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Abstract: Lack of stability and retention of lower complete dentures are the main complaints of patients with ex-
tremely resorbed jaws. To resolve these problems, four-implant-supported overdentures have been preferred for
rehabilitation. However, inserting fewer implants can ease surgical and prosthetic procedures. Therefore, this study
aimed to evaluate the influence of short implant numbers and transverse mandibular widths on stress distribution
of extremely resorbed mandibles with implant-retained/supported overdentures, using three-dimensional finite ele-
ment analysis. Nine three-dimensional finite element models with three transverse widths that retained/supported
an implant overdenture, with different numbers of supporting interforaminal short implants, were designed. To
simulate a natural chewing environment, a spherical rigid material representing foodstuff was used in different
biting configurations. Of all mandibular configurations, the highest compressive stress values were generated in
two-implant-retained models. Measured stress values in three- and four-implant supported models were found
to be closely related. Current study outcomes demonstrated that, regardless of transverse width, three-implant-
supported overdentures may be an appropriate choice of treatment for patients with edentulous extremely resorbed
mandibles. This modality can offer relatively cheaper treatment costs with the advantage of less complex laboratory
designs.
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Introduction

Resorption of the alveolar ridge that occurs
after tooth loss is a natural healing process
[1, 2]. In advanced stages of edentulous, this
resorption may progress to the basal bone of
the mandible [3]. An extremely resorbed eden-
tulous mandible is defined as a mandibular
height in the symphyseal area of 12 mm or
less, as measured on a standardized lateral
radiograph [4].

According to the World Health Organization, the
average life expectancy has increased in recent
decades, resulting in an increase in the number
of elderly people [5]. Therefore, clinicians are
likely to increasingly encounter patients with
extremely resorbed mandibles. Lack of stabi-
lity and retention of lower complete dentures,
decreased chewing ability, and esthetic and
psychosocial factors are the main complaints

of these patients [3, 6, 7]. To resolve these
problems and increase patient quality of life,
overdentures that are supported by implants
are frequently preferred [6]. Higher morbidity
rates, increased costs of reconstructive aug-
mentation procedures, and recent technologi-
cal advances in the dental implant industry
have made short implants the treatment of
choice for extremely resorbed jaws [2, 3, 6, 8].
However, there is limited data regarding clinical
outcomes of short implants in the interforami-
nal area of severely atrophic mandibles [3, 6,
9]. In addition, four-implant-supported overden-
tures have been preferred for rehabilitation of
these patients [10, 11]. On the other hand,
inserting fewer implants can ease surgical and
prosthetic procedures, decreasing treatment
costs in this patient population [3].

Transverse mandibular width (TMW) may play a
role in determining the number of implants that
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Figure 1. A. Narrow configuration of the mandibular arch on the horizontal
plane. B. Standard configuration of the mandibular arch on the horizontal
plane. C. Wide configuration of the mandibular arch on the horizontal plane.
D. The bar attachment system for mandibular two-implant retained overden- theses included: (1) Wide-

ture. E. The bar attachment system for mandibular three-implant supported
overdenture. F. The bar attachment system for mandibular four-implant sup-
ported overdenture. G. Occlusal loading (100 N) on the left canine tooth us-
ing SRM to avoid localized contact. H. Mandibular FEM comprising the bone,
mucosa, and overdenture. |. Boundary conditions of the mandibular FEM.

are required in edentulous mandibles. Also, it is
complicated to postulate the extent to which
overdentures are mucosa- and implant-sup-
ported or even completely implant-supported in
extremely resorbed mandibles [12, 13]. More-
over, mandibular overdentures supported by
the same number of implants may show vary-
ing degrees of rotational movement around the
fulcrum line, due to differences in transverse
width. Increased rotational movements lead to
compromised stability and residual ridge re-
sorption. Thus, determining the favorable im-
plant number has great importance in extreme-
ly resorbed mandibles. However, the influence
of a short implant number or TMW on the bio-
mechanical behavior of extremely resorbed
mandibles has not been examined in detail.
This lack of knowledge has been confirmed by
other researchers [3, 14].

