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Abstract Background/purpose: Overdenture with single symphyseal implant is one of the
useful clinical approach for elderly edentulous patients. We aimed to evaluate edentulous pa-
tients with regards to the relationship between dimensions, bone characteristics, cancellous
densities, and cortical thickness of the mandibular symphyseal region using cone beam
computed tomography (CBCT).
Material and methods: We analyzed 103 CBCT from pre-implant investigations. All included
patients were healthy without any disorders affecting bone metabolism. We performed 13
measurements for each patient: 9 of height, width, and thickness (mm) and 4 of density
(Hounsfield Units; HU). Fisher’s exact test was applied to examine the association between
two categorical variables, the Pearson correlation coefficient to measure the strength of linear
relationship between two quantitative variables. We used the two-sample Student’s t-test to
compare mean symphysis height between men and women, the paired Student’s t-test to
compare mean lingual and buccal cortical thickness. For all tests, the threshold of significance
was fixed at 5%.
Results: Men and women significantly differed with regards to mean total symphysis height
(pZ 0.004) and the distribution of Cawood and Howell classifications (pZ 0.033). Symphysis
height was negatively correlated with mean density of cancellous bone (rZ �0.453,
p< 0.001). Mean lingual cortical thickness significantly differed from mean vestibular thick-
ness (p< 0.001, paired Student’s t-test).
Conclusion: Present findings supported that symphyseal measurements are parameters that
reflect the symphysis bone characteristics, and can guide the choice of a suitable implant
design.
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Introduction

For over 100 years, fully edentulous patients have been
treated using removable complete dentures, often with
satisfaction, but sometimes with disappointing results. In
2002, the McGill consensus established that the minimum
treatment for edentulous patients should include the use of
two inter-foraminal implants and an overdenture. This
clinical approach has improved patients’ levels of satis-
faction and masticatory efficacity; however, the implant
overdenture is often too expensive, and the surgery is
difficult for aged patients. To address these issues, in 1997,
Cordioli et al. proposed the use of a single implant in the
middle of the symphysis.1 Since then, denture sets sup-
ported by a single implant have been successfully
developed.2e4

The loss of anterior mandibular teeth induces many
changes of the symphysis, particularly regarding its shape
and volume. These changes have been well described in the
literature.5,6 They mainly occur during the first 6 months
after tooth extractions,7,8 and often involve the loss of up
to 50% of the initial volume.9e12

In the present study, we aimed to analyze the anatom-
ical and morphological characteristics of the median sym-
physeal region in fully edentulous patients. Those two
characteristics are not dissociable and yet to date no study
has been studied simultaneously these two aspects of the
symphyseal region. Analysis of these bone characteristics
by cone beam computed tomography (CBCT) allow a prac-
titioner to select the best implant design to achieve good
primary stability and quick osteointegration. The null hy-
pothesis was that the degree of median symphyseal modi-
fications related to edentulism is not related the genre and
with the bone characteristics.
Figure 1 Median cross-section of the symphysis and the
studied measurements. Bone densities were recorded at points
A, B, C, and D. A, peak of the ridge; D, mandibular base; TH,
Total Height; E, upper lingual; F, upper buccal; G, lower
lingual; and H, lower buccal.
Materials and methods

This study was conducted at La Timone University Hospital,
Marseille, France, between 2016 and 2019, with approval
from the Ethical Committee of this institution. The study
enrolled 103 patients from the implant department,
including 46 women (mean age, 68.2� 9.2 years) and 57
men (mean age, 71.2� 9 years). Inclusion criteria were an
edentulous mandible for at least 3 months, and no health
problems in terms of any disease that could affect bone
metabolism. Patients were excluded if they had a history of
injury, mandibular surgery, surgical sequelae, dysmorphic
disorders, or diseases affecting muscle and skeletal func-
tion or development. All CBCT were performed by the same
operator using the same imaging device (PlanMeca ProMax
3D, Helsinki, Finland/Classic voltage 120 kV; intensity,
160mA; slice thickness, 0.625mm; interval, 0.4 mm; DLP
215mGy-cm). These scans were obtained as part of routine
pre-implant investigations, and thus the enrolled patients
did not receive any additional radiation due to participation
in the study.

