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Abstract

Objective To assess the impact of various local pathologies on facial alveolar bone dimensions at tooth sites.

Materials and methods Cone-beam computed tomography images of 60 patients were analyzed. Healthy teeth and teeth with
local pathologies (i.e., endodontically treated, periodontally diseased teeth, and teeth with periapical lesions) were included. The
thickness of the facial alveolar bone was measured at five locations: (1) the bone crest (W0), (2) 25% (W25), (3) 50% (W50), (4)
75% (W'75) of the distance from the bone crest to the root apex (A), and (5) in the A region (W100). The results were considered
statistically significant at p < 0.0008 (adjustment according to the statistical correction for multiple testing).

Results A total of 1174 teeth (707 healthy and 467 with the local pathologies) were assessed. Periodontally diseased maxillary
premolars and anterior teeth in the mandible in the WO position, as well as maxillary molars in the W25 position, tended to have a
lower facial bone thickness when compared to the healthy teeth (0.68 mm vs. 0.84 mm, p =0.008; 0.47 mm vs. 0.55 mm, p =
0.004; and 1.27 mm vs. 1.72 mm; p = 0.009, respectively). In contrast, the observed tendency pointed towards thicker facial bone
wall for the periodontally diseased mandibular anterior teeth in the W50 position (0.74 vs. 0.52, p =0.001). Healthy maxillary
molars tended to display a thicker facial alveolar bone compared to the teeth with local pathologies in the W25, W50, and W75
positions (p =0.001, p =0.005, and p = 0.004, respectively).

Conclusions The present analysis has indicated that local pathologies are commonly associated with a compromised
socket morphology.

Clinical relevance The facial bone thickness was particularly reduced at periodontally diseased teeth, which may
challenge implant therapy.
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time of the extraction, [6—8] and the thickness of the alveolar
buccal bone plate [9, 10]. In particular, reduction of the ridge
volume in anterior sites was found to be more pronounced
than in posterior regions (—34% vs. —18%, respectively)
[5]. Tooth extraction at compromised sites (e.g., the presence
of severe bone loss at the time of extraction) was associated
with slower healing and cortication [6, 8] and a greater reduc-
tion in volume compared to the changes at non-compromised
sites [7]. Moreover, significantly higher vertical bone loss was
found at the sites with a buccal bone thickness of <1 mm
compared to a wall thickness of 1 mm or more (7.5 mm
(62%) vs. 1.1 mm (9%), respectively) [9].

Based on three-dimensional radiographic assessments, the
thickness of the facial alveolar bone in the anterior teeth was
reported to range between 0.5 and 1.5 mm, with the majority
of cases being associated with a wall thickness of <1 mm
(57% in the mandible [11] and 63% [12] to 69% [9] in the
maxilla) [9, 11-19]. These findings corroborate those obtained
by direct clinical measurements, where 87% of teeth in the
anterior maxilla had a facial alveolar bone wall thickness of
<1 mm, with a mean value amounting to 0.8 mm [20].

When considering the posterior regions, for both the max-
illa and the mandible, a steady increase of the facial bone
thickness from the premolar to molar regions was observed
[11, 21-23]. In the bone crest area, a facial bone thickness of
<1 mm was found in more than half of the cases of the pre-
molars (mandible: 64% to 81%, maxilla: 58% to 66%) and in
12% to 88% of the cases of the maxillary and mandible molars
[11, 21, 23].

However, it should be pointed out that these currently
available investigations reported on the thickness of the facial
alveolar bone at healthy tooth sites. Information regarding the
facial bone thickness at compromised tooth sites is scarce.

Therefore, the present analysis aimed to investigate the
effects of the presence of local pathologies (e.g., endodontic
periapical lesions, endodontic treatment, and periodontal dis-
ease) on the facial alveolar bone dimensions in various regions
of the maxilla and the mandible.

Material and methods

This retrospective analysis included 60 patients (29 male and
31 female) who attended the Department of Oral Surgery,
Heinrich Heine University, Diisseldorf, Germany, between
January 2009 and August 2013 and were referred for cone-
beam computerized tomography (CBCT) examinations for
various indications. The mean age of the enrolled patients
was 48.8 years (range: 15-84 years).

