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Abstract: The aim of this study was to compare the alveolar bone crest (ABC) level of root canal
filled (RCF) teeth without apical periodontitis with corresponding non-filled teeth in the same
individual using three-dimensionally cone-beam computed tomography (CBCT) data. Two hundred
and thirty-five matching pairs of RCF teeth and corresponding teeth without RCF were selected
from a pool of 580 random CBCT-images (voxel size 160–200 µm). Teeth with apical periodontitis,
perio-endodontic lesions or surgical endodontic treatment were excluded. The distance between the
cemento–enamel-junction (CEJ) and the ABC was assessed centrally mesial, distal, palatal/lingual
and buccal at each tooth (∑1880 measuring points) in a standardized manner. Topographic, gender,
and age-related relationships were also noted. Data were analyzed using the Kruskal–Wallis-test.
The ABC-level between RCF teeth (2.64 ± 1.25 mm) and teeth without RCF (2.61 ± 1.16 mm) did not
differ significantly (p > 0.05). No differences concerning localization (maxilla/mandible, tooth type)
and gender (p > 0.05) occurred. Overall, ABC-level in the maxilla (2.74 ± 1.48 mm) was significantly
lower (p < 0.001) compared to mandibular teeth (2.50± 1.41 mm). Patients > 41 years had significantly
lower ABC-levels than younger patients (p < 0.05). Men showed a reduced bone level compared to
women (p < 0.05). In conclusion, RCF teeth are identical to their non-RCF counterparts, at least in
terms of crestal bone level, regardless of the location or type of tooth and the gender of the patient.
Thus, root canal treatment is an essential pillar for long-term tooth preservation.

Keywords: alveolar process/diagnostic imaging; bone; cone beam volume tomography; root canal
therapy; tooth root/diagnostic imaging; tooth; nonvital/diagnostic imaging; pathology

1. Introduction

The absence of the pulp as a sensory and nourishing organ/tissue may negatively
influence long-term outcome of teeth undergone root canal treatment, because the en-
dodontic tissue and the periodontium are physiologically in connection via the apical
foramen, accessory or furcation canals and dentinal tubules [1]. Additionally, endodontium
and periodontium may harbor similar bacterial species and bacteria, their metabolites and
toxins that remain in the tubules, as well as the materials used for root canal treatment,
could affect the periodontium [2–4].

The current available literature mainly based on two-dimensional radiographic and
clinical examination shows almost consistently no correlation between bone loss/level
and/or an impact on the periodontium and the endodontic status [5–8].

Only one study showed that root canal-filled (RCF) teeth in patients suffering from
periodontitis exhibit significantly increased bone loss compared to their untreated contralat-
eral counterparts [9]. In general, periapical pathologies seem to favor periodontal destruc-
tion/bone loss in periodontitis prone patients [10]. In addition, a more frequent correlation
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of apical and marginal periodontitis has been described—independent of patient-related
factors such as age, number of remaining teeth, relative frequency of root-filled teeth and
smoking habits [11].

According to the common radiographic projections (periapical, bite-wing and panoramic
radiographs) for the analysis of periodontal tissues, all existing studies concerning alveolar
bone loss/periodontal attachment loss in root canal treated teeth rely on two-dimensional
radiographs evaluating only the interproximal bone level by measuring one mesial and one
distal measuring point per tooth. Hence, no information concerning the oral and buccal
aspect of bone level are available up to now.

Cone-beam computed tomography (CBCT) allows a three-dimensional analysis of the
teeth and the surrounding, especially bony structures free from superimposition [12,13].
The diagnosis of periodontal diseases and bony defects offers a sensitivity between
80–100% [14–17]. Therefore, CBCT data allow a more precise assessment of the marginal
bone level than two-dimensional radiographs.

Thus, the present cross-sectional observational comparative study in a German popu-
lation solely aimed to compare the alveolar bone crest (ABC) level of root canal filled teeth
without apical periodontitis and the corresponding non-filled teeth in the same individual,
irrespective their periodontal status, using 3D radiographs (CBCT) based on four measur-
ing points at each tooth—centrally mesial, distal, buccal and palatal/lingual, respectively.

The null-hypothesis was that bone levels around root canal filled teeth do not differ
from those of untreated teeth.

