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Abstract:
Purpose:�5Q�HCT��FGſPKVKXG�KORNCPV�CDWVOGPVU�JCXG�DGGP�RGTHQTOGF�YKVJ�JKIJ�GNCUVKE�OQFWNWU�OCVGTKCNU��YJKEJ�
RTGXGPVGF�CP[� V[RG�QH� UJQEM�CDUQTRVKQP�QH� VJG� EJGYKPI� NQCFU�CPF�CU�C� EQPUGSWGPEG�� VJG�RTQVGEVKQP�QH� VJG�
DQPG�ſZVWTG�KPVGTHCEG��6JKU�KU�RCTVKEWNCTN[�VJG�ECUG�YJGP�VJG�GUVJGVKE�TGUVQTCVKXG�OCVGTKCN�EJQUGP�KU�EGTCOKE�TCVJGT�
VJCP�EQORQUKVG�TGUKP��6JG�CFQRVKQP�QH�CP�CPKUQVTQRKE�CDWVOGPV��EJCTCEVGTK\GF�D[�CP�GNCUVKE�FGHQTOCDKNKV[��EQWNF�
CNNQY�FGETGCUKPI�VJG�KORWNUG�QH�EJGYKPI�HQTEGU�VTCPUOKVVGF�VQ�VJG�ETGUVCN�DQPG��Materials and Methods:�#EEQTFKPI�
VQ�TGUGCTEJ�RTQVQEQN��VJG�OGEJCPKECN�TGUKUVCPEG�VQ�E[ENKECN�NQCF�YCU�GXCNWCVGF�KP�C�VQQVJ�EQNQTGF�ſDGT�TGKPHQTEGF�
CDWVOGPV�
6%(4#��RTQVQV[RG�CPF�EQORCTGF�VQ�VJCV�QH�C�VKVCPKWO�CDWVOGPV�
6#���VJWU�GKIJV�6%(4#U�CPF�GKIJV�6#U�
YGTG�CFJGUKXGN[�EGOGPVGF�QP�CU�OCP[�VKVCPKWO�KORNCPVU��6JG�UYKPIKPI�VJCV�VJG�VYQ�V[RGU�QH�CDWVOGPVU�UJQYGF�
FWTKPI�VJG�CRRNKECVKQP�QH�UKPWUQKFCN�NQCF�YCU�CNUQ�CPCN[\GF��Results:�+P�VJG�6#�ITQWR��DQVJ�HTCEVWTG�CPF�FGHQTOCVKQP�
QEEWTTGF� KP�������QH�UCORNGU�YJKNG�FGDQPFKPI�������� +P� VJG�6%(4#�ITQWR��QPN[�FGDQPFKPI�YCU�RTGUGPV� KP�
������QH�UCORNGU��+P�EQORCTKUQP�VQ�VJG�6#U��VJG�6%(4#U�GZJKDKVGF�C�ITGCVGT�UYKPIKPI�FWTKPI�VJG�CRRNKECVKQP�QH�
UKPWUQKFCN�NQCF��+P�VJG�6#�ITQWR��VJG�GZVTWUKQP�RTGXCKNGF��YJGTGCU�KP�VJG�6%(4#�ITQWR��VJG�KPVTWUKQP�YCU�OQTG�
HTGSWGPV��Conclusion:�6JG�ITGCVGT�GNCUVKEKV[�QH�6%(4#�VQ�VJG�ƀGZWTCN�NQCF�CNNQYU�CDUQTDKPI�RCTV�QH�VJG�VTCPUXGTUCN�
NQCF�CRRNKGF�QP�VJG�ſZVWTG�FWTKPI�VJG�EJGYKPI�HWPEVKQP��VJWU�TGFWEKPI�VJG�UVTGUU�QP�VJG�DQPG�KORNCPV�KPVGTHCEG�
Key words:
#DWVOGPV��E[ENKECN�NQCF��FGPVCN�KORNCPVU��HCVKIWG�VGUV��ſDGT�TGKPHQTEGF��RGTKQFQPVCN�NKICOGPV