A data extraction template was generated and used for the
pseudonymous acquisition of demographic study variables
and tooth site characteristics recorded during CBCT scan anal-
ysis. The study protocol was in accordance with the Helsinki
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Declaration as revised in 2013 and was approved by the local
ethics committee (Study Nr. 4301).

CBCT evaluation

Sixty CBCT scans (field of view size: 8 x 8 and 12 x 8.5;
voxel size: 0.12—0.3 mm, focal spot: 0.5 mm; image acquisi-
tion: single 360° rotation; scan time: 15 s; generator voltage:
50-90 kVp) obtained using a Pax Duo 3D scanner (VATECH
Co., Ltd., Hwaseong, South Korea) were investigated. A total
of 1174 teeth (707 healthy and 467 with the local pathologies)
were analyzed using the software provided by the same com-
pany (Ez3D2009, VATECH Co., Ltd., Hwaseong, South
Korea). With regard to the multi-rooted teeth, the measure-
ments were performed for both the mesial and distal roots of
the mandibular molars and the mesial and distal buccal roots
of the maxillary molars. Accordingly, a total of 1395 roots
(847 healthy and 548 with the local pathologies) were includ-
ed into the analysis (Table 1). According to the presence or
absence of local tooth pathologies, the following groups were
distinguished (Table 1):

* Healthy teeth (H);

* Endodontically treated teeth (Endo);

» Periodontally diseased teeth (i.e., teeth presenting with the
radiographic distance between the cementoenamel junc-
tion (CEJ) to the crestal bone > 3.5 mm) (Perio);

» Teeth with periapical lesions (i.e., periapical translucence
>1.0 mm) (PL) (Fig. 1a);

* Periodontally diseased and endodontically treated teeth
(Perio + Endo);

* Endodontically treated teeth with periapical lesions
(Endo + PL);

* Periodontally diseased teeth with periapical lesions
(Perio + PL) (Fig. 1b);

» Teeth with one of the local pathologies and their combi-
nations (i.e., Endo; Perio, PL; Perio + Endo, Endo + PL,
Perio + PL) (pathology).

According to location, the teeth were divided into the an-
terior (incisors and canines), premolar, and molar segments of
the maxilla and mandible.

To perform the measurements, sagittal slices of the exam-
ined roots were positioned through the long axis (LA) of each
tooth and displayed with a 250% zooming factor. The sagittal
cross-sectional slices were used to measure the alveolar bone
thickness.

The following landmark lines were identified (Fig. 1):

* A line crossing the long axis of the tooth (LA);
* A line marking the radiographic cemento-enamel
junction (CEJ).
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Table 1 Number of the included roots and teeth in different groups
Segment Number of roots/tecth
Total Anterior Premolar Molar
Maxilla
Healthy teeth (H) 409/337 178/178 87/87 144/72
Endodontically treated (Endo) 42/35 13/13 14/14 15/8
Periodontally diseased (Perio) 220/184 109/109 39/39 72/36
Teeth with periapical lesion (PL) 6/5 0/0 4/4 2/1
Periodontally diseased and endodontically treated (Perio + Endo) 19/18 10/10 77 2/1
Endodontically treated with periapical lesion (Endo + PL) 13/7 11 0/0 12/6
Periodontally diseased with periapical lesion (Perio + PL) 4/3 0/0 2/2 2/1
Pathology (Endo, Perio, PL, Perio + Endo, Endo + PL, Perio + PL) 304/252 133/133 66/66 105/53
Total 713/589 311/311 153/153 249/125
Mandible
Healthy teeth (H) 438/370 205/205 96/96 137/69
Endodontically treated (Endo) 30/24 8/8 10/10 12/6
Periodontally diseased (Perio) 191/174 110/110 47/47 34/17
Teeth with periapical lesion (PL) 22 0/0 2/2 0/0
Periodontally diseased and endodontically treated (Perio + Endo) 10/7 22 1/1 7/4
Endodontically treated with periapical lesion (Endo + PL) 4/3 0/0 1/1 32
Periodontally diseased with periapical lesion (Perio + PL) 7/5 22 1/1 42
Pathology (Endo, Perio, PL, Perio + Endo, Endo + PL, Perio + PL) 244/215 122/122 62/62 60/31
Total 682/585 327/327 158/158 197/100

