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Fracture resistance of abutment screws
made of titanium, polyetheretherketone,
and carbon fiber-reinforced
polyetheretherketone

Abstract: Fractured abutment screws may be replaced; however, some-
times, the screw cannot be removed and the entire implant must be sur-
gically removed and replaced. The aim of this study was to compare the
fracture resistance of abutment retention screws made of titanium, poly-
etheretherketone (PEEK) and 30% carbon fiber-reinforced PEEK, using
an external hexagonal implant/UCLA-type abutment interface assem-
bly. UCLA-type abutments were fixed to implants using titanium screws
(Group 1), polyetheretherketone (PEEK) screws (Group 2), and 30% car-
bon fiber-reinforced PEEK screws (Group 3). The assemblies were placed
on a stainless steel holding apparatus to allow for loading at 45° off-axis,
in a universal testing machine. A 200 N load (static load) was applied
at the central point of the abutment extremity, at a crosshead speed of
5 mm/minute, until failure. Data was analyzed by ANOVA and Tukey’s
range test. The titanium screws had higher fracture resistance, compared
with PEEK and 30% carbon fiber-reinforced PEEK screws (p < 0.05). In
contrast, no statistically significant difference was observed between
the fracture resistance of the PEEK and the 30% carbon fiber-reinforced
PEEK screws (p > 0.05). Finally, visual analysis of the fractions revealed
that 100% of them occurred at the neck of the abutment screw, suggesting
that this is the weakest point of this unit. PEEK abutment screws have
lower fracture resistance, in comparison with titanium abutment screws.
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Introduction

Implant-supported restorations represent a predictable treatment option
to replace single or multiple teeth, and present high success rates.?* The
clinical success of implant-supported restorations depends largely on bio-
mechanical factors related to the integrity of the bone/implant interface
and the stability of the mechanical connection between implants and
restorative components.*>¢

Implant failure and complication rates are generally low.”® These
unfavorable outcomes are usually associated with the presence of
low-density bone, lack of primary stability, micro-motion during
healing, peri-implant infection, abutment or prosthetic retaining
screw loosening and fracture, and implant and/or framework frac-
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tures.®? The fracture of prosthetic components
has different clinical consequences, depending
on the component fractured and the location of
the fracture.>" Along this line, the fracture of
implant components may require treatment rang-
ing from substitution of restorative components to
surgical removal of osseointegrated implants.!?

Abutment screw fractures are associated with
inadequate screw tightening, screw loosening,
improper occlusion concept, premature occlusal
contacts, parafunctional habits, cervical misfit of
the prosthesis and consequent fatigue of the screw
material, fatigue character and yielding strength of
the screw material, and fabrication failures.*611.1314
Fractured abutment screws may be replaced by new
abutment screws. However, sometimes, the screw
cannot be removed and the entire implant must be
surgically removed and replaced.®*

The physical properties and the design of screws
and restorative components dictate their fracture
strength and failure mode.” Abutment screws can be
made from a variety of materials. Nonetheless, these
screws are typically made of titanium. Titanium is
recognized for its high elastic modulus. The outcome
of this property is that instead of absorbing masti-
catory forces, titanium transfers these forces to the
adjacent bone, causing significant stress shielding.”
Polymeric materials have gained greater popularity
in the field of orthopedic surgery, due to their high
mechanical resilience and shock absorption proper-
ties.”® Therefore, abutment screws made from poly-
meric materials can be expected to limit the stress
shielding between dental implants and the adjacent
alveolar bone. Moreover, due to the low friction coef-
ficient of polymeric materials,'® abutment screws
made from these materials can be expected to have
improved torque efficiency and be easier to remove
in case of fracture.

Polyetheretherketone (PEEK) is a strong thermo-
plastic material produced from polyetheretherketone
resin. Because of its high mechanical strength and
durability, good electrical characteristics and out-
standing resistance to hydrolysis, PEEK has been
used extensively in aerospace, automotive, chemical,
electronics, petroleum, and food and beverage indus-
tries. Recently, a medical-grade PEEK was developed
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(PEEK-OPTIMA™, Invibio Biomaterial Solutions,
Invibio Ltd., Lancashire, UK). Medical-grade PEEK
has the same physical properties as PEEK; however,
PEEK-OPTIMAT™ is also biocompatible, has high
chemical resistance and resists several different ster-
ilization methods.!

The main aim of this study was to compare the
fracture resistance of abutment retention screws made
of titanium, of polyetheretherketone (PEEK) and of
30% carbon fiber-reinforced PEEK, using an external
hexagonal implant/ UCLA-type abutment interface.
The hypothesis of the study was that there was no
difference between abutment screws made of tita-
nium, PEEK and 30% carbon fiber-reinforced PEEK.

Methodology
Sample Preparation

Thirty (30) machined, self-tapping, regular plat-
form, external hexagonal titanium screw implants
3.75 mm in diameter and 15 mm in length were used
in this investigation (Titanium Fix®, A.S. Technology-
Titanium Fix, Sdo José dos Campos, Brazil, reference
SPMB315, batch # 33409). These implants were inserted
in auto-polymerized methacrylate acrylic resin
(Dencér Lay; Classico®, Sao Paulo, Brazil [confirme,
por favor]) contained in 12.7-mm diameter, 25-mm
height, flexible PVC pipe cylinders (Tigre S/A, Joinvile,
SC, Brazil). In brief, recipient beds were created, using
the sequence of burs recommended by the implant
manufacturer and a screw tap (A.S. Technology -
Titanium Fix, Sao José dos Campos, Brazil). Implants
were then placed with a hand ratchet at 20 N (Tita-
nium Fix®, A.S. Technology - Titanium Fix, Sdo José
dos Campos, Brazil), until the implant neck reached
the resin level. The abutments selected for this study
were 30 anti-rotational straight titanium abutments
(Titanium Fix®, A.S. Technology - Titanium Fix, Sdo
José dos Campos, Brazil) recommended for cemented
single crowns. Implant/abutment assemblies were
randomly divided into three groups of ten each (n =
10). Group 1: abutments were fixed to implants with
titanium screws (2.5-mm diameter, 7.5-mm height,
thread M 2.0, hexagonal fit); Group 2: abutments were
fixed to implants with polyetheretherketone (PEEK)
screws (Invibio Biomaterial Solutions, Invibio Ltd.,
Lancashire, United Kingdom); Group 3: abutments



