00*

y5 3.29 0.07

x6 7.97 0.00*

y6 0.43 0.51

x7 0.11 0.74

y7 1.00 0.32

PHPA 4.85 0.03*

RCOPA 4.75 0.03*

Ratio 0.41 0.52

Table 3.  Levene’s test for homogeneity of variance of 8 
coordinate points for males and females.

* P<0.05. The definitions of x0…x7, y0…y7 are shown in Table 1. 
PHPA – pulp horn projection-connecting lines area; RCOPA – root 
canal orifice projection-connecting lines area.
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For precise measurement, the longitudinal axis of the target 
tooth was adjusted to be perpendicular to the axial plane (hor-
izontal plane) to obtain the vertical projection point of each 
pulp horn and root canal orifice on the baseline plane. It was 
requisite that the center point of the first-appearing, low-den-
sity shadow of each pulp horn and root canal orifice on the 
axial plane view was used, as this would prevent variability 
(Figure 2). Each point was measured 3 times and averaged. 
Such standardization ensured measurement reproducibility.

However, the MB2 canal orifice was not measured for the fol-
lowing reasons. First, when we initially designed the endodon-
tic access cavity, we considered that the cavity should comply 
with a minimally invasive treatment strategy. The MB2 ca-
nal orifice was not explored before the MB canal orifice was 
opened by removing the roof of the pulp chamber. Second, 
it had been reported that an MB2 canal orifice was located 
1.25±0.34 mm mesially and 2.68±0.49 mm palatally to the MB 
canal orifice [24]. Hence, even if an MB2 canal orifice existed, 
it had little effect on the size of access cavity.

The projection position of the pulp horns and the root canal or-
ifices on the occlusal surface did not change with age (Table 4). 
One explanation is that secondary dentin and pulp calcifications 
are formed with age. Since secondary dentin is mainly deposit-
ed on the pulp chamber walls, the size of the pulp chamber and 
root canals gradually reduced [25,26]. Pulp calcifications deposit 
hard tissue on the dentin/pulp interface [27]. Therefore, second-
ary dentin and pulp calcifications may not affect the position of 
the pulp horns and the root canal orifices. Another reason there 
was no difference with age is that the 500 CBCT images were 
obtained when the patients came to the hospital for an implant 
or orthodontic treatment. The patients in the study undergoing 
orthodontic treatment were mostly young (30.29±12.05 years 
old). Studies with large sample sizes and different age groups 
should be conducted in future to justify these results.

The connection of the projection of 4 pulp horns formed a 
quadrilateral, and those of the 3 root canal orifices formed a 
triangle. The area of TEC was approximately 9.61 mm2 for males 
and 8.91 mm2 for females, while that of CEC was approximate-
ly 3.4 mm2 for males and 3.16 mm2 for females. The dimen-
sion of CEC was reduced by 65% compared with straight-line 
opening access (Figure 4, Table 5). This finding may show that 
in contrast to a straight-line preparation, CEC is less invasive, 
and can save more dental hard tissue, further decreasing the 
risk of tooth fracture after treatment. Furthermore, CEC pre-
serves the pulpal chamber roof, allowing distribution of the 
occlusal forces before reaching the pulpal chamber floor, when 
the tooth is subjected to high chewing pressure [28].

The baseline plane of the right maxillary first molar was a 
quadrilateral, composed of a buccal tangent line, palatal tan-
gent line, mesial tangent line, and a distal tangent line. Four 
trisection lines (Lm, Ld, Lb, Lp) formed a nine-rectangle-grid on 
the baseline plane (Figure 3). Interestingly, the projections of 
pulp horns and root canal orifices were both in the center of 
the nine-rectangle-grid, except the MB pulp horn and MB canal 
orifice (Figure 3), which were near the center of the nine-rect-
angle-grid. This finding implies that the distribution of projec-
tions can be used as a reference for the design, size, and loca-
tion of the access cavity in clinical operation. For access, the 
cavity should be limited to the center of the nine-rectangle-
grid, especially for the posterior teeth. Therefore, the concept 
of a nine-rectangle-grid has an important impact on endodontic 
access cavities to avoid excessive removal of tooth tissue, cor-
rect excessive removal of healthy tooth tissue, and increase the 
probability of tooth saving, especially for the posterior teeth.

Although the conservative access cavity may preserve more 
tooth tissue, it compromises the instrumentation of root canals. 
Further studies are recommended to confirm its effect on the 
cleaning and shaping of the root canal system. The present study 
did not use a voxel size of 0.125 mm and a small field-of-view. A 

Variable
Men Women

R P-value R P-value

x0 -0.01 1.00 -0.03 1.00

y0 -0.11 1.00 -0.11 1.00

x1 0.08 1.00 0.03 1.00

y1 0.05 1.00 0.00 1.00

x2 0.02 1.00 0.02 1.00

y2 -0.09 1.00 -0.13 0.36

x3 0.01 1.00 -0.06 1.00

y3 -0.03 1.00 -0.09 1.00

x4 -0.03 1.00 -0.08 1.00

y4 -0.02 1.00 -0.02 1.00

x5 0.01 1.00 0.02 1.00

y5 0.10 1.00 -0.02 1.00

x6 0.00 1.00 -0.06 1.00

y6 -0.10 1.00 -0.10 1.00

x7 0.00 1.00 -0.08 1.00

y7 0.00 1.00 -0.04 1.00

PHPA -0.08 1.00 -0.15 0.22

RCOPA -0.20 0.09 -0.11 1.00

Ratio 0.14 0.93 -0.01 1.00

Table 4.  Correlation analysis between age and 8 coordinate 
points for males and females.