From the CBCT images for each patient, we selected the
median section of the mandibular symphysis, i.e., the
section lying an equal distance from each mental foramen.
For each patient, we obtained 13 measurements of the
selected median section: 9 measurements of height, width,
and thickness in mm; and 4 measurements of density in
Hounsfield units (HU). Fig. 1 shows the location of linear
measurements on a cross-section of the mandible as
rendered in a coronal CBCT image corrected for
orientation.

We analyzed three characteristics of the symphysis:
dimensions (height and width), density, and thickness.
Lingual and buccal cortical thickness measurements were
completed from border to border of the cortical bone and
using six defined sites: A, peak of the ridge; D, mandibular
base; E, upper lingual; F, upper buccal; G, lower lingual;
and H, lower buccal. Section height was determined by a
segment passing through the maximum height of the
symphysis. We also recorded the total height (TH), upper-
third width (EF), and lower-third width (GH) of the
mandible (Table 1). The lower point (D) was used to
measure basal cortical thickness. Two lines were drawn
parallel to the mandibular plane and through the section
at the upper-third (EF) and lower-third (GH) of the total
height (Tables 2 and 3). All sections, except those through
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Table 1 Summary statistics of symphysis dimensions.

Measurement n Symphysis dimensions (mm)

[min, max] mean
(SD)

median [Q1, Q3]

Total height
(TH)

103 [10.30,
34.20]

23.12
(4.66)

23.30 [20.10, 26.50]

Width (EF) 103 [3.60, 17] 10.63
(2.46)

10.20 [9.10, 12.40]

Width (GH) 103 [7, 17.60] 13.30
(2.19)

13.30 [12, 14.70]

Table 2 Summary statistics of bone density at points A, B,
C, and D.

Point n Bone density (HU)

[minemax] mean� SD median [Q1eQ3]

A 103 [131e1698] 962.63� 357.52 936 [698e1281]
B 103 [87e1802] 752.40� 352.20 752 [510e1030]
C 103 [102e1644] 1082.36� 340.57 1156 [842e1331]
D 103 [838e1958] 1525.11� 219.20 1546 [1354e1659]

Figure 2 Distribution of Cawood and Howell classifications,
according to sex (57 men and 46 women). No included patients
were class I or II, due to the inclusion criteria.
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the symphysis, were inclined lingually from the mandib-
ular base to the alveolar ridge. Bone densities in HU were
also recorded at 4 points (A, B, C, D). The study of bone
density and cortical thickness is an important parameter
in choosing the type of implant and its diameter.
All measurements were performed using DTX Studio
Design software (Nobel Biocare�, Envista Holdings Cor-
poration, Brea, Cal, USA) and inserted in an Excel table.
Statistical analysis

We performed a detailed descriptive analysis using SAS 9.4
software (SAS Institute Inc.) and R Software version 3.5.2 (R
Foundation for Statistical Computing). Qualitative variables
were presented as number and percentage (n, %). Quanti-
tative variables were expressed as number, range, mean,
SD, and medians sorted at the 25th and 75th percentiles
(interquartile intervals) (Tables 1e3).

The Fisher’s exact test was used to compare the distri-
bution of Cawood and Howell classifications between men
Table 3 Summary statistics of cortical bone thickness at
points A, E, F, G, H, and D.

Point n Cortical bone thickness (mm)

[minemax] mean� SD median [Q1eQ3]

A 83 [0e5.20] 0.93� 0.84 0.80 [0.30e1.40]
E 80 [0.90e5] 2.75� 0.87 2.65 [2.10e3.20]
F 80 [0.40e5.10] 1.72� 0.91 1.40 [1.10e2.10]
G 38 [2.20e9.70] 4.28� 1.50 4.35 [3.20e5.30]
H 38 [0.90e4.80] 2.32� 0.88 2.15 [1.70e2.90]
D 83 [1.80e19.40] 7.23� 3.60 7.10 [4.30e9.50]
and women. The Pearson correlation coefficient was used
to measure the strength of the linear relationship between
two quantitative variables. We used the two-sample Stu-
dent’s t-test to compare the mean symphysis height be-
tween men and women, and the paired Student’s t-test to
compare the mean lingual and buccal cortical thickness and
mean cortical thickness at the minimum and maximum
symphysis heights. All statistical tests were two-sided and
the significance level was set at 0.05.
Results

This study included a total of 103 patients, with an age
range of 44e90 years. The overall mean age of the sample
was 69.8� 9.2 years. The sample included 46 women (mean
Figure 3 Comparison of densities in Hounsfield units (HU) at
points B and C.Scatterplot shows density at point C (y-axis)
against density at point B (x-axis) and line yZ x (red line).



