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Abstract
Objectives The aim was to assess the anatomical relationship of anterior maxillary teeth to the nasal floor in patients referred for
apical surgery.
Materials and methods Cone beam computed tomographic images (CBCT) of 83 patients were analysed retrospectively to
quantify the distances between the root apices of maxillary anterior teeth (canine to canine) to the nasal floor or maxillary sinus
(whichever was closer). Secondary outcome variables were the distances of the periapical lesion to the nasal floor, distances of the
apices to the labial and palatal bone plates as well as to the neighbouring teeth.
Results A total of 93 teeth (39 central, 35 lateral incisors and 19 canines) were analysed. Themean shortest distances of the apices
to the nasal floor (or maxillary sinus) were 8.54mm for central incisors, 9.49mm for lateral incisors and 5.39mm for the canines.
The canines exhibited a significantly shorter distance to the nasal floor/maxillary sinus. In the presence of an osteolysis, the
distance to the nasal floor was significantly shorter compared to the teeth without lesions. The lateral and central incisors showed
significant proximity to each other at the level of the future surgical resection (3 mm from the apex).
Conclusions A close proximity between apices and adjacent anatomical structures such as nasal floor, maxillary sinus or adjacent
roots could be shown in some cases.
Clinical relevance CBCT could be a valuable adjunctive imaging tool prior to apical surgery in the anterior maxilla to assess the
risk for and decrease the incidence of damage to neighbouring anatomical structures such as the nasal floor, maxillary sinus or
adjacent roots.
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Introduction

The anterior maxilla is often described as a relatively safe region
for surgical interventions, especially with regard to apical surgery
[1]. However, increasing numbers of surgical interventions and

variations of local anatomical structures may increase the risk of
complications [2, 3]. This is also highlighted by a web-based
survey from 2009 among 1045 American endodontists revealing
that the majority of the respondents perform apical surgery on
maxillary anterior teeth [4]. Considering the anatomical varia-
tions in the anterior maxilla, many studies have described the
dimensions and course of the nasopalatine canal and its relation-
ship to the roots of the anterior teeth [3, 5–8]. Only few studies
have reported on other bone channels than the nasopalatine ca-
nal—e.g., the canalis sinuosus—or on the morphology of the
nasal floor [9–12]. Furthermore, the relationship of the anterior
teeth to the nasal floor should also be taken into account when
planning apical surgery.

The indication for apical surgery is based on clinical and
radiological aspects, whereby either two- (2D) or three-
dimensional (3D) radiography is used [13]. In case of clinical
symptoms such as swelling in the anterior maxilla, nasal ob-
struction or sensory disturbance, a presurgical 3D radiographic
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analysis is recommended [1]. For the posterior maxilla, several
studies investigated the relationship between the roots of the
posterior teeth and the maxillary sinus using cone beam com-
puted tomography (CBCT) [14–21]. In contrast, only one study
has examined the relationship between the roots of the anterior
maxillary teeth and the nasal floor using computed tomography
(CT) [1]. Because of a generally lower radiation dose in contrast
to medical CT, wide availability in private practice, scan time
reduction and higher spatial resolution, CBCT is nowadays the
method of choice for 3D imaging in dental medicine [22–24].
Specifically for indications in the field of endodontology,
CBCT allows better identification of endodontic pathologies,
shows the relationship of pathological changes to important
neighbouring anatomical structures and is therefore superior
to two-dimensional radiographs for treatment planning in con-
ventional and surgical endodontics [1, 25].

The aim of the present study was to assess the anatomical
relationship of the roots in the anterior maxilla to the nasal
floor (or to the maxillary sinus) using CBCT in patients re-
ferred for apical surgery. Furthermore, distances of the apices
to the labial and palatal bone plates as well as to the
neighbouring teeth were assessed, and the tooth with pathol-
ogy was compared to its healthy contralateral tooth.