2. Materials and Methods

The study followed the “Strengthening the Reporting of Observational studies in
Epidemiology” (STROBE) checklist (see Supplementary Materials).

2.1. Sample Size Calculation

Prior to examination, two examiners (S.B., M.L.) independently assessed and analyzed
the alveolar bone crest level in a sample of 15 patients offering 25 “matching pairs” of
one non-root canal filled (n-RCF) and one corresponding RCF tooth, following the same
protocol as in the main study (four measuring points: mesial, distal, lingual/palatal and
buccal) for calibration purposes and sample size calculation. The preliminary analysis
by the means and standard deviations of the groups and correlation between the groups
revealed a small effect size of 0.12. Calculation resulted in a sample size of at least 425
(G-Power, Heinrich-Heine University Düsseldorf, Germany) to achieve a power of 0.80 to
obtain differences of means (matching pairs) in two dependent groups. Thus, 470 teeth
with 1880 measuring points were evaluated in the present study (235 matching pairs).

2.2. Patient Population

Randomly selected CBCT data of a 5-year period (2008 to 2013) of 580 German in-
dividuals were evaluated concerning the inclusion criteria. For this purpose, all CBCT
data were analyzed consecutively based on their acquisition date starting on 1 March 2008,
until the sample size was reached. All the CBCT examinations were performed for vari-
ous indications (e.g., implant planning or surgical treatment planning) not related to the
present study.

2.3. Inclusion Criteria

The radiographs were screened for inclusion following these criteria:

• Adequate quality of CBCT data (no scattering or moving artefacts in the ROI)
• Presence of at least one root canal treated tooth (RCF) and a contralateral matching

non-root canal treated tooth (n-RCF)
• Flush root canal filling (root canal should be filled to within 2 mm of the radiographic

apex) [18]
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• Comparable restauration margins (if present) at or above the level of the cemento-
enamel junction (CEJ)

Teeth were excluded if the radiographs of a patient matched at least one of the
following criteria:

• Incomplete assessability of the radiography
• Missing contralateral matching tooth
• Restoration margin below CEJ
• Apical periodontitis or lateral pathologies
• Interradicular osteolysis, bony defect
• Suspected perforation
• Suspected external resorption
• Inhomogeneous and/or insufficient root canal filling
• Apicoectomy

The inclusion and exclusion criteria were applied irrespective of any periodontal
disease of the individuals. Thus, periodontally compromised patients were also included
in the evaluation.

2.4. Radiographic Examinations

Full-size (8 × 8 cm) CBCT (Planmeca ProMax 3D, Planmeca, Helsinki, Finland); voxel
size 160 or 200 µm; KV (60–90), mA (1–14) and exposition time according to the patient’s
individual needs based on the diagnostics required.

2.5. Evaluation of Radiographs

The digital DICOM radiograph files were analyzed with Planmeca Romexis Viewer
5.1.0.R (Planmeca, Helsinki, Finland) on a calibrated diagnostic monitor (Acer B246HYL,
Acer, Taipei, Taiwan) in a dark room with the monitor as the only light source.

All distances were measured in millimeters using the integrated distance-measuring
tool of the Romexis Viewer in the 1:1 view.

Definition of Anatomic and Radiographic Landmarks

The included teeth were aligned precisely lingual/palatal-buccally and mesio-distally
to ensure an identical position before measurement. Teeth were positioned to the corre-
sponding axial, coronal and sagittal slices in the software program for a general validity
and comparability of the measurements. All measurements were assessed parallel to the
surface of the examined teeth (Figure 1).
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Figure 1. Exemplary measurements of the distance CEJ to the ABC (alveolar bone crest) in a matching pair (root canal
treated tooth and corresponding non-treated tooth) in the same individual in the upper jaw. Alignment of the measurement
along the palatal-buccal and mesio-distal central axis of the tooth.

The cemento–enamel-Junction (CEJ) represents the anatomic limit between the crown
and the root surface. The CEJ is a static landmark that serves as an important anatomical
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site for measurement of probing pocket depth (PPD) and clinical attachment level (CAL)
for both clinicians and academicians.