INTRODUCTION

The clinical success and longevity of endosseous 
KORNCPVU�� CHVGT� VJGKT�RTQUVJGVKE�ſPCNK\CVKQP��

mainly depends on mechanical factors. It is shown 
that an excessive mechanical stress can be cause of 
initial bone loss around implants in the presence 
of a rigid implant-prosthetic connection.[1]

When compared to an implant, the periodontal 
ligament (PL) of a natural tooth helps reducing 
the forces transmitted to the crestal bone.[2] The PL, 
working as a viscoelastic shock absorber, is able to 
reduce the extent of stress to the bone, lengthening 
the time in which the load is dissipated, therefore, 
decreasing the impulse of the force.[3] Compared 
to the PL, the bone interface of an implant is 
not as resilient, and the forces generated by the 
occlusal loading are not dissipated completely 
but rather transmitted to the adjacent bone, 
with a greater intensity. The teeth also have the 
CFXCPVCIG�EQORCTGF�VQ�KORNCPVU�VQ�RQUUGUU�C�ſPGT�
proprioception manifested through the ability to 
perceive even minimal occlusal strain and stress.[4,5]

Therefore, in the case of an implant-supported 
prosthesis, the patient with the risk of an 
excessive peri-implant bone resorption may 
perceive not every occlusal overload.[4,5] In 

addition, a force of the same magnitude may have 
incredibly different effects at the bone interface, 
according to the direction of the applied load. 
The greater the angle of the force, relative to the 
axis of the implant body, the greater the resulting 
potential damage to the bony crest.[6-10]

In the case of a titanium implant-bone system, the 
bone has the lower modulus of elasticity. In fact, 
titanium is about 5 times stiffer than cortical bone, 
creating the conditions for bone resorption if the 
stress at the interface is excessive.[9-11] Treatment 
plans should provide methods for reducing stress 
so that the initial loss of bone is less likely to occur.[12]

There are several techniques to improve the 
biomechanical condition of the transosseous 
implant region, lowering the stress on the crestal 
bone. The stress can be reduced by increasing the 
implant surface or decreasing the biomechanical 
forces that may be decreased in magnitude, 
duration, type, direction, and application.[6,12] 
Another possible method to reduce the stress 
at the crestal bone level is to use an abutment 
OCFG�QH�C�ƀGZKDNG�OCVGTKCN�VJCV�FGHQTOU�YKVJKP�KVU�
elastic limit, absorbing a part of the load applied.

The implant abutments are manufactured with 
high elastic modulus materials such as titanium, 
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steel, precious alloys, or esthetic ceramics.[13,14] These materials 
do not absorb any type of shock of the chewing loads and do 
PQV�CUUWTG�RTQVGEVKQP�VQ�VJG�DQPG�ſZVWTG�KPVGTHCEG��GURGEKCNN[�
when the aesthetic restorative material is ceramic rather than 
composite resin.[15,16] Some authors proposed to interpose a 
TGUKNKGPV�UWRRQTV�
VGƀQP�FKUM��DGVYGGP�ſZVWTG�CPF�CDWVOGPV��
but this solution promoted the breakage of the locking screw 
of the abutment.[17]

The adoption of an abutment in composite material, reinforced 
YKVJ�ſDGTU�RCTCNNGN�QTKGPVGF�VQ�KVU�OCLQT�CZKU��CNNQYU�VQ�FGETGCUG�
the impulse of chewing forces; this is possible thanks to the elastic 
deformation that the abutment would undergo, so increasing the 
time in which the load is dissipated. This anisotropic behavior 
would help to mitigate mainly the transverse and tensile 
components resulting from load applied to the implant body. 
Moreover, a resinous nature allows the adoption of an adhesive 
luting technique, which would contribute to the dissipation of 
chewing loads by reducing the concentration of stress on the 
bone-implant interface.[18] Other authors have proposed an 
aesthetic abutment made of composite material reinforced with 
WPKFKTGEVKQPCN�ſDGTU�CU�CP�CNVGTPCVKXG�VQ�CNN�EGTCOKE�CDWVOGPVU�VQ�
be used in combination with metal-free crowns. Such abutment 
was tightened to the fixture by a metal screw. With some 
improvements, this abutment could be a promising alternative 
VQ� EQPXGPVKQPCN� CDWVOGPVU�CPF� KVU�ſZCVKQP� VQ� VJG�ſZVWTG�D[�
means of adhesive cementation could advantageously replace 
the connection via a screw.[19]