Materials and methods

Patient population

The present study analysed retrospectively CBCT scans of
patients referred by private practitioners for evaluation of a
possible treatment with apical surgery. All CBCT images were
taken at our department from March 2009 to March 2018.
Inclusion criteria were teeth in the anterior maxilla (canine
to canine) and existing CBCT of sufficient quality.
Exclusion criteria were as follows:

– Patient younger than 20 years old
– Root resorption of the tooth intended for apical surgery
– Root fracture of the tooth intended for apical surgery
– Previous apical surgery of the tooth referred for apical

surgery
– Supernumerary and/or impacted teeth in the anterior

maxilla
– Neoplasia or other unclear processes in the anterior

maxilla
– Patients with bilaterally affected teeth (e.g., teeth 11 and 21)

The teeth fulfilling the inclusion criteria were classified as
the initial study sample. Out of this pool, a test group was
selected where the contralateral tooth was fully visible in the
CBCT scan. The contralateral teeth were designated as the
control group.

The primary outcome of this study was the distance from
the apices of the anterior maxillary teeth (test versus control)
to the nasal floor or to the maxillary sinus (whichever was
closer). Secondary outcomes included the following:

– The distance from the periapical lesion to the nasal floor.
– The distance from the apices of the anterior maxillary

teeth to the labial and palatal bone plates.
– The distance from the apices of the anterior maxillary

teeth to the neighbouring teeth.

Examination and data collection were all done according to
the guidelines of the World Medical Association Declaration
of Helsinki (World Medical Association 2013). The study
protocol has been approved by the standing ethics committee
of the State of Bern (approval number KEK-BE 361/15). All
patients included gave their informed consent to use their ra-
diographic data for further analysis.

Radiographic analysis

All CBCT images were taken with a 3D Accuitomo 170
(Morita, Kyoto, Japan) with fields of view (FOV) varying
between 4 × 4 cm and 10 × 14 cm, and basic voxel sizes rang-
ing from 0.08 to 0.25 mm. Operating parameters were set at
5.0 mA and 90 kV. Exposure times were either 10.5 (high
speed mode) or 17.5 s (standard mode). For all CBCT images,
the FOV was selected according to the clinical situation and
indication. The CBCT images were all evaluated by one cal-
ibrated observer (JD) on a 19-in. Eizo Flexscan monitor with a
resolution of 1280 × 1024 pixels (Eizo Nanao AG,
Wädenswil, Switzerland).

The included teeth (test and control) were aligned in the
sagittal (bucco-palatal orientation) as well as in the coronal
plane (mesio-distal orientation) through the long axis of their
roots. Twenty patients were randomly selected (www.
randomizer.org) for testing the intra-observer reliability with
regard to the radiographic measurements. The first and second
readings were done at least 3 weeks apart from each other. The
following analyses and measurements were performed using a
dedicated computer software (i-Dixel, Version 2.0.4, Morita,
Kyoto, Japan):

1. Distance (mm) from the apex to the nasal floor measured
in the sagittal CBCT plane in test and control teeth
(Fig. 1a):

a. Shortest distance from the apex to the nasal floor
(sANF)

b. Distance from the apex to the nasal floor in the exten-
sion of the longitudinal tooth axis (aANF)
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2. Distance (mm) from the periapical radiolucency to the
nasal floor measured in the sagittal CBCT plane in test
teeth only (Fig. 1b):

a. Measured from the upper cortical border of the lesion
in the axis of the shortest distance from the apex to the
nasal floor (sONF)

b. Measured from the upper cortical border of the lesion
in the extension of the longitudinal tooth axis from the
apex to the nasal floor (aONF)

3. Distances (mm) from the root to the labial and palatal
bone plates at two different levels measured in the sagittal
CBCT plane in the test and control teeth (Fig. 2):

a. Distances from the apex to the labial (aLBP) and pal-
atal (aPBP) bone plates (measured perpendicularly to
the longitudinal tooth axis)

b. Distances from the root to the labial (rLBP) and palatal
(rPBP) plates at three millimetres from the apex (mea-
sured perpendicularly to the longitudinal tooth axis)

4. Distances (mm) from the root to the adjacent mesial and
distal teeth at two different levels measured in the coronal
CBCT plane in the test and control teeth (Fig. 3):

a. Shortest distance from the apex to the mesial (aMT)
and distal (aDT) tooth (measured perpendicularly to
the longitudinal tooth axis)

b. Shortest distance from the root to the mesial (rMT)
and distal (rDT) tooth at three millimetres from the
apex (measured perpendicularly to the longitudinal
tooth axis)