ABC-level: The ABC-level was defined as the most coronal point where the periodontal
ligament space showed continuous width [19]. Distances between the CEJ and the ABC
were measured for each tooth individually at four measuring points—centrally mesial,
distal, lingual/palatal and buccal (Figure 1) as proposed by Hadzik et al. [20]. If the CEJ
was not directly identifiable due to a restauration, the most apical margin of the restauration
(RM) in the affected region (m,d,l/p,b) was used as a reference of the included teeth.

2.6. Data Analysis

Two examiners with certified experience in CBCT analysis independently screened
580 three-dimensional CBCT files in DICOM (.dcm) format for matching pairs (RCF tooth
with contralateral n-RCF tooth) of teeth that met the inclusion criteria from March to June
2019. To prevent fatigue of the observers, the examinations were limited to a maximum of
eight per day.

Both examiners measured all teeth separately according to the stated protocol.
Mean values of both measurements served for statistical analysis (SPSS, IBM SPSS Statistics
for Windows 26.0, IBM Corp., Armonk, NY, USA). Kolmogorov–Smirnov and Shapiro–Wilk
tests revealed that the data were not normally distributed. Therefore, the Kruskal–Wallis
test served for statistical analysis. The level of significance was set at 0.05. Regression analysis
was performed to determine the strength of the relationship between the identified variables.

3. Results

Screening process of the CBCT data identified 235 matching pairs of RCF teeth and
their corresponding healthy counterparts (82 molars, 100 premolars, and 53 anterior teeth)
resulting in 470 teeth and offering a total of 1880 measuring points. In the total data set,
73 additional matching pairs were found that did not meet the inclusion criteria. Thus, the
exclusion rate was 23.7%. The age of the 235 included patients (94 men, 141 women) varied
from 20 years to 79 years (mean = 50.21 ± 11.10).

3.1. Calibration of the Two Examiners

The inter-rater reliability (Cohens Kappa “κ”) in the main study was 0.919 and the
mean overall difference between both examiners was less than 0.2 mm. Means of both
observers served for evaluation.

3.2. Alveolar Bone Crest Level (RCF Versus Non-RCF Teeth)

A total of 940 periodontal measuring points in each group were analyzed for both
groups, RCF and n-RCF. No statistically significant differences (p > 0.05) were detected
between teeth with root canal fillings (2.64 ± 1.25 mm) and those without root canal
fillings (2.61 ± 1.16 mm) (Table 1; Figure 2). The pairwise comparisons of both the mean
values of each individual and of all individual measuring points show a marked scattering.
A linear regression analysis reveals a gradient of 0.91 with a determination coefficient (R2)
of 0.0001 indicating that a linear relationship cannot be assumed (Figure 2).

Tooth type (anterior teeth/premolars/molars) and location had no significant impact
concerning bone loss when comparing root canal treated teeth to their unfilled counter-
parts (p > 0.05) (Tables 2 and 3). In addition, no gender or age-related differences were
assessed between both groups concerning the influence of root canal treatment (p > 0.05)
(Tables 4 and 5).
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Table 1. Distance CEJ—alveolar bone crest in the matching pairs with 95% confidence inter-
val and the corresponding range; CEJ = cemento–enamel-junction; RCF = root canal filling;
CI = confidence interval.

Distance CEJ—Alveolar Bone Crest (mm)

No of
Teeth RCF Mesial Distal Lingual/

Palatal Buccal Mean

235 yes mean ± sd 2.51 ± 1.09 2.70 ± 1.53 2.73 ± 1.22 2.55 ± 1.12 2.64 ± 1.24
CI 95% 2.37–2.65 2.49–2.84 2.58–2.89 2.42–2.70 2.51–2.77
range 0.28 0.35 0.41 0.28 0.26

235 no mean ± sd 2.52 ± 1.22 2.64 ± 1.22 2.70 ± 1.10 2.59 ± 1.11 2.61 ± 1.16
CI 95% 2.37–2.68 2.48–2.79 2.55–2.84 2.45–2.73 2.49–2.73
range 0.31 0.31 0.29 0.28 0.24

∑470 p-value 0.789 0.601 0.776 0.555 0.810
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Table 2. Distance CEJ—alveolar bone crest in the matching pairs related to the upper and lower jaw; both the differ-
ences within the jaws and those between the jaws are shown. CEJ = cemento-enamel-junction; RCF = root canal filling;
CI = confidence interval [95%].