Figure 4 Comparison of cortical thickness (CT) at points A and D (nZ 83). Scatterplot shows CT at point D (y-axis) against CT at
point A (x-axis) and line yZ x (red line) and a histogram of the difference (CT at point D� CT at point A).
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age, 68.2� 9.2 years) and 57 men (mean age, 71.2� 9
years).
Symphysis dimensions (height and width)

In the total population, the mean total symphysis height
was 23.12� 4.66 mm, with a minimum of 10.30 mm and a
maximum of 34.20 mm. Mean symphysis height was
24.30� 4.10 mm in men, and 21.65� 4.90 mm in women,
which was a significant difference (pZ 0.004) (Table 1).
The maximum width observed was 17.60mm (measured at
GH), and the minimum width was 3.60 mm (measured at
EF). Mean symphysis widths were 10.63� 2.46 mm at EF,
and 13.30� 2.19 mm at GH.
Figure 5 Comparison of cortical thickness (CT) at points E and F
point E (x-axis) and line yZ x (orange line) and histogram of diffe
According to the symphysis classification of Cawood and
Howell,10 our sample was distributed as follows: 36.9% class
III (nZ 38), 38.8% class IV (nZ 40), 16.5% class V (nZ 17),
and 7.8% class VI (nZ 8). Based on the inclusion criteria of
our study, our study cohort did not include any patients in
classes I or II. We also analyzed the distribution of Cawood
and Howell classifications according to sex, and found that
the distributions significantly differed between men and
women (pZ 0.033, Fisher’s exact test) (Fig. 2).
Bone density

Mean densities varied according to the bone structures
studied and the points measured. For cortical bone, the
(nZ 80). Scatterplot shows CT at point F (y-axis) against CT at
rence (CT at point F e CT at point E).



Figure 6 Comparison of cortical thickness at points G and H (nZ 38). Scatterplot shows CT at point H (y-axis) against CT at point
G (x-axis) and line yZ x (orange line) and histogram of difference (CT at point H e CT at point G).
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mean density was 962.63� 357.52 HU at point A, compared
with 1525.11� 219.20 HU at point D. For cancellous bone,
the mean density was 752.40� 352.20 HU at point B, and
1082.36� 340.57 HU at point C (Table 2).

We found that 77.70% of patients (nZ 80) had cancellous
bone and cortical bone between points E and F, compared to
36.90% (nZ 38) between G and H. The remaining patients
had only cortical bone along the entire width. Comparison
of densities at points B and C revealed that the density was
greater at point C in 84.5% of patients (Fig. 3).

Cortical thickness

Measurements of cortical thickness revealed many differ-
ences between the studied points, from point A
(0.93� 0.84 mm) to point D (7.23� 3.60 mm) (Table 3).
Using the paired Student’s t-test revealed that the mean
cortical thickness at E was significantly different from the
mean cortical thickness at F (2.75 vs 1.72 mm, P< 0.001).
This comparison was conducted in a sample of 80 patients
rather than 103, as we excluded patients in whom EZ F,
i.e., patients who had only cortical bone at EF. We also
found that mean cortical thickness differed significantly at
point G compared with point H (4.28 vs 2.32 mm,
P< 0.001). This analysis was conducted in 38 patients,
excluding those in whom GZH, i.e., who had only cortical
bone at GH. Figs. 4e6 show the statistical results and the
paired comparisons of cortical thickness.

Of the 103 patients, 80.6% (nZ 83) had cancellous bone
between points A and D, 77.7% (nZ 80) between E and F,
and 36.9% (nZ 38) between G and H. Among the 83 pa-
tients with cancellous bone between points A and D, 98.8%
had cortical thickness at D that was greater than or equal to
A. Of the 80 patients with cancellous bone between points E
and F, 86.2% (nZ 69) had a greater or equal cortical
thickness at E compared to F. Among the 38 patients with
cancellous bone between points G and H, 89.5% (nZ 34)
had a cortical thickness at G that was greater than or equal
to H. Paired Student’s t-tests were used to analyze differ-
ences in mean cortical thickness between points A and D
(nZ 83), E and F (nZ 80), and G and H (nZ 38), and all
differences were significant (p< 0.001).