Furthermore, it was recorded if the periapical lesion had
perforated the nasal floor and instances where the maxillary
sinus was located closer to the affected tooth than the nasal

floor. In cases where the maxillary sinus was closer, the mea-
surement was performed rather to the maxillary sinus than to
the nasal floor. It was also recordedwhen a neighbouring tooth
was missing or if a tooth had been replaced by a dental im-
plant. In case of a missing neighbouring tooth or a tooth being

Fig. 1 a Distances (mm) from the
apex to the nasal floor as
measured in a sagittal CBCT
plane. sANF represents the
shortest distance from the apex to
the nasal floor, aANF the
extension of the longitudinal
tooth axis from the apex to the
nasal floor. b Distances (mm)
from the periapical radiolucency
to the nasal floor as measured in a
sagittal CBCT plane in the axis of
the shortest distance from the
apex to the nasal floor (sONF)
and in the extension of the
longitudinal tooth axis from the
apex to the nasal floor (aONF)

Fig. 2 Distances (mm) from the root to the labial and palatal bone plates
at two different levels measured perpendicularly to the longitudinal tooth
axis in a sagittal CBCT plane: measurements from the apex to the labial
(aLBP) and palatal (aPBP) alveolar bone surface and at 3 mm from the
apex of the root to the labial (rLBP) and palatal (rPBP) bone plates
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replaced by an implant, no measurements were performed
concerning aMT and rMT, respective aDT and rDT. When
the measurement in the coronal plane could not be performed
using a 90° angle (e.g. the root was longer than the adjacent
root), the distance was measured by drawing a line to the
adjacent apex. No comparison was performed regarding
sONF and aONF between test and control teeth, as the control
teeth exhibited no periapical osteolysis by definition. The pa-
tient’s demographic data including age and gender was
recorded.

Statistical analysis

Descriptive statistics for all measurements were reported using
mean, median, maximum, minimum and standard deviation.
All the analyses were performed using IBM SPSS Statistics
for Windows, Version 24 (IBM Corp., Armonk, NY, USA),
and the level of significance was set at 0.05. Intraclass corre-
lation coefficients (ICC) and 95% confident intervals with
two-way mixed model and absolute agreement were comput-
ed to evaluate the intra-observer reliability of the measure-
ments. One-way ANOVA tests (or Kruska Wallis ANOVA
tests for non-normally distributed data) were used to compare
the mean (or median) difference in the measurements among
the central incisors, lateral incisors and canines in the initial
study sample. Tukey’s multiple comparisons (or multiple
Mann-Whitney U tests with adjusted level of significance to
0.05/3 = 0.017) were performed to identify the differences in
the three types of teeth. Paired t tests (or Wilcoxon signed-
rank tests for non-normally distributed data) were used to
compare the mean (or median) difference in measurements
between the test and control teeth.

Results

Population analysed

Out of initially 322 maxillary anterior teeth (268 patients)
referred for an apical surgery during the study period, 229
teeth (185 patients) did not meet the inclusion criteria and
were therefore excluded for further analysis. Thus, 83 patients
with 93 teeth were included for the final evaluation of the
initial sample. From this initial pool, 52 patients with 59 teeth
having their contralateral tooth fully visible in the CBCT scan
were selected for an additional comparative analysis (test and
control groups) (Fig. 4).

In the initial study sample, the mean age of the participants
was 55.9 years comprising of 39 male (47%) and 44 female
patients (53%). Out of the 93 teeth included, 39 were central
incisors, 35 lateral incisors and 19 canines (Table 1). In the test
and control groups, the mean age and gender distribution of
the participants were similar to the initial study sample, how-
ever with fewer lateral incisors and canines.

Radiographic analysis

Intra-observer reliability of repeated measurements of the ran-
domly selected CBCTscans was excellent. ICC values ranged
from 0.954 to 0.998 for the different study parameters [26].