Distance CEJ—Alveolar Bone Crest (mm)

Location No of
Teeth RCF Mesial Distal Lingual/

Palatal Buccal Mean Pooled
Mean

upper jaw 118 yes mean ± sd 2.56 ± 1.08 2.73 ± 1.34 2.91 ± 1.21 2.67 ± 1.10 2.72 ± 1.19

2.74 ± 1.22
CI 95% 2.36–2.75 2.49–2.98 2.68–3.13 2.47–2.87 2.54–2.89
range 0.39 0.49 0.45 0.40 0.35

upper jaw 118 no mean ± sd 2.63 ± 1.27 2.71 ± 1.39 2.93 ± 1.20 2.73 ± 1.11 2.76 ± 1.25
CI 95% 2.40–2.86 2.45–2.96 2.72–3.16 2.54–2.95 2.58–2.94
range 0.46 0.49 0.44 0.41 0.36

upper jaw 236 p-value 0.640 0.980 0.909 0.586 0.773
lower jaw 117 yes mean ± sd 2.46 ± 1.09 2.68 ± 1.71 2.56 ± 1.21 2.44 ± 1.12 2.55 ± 1.31

2.51 ± 1.18
CI 2.26–2.66 2.33–2.86 2.35–2.80 2.25–2.67 2.35–2.72

range 0.40 0.53 0.45 0.38 0.37
lower jaw 117 no mean ± sd 2.42 ± 1.15 2.56 ± 1.03 2.45 ± 0.93 2.43 ± 1.08 2.47 ± 1.05

CI 2.20–2.63 2.38–2.75 2.28–2.62 2.23–2.63 2.31–2.62
range 0.43 0.37 0.34 0.40 0.31

lower jaw 234 p-value 0.898 0.252 0.773 0.867 0.568

total 470 p-value <0.0001

Table 3. Distance CEJ—alveolar bone crest in the matching pairs—related to tooth type; CEJ = cemento–enamel-junction;
the table displays all measuring points of RCF and n-RCF teeth and the pooled data of the different tooth types with mean
values, standard deviation and 95% confidence interval and the corresponding range of the values. RCF = root canal filling;
sd = standard deviation; CI = confidence interval.

Distance CEJ—Alveolar Bone Crest (mm)

Tooth Type No of Teeth RCF Mesial Distal Lingual/
Palatal Buccal Pooled

Values

molar 82 yes mean ± sd 2.56 ± 1.02 2.78 ± 1.16 2,62 ± 0.91 2.52 ± 0.89 2.62 ± 1.00
95% CI 2.33–2.78 2.49–3.08 2.43–2.82 2.35–2.79 2.46–2.79
range 0.45 0.59 0.39 0.44 0.33

molar 82 no mean ± sd 2.55 ± 1.08 2.71 ± 1.03 2.57 ± 0.96 2.48 ± 0.88 2.58 ± 1.02
CI 2.31–2.79 2.49–2.92 2.36–2.78 2.28–2.67 2.41–2.75

range 0.48 0.43 0.42 0.39 0.36

molar p-value 0.896 0.725 0.802 0.837 0.870
premolar 101 yes mean ± sd 2.56 ± 1.11 2.68 ± 1.55 2.96 ± 1.50 2.64 ± 1.32 2.71 ± 1.37

95% CI 2.34–2.78 2.38–2.99 2.66–3.26 2.36–2.88 2.47–2.94
range 0.44 0.61 0.60 0.42 0.47

premolar 101 no mean ± sd 2.51 ± 1.24 2.64 ± 1.42 2.87 ± 1.21 2.70 ± 1.23 2.68 ± 1.28
CI 2.26–2.75 2.36–2.92 2.48–2.95 2.46–2.94 2.47–2.90

range 0.49 0.56 0.47 0.48 0.43

premolar p-value 0.758 0.506 0.522 0.435 0.757
anterior 52 yes mean ± sd 2.55 ± 1.17 2.43 ± 1.16 2.68 ± 1.14 2.69 ± 1.13 2.59 ± 1.12