The following dimensions were measured (Fig. 2):

+ the distance from the radiographic CEJ to the facial alve-
olar bone crest (BC) (CEJ-BC);

+ the distance from the BC to the apex of the tooth (BC-A);

» facial bone thickness was measured in five different posi-
tions perpendicular to the LA:

(1) at the BC (WO0);

(ii) at the position of 25% of the BC-A distance (W25);
(iii)  at the position of 50% of the BC-A distance (W50);
(iv) at the position of 75% of the BC-A distance (W75);
(v) at the apex of the root (W100).

Measurements were not recorded in areas with the
presence of artifacts, crowding, or improper alignment
of the teeth.

All measurements were performed by one calibrated
examiner. Intra-examiner reproducibility was assessed
using randomly selected CBCT scans of three teeth.
The calculated mean variability between the repeated
measurements at baseline and 48 h was 1.5% (1.8%,
2.3%, and 0.5%, respectively).

Statistical analysis

Statistical analysis was performed using SPSS Statistics 23
software. The mean values, standard deviations (SDs), and
medians were calculated for the facial bone thickness in dif-
ferent positions (W0, W25, W50, W75, and W100). The mea-
surements at the respective positions at a tooth root were con-
sidered as statistical unit. No statistical correction was per-
formed to address the random factor patient.

Prior to analysis, all teeth were sorted by location into the
anterior, premolar, and molar segments of the maxilla and the
mandible. Groups with at least 15 teeth roots were included in
the statistical analysis. This resulted in statistical comparison
among the healthy anterior teeth and premolars vs. the Perio
and Pathology groups, and the healthy posterior teeth vs. the
Perio, Endo, and Pathology groups in the maxilla. In the man-
dible, healthy anterior, premolar, and posterior teeth were
compared to the teeth in the Perio and Pathology groups.

A Mann-Whitney U test was used to assess the influence of
the presence or absence of pathological tooth conditions as
well as the type of pathology on the thickness of the facial
bone. According to the statistical correction for multiple test-
ing (Bonferroni method), results were considered statistically
significant at p < 0.0008.
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Fig. 1 Landmark lines utilized in the study: LA-a line crossing the long
axis of the tooth; CEJ-a line marking the radiographic cemento-enamel
junction. a Mandibular molar with periapical lesion (PL). b Periodontally
diseased mandibular premolar with periapical lesion (Perio + PL)

Fig. 2 Dimensions measured in
the study: CEJ-BC-the distance
from the radiographic cemento-
enamel junction (CEJ) to the
facial alveolar bone crest (BC);
BC-A-the distance from the BC
to the apex of the tooth (a).
Locations of facial bone thickness
measurements: WO: at the BC;
W25: at the position of 25% BC—
A distance; W50: at the position
of 50% of the BC-A distance;
W?75: at the position of 75% of the
BC-A distance; W100: at the A
(W100)

@ Springer

Results
Maxilla

The mean values, standard deviations, and medians of the
evaluated parameters in the maxilla are presented in Table 2.

Anterior region

The mean values of the CEJ-BC distance in the H group and the
Pathology group amounted to 2.51 mm and 4.39 mm, respec-
tively. The longest distances were registered for the Perio
(4.53 mm) and the Perio+ Endo (5.26 mm) groups.
Accordingly, the lowest mean values for the BC—A distances
were detected in the latter groups in comparison to the H group
(Perio: 10.16 mm, Perio + Endo: 8.32 mm, and H: 11.24 mm).

The general tendency demonstrated the lowest values in
facial bone thickness in the WO area, which increased in the
W25 region. Facial bone thickness in the W50 and W75 po-
sitions showed similar values but these were slightly lower
compared to the W25 position. The highest values for facial
bone thickness were registered at the W100 position. The
comparison of alveolar facial bone thickness in H group and
for teeth with one of the investigated local pathologies re-
vealed no significant differences.