Comparing the teeth of the initial study sample with each
other, the following results were found (Table 2):

The lateral and central incisors showed longer sANF mea-
surements (mean values of 9.49 mm and 8.54 mm, respective-
ly) than the canines (5.39 mm, p < 0.001). In contrast, no
significant difference in aANF was found (p = 0.242).
Regarding sONF, the canines were the closest with a mean

Fig. 3 Distances (mm) from the
root to the adjacent mesial and
distal teeth as measured at two
different levels perpendicularly to
the longitudinal tooth axis in a
coronal CBCT plane: from the
apex to the mesial (aMT) and
distal (aDT) teeth and at 3 mm
from the apex of the root to the
mesial (rMT) and distal (rDT)
teeth
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of 3.50 mm compared to 5.86 mm for the lateral incisors and
5.91 mm for the central incisors (p = 0.025). Comparable

aONF values were found in all three types of teeth (p =
0.892). In five canines, the measurements for sANF and
sONF were performed to the maxillary sinus instead of the
nasal floor. The same method was applied in eight canine
cases regarding the measurements of aANF and aONF. In
two central incisors, three lateral incisors and two canines,
measurements for aANF and aONF could not be performed
due to the root position relative to the alveolar process
resulting in the tooth axis projecting anteriorly out of the max-
illary bony housing (longitudinal axis of the tooth is anterior to
the nasal floor). Furthermore, two periapical osteolytic lesions
had perforated the nasal floor (two lateral incisors).

Both aLBP and rLBPwere similar in all three types of teeth
(p > 0.05). However, aPBP and rPBP were found to be lower
for central and lateral incisors compared to canines (p < 0.05).

Lateral incisors showed significantly lower distances to the
mesial adjacent tooth than central incisors or canines (aMT
and rMT, p < 0.001). In eight cases, there was no mesial tooth
available. Furthermore, an implant was present in five cases
instead of a mesial tooth. Contrary, aDTwas shorter for central
and lateral incisors compared to canines (p = 0.002).

Collected data (n = 268, teeth = 322)

Excluded (n= 134, teeth= 159):

- no CBCT, only 2-dimensional 

radiographs taken

Initial study sample (n = 83, teeth = 93)

Excluded (n= 51, teeth= 70)

- 14 patients with 19 teeth had CBCT 

taken in private practice

- 21 patients with 24 teeth had a 

history of previous apical surgery 

- 4 patients with 5 teeth with root 

resorption

- 5 patients with 10 teeth presenting 

cysts and displacement of anatomic 

structures

- one patient with one tooth showed a 

foreign body and insufficient quality of 

CBCT

- 5 patients with 10 teeth had bilateral 

affected teeth (e.g. tooth 11 and 21)

- one patient with one tooth had a 

supernumerary tooth in the anterior 

maxilla

Test / Control group (n = 52, teeth = 59)

Not selected for comparative 

analysis (n= 31, teeth= 34):

- 29 patients with 32 contralateral teeth 

not available for measurement (e.g. 

small FOV or missing tooth)

- two patients presented an implant 

contralaterally instead of a tooth

Fig. 4 Flow-chart depicting the
enrolment process of patients
referred for apical surgery of
anterior maxillary teeth for further
analysis. n = numbers of patients

Table 1 Characteristics of included patients and teeth in the test and
control groups

Initial study sample Test and control groups

Patients, n 83 52

Age, years
Mean 55.9 55.3
Median 59 59
Maximum 86 86
Minimum 21 21
SD 15.0 15.4

Gender, n (%)
Female 44 (53%) 31 (60%)
Male 39 (47%) 21 (40%)

Teeth, n 93 59
Central incisors 39 34
Lateral incisors 35 17
Canines 19 8

SD = standard deviation
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Table 2 Comparison of various distances (mm) from the apices of the initially included teeth scheduled for apical surgery as measured in sagittal,
respective coronal CBCT planes (n = 93)

Initial study sample p value Multiple comparison

I1 I2 C

sANF (n = 39) (n = 35) (n = 19)
Mean 8.54 9.49 5.39 < 0.001a I1, I2 >C
Median 8.61 9.43 5.44
Maximum 14.20 15.11 12.22
Minimum 3.39 4.13 1.07
SD 2.95 2.83 2.77

aANF (n = 37) (n = 32) (n = 17)
Mean 8.82 9.65 8.00 0.242a –
Median 8.67 9.70 6.41
Maximum 14.60 16.23 16.24
Minimum 3.47 5.02 1.14
SD 2.91 2.81 4.87