95% CI 2.22–2.87 2.12–2.75 2.40–2.96 2.37–3.00 2.34–2.84
range 0.55 0.63 0.56 0.63 0.50

anterior 52 no mean ± sd 2.52 ± 1.36 2.42 ± 1.11 2.71 ± 1.09 2.62 ± 1.15 2.57 ± 1.18
95% CI 2.14–2.90 2.13–2.76 2.41–3.01 2.31–2.94 2.34–2.81
range 0.76 0.63 0.60 0.63 0.47

anterior p-value 0.648 0.834 0.727 0.559 0.916
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Table 4. Pooled age-related distances CEJ—alveolar bone crest in the matching pairs of RCF and n-RCF teeth. CI-interval,
range, mean, sd, min and max. Different superscript letters indicate statistical significance (p < 0.05).

Pooled Age-Related Distances CEJ—Alveolar Bone Crest
in the Matching Pairs of RCF and n-RCF Teeth

Age No of
Teeth

Measuring
Points RCF

Mean
[mm]

CI
Range Pooled

Mean
sd Min Max

[95%]

18–25 24 96
yes 2.153 1.85–2.57 0.72

2.15 a 0.72 0.96 3.3no 2.147 1.83–2.36 0.53

26–30 28 112
yes 2.154 1.86–2.60 0.74

2.15 a 0.73 1.13 5.32no 2.149 1.84–2.33 0.49

31–35 30 120
yes 2.170 1.90–2.41 0.51

2.17 a 0.96 1.06 4.98no 2.165 1.80–2.48 0.68

36–40 48 192
yes 2.201 1.85–2.59 0.74

2.20 a 1.12 0.82 6.57no 2.200 1.80–2.35 0.55

41–45 76 304
yes 2.605 2.28–2.90 0.62

2.60 b 1.21 0.82 8.33no 2.597 2.12–2.72 0.60

46–50 66 264
yes 2.825 2.56–3.09 0.53

2.86 c 1.59 0.82 8.58no 2.895 2.59–3.19 0.60

51–55 56 224
yes 2.957 2.50–3.41 0.91

2.87 c 0.97 0.96 12.48no 2.782 2.35–3.20 0.85

56–60 52 208
yes 2.962 2.70–3.34 0.64

2.87 c 0.92 0.96 5.93no 2.783 2.69–3.25 0.56

61–65 42 168
yes 2.783 2.51–2.95 0.44

2.88 c 0.95 0.97 5.78no 2.887 2.60–3.28 0.68

66–70 30 120
yes 2.980 2.17–3.76 1.59

2.97 c 1.43 0.98 9.6no 2.966 2.56–3.31 0.75

71 plus 18 72
yes 2.935 2.00–3.87 1.87

2.92 c 1.40 1.12 6.88no 2.901 1.89–3.91 2.02

total ∑470 ∑1880 − −
2.63

(weighted
mean)

Table 5. Pooled gender-related distances CEJ—alveolar bone crest in the matching pairs of RCF and n-RCF teeth.
Both intra-gender differences and inter-gender differences are shown and analyzed. Values of men were significantly
higher compared to women (p < 0.0001). Different superscript letters indicate statistical significance (p < 0.05).

Gender No of
Teeth Age RCF Mesial Distal Lingual/

Palatal Buccal Mean Pooled Mean

men 94 yes mean ± sd 2.68 ± 1.13 2.77 ± 1.50 2.81 ± 1.31 2.74 ± 1.25 2.74 ± 1.35

2.73 a ± 1.25
2.60–2.91

0.31

95% CI 2.33–2.82 2.56–3.23 2.65–3.24 2.38–2.91 2.53–3.01
range 0.49 0.67 0.59 0.53 0.48

50.03 ± 10.56
men 94 no mean ± sd 2.67 ± 1.12 2.73 ± 1.38 2.76 ± 1.29 2.75 ± 1.18 2.72 ± 1.16

95% CI 2.40–2.95 2.50–2.97 2.55–3.01 2.56–3.06 2.55–2.94
range 0.45 0.47 0.46 0.50 0.39

men p-value 0.848 0.648 0.494 0.851 0.718

female 141 yes mean ± sd 2.59 ± 1.41 2.62 ± 1.10 2.49 ± 1.03 2.49 ± 1.03 2.54 ± 1.18