Several methods, such as photo-elasticity, fi-
nite element analysis (FEA), and strain gauge
measurement have been used for assessment
of stress distribution in the stomatognathic sys-
tem [15, 16]. Of these biomechanical methods,
three-dimensional (3D) FEA may be more pre-
cise and convenient in predicting the effects
of stress on dental implants and surrounding
bones [16, 17]. Physical data, such as stress,
strain, and displacement, can be obtained us-
ing FEA. Various clinical situations can be easily
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simulated with this technique
[47, 18]. These advantages
make FEA increasingly useful
in dentistry, assessing the fea-
sibility of new treatment mo-
dalities before conducting in
vivo research [18, 19]. Th-
erefore, before designing a
clinical trial, this study aimed
to evaluate the influence of
short implant numbers and
different horizontal configura-
tions on the stress distributi-
on of extremely resorbed m-
andibles with implant-retain-
ed/-supported overdentures,
using 3D FEA. Tested hypo-

sized mandible configuration
will have greater influence on
stress distribution on peri-im-
plant bones; and (2) An inc-
rement in the number of im-
plants reduces generated stress on peri-im-
plant bones.

Material and methods

Data of 3D mandible finite element models
(FEMs) used in the present study were obtained
from the Visible Human Project (US National
Library of Medicine, Bethesda, Md). Data was
modified with the use of VR Mesh Studio
(VirtualGrid Inc, Bellevue, Wash) and Rhinocer-
0s 4.0 (McNeel North America, Seattle, Wash)
software to simulate clinical situations of ex-
tremely resorbed edentulous mandibles. Su-
bsequently, the transverse width of the lower
jaw was increased and decreased by 11% to
acquire narrow and wide dimension models,
respectively, according to the maximum possi-
ble limits for mandible size modification. This
provides sufficient horizontal space for bar-clip
system arrangement (Figure 1A-C) [13, 14].
Moreover, in the inter-foraminal region, the uni-
form thicknesses of the mucosa and cortical
bones were formed approximately 2.0 and 1.5
mm, respectively.

Models of extremely resorbed mandibles with
three transverse widths that retained/support-
ed an implant overdenture with different num-
bers of supporting interforaminal implants w-
ere divided into nine groups:
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Table 1. Young’s modulus and Poisson’s ratio of materials

Young’'s modulus  Poisson’s

Material (MPa) ratio Reference

Cortical bone 13700 0.3 Liu et al. [17], Peixoto et al.
[8], Bilhan et al. [20]

Cancellous bone 1370 0.3 Liu et al. [17], Peixoto et al.
[8], Bilhan et al. [20]

Mucosa 2.6 0.37 Bilhan et al. [20]

Titanium 110000 0.33 Bilhan et al. [20]

Gold 93000 0.33 Bilhan et al. [20]

Prosthesis (polymethyl methacrylate) 2700 0.35 Peixoto et al. [8]

e Model N2: narrow-sized mandible with two-
implant-retained overdenture, model N3: nar-
row-sized mandible with three-implant-support-
ed overdenture, and model N4: narrow-sized
mandible with four-implant-supported overde-
nture.

* Model S2: standard-sized mandible with two-
implant-retained overdenture, model S3: stan-
dard-sized mandible with three-implant-sup-
ported overdenture, and model S4: standard-
sized mandible with four-implant-supported
overdenture.

* Model W2: wide-sized mandible with two-
implant-retained overdenture, model W3: wide-
sized mandible with three-implant-supported
overdenture, and model W4: wide-sized mandi-
ble with four-implant-supported overdenture.

In two-implant configurations, implants were
inserted in the mandibular canine regions. In
three-implant configurations, distal implants
were bilaterally inserted in the mandibular
canine regions, whereas central implants were
inserted in the jaw midline. In four-implant con-
figurations, two implants were inserted in the
region of the mandibular lateral incisor and the
distal implants were bilaterally inserted in the
first premolar region (Figure 1D-G).