Correlation

Analysis of the correlation between symphysis height and
bone density at points A, B, C, and D revealed a negative
correlation at points A (rZ�0.33; p< 0.001), B
(rZ�0.33; p< 0.001), and C (rZ�0.43; p< 0.001), and
no correlation at point D (rZ�0.06; pZ 0.558). At points
A, B, C, and D, a decrease in mean symphysis height was
accompanied by an increased mean bone density. Fig. 7
shows the relationship between symphysis height and
mean density (DA, DB, DC, and DD). We identified a sig-
nificant and negative correlation between these two mea-
sures (rZ�0.45; p< 0.001).

Discussion

Patient bone characteristics were initially evaluated with
the goal of choosing the best place for the implant
relative to the cortical density and trabecular spaces.
However, nowadays the paradigm has changed: The
prosthetic conception induces the choice of implant po-
sition whose characteristics (form, surface, thread) are in
accordance with the underlying bone characteristics.
Our study included a large sample of 103 edentulous
patients evaluated by CBCT. However, it is difficult to
compare our results with those of prior studies, since
previous samples have included dentate or edentate
mandibles, and living or deceased patients. Some prior
investigations have been conducted on anatomical
structuresdfor example, Ulm et al. performed histolog-
ical research on four parts of the mandible from 128
patients (68 females and 60 males; mean age, 77.58
years),13 Cawood Howell studied 300 dry skulls,10 and



Figure 7 Relationship between symphysis height and mean
density (DA, DB, DC, and DD).
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Schwartz-Dabney conducted a cadaver study of 10
edentulous mandibles.6 Katranji examined 28 dissected
mandibles, from a population that was 68% male and 32%
female, with an average age of 73.1 years.14 Merrot et al.
studied mandibular changes in 67 maxillary and mandib-
ular edentate elderly patients and 43 dentate elderly
patients, but did not differentiate between the sites.12

Guevara-Perez studied a series of 12 cadaveric mandi-
bles, and Blahout et al. examined 41 mandibular
halves.15,16

Many other clinical studies have been performed among
patients using X-ray devicesdfor example, Tallgren re-
ported cephalometry findings, and Truitt reported findings
from CT scanning.17,18 Swasty et al. studied 113 individuals
with ages of 10e19 years; Foosiri examined 51 individuals,
including 21 males with a mean age of 29.9 years and 30
females with a mean age of 25.44 years; and Derya et al.
studied 196 patients of 20e45 years of age.19,20

Since 1998, CBCT has been used extensively in odontol-
ogy due to its low cost, ease of use, and low irradiation
level, meeting the ALARA (As Low As Reasonably Achiev-
able) principle.21 Notably, Jacobs et al. have stated a
preference for following the ALADAIP (As low as Diagnosti-
cally Acceptable being Indication-oriented and Patient-
specific) principle.22 However, in a literature review, De
Vos found that the available data do not confirm the
perception of the low irradiation level with CBCT, since the
doses are related to the utilized imaging devices, and the
irradiation doses vary between 41 and 53 mSv.21,23 In our
present study, each examination was conducted by the
same operator and using the same calibrated CBCT imaging
unit (Planmeca).

Diagnostic imaging is based on evaluation of the gray
level of hard and soft tissues obtained with CT or CBCT
devices. With CBCT, the degree of X-ray attenuation is
shown by gray scale (voxel value, VV). Mah reported
data indicating a strong linear relationship between the
gray scales in CBCT and HU in CT.24 Razi et al. stated
that gray scale in CBCT is the standard for measuring
bone density before implant treatment, and that this
method is recommended because of the lower radiation
dose and cost compared to CT scanning.25 However,
Cassetta reported that a conversion ratio must be
applied to the VV to more accurately define the bone
density with CBCT.26

First published in 1985, the Lekholm & Zarb classification
is a subjective classification system that uses gray levels to
assess the cortical bone/cancellous bone ratio. However,
its subjective aspect has been clearly demonstrated in
numerous studies,27 and this approach has evolved over
time. Using CBCT data, Al-Ekrish et al. developed a modi-
fication of the classification of the Lekholm & Zarb classi-
fication, which included five classes.28 Since the works of
Misch, computed tomography has been considered a valid
and precise method of measuring cancellous and cortical
bone density.29,30