2.53 b ± 1.17
2.43–2.63

0.20

95% CI 2.30–2.64 2.33–2.73 2.43–2.79 2.35–2.69 2.39–2.68
range 0.34 0.40 0.36 0.34 0.29

50.39 ± 11.43
female 141 no mean ± sd 2.43 ± 1.17 2.56 ± 1.30 2.61 ± 1.10 2.45 ± 1.04 2.51 ± 1.16

95% CI 2.24–2.62 2.37–2.79 2.47–2.82 2.29–2.63 2.38–2.68
range 0.38 0.42 0.35 0.34 0.30

female p-value 0.519 0.566 0.85 0.629 0.802

total 235 p-value <0.00001
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3.3. Pooled Data (Overall Bone Level of Teeth Examined: RCF and Non-RCF Teeth)

In general, patients older than 41 years showed lower bone levels in the matching pairs
compared to younger patients independent of the absence or presence of a root canal filling
(p < 0.05). Bone level in the maxilla (2.74 ± 1.48 mm) was significantly lower compared
to the mandible (2.50 ± 1.41 mm) in both groups (RCF/n-RCF) (p < 0.001). Pooled ABC-
levels (non-RCF and RCF teeth) in men were significantly lower than in women (p < 0.05)
(Table 5).

4. Discussion

The results of this cross-sectional observational analysis revealed no significant dif-
ference in ABC-levels between root canal filled teeth and the untreated counterparts in
matching pairs in the same individual regardless of age at the time of examination, loca-
tion/type of tooth and gender. Hence, the null-hypothesis was maintained.

4.1. CBCT-Analysis

In the present study, the results were exclusively based on measuring of the distance
between the CEJ or a restauration at the level of the CEJ to the alveolar bone crest (ABC)
by linear measurements in CBCT data. Thus, the study only investigated radiographic
findings representing a momentary assessment providing no information about medical
history of patients, previous history of teeth (i.e., orthodontic treatment) or even the
progression of periodontitis. The study did not report bone loss, which is defined by
degradation of bone over a period of time, but only described the bone level. No clinical
parameters like the well-accepted surrogates assessing periodontal inflammation like
bleeding on probing (BoP), or pocket depths (PD) were assessed and no conventional
diagnosis and grading of periodontitis was performed. The study must be regarded as
a radiographically comparative observational cross sectional study evaluating a possible
association between a root canal filling and the corresponding alveolar bone crest level.
This may be a limitation of the study but at the same time it represents a strength, because
radiographic measurements are not affected by clinical parameters that may also have an
impact on the accuracy and reliability of periodontal probing—influenced by numerous
factors like periodontal health, probing force, type of periodontal probe, and probing
site [21]. However, the prevalence of periodontal disease based on alveolar bone loss or
alveolar bone level can be accurately and reliably evaluated even from non-standardized
radiographs [22,23] independent of numerous accompanying and influencing factors like
the thickness, width, and angulation of the alveolar crest; thickness of lingual and facial
alveolar bone plates; presence of fenestration and dehiscence; tooth alignment in the jaw;
tooth and root trunk anatomy; tooth position within the alveolar processus; proximity with
another tooth surface [24].

Despite the inherent bias in the selected cohort—individuals were subjected to CBCT
analysis because of special needs and may be expected to have better health awareness than
the general population—the use of CBCT in the present study should overcome the limita-
tions of the two-dimensional intraoral radiographs with its superimposing artefacts due to
the summation of adjacent structures or the distortions caused by different angulations of
the central X-ray may influence the linear radiographic measurement of the distance CEJ to
ABC [20]. In general, intraoral radiographs tend to underestimate the extent of alveolar
bone loss as compared to intrasurgical measurements [19,25]. Similarly, also CBCT analysis
may underestimate the bone loss compared to clinical situations [26]. In contrast to this find-
ing, it may be speculated that thin cortical bone margins (often the labial/buccal margins)
are difficult to assess in the presence of artefacts. Hence, the bone level may also be under-
estimated (or a possible bone loss overestimated) [27]. Characteristically CBCT-associated
limitations are scattering and moving artefacts or beam hardening [28]. The realistically
achievable spatial resolution for images offering no visible blurring or moving artefacts is
about 0.25–0.5 mm in-vivo [29]. Nevertheless, CBCT analysis is a reliable diagnostic tool for
assessing bone level, and thus also allows appropriate periodontal treatment planning, as
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actual bone level correlates with the clinical situation well [15,17,30,31]. Even its suitability
for assessing the cemento–enamel junction of teeth under clinical conditions has been
proven [32]. However, CBCT analysis does not represent the golden standard in routine
radiographic examination of patients affected with periodontal diseases. This also applies
to endodontic diagnostics, with CBCT examinations suggested only for specific indications,
when clinical examination and conventional imaging modalities are not conclusive [33–35].

