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Strain analysis of different diameter
Morse taper implants under
overloading compressive conditions

Abstract: The aim of this study was to evaluate the amount of deformation
from compression caused by different diameters of Morse taper implants and
the residual deformation after load removal. Thirty Morse taper implants
lacking external threads were divided into 3 groups (n = 10) according to
their diameter as follows: 3.5 mm, 4.0 mm and 5.0 mm. Two-piece abutments
were fixed into the implants, and the samples were subjected to compressive
axial loading up to 1500 N of force. During the test, one strain gauge
remained fixed to the cervical portion of each implant to measure the strain
variation. The strain values were recorded at two different time points: at
the maximum load (1500 N) and 60 seconds after load removal. To calculate
the strain at the implant/abutment interface, a mathematical formula was
applied. Data were analyzed using a one-way Anova and Tukey’s test
(a = 0.05). The 50 mm diameter implant showed a significantly lower strain
(650.5 pS £ 170.0) than the 4.0 mm group (1170.2 pS + 374.7) and the 3.5 mm
group (1388.1 pS+326.6) (p <0.001), regardless of the load presence. The strain
values decreased by approximately 50% after removal of the load, regardless
of the implant diameter. The 5.0 mm implant showed a significantly lower
strain at the implant/abutment interface (9434 pS £ 504.5) than the 4.0 mm
group (10574 pS + 681.3) and the 3.5 mm group (1159.6 pS + 4259) (p < 0.001).
According to the results of this study, the diameter influenced the strain
around the internal and external walls of the cervical region of Morse taper
implants; all diameters demonstrated clinically acceptable values of strain.

Keywords: Dental Implants; Dental Implant-Abutment Design;
Mechanical Phenomena.

Introduction

Excessive occlusal loading or creep deformation of the screw-implant
interface could lead to clinical complications such as screw loosening.!
For a Morse taper implant, the friction at the tapered connection results
in a high contact pressure and frictional resistance, causing limited
strain that must be absorbed by the abutment screw thread, which
differs from the butt joint where the screw alone keeps the abutment
connected to the implant.>* This mechanism provides excellent biological
and mechanical stability and unusual prosthetic versatility;* in fact, the
prosthetic versatility is similar to that of a hexagonal implant. A total of
2,549 Morse taper connection implants that were placed in 893 patients
were evaluated, and the incidence of abutment loosening was 0.37% for
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single tooth replacements alone. No complications
were observed at the implant-abutment interface for
fixed partial prostheses and fixed full-arch prostheses,
and no abutment fractures were observed.” Contact
and friction play crucial roles in the mechanical
behavior of the individual parts of a system, including
oral implants.>*

The tapered interference fit relies on a large contact
pressure and the resulting frictional resistance in the
mating region of the implant-abutment interface to
provide a secure connection.” In general, interference
fit implants have a hub and shaft that connect to
each other and do not require a third member,
such as a key, pin, bolt, or screw. The connection
allows for load transmission due to the frictional
forces between the mating surfaces where the
shaft has a slightly larger diameter than the hub.
The dependent characteristics of the interference
fit, including the pullout/insertion forces and the
stress distribution in the members, depend on
the taper angle, contact length, inner and outer
diameters of the members, depth of insertion,
material properties and coefficient of friction.”

Clinically, straight and wide diameter implants
are used in many clinical scenarios, including the use
of single dental implants. In Morse taper implants,
the measurements of the internal cone are the same,
regardless of the implant diameter. In straight diameter
implants, the thickness of the titanium wall around the
implants is thinner than in wide diameter implants.
These implants, submitted to overload, especially
in single implants in patients who have an oral
dysfunction, could cause a design modification of
the Morse taper implant.

Even though Morse taper implants with different
outer diameters have the same internal conical
diameter, there is a difference in the thickness of the
cervical portions of different implants. In this context,
there is a lack of research evaluating the effect of
axial compressive loading on dimensional changes
in the cervical portion of Morse taper implants with
different diameters. The strain around these walls
can be measured using strain gauge analysis, which
is a non-destructive method.

Therefore, the aim of this study was to evaluate
the deformation caused by compression in different
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diameters of Morse taper implants and the residual
deformation after removal of the load. The hypothesis in
this study was that the diameter of Morse taper implants
affects the strain variation of the cervical portion.