were fixed to implants with 30% carbon fiber-rein-
forced PEEK screws (Invibio Biomaterial Solutions,
Invibio Ltd., Lancashire, United Kingdom). Both the
PEEK and the carbon fiber-reinforcement PEEK abut-
ment screws were forged at a metallurgical factory
specialized in micro-forging (Metaltrgica Menegotto
Ltda., Cachoeirinha, Brazil) and were identical in size
and shape to the titanium abutment screws. All the
screws were tightened to 20 N cm.

Fracture Resistance

The cylinders plus assemblies were tested by
placing them on a stainless steel holding apparatus,
inclined at 45° to the vertical axis of the implant,
enabling loading at 45° off-axis, in a universal
testing machine (EMIC DL 50, Equipamentos e
Sistemas de Ensaio Ltda., Sdo José dos Pinhais,
Brazil). A 2000 N load (static load) was applied
at the central point of the abutment extremity, at
a crosshead speed of 0.5 mm/minute, until fail-
ure.” All fractures of the abutment screws were
inspected visually and classified according to
their location relative to the body of the screw,
i.e., failure above screw head-neck, failure in the
medium third, or failure in the inferior edge.

Statistical Analysis

The data was analyzed by ANOVA, and differ-
ences between the means were assessed by Tukey’s
range test. P-value for significance was set at < 0.05.
Statistical analyses were performed using SAS (SAS
Institute Inc., Cary, USA, Release 9.2, 2008).

Results

Titanium abutment screws had higher fracture
resistance, in comparison with PEEK and with 30%
carbon fiber-reinforced PEEK abutment screws
(p < 0.05), whereas no statistically significant differ-
ence was observed between the fracture resistance of
the PEEK and the 30% carbon fiber-reinforced PEEK
abutment screws (p > 0.05) (Table 1).

Finally, the visual analysis of the location of the
fractions revealed that 100% of the fractions occurred
at the neck of the abutment screw, suggesting that
this is the weakest point of this unit.

Neumann EAF, Villar CC, Fran¢a FMG

Table 1. Fracture resistance of abutment screws (mean =
standard deviation).

Abutment screws Fracture resistance (N)

(
PEEK 149.5 + 33.8 (b)
Carbon fiber-reinforced PEEK 145.2 + 43.8 (b)
Titanium 512.9 = 39.7 (a)

Distinct letters indicate statistical differences between groups
(Tukey, p<0.05)

Discussion

It has been suggested that novel materials should
be tested in making abutment screws, to ultimately
achieve a higher preload, resistance to fracture, resil-
ience to tension forces and lesser transmission of forces
to the adjacent bone."” This could prevent fractures
of the abutment screw and the deleterious trans-
mission of occlusal overloads to the marginal bone
around dental implants, and subsequent bone loss.”

PEEK is a high performance semi-crystalline,
non-homogeneous thermoplastic material that offers
one of the highest strength-to-weight ratios available
in a composite. It has high mechanical and physical
properties and also a high degree of thermal and
dimensional stability. Moreover, PEEK has strong
abrasion resistance, is chemically resistant and is
practically inflammable. It is noteworthy to men-
tion that PEEK has an elasticity modulus similar to
that of the bone.”® Therefore, PEEK can be expected
to absorb part of the forces generated during mas-
tication and to limit their dissipation to the cervi-
cal area of the peri-implant bone. This characteris-
tic, in turn, is likely to avoid peri-implant marginal
bone loss caused by occlusal overload and eventual
failure of implant-supported prostheses.® In addi-
tion to these characteristics, the PEEK matrix allows
the incorporation of carbon and glass fibers for the
development of thermoplastic fiber composites. The
addition of carbon fibers significantly increases the
dimensional stability, toughness, hardness, flexural
strength and resistance of PEEK. Interestingly, PEEK
and PEEK composites are one of the few polymers
used as metal replacements in several industries.”®

Based on these properties of PEEK, this study
aimed at comparing the fracture resistance of retention
screws made of PEEK, 30% carbon fiber-reinforced
PEEK and titanium, using an external hexagonal
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implant/UCLA-type abutment interface. However,
it was found that PEEK and 30% carbon fiber-rein-
forced PEEK abutment screws have a lower fracture
resistance compared with titanium abutment screws.
This is consistent with findings of other investiga-
tors of polymeric materials, which showed that car-
bon reinforced PEEK demonstrated low resistance to
compression.”” There are a couple of possible expla-
nations for the results obtained in this study. First,
it is likely that PEEK abutment screws may undergo
extensive plastic deformation followed by fracture
when subjected to compressive loading, due to their
high flexural performance.® Second, it is possible that
the small dimensions or the manufacturing process-
ing of PEEK and carbon fiber-reinforced PEEK abut-
ment screws may have had a deleterious effect on
the physical-mechanical properties of PEEK. With
this in mind, it is plausible that carbon fibers were
removed from the PEEK matrix during forging. It
remains to be established if PEEK abutment screws
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