4.2. ABC-Level in Root Canal-Treated Teeth—General Aspects/Prognosis

Root canal-treated teeth were often replaced by dental implants due to a perceived bet-
ter success rate, often justified by a lack of conclusive evidence for the favorable long-term
prognosis of root canal-treated teeth [36]. In combination with financial considerations, this
may favor patients’ and clinicians’ decision for implants instead of endodontic treatment.
However, implant survival rates definitively do not exceed those of compromised but
adequately root canal-treated teeth [37]. It is well established that root canal treatment is a
successful and reliable therapy that can remain teeth functional and healthy for even more
than 20 years [38,39].

Periodontal health is claimed to be a prognostic determinant of the outcome of root
canal-treated teeth. An increased risk of tooth loss of such teeth associated with the diag-
nosis of periodontitis has been documented [40]. Additionally, in the presence of apical
periodontitis an increased pocket depth, faster attachment loss [10] and a less favorable out-
come of non-surgical periodontal treatment is described, also [41]. Hence, the periodontal
status of the teeth was not an inclusion/exclusion criterion in the present study but teeth
with periapical lesions or furcal bone loss were excluded to avoid a biased evaluation due
to a potentially inadequate root canal treatment, because it is well known that RCF-teeth
are significantly more often associated with apical periodontitis compared to n-RCF-teeth.
In a recently published systematic review, the prevalence of apical periodontitis in RCF-
teeth is reported to be over 40% [42]. Additionally, it has been shown that teeth with
periapical pathologies in patients suffering from periodontitis have a threefold increase in
bone loss than teeth without signs of periapical pathologies [10,40]. However, contrarily
no significant correlation between endodontic conditions and the marginal bone levels
were reported [6]. In order to focus exclusively on the influence of root canal fillings, the
inclusion criteria were chosen very strictly and only comparable matching pairs in an
individual were selected. This was done to prevent other factors from outweighing the
target parameter. Thus, all factors associated to restorative aspects violating the biological
width and not directly correlated to the endodontic treatment itself were excluded.

The exclusion of apical periodontitis could be considered a major limitation. However,
radiographically evaluation does not allow to judge whether a visible apical periodontitis is
in remission or in progression. The first would mean success and the latter would represent
a failure in endodontic treatment outcome. Additionally, it is impossible to determine the
reason for apical periodontitis retrospectively. Despite the finding of Petersson et al. [43],
that the number of healed periapical lesions was equal to the number of newly developed
lesions in a defined period of time, only teeth that met the inclusion criteria were evaluated
concerning the ABC levels in order to solely investigate root canal filling as parameter
and avoid a biased evaluation. Nevertheless, even when such strict criteria are applied, it
remains unclear whether one of the teeth examined will develop apical periodontitis or
not. Apical periodontitis was diagnosed when either disruption of the lamina dura was
noted at the apex with a hypodense area exceeding 0.5 mm or the periodontal ligament
showed more than twice width and was not parallel to the root contour [44,45].

A possible malocclusion according to Angle’s classification system as well as orthodon-
tic treatment in previous history as an influencing factor on the ABC level of the examined
teeth could not be determined, too. Nonetheless, due to the assessment in the same in-
dividual (matching pairs) this aspect may have a negligible impact because of assumed
symmetry of orthodontic forces.
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The present findings corroborate that a root canal filling per se had no impact on
the marginal periodontal conditions at least in single rooted teeth [6]. This observation is
also valid for multi-rooted teeth without apical periodontitis or furcal defects, because no
significant differences concerning tooth types (anterior teeth, premolars, molars) occurred
in terms of alveolar bone level between the groups (RCF vs. n-RCF), which is also evident
from the pairwise comparison of the values obtained (Figure 2). Therefore, the longevity of
teeth may not primarily depend on the presence of an adequately performed root canal
treatment. The causal effect chain does not follow the following sequence: RCF→ reduced
bone level→ extraction. Moreover, numerous other initially assessed periodontal parame-
ters influence the risk of tooth loss, e.g., probing depth, furcation involvement, mobility,
percent bone loss, untreated parafunctional habits, and smoking led to an increased risk of
tooth loss [46].