The purpose of this study was to investigate the mechanical 
RGTHQTOCPEG��CHVGT�E[ENKE�UVTGUU��QH�C�VQQVJ�EQNQTGF�ſDGT�TGKPHQTEGF�
abutment (TCFRA) prototype and compare it with a titanium 
abutment (TA) of the same shape. Both abutments were 
adhesively cemented on the same type of titanium implants. 
The mechanical testing evaluated the excursion that the two 
types of abutments showed during the application of different 
sinusoidal load to assess the TCFRA performance to reduce the 
tensions and transverse forces transmitted to the bone.

MATERIALS AND METHODS

Eight TCFRAs were prototyped for this experimental work. The 
TCFRA abutment was composed of epoxy resin reinforced with 
RTG�VGPUKQPGF�INCUU�ſDGTU��'KIJV�6#U�
6K�ITCFG����YKVJ�VJG�UCOG�
shape and dimension of TCFRAs were also chosen [Figure 1].

Sixteen cylindrical self-tapping titanium implants 

.���OO��«������6K�ITCFG����YGTG�ſZGF�QP�CU�OCP[��VTWPM�EQPKE�
form, self-curing acrylic resin supports (Resin Tray, Ravelli, 
Italy) through a specially made decomposable Denril™ mold.

Each implant was positioned with its long axis parallel to the 
major axis of the support. All the implants were placed in the 
TGUKP�UWRRQTVU�WR�VQ�VJG�NKOKV�DGVYGGP�VJG�PGEM�CPF�VJG�ſTUV�EQKN�
of the implant screw. The abutment-implant connection adopted 
was a screwed internal hexagon (depth 6 mm, diameter 2.3 mm).

Both TCFRAs and TAs were adhesively cemented on as many 
implant-resin support systems, previously prepared.

In order to simulate the clinical situation in which the abutment 
is covered and protected by the crown, during the cyclical 
solicitation, a cylindrical brass cup has been cemented on 

GCEJ�CDWVOGPV��(QT� VJG�ſZCVKQP�QH�DQVJ� V[RGU�QH� CDWVOGPVU�
VQ� VJG�ſZVWTGU�CPF� VQ� VJG�E[NKPFTKECN�DTCUU�EWRU��C�EQORQUKVG�
cement (Panavia 21, Kuraray, Japan) has been used to ensure 
a valid bond with both no-precious metals adopted (titanium 
and brass) and the resinous matrix of the TCFRA. As regards the 
adhesive procedure, the bi-component adhesive system has been 
used associated to the composite cement (ED Primer, Kuraray, 
,CRCP���+P�QTFGT�VQ�QRVKOK\G�VJG�OKETQ�OGEJCPKECN�DQPF��VJG�6#U�
and the inner surface of the cylindrical brass cups have been 
sandblasted with aluminum dioxide (average particle diameter: 
177 Pm) at 2 bar pressure. Both the cement and the adhesive 
have been used according to the manufacturer’s instructions.

On each trunk-conic form acrylic resin support a vertical plane 
surface was applied with the purpose to allow a repeatable 
and reproducible orientation of the specimens both on the 
HCVKIWG�VGUVKPI�OCEJKPG�CPF�QP�VJG�TCFKQITCRJKE�ſNO�

Twenty-four hours after the adhesive cementation of the 
abutments, the specimens were placed on as many radiographic 
ſNOU�
����OO�ª�����OO��
7NVTC�5RGGF��-QFCM��75#��DGHQTG�DGKPI�
irradiated for 0.14 s with a radiographic device at a voltage of 
70 kV and an electric intensity of 15 mA (X70, Castellini, Italy) 
UGVU�VQ�C�HQECN�FKUVCPEG�QH����EO�HTQO�VJG�ſNO��6JG�TCFKQITCRJKE�
ſNOU�JCXG�DGGP�FGXGNQRGF�CPF�ſZGF�YKVJ�UVCPFCTF�VGEJPKSWG��
and subsequently, have been digitally acquired through a 
ƀCVDGF�UECPPGT�YKVJ�C�TGUQNWVKQP�QH������FRK�
'RUQP�2GTHGEVKQP�
V700 Photo Scanner, Epson, Japan).