sONF (n = 39) (n = 35) (n = 19)
Mean 5.91 5.86 3.50 0.025b I1, I2 >C
Median 5.68 5.70 3.81
Maximum 14.30 12.19 7.03
Minimum 0.72 0.00 0.33
SD 3.51 3.68 2.05

aONF (n = 37) (n = 32) (n = 17)
Mean 5.85 5.89 6.36 0.892b –
Median 6.22 5.67 5.27
Maximum 13.23 12.07 15.56
Minimum 0.65 0.00 0.69
SD 3.58 3.69 4.48

aLBP (n = 39) (n = 35) (n = 19)
Mean 2.06 2.34 2.09 0.675a –
Median 1.89 2.12 2.48
Maximum 4.59 5.63 4.77
Minimum 0.00 0.00 0.00
SD 1.35 1.33 1.62

rLBP (n = 39) (n = 35) (n = 19)
Mean 0.91 0.80 0.95 0.839a –
Median 0.82 0.68 0.65
Maximum 3.06 2.84 2.97
Minimum 0.00 0.00 0.00
SD 0.81 0.72 0.87

aPBP (n = 39) (n = 35) (n = 19)
Mean 8.45 6.75 11.37 <0.001a C > I1, I2
Median 7.47 6.49 10.55
Maximum 18.52 15.10 18.12
Minimum 2.74 0.00 6.92
SD 3.44 3.69 3.61

rPBP (n = 39) (n = 35) (n = 19)
Mean 4.85 3.20 6.68 < 0.001a C > I1 > I2
Median 3.89 2.84 6.25
Maximum 12.48 8.92 12.39
Minimum 0.00 0.00 2.76
SD 2.79 2.21 2.88

aMT (n = 34) (n = 31) (n = 15)
Mean 7.86 4.91 8.44 < 0.001a I1, C > I2
Median 7.84 4.71 8.09
Maximum 13.04 7.89 11.72
Minimum 5.04 2.99 6.17
SD 1.88 1.20 1.62
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Table 2 (continued)

Initial study sample p value Multiple comparison

I1 I2 C

rMT (n = 34) (n = 31) (n = 15)
Mean 4.95 2.60 5.73 <0.001b I1, C > I2
Median 4.78 2.48 5.93
Maximum 9.40 4.41 7.78
Minimum 2.42 1.13 3.44
SD 1.49 0.98 1.30

aDT (n = 34) (n = 35) (n = 13)
Mean 4.97 4.98 6.71 0.002a C > I1, I2
Median 4.54 4.49 6.32
Maximum 12.74 7.95 9.78
Minimum 2.57 2.48 4.01
SD 1.92 1.32 1.55

rDT (n = 34) (n = 35) (n = 13)
Mean 2.65 3.34 4.28 < 0.001a I2, C > I1
Median 2.47 3.06 4.32
Maximum 8.44 6.14 7.20
Minimum 0.93 1.62 2.16
SD 1.34 1.07 1.53

SD standard deviation, I1 central incisor, I2 lateral incisor,C canine, sANF shortest distance from the apex to the nasal floor, aANF distance from the apex
to the nasal floor in the extension of the longitudinal tooth axis, sONF shortest distance from the periapical radiolucency to the nasal floor (from the
apex), aONF distance from the periapical radiolucency to the nasal floor (extension of the longitudinal tooth axis from the apex to the nasal floor), aLBP
distance from the apex to the labial bone plate, rLBP distance from the root to the labial bone plate at 3 mm from the apex, aPBP distance from the apex to
the palatal bone plate, rPBP distance from the root to the platal bone plate at 3 mm from the apex, aMT shortest distance from the apex to the mesial tooth,
rMT shortest distance from the root to the mesial tooth at 3 mm from the apex, aDT shortest distance from the apex to the distal tooth, rDT shortest
distance from the root to the distal tooth at 3 mm from the apex
a p value from Kruskal Wallis; b ANOVA test

Table 3 Comparison of distances (mm) from the apex and from the periapical lesion to the nasal floor as measured in sagittal CBCT planes in test and
control teeth (n = 59)