Apart from that, a reduced bone level itself is not necessarily associated with increased
pocket probing depth—the most valuable predictor for long-term tooth survival [47].
Additionally, the destruction of clinical attachment does not strictly correlate with bone
loss in extent and over time. Bone levels in the present study may only indicate the
presence or absence of attachment that tends to precede the radiographic crestal bone loss
during phases of increased activity in patients with periodontal disease [48]. Machtei et al.
corroborated this finding as changes in clinical attachment loss and radiographic bone
level occur time-delayed but tend to level off in the end [49]. Hence, it was impossible to
extrapolate the current clinical attachment level of the patients by the evaluated parameters.
The focus was solely set on the difference between teeth with or without a root canal filling.

4.3. ABC-Level—Location, Age and Gender Related Aspects

In general, reduced ABC-levels indicating bone loss was significantly higher in the
maxilla than in the mandible, regardless of the teeth being root canal treated or not.
This may be explained by a significantly higher turnover rate in the mandible and bone
density compared to the maxilla [50,51]. The ratio of compact to trabecular bone in the max-
illa is about 10% to 90% while the mandible’s ratio is about 80% to 20% [52]. An explanation
for generally increased bone loss in the alveolar process of the maxilla could be that trabec-
ular bone is more prone to resorption than cortical bone [53].

It should be noted that the present study was conducted as a cross-over study in a
selected population and thus included a cross-section of all age groups and any severity of
periodontal disease. Thus, the mean values of ABC-level exceeded the physiological height
of about 1.5–2 mm. Castro et al. investigated mean values in a range of 1.4 ± 0.35 mm [54].
Due to the age of the included patients of this cross-sectional observational study (mean
50.21 y ± 11.10), the presence of bone loss is indispensable. The “German dental sur-
vey (DMS-5)” shows that periodontitis affects the majority of the ageing population [55].
Whereas approximately every second person (51.6%) in the age of 35–44 is affected by
periodontal disease, about 2/3 (64.6%) of elderly people (65–74 years) and up to 90% in the
old population (75–100 years) are affected.

Statistically significant differences regarding bone loss overall (pooled values of RCF
and n-RCF teeth) have been found from the age of 41 years upwards. Several epidemiolog-
ical studies confirm that the loss of periodontal attachment and/or alveolar bone level is
associated with increasing age [56–61]. The markedly reduced ABC-level in men compared
to women signifies a possible gender related pathogenesis in periodontal disease and
corroborates current reviews [62,63].

4.4. Final Appraisal

It seems intuitive to think about infinite correlations within the human body (i.e.,
root canal treatment and the crestal bone level, but this assumption is dependent on
several known and unknown confounders that are impossible to addressed within the
study design [64]. It must be stated that association does not mean causation. The study
did not aim to find a causality between periodontal disease and the bone level of root
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canal treated teeth but was rather designed as an observational study. In conclusion, the
authors are aware of the multi-causal, complex polymorphic process of alveolar bone
crest loss and therefore the bone level in adults and further future research evaluating the
impact of root canal treatment and other factors (e.g., malocclusion or previous orthodontic
treatment) on the longevity of functioning teeth in an ageing population is needed using
both radiographic and clinical assessments of the corresponding parameters.

5. Conclusions

Within the limitations of the present comparative observational study based on CBCT-
data, it can be concluded that a root canal filling per se did not affect the crestal bone
level of teeth irrespective of the periodontal status. Thus, with regard to the demographic
change, root canal treatment represents an essential pillar for long-term tooth preservation.
However, the overall bone level seems to decrease with age and is significantly more
pronounced in the maxilla than in the mandible. Men tend to have lower alveolar-bone-
crest levels compared to women.
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