* P<0.05. The definitions of x0…x7, y0…y7 are shown in Table 1. 
PHPA – pulp horn projection-connecting lines area; RCOPA – root 
canal orifice projection-connecting lines area.
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Figure 3.  Schematic diagram of each anatomical landmark in the nine-rectangle-grid of males and females. (A) Distribution of pulp 
horns (red dot) and root canal orifices (blue dot) in the nine-rectangle-grid in males. (B) The blue triangle is the area formed 
by the root canal orifice projection-connecting lines the red oblique quadrilateral is the area formed by the pulp horn 
projection-connecting lines in males. (C) Distribution of pulp horns (red dot) and root canal orifices (blue dot) in the nine-
rectangle-grid in females. (D) The blue triangle is the area formed by the root canal orifice projection-connecting lines. The 
red oblique quadrilateral is the area formed by the pulp horn projection-connecting lines in females. Lb – vertical dotted 
line near the buccal marginal ridge represents the trisection of the buccal-lingual diameter; Lp – vertical dotted line near the 
palatal marginal ridge represents the trisection of the buccal-lingual diameter; Lm – horizontal dotted line near the mesial 
marginal ridge represents the trisection of the mesial-distal diameter; Ld – horizontal dotted line near the distal marginal 
ridge represents the trisection of the mesial-distal diameter; MB – mesiobuccal; DB – distobuccal; MP – mesiopalatal; 
DP – distopalatal; P – palatal; TEC – traditional endodontic cavity; CEC – contracted endodontic cavity.
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Variable Sex  Statistic P-value

Age (years)
Men  30.5 (10-43)

34533 0.00*
Women  26.0 (10-33.75)

x0 (mm)
Men  11.12±0.52a

0.1798 0.672
Women  10.86±0.5a

y0 (mm)
Men  10.67 (10.33-11)b

15.12 0.00*
Women  10.50 (10.17-10.83)b

x1 (mm)
Men  3.33 (3.13-3.5)b

6.95 0.01*
Women  3.25 (3.08-3.42)b

y1 (mm)
Men  3.67 (3.5-3.92)b

6.38 0.01*
Women  3.58 (3.38-3.83)b

x2 (mm)
Men  3.83 (3.58-4.16)b

14.90 0.00*
Women  3.67 (3.5-3.92)b

y2 (mm)
Men  6.58 (6.25-6.92)b

19.43 0.00*
Women  6.42 (6.17-6.75)b

x3 (mm)
Men  7.39±0.52a

2.459 0.118
Women  7.09±0.47a

y3 (mm)
Men  7.00 (6.75-7.33)b

16.79 0.00*
Women  6.83 (6.5-7.17)b

x4 (mm)
Men  7.25 (7-7.56)b

29.21 0.00*
Women  7.08 (6.75-7.33)b

y4 (mm)
Men  4.63 (4.38-4.92)b

1.13 0.29
Women  4.58 (4.33-4.91)b

x5 (mm)
Men  3.04 (2.58-3.38)b

0.23 0.64
Women  3.00 (2.75-3.33)b

y5 (mm)
Men  4.75 (4.33-5.17)b

4.81  0.03*
Women  4.66 (4.25-5)b

x6 (mm)
Men  3.83 (3.5-4.25)b

4.41  0.04*
Women  3.75 (3.5-4.08)b

y6 (mm)
Men  6.65 (6.33-7)b

16.16  0.00*
Women  6.50 (6.17-6.83)b

x7 (mm)
Men  7.42 (7.08-7.75)b

36.00  0.00*
Women  7.08 (6.77-7.5)b

y7 (mm)
Men  6.41±0.53a

0.998  0.318
Women  6.3±0.48a

Table 5. Single-factor analysis of 8 coordinate points for males and females.
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Table 5 continued. Single-factor analysis of 8 coordinate points for males and females.

a ANOVA; b Kruskal-Wallis. * P<0.05. The definitions of x0…x7, y0…y7 are shown in Table 1. PHPA – pulp horn projection-connecting lines 
area; RCOPA – root canal orifice projection-connecting lines area.

Variable Sex  Statistic P-value

PHPA (mm2)
Men  9.61 (8.31-11.18)b

19.79  0.00*
Women  8.91 (7.85-10.29)b

RCOPA (mm2)
Men  3.40 (2.78-4.27)b

11.03  0.00*
Women  3.16 (2.5-3.82)b

Ratio
Men  2.84 (2.28-3.48)b

 0.02 0.88
Women  2.80 (2.31-3.43)b
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Figure 4.  Analysis of differences in RCOPA and PHPA in males and females. (A) Comparative analysis of the area of RCOPA and PHPA in 
males (n=198). (B) Comparative analysis of the area of RCOPA and PHPA in females (n=302). (C) Comparative analysis of the 
ratio of PHPA to RCOPA between males and females. PHPA – pulp horn projection-connecting lines area; RCOPA – root canal 
orifice projection-connecting lines area.
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future study should be performed with micro-computed tomog-
raphy to provide useful information with higher quality images.

Conclusions

The CEC is less invasive than the TEC. The concept of nine-rect-
angle-grid can be used as a guide for clinical access opening, 
especially for posterior teeth.
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