Short cylindrical screw-type implants (Strau-
mann, Basel, Switzerland; diameter, 4.1 mm;
length, 6 mm), abutment (RN synOcta 1.5
screw retained), occlusal screw, and bar and
bar matrix were scanned using an optic scan-
ner (Activity 880, Smart Optics Sensortechnik
GmbH, Bochum, Germany). Obtained data we-
re transferred to Rhinoceros 4.0 software for
3D modeling. Mandibular acrylic overdentures
were designed to fit all implant models and its
superstructures. The mechanical properties of
the chosen materials were acquired from previ-
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ous studies [8, 17, 20], presented in Table 1.
The implant-bone interface and the contacts
between bar attachment system and overden-
ture prosthesis were assumed to be static.
Additionally, the contact area of the over-
denture and mucosa was considered to be
frictionless.

Geometries of the mandible, implant, attach-
ment systems, and overdenture were then
meshed with 3D parabolic tetrahedral solid ele-
ments and subsequently imported into me-
chanical simulation software (Algor Fempro,
Algor, Beta Drive Pittsburgh, PA, USA). This da-
ta was used to evaluate patterns of stress dis-
tribution. The models had between 104,114
and 120,984 nodes and between 468,720 and
542,809 elements.

A spherical rigid material (SRM), with a 20 mm
diameter, was used to represent foodstuff and
accurately describe its interaction with over-
dentures (Figure 1H). The main aim of SRM
models was to reduce calculation times and
ease contact management. To simulate differ-
ent biting configurations, foodstuff was posi-
tioned on the left incisors, left canine, and left
first molar region. A load of 100 N was select-
ed, according to previous studies [8, 17, 21].
Boundary conditions were established by the
fixation of the condyle and coronoid process in
all directions at the selected degree of freedom
(Figure 1l). Maximum and minimum principal
stress values for cortical bones and von Misses
stress values for implants of all models were
obtained, numerically produced, color coded,
and compared among the models (Figures 2-4).

Results

Stress levels on cortical bones of each con-
structed models (narrow mandible: N2, N3, and
N4; standard mandible: S2, S3, and S4; wide

Int J Clin Exp Med 2019;12(4):3305-3315



Short implants in extremely resorbed mandibles

3 Y Load case: 1 of 1
Maximum Value: 35,3605 N/(mm*2] = o | Maximum Value: 85.9646 N/{mm*2)
Minimum Value: 505747 Ni(mm*2) Mhl-- Value: -31.2323 Ni(mm*2) B % Minimum Value: 0983811 Ni(--*!) C
2< Design > 2< Design Scenario 2 > = 2< Design Scenario 2

Load case: 1 of 1 R ) ) .
; ® Load case: 1 of 1 : o T Y Load ease: 1 of |
P e 145071 o 1 Maxiaarn Valoe: 4.4502 NimmD & l Maximum Value: 67.5125 N(mm*2) F k
: 233431 ) " i o Minimum Value: 037809 A7
2< Design Scenario 2> Minimum Yalue: -Jl ?:En-‘!) C i E X 1: Sulihﬂ- ) ,
; —_— e ———
s
it
i
as
. 4 Load case: 1 of 1 y - ¥ Load case: 1 of 1
. " Maximum Value: 545402 N/(mm* 2 ) NG e Mavximum Value: 74.5925 Nifmm*2)
Minimum Value: -3.19162 Nffmm*2) 3 : Minimum Value: -31.7588 Ni(mm*2) ; H x  Minimum Value: e.sslm Nf(m‘n
2< S z 2< Design 1> : - 2 Design Scen