Methodology
Samples

Thirty Morse taper implants (Neodent, Curitiba,
Brazil) were divided into the following 3 groups
(n=10) according to implant diameter: 3.5 mm, 4.0 mm
and 5.0 mm. The implants (Figure 1) were produced
specifically for this study and lacked external threads
to allow for strain gauge fixation (Figure 2). Each
implant was fixed to a two-piece abutment (Universal
Post Exact, Neodent, Curitiba, Brazil). The material
characteristics are described in Table 1.

Strain Gauge Test

A strain gauge (PA-06-040AB-120 LEN, Excel
Sensores, Sao Paulo, Brazil) was attached to each
specimen with cyanoacrylate glue (Super Bonder

Loctite, Rocky Hill, USA). The gauge was a custom

Figure 1. Implants that were specifically produced without
external threads to allow for strain gauge fixation.
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Figure 2. Strain gauge fixation.

Table 1. Description of materials.

Material Description Quantity (un)
Cylindrical Morse taper Implant 3.5x 13 mm 10
Cylindrical Morse taper Implant 4.0x 13 mm 10
Cylindrical Morse taper Implant 50x 13 mm 10
Universal CM Post (two pieces) 3.3x4x3.5mm 30

apparatus that enabled specimen stabilization and was
placed perpendicular to the long axis of the implant.
The strain gauge wires were connected to the data
acquisition device (ADS0500IP Lynx, Sdo Paulo, Brazil).
The abutments were placed using 15 N-cm of
insertion torque, as recommended by the manufacturer.
The samples were subjected to axial compressive loading
(Figure 3) with a crosshead speed of 0.5 mm/minina
universal testing machine (EMIC, 2000DL, Sao José dos
Pinhais, Brazil) until 1500 N of loading force was reached.
The 1500 N loading force was based on pilot studies
that defined the load value required to cause physical
deformation of the 5.0 mm diameter Morse taper implant
under axial compressive loading. A study reported an
occlusal force in an axial direction on implants of up
to 847 N for men and 595 N for women with normal
occlusion.® Compared to the occlusal loading measured
in patients with a normal dentition, the absence of a
periodontal ligament may lead to occlusal overloading
and implant failure due to the inability to distribute
occlusal forces, axial transmission of these forces, and
the absence of periodontal proprioceptors.
Therefore, we simulated overloaded forces to test
the mechanical characteristic of this implant under this

Figure 3. Axial loading was applied.

condition. A study® reported that the mean voluntary
maximal bite force for male bruxers was 1009 £ 290 N.
During all tests, the strain gauge remained fixed on
the cervical portion of the implant to measure the
strain variation. The load was removed and the strain
measurement was recorded for 60 seconds.

Data were evaluated statistically with a one-way
ANOVA (a = 0.05) and Tukey’s test. The strain in a
thick cylinder with internal pressure was higher in the
interior of the canal and decreased as it approached
the external surface. To measure the internal strain, the
following formula® was applied: eA/B = (b2 + a?) / 2a?,
where eA/B = the relationship between the internal
strain and external strain, 4 = internal canal radius,
and b = external canal radius.

Results

The implant diameter significantly influenced
the strain around the cervical region of the Morse
taper implants. The implant with a 5.0 mm diameter
had significantly lower strain than the other groups
(p <0.001), regardless of the presence of aload (Table 2).
The strain values had a 50% reduction after load
removal, regardless of the implant diameter. Figure 4
illustrates the strain pattern for all implant diameters
according to the loading variation (0 - 1500 - 0 N).

The internal strain values, calculated according
to the formula eA/B = (b2 + a?) / 2a? are summarized
in Table 3. The implant diameter significantly
influenced the internal strain around the cervical
region of the Morse taper implants. The 5.0 mm
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Table 2. The mean strain values (uS) = SDs and statistical categories defined via Tukey’s test (n = 10) for the three different
implant diameters.