I1 I2 C Total

Test Control Test Control Test Control Test Control p value

sANF (n = 34) (n = 17) (n = 8) (n = 59) 0.064*

Mean 8.62 8.05 9.70 9.66 4.75 5.36 8.40 8.15

Median 8.25 8.32 9.17 9.96 3.94 5.25 8.16 8.14

Maximum 14.20 13.57 15.04 15.37 12.22 10.75 15.04 15.37

Minimum 3.39 3.57 5.75 2.92 1.07 1.20 1.07 1.20

SD 3.12 2.83 3.12 3.44 3.50 3.23 3.48 3.29

aANF (n = 31) (n = 16) (n = 6) (n = 53) 0.281

Mean 8.81 8.23 9.99 9.63 5.74 7.07 8.82 8.52

Median 8.49 8.34 9.70 9.62 4.58 5.74 8.49 8.40

Maximum 14.60 13.57 16.23 15.10 13.79 18.06 16.23 18.06

Minimum 3.47 3.57 6.06 2.92 1.14 0.85 1.14 0.85

SD 3.17 2.93 3.31 3.32 4.65 6.44 3.54 3.57

I1 central incisor, I2 lateral incisor,C canine, sANF shortest distance from the apex to the nasal floor, aANF distance from the apex to the nasal floor in the
extension of the longitudinal tooth axis, SD standard deviation

*p value from Wilcoxon signed-rank test
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Measuring at 3 mm from the apex, rDTwas shorter for central
incisors compared to lateral incisors and canines (p < 0.001).
In nine cases (four central incisors and five canines), there was
no distal tooth present. An implant was present in two cases
instead of a distal tooth.

Comparing teeth of test and control groups, the results were
as follows (Tables 3, 4, and 5):

No significant difference was found between the test and
control groups concerning sANF or aANF (p > 0.05)
(Table 3). In the test group, the measurements for sANF and
sONF were performed to the maxillary sinus instead of the
nasal floor in three cases, whereas in the control group, only
two measurements were performed to the maxillary sinus.
Regarding the measurements for aANF and aONF, the mea-
surements were performed in five cases to the maxillary sinus
instead of the nasal floor in the test and in two cases of the
control group. In three central incisors, one lateral incisor and
two canines, measurements for aANF and aONF could not be
performed due to the root position relative to the alveolar
process resulting in the tooth axis projecting anteriorly out
of the maxillary bony housing.

Comparing the distances from the roots to the labial bone
plates, no significant differences were found between the test
and control groups (p > 0.05), whereas the distances to the
palatal bone plates were significantly shorter in the test group
(aPBP and rPBP, p < 0.05) (Table 4).

The distances from the root to the mesial or distal tooth
showed no significant differences between the test and control
groups (p > 0.05, Table 5). In two lateral incisors and four
canines, the mesial tooth was missing and no measurements
could be performed. In 14 cases (six central incisors, two
lateral incisors and six canines), no distal tooth was present.
In one case (central incisor), a distal tooth was replaced by an
implant.

Discussion

The present radiographic study assessed the relationship be-
tween the anterior maxillary teeth and the nasal floor using
CBCT images.

Table 4 Comparison of distances (mm) from the root to the labial and palatal bone plates at two different levels as measured in sagittal CBCT planes in
test and control teeth (n = 59)

I1 I2 C Total

Test Control Test Control Test Control Test Control p value

aLBP (n = 34) (n = 17) (n = 8) (n = 59) 0.291
Mean 2.07 2.03 2.52 2.37 2.65 1.84 2.28 2.10
Median 1.87 1.81 1.89 2.36 2.81 1.89 1.98 1.97
Maximum 4.59 4.06 5.63 4.49 4.77 4.39 5.63 4.49
Minimum 0.00 0.00 1.35 0.41 0.00 0.00 0.00 0.00
SD 1.44 0.94 1.27 1.00 1.66 1.49 1.42 1.04

rLBP (n = 34) (n = 17) (n = 8) (n = 59) 0.148*
Mean 0.94 0.80 0.86 0.71 0.87 0.65 0.91 0.75
Median 0.80 0.67 0.69 0.54 0.58 0.73 0.72 0.65
Maximum 3.06 2.39 2.84 2.03 2.02 1.44 3.06 2.39
Minimum 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00
SD 0.85 0.51 0.72 0.47 0.82 0.59 0.80 0.50