Design Scenario 2>

Figure 2. The stress distribution of narrow-sized mandible models under loading on the left canine. A. Maximum principal stress distribution in peri-implant corti-
cal bone of N2 model; B. Minimum principal stress distribution in peri-implant cortical bone of N2 model; C. Von Mises stress values observed at implants in N2
model; D. Maximum principal stress distribution in peri-implant cortical bone of N3 model; E. Minimum principal stress distribution in peri-implant cortical bone
of N3 model; F. Von Mises stress values observed at implants in N3 model; G. Maximum principal stress distribution in peri-implant cortical bone of N4 model; H.
Minimum principal stress distribution in peri-implant cortical bone of N4 model; I. Von Mises stress values observed at implants in N4 model. Colors indicate stress
levels, from red (lowest) to dark blue (highest) for cortical bone and dark blue (lowest) to red (highest) for dental implants. The arrows indicate sites at which peak
stress values occurred.
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Figure 3. Stress distribution of standard-sized mandible models under loading on the left canine. A. Maximum principal stress distribution in peri-implant cortical
bone of S2 model; B. Minimum principal stress distribution in peri-implant cortical bone of S2 model; C. Von Mises stress values observed at implants in S2 model;
D. Maximum principal stress distribution in peri-implant cortical bone of S3 model; E. Minimum principal stress distribution in peri-implant cortical bone of S3
model; F. Von Mises stress values observed at implants in S3 model; G. Maximum principal stress distribution in peri-implant cortical bone of S4 model; H. Minimum
principal stress distribution in peri-implant cortical bone of S4 model; I. Von Mises stress values observed at implants in S4 model.
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Figure 4. Stress distribution of wide-sized mandible models under loading on the left canine. A. Maximum principal stress distribution in peri-implant cortical bone
of W2 model; B. Minimum principal stress distribution in peri-implant cortical bone of W2 model; C. Von Mises stress values observed at implants in W2 model; D.
Maximum principal stress distribution in peri-implant cortical bone of W3 model; E. Minimum principal stress distribution in peri-implant cortical bone of W3 model;
F. Von Mises stress values observed at implants in W3 model; G. Maximum principal stress distribution in peri-implant cortical bone of W4 model; H Minimum prin-
cipal stress distribution in peri-implant cortical bone of W4 model; |. Von Mises stress values observed at implants in W4 model.

3310 IntJ Clin Exp Med 2019;12(4):3305-3315



Short implants in extremely resorbed mandibles

Minimum Principal Stress (MPa)

30

N
o

b
[

=
o

v

Loading on left incisor Loading on canine

EN2 EN3 EN4 mS2 mS3 mS4 mW2 mwW3 mw4

Figure 5. Comparison of the highest minimum principal stress values (MPa)
for the cortical bone observed in each model with three different loading

conditions.

mandible: W2, W3, and W4) under three load-
ing conditions were evaluated. In this analysis,
compressive stress values were higher than
tensile stress values. Therefore, minimum prin-
cipal stress values for cortical bones were com-
pared among the models.

Stress on cortical bones

In models where loading was applied to left
incisors and left canine teeth, respectively, the
highest compressive stress value was generat-
ed at the distal side of the left implant in the
W2 model (25.84 MPa and 28.05 MPa). The
lowest stress value was generated at the distal
side of the rearmost left implant in the N4
model (10.59 MPa and 16.22 MPa). Of all man-
dibular configurations, the highest compressive
stress values were generated in two-implant-
retained models. Measured stress values in
three- and four-implant supported models were
found to be closely related. In all implant com-
binations, compared with wide- and standard-
sized mandible models, narrow-sized mandi-
ble models showed the lowest stress values.
However, the S2 model demonstrated slightly
lower values than the N2 model. When loading
was applied to the molar region, compressive
stress values measured, in all models, were
close to each other. The highest compressive
stress value was observed at the distal side
of left implant in the N2 model (19.49 MPa),
while the lowest compressive stress value was
recorded at the distolingual side of the left
implant in the W2 model (16.74 MPa). Minimum
and maximum principal stress values, under
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three types of loads for each
model, are shown in Figures
5-6.