Premolar region
The mean of the CEJ-BC distance was 2.21 mm in the H group

and 4.08 mm in the Pathology group. In the latter group, the
longest distance (5.10 mm) was found in the Perio + PL group,
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followed by 4.80 mm in the Perio group. The BC—A distance in
the Pathology group displayed lower values in comparison to the
H group (8.76 mm and 10.29 mm, respectively). Particularly, the
Perio + PL group exhibited the lowest values of the BC-A dis-
tance (6.65 mm).

With regard to the facial bone thickness for healthy teeth
and teeth with local pathologies, the lowest values were reg-
istered in the WO region. These increased in the W25 position
and showed a tendency to reduce in the W50 and W75 areas.
The highest thickness of the facial bone wall was registered in
the W100 area. When comparing healthy teeth to the teeth
with local pathologies, the observed tendency pointed toward
a lower bone thickness at the WO level in the Perio group
(Perio: 0.68 mm and H: 0.84 mm, p = 0.008).

Molar region

The CEJ-BC distance of the posterior teeth in the H group
was 2.18 mm and was lower when compared to the distance
noted for the molars in the Pathology group (4.74 mm). The
highest CEJ-BC distances were found in the Perio and
Perio + Endo groups (8.05 mm and 5.45 mm, respectively).
Accordingly, the BC—A distance in the H group was found to
be greater compared to that found in the Pathology group
(9.64 mm and 7.36 mm, respectively).

For the healthy maxillary molars, a gradual increase of the
bone thickness was observed from the WO to W75 positions. In
the apex region, the facial bone wall displayed lower thickness
compared to the W25-W75 regions. For the teeth with one of the
local pathologies, the general trend showed comparable bone
thickness in the W25, W50, and W75 positions, with the lowest
values in the WO area and the highest in the W100 region.

The observed tendency revealed a higher facial bone thickness
at the molar sites in the H group for the W25, W50, and W75
positions in comparison to the Pathology group (p =0.001, p=
0.005, and p = 0.004, respectively). Additionally, in the H group,
the facial bone tended to be thicker compared to the Perio group
in the W25 region (1.72 mm vs. 1.27 mm, p =0.009).

Mandible

Table 3 presents the findings of the evaluated parameters in
the mandible.

Anterior region

The CEJ-BC distance in the healthy dentition was 2.47 mm.
The corresponding value for the teeth in the Pathology group
was 4.49 mm, with the highest value detected for periodontal-
ly diseased teeth (Perio: 4.62 mm, Perio + PL: 5.10 mm, and
Perio + Endo: 4.20 mm). Similarly, the BC—A distance was
lower for the Pathology group compared to the healthy teeth
(9.82 mm and 11.96 mm, respectively).

@ Springer

Generally, the mean facial bone thickness in the H group
was slightly reduced in the W25 and W50 regions compared
to the WO region, whereas it gradually increased in the W75
and W100 areas. For teeth exhibiting one of the local pathol-
ogies, the overall tendency showed a gradual increase in mean
facial bone thickness from the WO to W100 position.

The bone thickness in the Perio group tended to be thinner
than in the healthy sites. In particular, mean bone thickness in
the WO area was higher around the healthy teeth (H: 0.55 mm
and Perio: 0.47 mm, p =0.004), while in the W50 position,
higher values were registered for the Perio group (Perio:
0.74 mm and H: 0.52 mm, p =0.001).

Premolar region

The mean CEJ-BC distance was 2.43 mm in the H group and
4.10 mm for the Pathology group. In the latter group, the Perio
group exhibited the highest CEJ-BC distance (4.45 mm). The
BC-A distance was higher for healthy teeth compared to the
teeth with one of the local pathologies (12.18 mm and
10.82 mm, respectively).

Regarding facial bone thickness in healthy teeth and
teeth with one of the local pathologies, a steady in-
crease from WO to W100 was detected. Between the
two groups, no significant differences in bone thickness
were found at any position. Likewise, the investigated
pathologies were not found to have an influence on
facial bone thickness dimensions.