Afterward, according to a research protocol, all specimens 
have been submitted to three series of fatigue cyclic loading. 
Every series of loading consisted of 200,000 cycles of sinusoidal 
NQCF�CRRNKGF�YKVJ�C�HTGSWGPE[�QH���*\��6JG�ſTUV�UGTKGU�JCF�C�
maximum compressive load of 140N and a minimum load 
of 15N. The second series had a maximum compressive load 
of 190N and a minimum load of 19N. The third series had a 
maximum compressive load of 340N and a minimum load of 
34N. To perform the fatigue test, the specimens were placed 
in a gripping system with an inclined plane of 30°.

The fatigue testing machine used for the experimentation was 
a pneumatic instrument (Lloyd-SiPlan, Lloyd Instruments Ltd., 
7-��GSWKRRGF�YKVJ�C�NQCF�EGNN�QH���M0�CPF�C�EQORWVGT�YKVJ�C�
dedicated managing software (Lloyd-SiPlan servant-controller, 
.NQ[F�+PUVTWOGPVU�.VF��7-) [Figure 2].

Figure 1: The titanium abutment and the experimental abutment
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After every series of loading, the specimens have been X-rayed 
and digitally acquired again with the purpose to underline 
possible micro-movements of the abutment [Figure 3]. The images 
JCXG�DGGP�UWDOKVVGF�VQ�FKIKVCN�CPCN[UKU�D[�OGCPU�QH�C�URGEKſE�
UQHVYCTG� 
+OCIG�2TQ�2NWU������/GFKC�%[DGTPGVKEU��75#��� HQT�C�
quantitative evaluation of possible abutment micro-movements 
CICKPUV�VJG�ſZVWTG��(QT�VJKU�RWTRQUG��VJG�FKUVCPEGU�DGVYGGP�VJG�TKIJV�
and left bottom limit of the brass cup and the homologous limit of 
VJG�RTQſNG�QH�VJG�ſTUV�ſZVWTG�EQKN�JCXG�DGGP�OGCUWTGF�=(KIWTG��?�
on each radiographic image. Four pairs (right and left side) 
of measurements were so obtained for each specimen (start; 
1st cycle; 2nd cycle; 3rd cycle). Subsequently, the difference has been 
calculated ('Z���DGVYGGP�VJG�ſTUV�RCKT�QH�OGCUWTGOGPVU�CPF�VJQUG�
following the application of the cyclic load, in order to obtain a 
mean value and a standard deviation of the 'x, for each specimen 
and for both sides in every single cycle of loading.

The condition of each abutments has been evaluated at the end of 
the third and the last cycle of loading and a score has been assigned, 
according to the presence (score = 1) or absence (score = 0) of the 
following phenomena: Abutment debonding; visible deformation 
of the abutment; fracture of the abutment.

6JGP��VJG�TGUWNVU�JCXG�DGGP�UVCVKUVKECNN[�CPCN[\GF�VJTQWIJ�VJG�
/CPPŌ9JKVPG[ŏU�7�VGUV��HQT�VJG�EQORCTKUQP�DGVYGGP�VJG�VYQ�
groups and the Wilcoxon signed-rank test for the observations 

before and after the treatment within the samples of the same 
group.