Stress on dental implants

The highest von Misses str-
ess values were localized at
the disto-cervical region of the
most distal implant under ipsi-
lateral loading. Loading on the
anterior teeth produced high-
er stress values around the
load-bearing implant and max-
imum von Mises stress values
were always recorded in the
two-implant-retained models.
However, when loading was
applied on the molar region,
stress values measured, in all models, were
close to each other. Of all implant combina-
tions, implants in narrow-sized mandible mod-
els showed the lowest stress values, whereas
those in wide-sized mandible models had the
highest stress values. Except where loading
was applied to molars, the left implant of the
W2 model (58.05 MPa) had lower stress values
than the S2 model (64.9 MPa) (Figure 7).

Discussion

The present study examined the influence of
different implant combinations on stress dis-
tribution in peri-implant bones of extremely
resorbed mandibles, using FEA. In all mandi-
bular configurations, two, three, or four short
implants were used. For more proper distribu-
tion of functional loads and enabling of an ad-
ditional stability plane [22-25], a bar attach-
ment system was selected. Tested hypotheses
were partially confirmed in this study. Different
configurations of mandibles showed no consid-
erable effects on the stress distribution of peri-
implant bones and, regardless of TMW, two-
implant-retained overdenture models showed
the worst stress distribution.

Stresses around dental implants may be af-
fected by several mechanical and anatomical
factors, such as type of loading, implant geom-
etry and surface structure, material properties
of the prosthesis, choice of attachment sys-
tems in implant overdentures, quality and
quantity of surrounding bones, geometry of
crestal bones, horizontal width of jaws, nature
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Figure 6. Comparison of the highest maximum principal stress val-
ues (MPa) for the cortical bone observed in each model with three

different loading conditions.
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Figure 7. Highest von Misses stress values (MPa) observed at im-
plants in each model with three different loading conditions.

of the bone-implant interface, and mucosal
thickness [14, 20, 26]. Although most of the
abovementioned factors have been discussed
in detail by previous studies, the influence of
TMW on bone stress distribution has not been
clearly elucidated. Recently, de Almedia et al.
[14] evaluated the influence of different trans-
verse sizes of mandibles on the stress distribu-
tion around implants restored with a prefabri-
cated bar system. However, for more appropri-
ate adaptation of this prefabricated system,
implants were positioned closer to the buccal
and lingual sides in small and large-sized man-
dibles, respectively. Therefore, the highest st-
ress values were reported in large and small-
sized mandible models. Basically, an increase
in the distance between implants would lead to
higher compressive stress around peri-implant
bones, due to increased lever arm lengths.
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Thus, it was hypothesized
that measured stress valu-
es would be higher in wide-
sized mandibles than in na-
rrow- and standard-sized
mandibles in all implant con-
figurations. However, results
of this study could not dem-
onstrate any considerable
effects of TMW of extremely
resorbed mandibles on str-
ess distribution.

Loading on first molar

Severely atrophic edentul-
ous mandibles can be a
challenging situation for pa-
tients and clinicians. For th-
ese complex cases, treat-
ment options include the
placement of shortimplants,
conventional implant inser-
tion with prior augmentation
procedures, and transman-
dibularimplants [3, 6, 8]. Au-
gmentation procedures ha-
ve been associated with
increased surgical morbidity
and prolonged treatment ti-
mes. Moreover, general an-
esthesia for this elective ty-
pe of surgery may not always
be tolerated in relatively ol-
der patients that possibly
have many systematic dis-
eases [2, 3, 6]. The use of
transmandibular implants might increase the
risk for mandibular fractures because of pene-
tration of the lower mandibular cortical layer by
implants [3, 8]. Moreover, previous studies
have reported a considerable failure rate of
transmandibular implant systems, raising dou-
bts regarding the reliability of this treatment
modality [3, 27, 28]. Therefore, short implants
may be effective for patients with severely atro-
phic jaws. Additionally, knowledge of clinical
outcomes of short implants has recently in-
creased. Several studies have demonstrated
similar success rates with short implants, com-
pared with those with conventional length
implants [3, 6, 29-32]. Due to the decreased
bone-implant contact area, placement of four
short implants is advocated in extremely re-
sorbed edentulous mandibles [6, 10]. On the
other hand, inserting fewer implants in these

