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Analysis of the Occlusal Stress
Transmitted to the Inferior Alveolar
Nerve by an Osseointegrated
Threaded Fixture

G. Sammartino,* G. Marenzi,* R. Citarella,” R. Ciccarelli,* and H-L Wang$

Background: Altered sensation can occur after the place-
ment or loading of mandibular implants. Limited evidence ex-
ists with regard to the proper distance between the implant and
the mandibular nerve to ensure the nerve’s integrity and phys-
iologic activity. The proper distance should come from evalu-
ation of clinical data as well as from biomechanical analyses.

Methods: A numeric mandibular model based on the bound-
ary element method was created to simulate a mandibular seg-
ment containing a threaded fixture so that the pressure on the
trigeminal nerve, as induced by the occlusal loads, could be
assessed. Such pressure distributions were evaluated with dif-
ferent distances of the fixture from the mandibular canal and
considering different bone densities. Although all simulations
considered a canal that was orthogonal to the implant axis, in
one case, the effects of an inclined canal were analyzed.

Results: The nerve pressure increased rapidly with a bone
density decrease. A low mandibular cortical bone density
caused a major nerve pressure increase.

Conclusion: Our study suggested a distance of 1.5 mm to
prevent implant damage to the underlying inferior alveolar
nerve when biomechanical loading was taken into consider-
ation. J Periodontol 2008;79:1735-1744.
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one of the standard options for the

rehabilitation of edentulous posterior
areas. Correct presurgical planning is re-
quired to guide proper implant placement
(e.g., position, diameter, and length) to
avoid damage to anatomic structures,
such as the maxillary sinus and mandibular
canal.! Many studies showed the possibil-
ity of trigeminal (e.g., inferior alveolar
nerve) sensitivity alterations after mandib-
ular surgical treatment>® and implant
placement.®12 Implant placement can
cause an insult to the nervous structure
and lead to transitory or irreversible alter-
ations of inferior nerve functionality.® Due
to compression on the nerve, paresthesia
and dysesthesia following implant loading
have been reported.!> To prevent this
complication, a correct assessment of
the mandibular canal position and suit-
able implant size and positioning are
needed.'415 A study!® suggested the fa-
vorable positioning of a fixture with respect
to adjacent natural teeth or, in more com-
plex rehabilitations, the distance between
fixtures to get an optimal distribution of
occlusal forces and the best esthetic result.
However, limited evidence exists with
regard to the proper distance from the
implant to the mandibular nerve to ensure
the nerve’s integrity and physiologic activ-
ity. Itis our opinion that the proper distance
should be determined from the evaluation
of clinical data (retrospective study) as

Implant therapy has been considered
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well as from biomechanical analyses. Therefore, a
numeric mandibular model was created to simulate a
mandibular segment containing a fixture, so that the
mechanical stresses on the mandibular canal induced
by the occlusal load could be assessed.

MATERIALS AND METHODS

From June to December 2007 at the University of Na-
ples “Federicoll,” 123 mandibular computed tomogra-
phy (CT) scans of patients between 22 and 67 years of
age were examined. From each CT scan, it was possible
to determine the size and bone density of the anatomic
structures (cortical bone, cancellous bone, and cortical
bone surrounding the mandibular canal) to be used in a
numeric model. The bone density used in this study was
derived based on the Hounsfield values obtained from
the postprocessing of CT images. The average density
and dimensional value of each examined anatomic
structure was identified and reproduced in this simu-
lated model (Table 1).

The mandibular numeric model was created using
a commercial codell based on the boundary element
method (BEM), a numeric methodology well suited
for elastic-static analysis. The implant considered was
a conic, threaded fixture with a diameter of 4.5 mm
and a length of 11 mm.