Posterior region

The CEJ-BC distance in healthy teeth was 2.23 mm, and it was
4.46 mm for teeth in the Pathology group. The highest values of
the CEJ-CB distance were registered in the Perio + Endo and
Perio + PL groups (5.70 mm and 8.15 mm, respectively). The
mean values for the BC—A distance were lower for the
Pathology group when compared to the healthy dentition
(9.57 mm and 11.35 mm, respectively) and were particularly
reduced in the Perio + PL and Perio + Endo groups (4.17 mm
and 8.02 mm, respectively).

Based on the general tendency, facial bone thickness
in healthy teeth and in teeth with local pathologies
gradually increased from the WO to the WI100 area.
The comparison between healthy teeth and teeth with
local pathologies, as well as the types of local patholo-
gy with respect to bone thickness in various regions,
revealed no significant differences.

Discussion

This retrospective investigation was aimed at assessing the
impact of various local pathologies (i.e., endodontic treatment,
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periodontal disease, and the presence of periapical lesions) on
facial alveolar bone dimensions at tooth sites.

Based on the CBCT findings, it was noted that periodontal
disease had a tendency to influence the facial bone thickness
for the maxillary premolars, molars, and anterior mandibular
teeth. In the WO area, specifically, the periodontally diseased
maxillary premolars, anterior teeth in the mandible, and max-
illary molars in the W25 position exhibited a lower facial bone
thickness compared to the healthy teeth (0.68 vs. 0.84, p=
0.008; 0.47 mm vs. 0.55 mm, p=0.004; and 1.27 mm vs.
1.72 mm, p = 0.009, respectively). Moreover, it should be not-
ed that the periodontally diseased teeth showed the highest
CEJ-BC values and, accordingly, the lowest BC-A values.
Together, these findings illustrate that periodontitis is associ-
ated not only with the surrounding alveolar bone loss [24] but,
based on our findings, also leads to the reduced facial bone
thickness in the aforementioned regions.

In contrast, periodontally diseased anterior mandibular teeth
in the W50 area tended to have thicker facial alveolar bone walls
(0.74 mm vs. 0.52 mm, p =0.001, respectively) when compared
to the H group. This finding can be explained by the different
general tendencies noted for the healthy teeth and teeth with
pathologies, leading to the assumption that the W50 position in
the Perio group may correspond to the W75 position of the
healthy teeth. Besides, healthy maxillary molars tended to dis-
play thicker facial alveolar bone walls than the teeth with local
pathologies in the W25, W50, and W75 positions. This finding
implies that apical periodontitis, which is characterized by bone
destruction in the periapical tissues [25], as well as marginal
periodontitis, leads to a reduced thickness of the facial bone in
the maxillary molars. To the authors’ knowledge, this is the first
study to evaluate facial bone thickness in the presence of local
tooth pathologies. Therefore, our results could not be compared
to those previously reported.

According to our findings, the CEJ-BC distance in the
healthy tooth sites varied from 2.18 to 2.51 mm, which is in
line with the previous investigations, in which the CEJ-BC
distance for anterior and premolar teeth ranged from 1.6 to
3.48 mm [13-16, 19, 26-28] and the distance for maxillary
and mandibular molars ranged from 1.69 to 2.45 mm [23]. For
teeth with one of the local pathologies, the corresponding
distance varied from 4.08 to 4.72 mm, with the highest values
noted for periodontally diseased teeth. However, we identified
no studies that investigated the CEJ-BC distance for teeth
with local pathologies.

In agreement with the previous studies, our results showed a
steady facial bone increase from the anterior toward the posterior
regions in the maxilla and the mandible [12, 21, 23]. Considering
the healthy anterior teeth, the mean thickness of the facial bone
wall at the BC was 0.45 mm and 0.55 mm for the maxilla and the
mandible, respectively. These values are within the range report-
ed by previous authors, who observed that facial bone thickness
in the anterior teeth varied from 0.4 to 1.59 mm (measured at a

@ Springer

distance of 1-3 mm apically to the BC) [11, 13—15, 29].
Additionally, the decrease in mean bone thickness from the
W25 toward the W75 position in the anterior maxillary teeth
[15, 17, 26, 27] and the gradual bone thickness increase from
the bone crest to the apex in the anterior mandible is consistent
with previous observations [11].