aPBP (n = 34) (n = 17) (n = 8) (n = 59) 0.041*
Mean 8.51 9.31 7.01 6.72 11.23 11.34 8.44 8.84
Median 7.48 8.50 6.49 6.49 10.75 11.27 7.56 8.09
Maximum 18.52 23.67 15.10 11.72 18.12 19.31 18.52 23.67
Minimum 2.74 0.41 0.00 4.25 8.16 6.65 0.00 0.41
SD 3.63 0.41 3.31 1.84 3.12 3.90 3.66 3.86

rPBP (n = 34) (n = 17) (n = 8) (n = 59) < 0.001
Mean 5.06 5.86 2.86 3.53 6.30 6.99 4.59 5.34
Median 3.91 5.13 2.65 3.48 6.06 6.66 3.78 4.44
Maximum 12.48 14.72 6.38 6.60 12.39 13.20 12.48 14.72
Minimum 1.09 1.65 0.00 1.81 3.57 3.63 0.00 1.65
SD 2.82 3.08 1.82 1.31 2.75 2.97 2.79 2.90

I1 central incisor, I2 lateral incisor, C canine, aLBP distance from the apex to the labial bone plate, rLBP distance from the root to the labial bone plate at
3 mm from the apex, aPBP distance from the apex to the palatal bone plate, rPBP distance from the root to the platal bone plate at 3 mm from the apex,
SD standard deviation

*p value from Wilcoxon signed-rank test
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The canines presented the shortest distances for sANF and
sONF. This can be explained with the longer roots of the
canines resulting in a closer anatomical relationship to the
nasal floor. In addition, when comparing sANF to aANF,
and sONF to aONF respectively, only the canines showed
differences of interest; the directly measured distances were
recognisably shorter than longitudinal distances (Table 2).
This reflects the root inclination of the canine and the Bpear-
shaped^ nasal cavity, which leads to a cranial shift of the
measuring point in aANF and aONF. Furthermore, in some
cases, the measurements of the canines were performed to the
maxillary sinus instead of the nasal floor because of a closer
relationship in this more posterior location of the upper jaw.
These distances to the maxillary sinus were all lower com-
pared to the measurements to the nasal floor, especially for
sANF and sONF. These findings have been corroborated in
studies, which showed an extension of the maxillary sinus
towards the canine area in 2.4% up to 33% [27, 28].

With the presence of an extensive osteolysis, the distance to
the nasal floor becomes clinically relevant in order to avoid an
iatrogenic perforation of the nasal floor during the

intervention. In two cases of our study—two lateral inci-
sors—there was no visible bone present between the lesion
and the nasal floor.

In most cases, the labial bone plate of the anterior teeth was
of a similar thickness; however, in a few limited cases, the
lesion had perforated the plate. In contrast, the measurements
to the palatal bone plate showed significant differences be-
tween canines, central and lateral incisors. However, this
was considered not clinically relevant as the standard surgical
approach for apical surgery in this region is from the labial
side.

In contrast, a close proximity of apices of adjacent roots
can be of clinical and surgical relevance to avoid collateral
damage during surgery [29]. Lateral incisors showed a signif-
icantly closer relationship to mesial neighbouring teeth (rMT),
and central incisors to distal neighbouring teeth (rDT) with
mean values less than 3 mm at the level of the future surgical
resection (3 mm distant to the apex).

To the best of our knowledge, only one comparable study
has been performed so far [1]. It analysed in 57 patients with a
total of 85 teeth, the distances of 59 central and 26 lateral

Table 5 Comparison of distances (mm) from the root to the adjacent mesial and distal teeth at two different levels as measured in coronal CBCT planes
in test and control teeth (n = 59)

I1 I2 C Total

Test Control Test Control Test Control Test Control p value

aMT (n = 34) (n = 15) (n = 4) (n = 53) 0.945
Mean 7.86 8.10 4.79 4.65 9.55 7.84 7.11 7.10
Median 7.84 7.90 4.69 4.99 9.61 8.26 7.12 7.02
Maximum 13.04 13.45 7.41 6.54 10.90 9.29 13.04 13.45
Minimum 5.04 4.75 2.99 2.78 8.09 5.56 2.99 2.78
SD 1.88 1.81 1.21 1.24 1.20 1.69 2.26 2.26