BEM methodology,!” even if less versatile than the
finite element method (FEM) for non-linear analyses,
is more accurate for linear analysis, especially in the
area of a complex geometry like the threaded implant,
where strong stress gradients are to be captured, or
near an area undergoing high pressure, such as
around the thread of an implant. Moreover, it is easier
to mesh complex geometries, like the thread of the im-
plant body, with BEM than with FEM; in most FEM
studies, these are not represented as continuous hel-

Table I.

Parameters of BEM Numeric Model of the
Mandibular Segment

Average thickness of the [.7 mm
mandibular cortical bone
Average thickness of [ mm

the cortical bone
surrounding the
mandibular channel

Average density of the
mandibular bone

Mandibular bony cortical: 900 U
Mandibular medullar: 350 to 400 U
Mandibular channel cortical: 500 U

Average diameter of 2.00 to 2.15 mm

the mandibular channel
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ical characteristics but are approximated as axial-
symmetric independent rings.!8

The mandibular segment was modeled, in a linear
elastic analysis, with a mesh of ~3,000 linear elements,
with the fixture connected to a prosthesis abutment on
which the axial and lateral loads were applied (Fig. 1).

It is widely recognized that it is better to model the
material constants of bone as orthotropic!? rather than
isotropic (as done in many FEM analyses!8), so the
cortical and cancellous bone were modeled as trans-
versely isotropic. The elastic behavior of transversely
isotropic materials can be fully characterized by five
elastic moduli: E;, E3, v5, v31, and Gz, with the re-
maining moduli obtained from E; = E;, vp3 = vy3 =
V31 *E]/E3, G12 = E2/(2[1+ V12]), Cl23 = Cl31 . The values
adopted in this work are listed in Table 2.

The trigeminal nerve was modeled as isotropic with
Young modulus E = 1.3 MPa and Poisson ratio v=0.4.
The metallic implant parts were clearly modeled as
isotropic with E = 120,000 MPa and v = 0.3.

To calculate the pressure on the nerve, a non-linear
BEM contact analysis was performed (for these kinds
of contact analyses BEM performs better than FEM)
with a null clearance imposed between the nerve and
the surrounding canal structures (this is the worst case
because, in reality, a minimum clearance is generally
available for the nerve in the canal).

The applied loads were, alternatively, a load equal
to 300 N along the implant axis or a lateral load (in the
vestibular-lingual direction) equal to 150 N (Fig. 1). The
choice of these forces corresponds to physiologic occlu-
sal loads during chewing and swallowing.2?

The pressure distribution induced on the underly-
ing nervous structure was evaluated against different
distances of the fixture from the mandibular canal (d1 =
1.0 mm; d2 = 1.5 mm).

A sensitivity analysis was also done to show the effect
of bone density variations on the nerve pressure levels
and, in particular, a reduction to 50% of the average
value of bone density was considered. Such variations
were applied simultaneously to all anatomic structures
considered (cortical and spongy bone of mandible) and
separately to the single parts to understand the single
contributions to the fixture load absorption.

The variations in bone stiffness (E) corresponding
to the aforementioned variations in bone density (d)
(needed to calculate the input material properties for
the numeric simulations) were calculated considering
a cubic dependence of stiffness versus density?! (E =
a x d3, where a is a constant).

Moreover, although all simulations considered a ca-
nal that was orthogonal to the implant axis, in one
case the effects of an inclined canal were analyzed
(Fig. 2).

| BEASY ver. 10, Ashurst Lodge, Ashurst, Southampton, U.K.
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Figure 1.
BEM numeric model of the mandibular segment and implant with the axial (left) and lateral (right) applied loads, mesh, and boundary
conditions; intemal view of the mandibular segment (middle).

Table 2.