Int J Clin Exp Med 2019;12(4):3305-3315
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cases can ease surgical and prosthetic proce-
dures [3]. However, there remains a conflict
regarding the effectsof implant numbers and
generated stress inthe literature. Several stud-
ies have anticipated that, with an increase in
the number of implants, stress would be more
widely distributed and, therefore, generated
stress values for the peri-implant bone would
decrease [20, 33-35]. On the contrary, Meijer
et al. [7] reported no differences in stress dis-
tribution between two- and four-implants in
severely resorbed mandibles. In the current
study, although the highest stress values were
measured in two-implant-retained overdenture
models, the stress distribution in three- and
four-implant supported models were found to
be similar. However, some concerns have been
raised regarding the use of three-implant-sup-
ported overdentures because the bone around
the middle implant may be associated with
higher stress, particularly when a load is ap-
plied to posterior teeth [36]. Current study
results demonstrate that, during load applica-
tion on anterior or molar teeth region, maxi-
mum stress was always localized on the cervi-
cal region of the ipsilateral posterior implant in
all three-implant-supported overdenture mod-
els. Similarly, Geckili et al. [37] reported that
the middle implants of three-implant-supported
overdentures showed the least marginal bone
loss, compared with the right and left implants.
Therefore, regardless of mandibular width,
three-implant-supported overdentures may be
recommended for treatment of extremely re-
sorbed edentulous. This treatment choice is
relatively cheaper and offers the advantage of
less complex laboratory designs, compared to
4-implant-supported overdentures [13].

Findings from this in vitro study may contribute
to research regarding stress distributions in
extremely resorbed mandibles. However, there
were some limitations of FEA that must be con-
sidered. Thus, present results should be care-
fully interpreted. FEA allows the approximation
of several clinical situations with a high degree
of sensitivity for parameters, such as anatomi-
cal factors, material properties, and loading
conditions in a virtual environment [14, 17]. Es-
sentially, the cortical bone of the jaw is aniso-
tropic and non-homogeneous. However, in this
study, all constructed models were assumed to
be homogenous, isotropic, and linearly elastic.
Moreover, 100% osseointegration was estab-
lished between the implant and bone, which
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does not entirely represent clinical situations in
practice. In the present study, to simulate the
natural environment, a solid material was used
to mimic foodstuff for different occlusal load-
ings. In several FEA studies, inclined and verti-
cal loadings have been separately applied, but
during chewing activity, vertical and horizontal
forces are simultaneously transmitted to den-
tures. With the use of a large diameter SRM,
loads can be applied across the cusp inclines
and generated multi-vectoral forces, which are
expected to more accurately simulate the natu-
ral chewing activity [16, 38]. According to pres-
ent results, the loading site shows an important
effect on stress distribution in the bone-implant
system. Loading on the anterior teeth produced
higher stress in all models, with the highest
significance being observed in two-implant-
retained models.

In view of all these findings, three-implant-sup-
ported overdentures may be an appropriate
treatment choice for patients with edentulous
resorbed mandibles. However, further prospec-
tive clinical research based on different man-
dibular widths is necessary to confirm current
study outcomes.

Conclusion

Based on the results of this in vitro study,
increasing the number of implants enabled
more stress distribution on the implants, de-
creasing compressive stress on the peri-im-
plant cortical bone. However, stress distribu-
tion levels in three- and four-implant support-
ed models were found to be similar. Moreover,
TMW showed no considerable effects on the
stress distribution on peri-implant bones. The-
refore, regardless of transverse width, three-
implant-supported overdentures should be rec-
ommended for treatment of extremely resorbed
edentulous mandibles.
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