rMT (n = 34) (n = 15) (n = 4) (n = 53) 0.608
Mean 4.95 5.06 2.39 2.34 6.87 5.17 4.37 4.30
Median 4.78 5.05 2.06 2.11 6.80 5.49 4.27 4.29
Maximum 9.40 8.67 4.27 5.46 7.36 6.51 9.40 8.67
Minimum 2.42 2.00 1.13 1.03 6.52 3.17 1.13 1.03
SD 1.49 1.56 1.03 1.18 0.37 1.47 1.88 1.89

aDT (n = 27) (n = 15) (n = 2) (n = 44) 0.645*
Mean 5.07 4.88 5.13 4.55 6.13 9.09 5.14 4.96
Median 4.55 4.79 4.92 4.33 6.13 9.09 4.80 4.72
Maximum 12.74 7.27 7.21 5.63 6.48 9.93 12.74 9.93
Minimum 2.57 2.70 3.69 2.84 5.78 8.24 2.57 2.70
SD 2.03 1.28 1.20 1.02 0.49 1.20 1.74 1.49

rDT (n = 27) (n = 15) (n = 2) (n = 44) 0.971*
Mean 2.68 2.57 3.23 2.79 3.71 6.32 2.91 2.82
Median 2.42 2.46 2.93 2.84 3.71 6.32 2.79 2.55
Maximum 8.44 4.50 4.87 4.21 4.47 7.06 8.44 7.06
Minimum 0.93 0.85 1.72 0.65 2.94 5.59 0.93 0.65
SD 1.44 0.92 0.91 0.86 1.08 1.04 1.28 1.18

I1 central incisor, I2 lateral incisor, C canine, aMT shortest distance from the apex to the mesial tooth, rMT shortest distance from the root to the mesial
tooth at 3 mm from the apex, aDT shortest distance from the apex to the distal tooth, rDT shortest distance from the root to the distal tooth at 3 mm from
the apex, SD standard deviation

*p value from Wilcoxon signed-rank test
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incisors to the nasal floor using diagnostic CT scans.
However, canines were excluded in that investigation. In our
study, the shortest distance to the nasal floor was also mea-
sured, whereas Taschieri measured solely in the longitudinal
axis of the teeth (comparable to our aANF values). The au-
thors reported comparable findings to ours for central incisors
(10.62 ± 2.25 mm), when taking the measuring error into ac-
count. A slightly greater difference exists in the measured
distances from the lateral incisors to the nasal floor (13.05 ±
2.43 mm). This may indicate that larger variances exist
concerning the root length of lateral incisors.

This retrospective study has some limitations. Because
of the selective inclusion criteria applied, the present study
resulted in a limited small sample size. To get reproducible
results, we chose to perform some measurements in the
longitudinal tooth axis (aANF/aONF) or in a 90° angle to
the longitudinal tooth axis (aMT/rMT/aDT/rDT). These dis-
tances do not always reflect the shortest distances to
neighbouring teeth, nor do they represent the closest dis-
tance to the nasal floor or maxillary sinus in every case.
From a clinical perspective, the direct shortest distance is
more relevant. Thus, the results have to be interpreted with
some caution, and further studies with larger sample sizes
and a prospective design are needed to confirm the present
data.

In summary, the following regions are more sensitive to
harm neighbouring anatomical structures when performing
apical surgery and are therefore of specific clinical rele-
vance: canines with respect to the nasal floor and/or the
maxillary sinus, extended osteolytic lesions and a proxim-
ity of the central to the lateral incisor and vice versa. In
these cases, presurgical additional diagnostics with CBCT
is recommended.

Conclusions

Based on the findings of the present retrospective study
assessing the distances of root apices to adjacent anatomical
structures in the anterior maxilla, it can be concluded that
apices of canines are located closer to the nasal floor than
apices of central or lateral incisors. Furthermore, canines often
show a close proximity to the maxillary sinus as well as to the
nasal floor. Anterior maxillary teeth with osteolytic lesions
can exhibit a close relationship to the nasal cavity or maxillary
sinus, and may eventually even perforate into these structures.
Care should be taken when performing apical surgery in the
region of the central and lateral incisors not to damage adja-
cent apices due to their close anatomical relation. Therefore, a
CBCTcan be of clinical relevance as an adjunctive diagnostic
imaging tool, and should be taken into account prior to apical
surgery.
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