@ implant
Strain criteria
5.0 mm 4.0 mm 3.5 mm
Strain at maximum load (1500 N) 650.5 = 170.0 1170.2 = 374.7¢ 1388.1 = 326.6°
Residual Strain (after removing the load) 377.5 = 106.9* 594.3 + 173.6° 784.4 = 128.8¢

Means followed by the different letters indicate statistically significant differences at 5% compared to the similar values from different diameter implants.
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Figure 4. Strain (uS) curve obtained for the three different implant diameters according to the loading 0 - 1500 - O N.

Table 3. The mean internal strain values (US) = SDs and statistical categories defined via Tukey's test (n = 10) according fo the
formula eA/B = (b2 + a?) / 2a2.

@ implant
Strain criteria
5.0 mm 4.0 mm 3.5 mm
Strain at maximum load (1500 N) 1625.7 = 590.2* 2082 + 758.58 2052.2 = 681.38
Residual Strain (after removing the load) 943.4 = 504.5* 1057.4 + 681.3° 1159.6 = 425.9¢

Means followed by the different letters indicate statistically significant differences at 5% compared to similar values from different diameter implants.

diameter implants showed a significantly lower wall of the cervical region of Morse taper implants.

strain than the other groups (p < 0.001). The two-piece abutment allowed us to slide the

abutment into the internal conical surface of the

Discussion
The hypothesis was accepted. The diameter
influenced the strain around the internal and external
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implant during axial loading.
When the implant diameters were analyzed,
there was a 20% reduction in the strain between



the 5.0 and 4.0 mm implants and a 12.5% reduction
in the strain between the 4.0 and 3.5 mm implants.
These percentage differences most likely caused
the significant difference between the 5.0 and
4.0 mm groups, as well as the statistical similarity
between the 4.0 mm and 3.5 mm groups. When
the residual internal strains were analyzed, there
were significant differences between all groups,
which could be due to the thickness variations
between the cervical portions of single implants
and the presence of the abutment, which worked as
a wedge by forcing the entrance of a single implant.
Clinically, masticatory forces could result in a
residual stress over implants, resulting in plastic
deformation. The response of bone tissue around
these implants must be investigated. However,
this extreme situation occurs in only male bruxers
over years of dysfunction. Further studies with
cyclic loading to simulate this dysfunction are
still needed.

Asillustrated in Figure 4, there were differences
in the observed values with the same strain variation
behavior between the three implant diameters. This
could be explained by the differences between
the radii of all groups. In this study, the internal
radius for all implant diameters was 1.25 mm,
and the external radius varied between 1.75,
2.00 and 2.50 mm for the 3.5, 4.0 and 5.0 mm
diameter implants, respectively. Under the same
loading condition, the 3.5 mm implant experienced
approximately twice the strain variation compared
to the 5.0 mm implant. All of the diameters had
a residual strain of approximately 50% of the
maximum strain observed at a 1500 N loading force.

Table 2 summarizes the residual strain values
resulting from abutment placement. Because
residual strain did not dissipate with time, it
increased the risk of the plastic deformation.
The same proportion of twice the strain variation
between the 3.5 and 5.0 mm groups was observed
for the residual strain values. Based on these results,
when placing single implants in male bruxers, a
5 mm diameter implant would be clinically better
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than a 3.5 mm or 4 mm diameter implant in the
posterior regions of mouth for the following two
reasons: the molar regions primarily receive
axial loads" and posterior regions are subjected
to the highest forces in the arch.”? However, the
authors of the present study emphasize that
different implant diameters demonstrate clinically
acceptable values of strain during normal function
according to Figure 4.

The strain gauge analysis was chosen
because it is a non-destructive methodology
that provides a better understanding of the
biomechanical behavior of dental implants.'3
An advantage of the present strain gauge study
is the large number of samples per group (n = 10),
increasing the reliability of the data. Finite
element analysis (FEA) could complement the
present findings. In another study,” the FEA and
closed-form results were in agreement regarding
the contact pressure in the tapered interference
connection of dental implants, showing that the
contact pressure increased at the locations where
the implant was thicker, which provided more
resistance to deformation. Further studies are still
needed to understand the influence of preloading
on Morse taper abutments and how much stress
would be transmitted to the surrounding bone
from different implant diameters.

Conclusion

According to the results in this study, the diameter
influenced the strain around the internal and external
walls of the cervical region of Morse taper implants.
All diameters demonstrated clinically acceptable
values of strain.
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