In the current investigation, the mean alveolar bone thick-
ness in healthy premolars at the BC varied from 0.51 to
0.84 mm for the mandible and the maxilla. These measure-
ments corroborate the previously reported data, in which the
facial alveolar bone thickness ranged between 0.3 and
1.72 mm for maxillary premolars and between 0.5 and
1.21 mm for mandibular premolars [15, 21, 23, 28, 29].
With regard to the molar regions, the present study found
similar mean facial bone thickness at the BC for the maxillary
and mandibular molars (mean 0.97 mm), which is in line with
the previously reported facial bone thickness for the maxilla
and the mandible at the BC or 1 mm below (range: 0.90—
2.45 mm in the maxilla [11, 21, 23]; range: 0.92-1.08 mm
in the mandible [11, 23]).

The results of our study revealed a gradual facial bone
thickness increase from the coronal to apical part in the man-
dibular premolars and molars, which is consistent with the
findings of the previous CBCT investigation [21]. The overall
tendency noted for the maxilla showed reduced facial bone
dimensions in the W50 and W75 positions (compared to
W25) for the premolars and reduced bone dimensions at the
root apex for the molars (compared to the W25-75 positions).
This observation is comparable to the previously reported da-
ta, in which posterior maxillary teeth (premolars and molars)
showed a gradual decrease in facial bone thickness measured
1, 3, and 5 mm below the BC [21]. In addition, based on the
aforementioned study, first maxillary premolars and the mesial
roots of first molars exhibited significantly thinner facial bone
walls than all other roots in the posterior maxilla [21].

The present statistical analysis did not perform statistical
correction to address potential correlation of measurements
coming from the same subject. Estimation of an individual
correction factor was of questionable reliability because pa-
thologies were not equally distributed among the patients and
because facial bone thickness also varies considerably with
respect to the respective measurement location. Also, non-
parametric mixed effects designs would have required rather
homogenous groups and were therefore not eligible for the
present investigation. However, the present study design was
chosen to address the overall differences in facial bone thick-
ness at different positions among patients exhibiting different
pathologies, and these differences could be expressed through
the non-parametric comparison.

CBCT is a widely used imaging technique that facilitates
diagnosis and improves treatment planning in implant dentist-
ry [30]. The accuracy of linear measurements is crucial for the
basic preoperative implant planning [31]. Voxel size plays a
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significant role in image quality as it defines the spatial reso-
lution of the CBCT images, with a lower voxel size providing
a higher degree of detail [32]. In the current investigation, we
used a voxel size ranging between 0.12 and 0.3 mm. As
shown in previous studies, linear measurements using CBCT
images with different voxel sizes (0.2 mm vs. 0.3 mm vs.
0.4 mm) provided comparable accuracy, and smaller voxels
did not result in greater precision of vertical or horizontal bone
measurements [33, 34]. In line with these findings, a compar-
ison of four voxel sizes (0.15 mm, 0.2 mm, 0.25 mm, and
0.3 mm) for detection of external root resorption revealed
similar diagnostic efficacy [34]. Besides, a recent systematic
analysis concluded that a voxel size of 0.3 to 0.4 mm is ade-
quate to provide CBCT images of acceptable diagnostic qual-
ity for planning implant treatment [35].

Facial bone thickness prior to extraction was shown
to be a major factor affecting the degree of vertical
dimension change of the alveolar crest following tooth
extraction and immediate implant placement [10, 36].
Particularly, facial bone thickness of <1 mm was asso-
ciated with significantly higher vertical bone resorption
compared to sites exhibiting bone wall thickness >1 mm
[10, 29]. Furthermore, as our findings demonstrated, the
presence of local tooth pathologies has an impact on the
facial bone thickness. Consequently, considering the fact
that the majority of the teeth are being extracted due to
the presence of local pathology, the assessment of the
facial bone wall dimensions prior to tooth extraction
may help to anticipate the degree of bone loss and
evaluate the necessity of a bone augmentation procedure
prior or simultaneous to implant placement.

Conclusions

The present analysis has indicated that local pathologies are
commonly associated with a compromised socket morpholo-
gy. The facial bone thickness was particularly reduced at Perio
sites, which may challenge implant therapy.
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