The degree of mandibular bone loss, particularly sym-
physis bone loss, is affected by a number of factors,
including the initial clinical conditions and the healing
process of the sockets. In a systematic review, Van der
Weijden et al. showed that among dentate patients, during
the post-extraction healing period, the mean changes
affecting alveolar bone resulted in a clinical width loss of
3.87 mm, which was greater than height loss detected
through both clinical evaluation (1.67e2.03 mm) and
radiographically (1.53 mm).8 Tan et al. reported similar
findings, with greater horizontal bone loss than vertical
bone loss.7 These changes all occurred within the first 6
months after extraction. Bone remodeling is also influenced
by mechanical and functional stresses, as described by
Atwood and Tallgren and by Cawood and Howell.11,10 These
authors also reported greater losses in width than in height,
but with the greatest impact in the basal part of the
mandibular body.31,28 In our present study, Cawood-Howell
classes I and II were not represented, and patients were
most frequently class IV (nZ 40), followed by class III
(nZ 38).

In another study of the interforaminal region, the most
marked atrophy-induced changes were observed in the
mandibular height. The examined mandibles showed a very
significant decrease in height of 46e57%, and over 60% in
extreme cases. The data obtained from this cross-sectional
study revealed that about one-third of the original bone
height was lost at a relatively early stage in the resorption
process. During all later stages of resorption, the mandible
lost only one-fifth of its original bone substance. Moreover,
the degree of alveolar ridge resorption was not associated
with the patient’s age, but depended on the time elapsed
after extractions.16

In our present study, we compared lingual and basal
cortical thicknesses with vestibular and superior thick-
nesses, and our findings were in agreement with those of
Lestrel et al.5 They reported that the cortical thickness of
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the lower border of the mandible tended to slightly in-
crease with age, regardless of whether the patient was
dentate or edentate. They also demonstrated increased
cortical thickness at the lower aspect of the mandibular
symphysis in edentate patients.5 Accordingly, Schwartz-
Dabney and Dechow reported an increased cortical thick-
ness on the lingual aspect in edentate mandibles compared
with dentate mandibles.6 Among dentate patients, the
symphysis cortical compartment appeared to remain sta-
ble, even if this stability was no longer present distally.

It has been proposed that mandibular stability may
principally depend on cortical bone and not cancellous
bone.13 Within the region of the incisors, the cortical
compartment has been reported to undergo no significant
change; however, different results were obtained for distal
aspects of the mandible.16 Although cancellous bone
remodeling after tooth loss is a well-known phenomenon,
structural changes at sites distant from the alveolar process
have been scarcely discussed in the literature.6 Ridge
resorption has often been considered a localized phenom-
enon, restricted to cancellous bone. One study examined
the remodeling changes on the lower border of the
mandible and the mandibular symphysis related to use of
prostheses and aging.6 The results were in agreement with
other findings, concluding that three-dimensional struc-
tural changes may occur in cortical bone, whereas density
showed little change.6 In our present study, we observed
considerable variability in height and width between in-
dividuals, while the densities at the same points (A, B, C,
and D) varied little between individuals. However, one prior
study has shown variations in density among different re-
gions of the mandible (incisor, canine, premolar, and
molar).29 These variations were related to functional dif-
ferences in the studied regions, particularly the muscular
insertions.

Schwartz-Dabney and Dechow found that the thickness
of cortical bone in the mandible, and its density and elastic
properties, exhibited a unique regional variation, with
distinct findings between the symphysis and in the
mandibular body.6 Park et al. reported mandibular cortical
density of between 810 and 1580 HU in alveolar bone, and
of between 1320 and 1560 HU in basal bone.32 This was in
agreement with our present findings.

There remains controversy surrounding the impact of
tooth loss on mandibular density. One study extended its
investigations to other regions of the mandible, where no
significant differences were found between regions. This
absence of difference suggests that cortical bone density at
various points is maintained after tooth loss, despite
changes in structure, rigidity, and anisotropy.6

Considering the limits of this study, the following con-
clusions may be drawn. The reduction of symphyseal size is
sex-related, with women showing greater reduction. The
decrease of symphyseal height is accompanied by an
increased density of the central and lower portion of
cancellous bone, and the thickness of the lingual and lower
parts of cortical bone. Symphysis size is an important
parameter for selecting the design (form, thread, surface)
of the implant to ensure optimal primary stability and quick
osteointegration.
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