Sammartino, Marenzi, Citarella, Ciccarelli, Wang

Material Properties of the Anatomic Parts Under Hypothesis of Average Bone Density

or Reduced Bone Density

Average Bone Density

Low Bone Density (nearly half of the average density)

Canal Spongy Bone Cortical Bone Canal Spongy Bone Cortical Bone
E (MPa) 2.03E4+03 7.19E+02 [.22E+04 2.03E402 7.19E401 [.22E4+03
E; (MPa) 320E+03 [.14E+03 |.93E+04 3.20E4+02 |.14E+02 |.93E+03
Gy3 (MPa) 7.24E+02 2.55E+02 4.37E+03 7.24E+0 2.55E401 4.37E+02
V3 0.364 0.368 0.366 0.364 0.368 0.366
Vi) 0.341 0.342 0.345 0.341 0.342 0.345
RESULTS increased almost 10 times, reaching 347 mm Hg

In Figure 3, the BEM contour plot shows the pres-
sure on the nervous structure with an average bone
density (as provided by the CTs) for all anatomic
components: at a distance of 1.5 mm between the
fixture and the upper part of the mandibular channel,
the axial load produced a negligible maximum pres-
sure on the nerve (>40 mm Hg). Conversely, the
pressure increased rapidly when the bone density de-
creased: considering a decrease of bone density to
50% of the average value for all anatomic compo-
nents, the maximum pressure value on the nerve

(Fig. 4).

To understand which part is critical for the fixture load
absorption, further simulations were done with the bone
weakening affecting only some of the anatomic struc-
tures and keeping the fixture-canal distance at 1.5 mm.

Weakening of the cortical bone around the canal
and of spongy bone resulted in a moderate increase
of the nerve pressure from p,4x (the maximum pressure
on the considered area) = 40 mm Hg to pmax = 99 mm
Hg (Fig. 5). On the contrary, weakening of the mandi-
bular spongy bone resulted in a decrease of the
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maximum nerve pressure to 25 mm Hg (Fig. 6), show-
ing that a softer spongy bone is not able to transfer a
high load to the canal. Weakening of just the canal
bone (Fig. 7) or just the mandibular cortical bone
(Fig. 8) produced a moderate increase in nerve pres-
sure: pmax = 68 mm Hg and ppax = 53 mm Hg, res-
pectively. Another combination considered was
reduction of the density of the mandible and canal
cortical bone: a stiff spongy bone is more effective
in transferring occlusal loads to the underlying canal,
this is because of a non-negligible pressure increase
on the nerve to phax = 109 mm Hg (Fig. 9). The last
combination analyzed was related to low density
for all anatomic components and an added total
cortical resorption around the fixture: this was the

Figure 2.

BEM numeric model of the mandibular canal and conic-shaped fixture when modeled as being

perpendicular (left) or inclined (right).

Figure 3.

Volume 79 ¢ Number 9

worst condition and resulted in the greatest increase
in nerve pressure (pmax = 388 mm Hg; (Fig. 10).

With a reduced bone density for all anatomic parts,
if the canal is not perpendicular to the axially loaded
fixture but is inclined as in Figure 2 and with the central
part 1.5 mm from the fixture, the maximum pressure
on the nerve is 355 mm Hg (Fig. 11), showing that a
moderate inclination does not significantly change the
pressure on the nerve.

In the previous configuration (inclined canal), a
lateral load of 150 N did not produce any significant
pressure (Pmax = 10 mm Hg) on the inferior alveolar
nerve in case of low density for all structures
(Fig. 12); clearly, this also holds true in case of aver-
age bone density.

With all anatomic components
affected by a bone density reduc-
tion, if the distance between the
fixture and the canal was de-
creased to 1 mm, the maximum
nerve pressure was 356 mm Hg
(Fig. 13), showing that if the initial
condition was judged critical with
reference to the nerve pressure,
increasing the fixture-canal dis-
tance by 0.5 mm (to 1.5 mm) did
not seem to provide an additional
safety margin.

On the contrary, the depen-
dence of nerve pressure on the
fixture-canal distance becomes
relevant if considering average
values for bone density.

1.07289e-005

-4.22044e-004
-8.54816e-004
-1.28759e-003
-1.72036e-003
-2.15313e-003
-2.58590e-003
-3.01868e-003
-3.45145e-003
-3.88422e-003
-4.31699e-003

-4.74976e-003

Normal Traction
Max = 5.93054E-05
Min = -4.79834E-03

Pressure (| N/mmz) on the inferior alveolar nerve, under fixture axial load, for an average bone density and a fixture—canal distance equal to [.5 mm.
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Figure 4.
Pressure (| N/mmz) on the inferior alveolar nerve, under fixture axial load, for a
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Pressure (N/mm?) on the inferior alveolar nerve, under fixture axial load, with reduced density (affecting only cortical bone surrounding the canal

and mandible spongy bone) and a fixture—canal distance equal to .5 mm.

DISCUSSION

Studies® 12 reported mandibular nerve sensitivity al-
teration following implant placement. This alteration
can be transitory or non-reversible, depending on
the severity of nerve damage.? Functional alteration
of the mandibular nerve can be caused by an exces-
sive drilling pressure or a soft tissue injury during the
surgical phase. Also, a post-surgery edema or hema-

toma and a real contact of the implant to the man-
dibular nerve can be responsible for sensitivity
alterations.2-

When the fixture is placed too close to the man-
dibular canal, it can induce a mechanical stress on
the underlying canal, resulting in impairment of
nerve function.!3 Some retrospective studies® 1214
suggested that a minimum distance is needed to
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Figure 6.
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Pressure (N/mm?) on the inferior alveolar nerve, under fixture axial load, with reduced density (affecting only the spongy bone) and a fixture—canal

distance equal to .5 mm.

Figure 7.
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Pressure (N/mm?) on the inferior alveolar nerve, under fixture axial load, with reduced density (affecting only the cortical bone around the mandibular

canal) and a fixture—canal distance equal to [.5 mm.

avoid nerve damage; however, those studies did not
take the biomechanical aspect into consideration.

Although some surgical solutions to nerve injuries
have been proposed,!3 it is recommended to plan
the implant position before insertion to ensure a safe
distance between the fixture and the mandibular
canal.

1740

In neurosurgery, the compressive technique is per-
formed with stents and applied transcutaneously,
close to the oval foramen, to control neuralgias of
the trigeminal nerve.??27 Pressures >100 to 200
mm Hg applied for 30 to 60 seconds to the trigeminal
nerve can cause a block of the nervous impulse and
solve the pain problem.?226
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Figure 8.
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Pressure (N/mm?) on the inferior alveolar nerve, under fixture axial load, with reduced density (affecting only the mandible cortical bone) and

a fixture—canal distance equal to 1.5 mm.

Figure 9.
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a fixture—canal distance equal to 1.5 mm.

This investigation allowed an evaluation of the
pressures that a conic, threaded fixture undergoing
a functional load is able to transmit to the underlying
bony structures.

Data from this investigation showed the sensitivity
of nerve pressure to variations in bone density of the
different anatomic structures, with particular refer-
ence to a distance between the implant (bottom part)

and the canal (upper part) of 1.5 mm: the general
trend was that the nerve pressure increased with a de-
crease in bone density.

Moreover, the effects on the nerve of a total cortical
resorption around the implant were evaluated.

The data obtained from these simulations sug-
gested that, considering the worst condition in terms
of bone density, a fixture-canal distance of 1.5 mm
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Figure 10.
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around the implant, and a fixture—canal distance equal to 1.5 mm.
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can prevent excessive pressure on the trigeminal
nerve and consequent mandibular sensitivity altera-
tions caused by occlusal forces transmitted by an im-
plant.

The maximum calculated pressure values are
very similar to the pressures used in neurosurgery.
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Because the high force produced during occlusal
contact persisted for an average of 115 milli-
seconds,!? it did not alter the trigeminal functional-
ity.

This implies that 1.5 mm is an acceptable reference
distance in presurgical planning.
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