The excursion that the two types of abutments suffered, 
during the application of the three different intensities 
of sinusoidal load, was evaluated in order to assess the 
potential capacity of the TCFRA in mitigating the tensile 
and divergent components transmitted to the bone in the 
ECUG�QH�CP� VTCPUXGTUG� NQCF�VQ� VJG�ſZVWTG��6JG�CPCN[UKU�YCU�
conducted on 10 abutments (5 for each group, randomly 
chosen) at the beginning of each test of cyclic stress for 5 min. 
The swinging was monitored by a digital camcorder mounted 
on a tripod (Sony HRD-HC1E PAL, Sony Inc., Japan). The 
videos were acquired in the HDV format (1080i/miniDV, 25 
HTCOGU�U���7UKPI�C�XKFGQ�GFKVKPI�UQHVYCTG�
2KPPCENG�5VWFKQ�
2NWU� ������� 2KPPCENG� 5[UVGOU� +PE��� 75#��� KV�YCU� RQUUKDNG�
VQ� CPCN[\G� CPF� ECRVWTG� KPFKXKFWCN� HTCOGU� 
$/2� HQTOCV��
TGUQNWVKQP������ª�������EQKPEKFKPI�YKVJ�VJG�NKOKV�RQUKVKQPU�
of the sinusoidal curve corresponding to the load (upper 
and lower limit of the load). The images thus obtained 
were processed by means of a digital image analysis 
UQHVYCTG� 
+OCIG� 2TQ� 2NWU� �����/GFKC�%[DGTPGVKEU��75#���
In order to quantify the excursion of the abutment and to 
calibrate the digital image analysis software, a grid graph 
was used [Figure 5]. The grid was adjacent to the sample 
that resulted so interposed between this and the camcorder. 
The frames, coinciding with upper and lower limits of the 
load, were then compared measuring the excursions showed 
by the anterior-superior edge of the coping cylindrical 
DTCUU�EWR�CICKPUV�C�ſZGF�TGHGTGPEG�RQKPV�EJQUGP�QP�VJG�ITKF�
graph [Figure 6]. The swinging values, for each range of stress 

Figure 2: The pneumatic device used for the cyclical solicitation

Figure 3:�;�UD\�RI�D�VDPSOH���� �EHIRUH�IDWLJXH�WHVWV���� �DIWHU�WKH�¿UVW�F\FOH���� �
after the second cycle, 3 = after the third cycle

Figure 4: Measure of possible micro-movements on every radiographic image by 
PHDQV�D�VSHFL¿F�VRIWZDUH�

Figure 5:�$�VSHFLPHQ�GXULQJ�WKH�F\FOLFDO�VROLFLWDWLRQ��$�JULG�JUDSK�ZDV�XVHG�DGMDFHQW�
to the sample in order to quantify the excursion of the abutment and to calibrate the 

GLJLWDO�LPDJH�DQDO\VLV�VRIWZDUH
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TCFRA group, it is not possible to achieve any statistic result, 
due to sample limits.

The comparison between the groups through the Mann–
9JKVPG[ŏU�7�VGUV�UJQYU�C�PQV�UKIPKſECPV�FKHHGTGPEG�
P > 0.06).

As regards micro-movements around two sides M (left) and 
D (right) of each abutment, it is possible to remark that the 
positive 'x values are related to situations of extrusion of 
VJG�CDWVOGPV�HTQO�VJG�ſZVWTG��YJKNG�VJQUG�YKVJ�PGICVKXG�'x 
values are related to the intrusion of the abutment in the 
ſZVWTG�=6CDNGU���CPF��?��+P�VJG�6%(4#�ITQWR�����EQWRNGU�QH�
'x values were calculated while in the TA group the couples 
of 'x values were 23, since one specimen was fractured 
toward the end of the third cycle of loading. As regards 
micro-movements exhibited during cyclic loading, in the TA 
group, the extrusion was more present (78.3% side M; 56.5% 
side D), while in the TCFRA group the intrusion was more 
frequent (70.8% side M; 62.5% side D) [Table 3]. The absence 
of micro-movements was exhibited in both groups, on the 
same side (M), in two cases only: A TA after the second cycle 
QH�NQCFKPI�=6CDNG��?��C�6%(4#�CHVGT�VJG�ſTUV�E[ENG�QH�NQCFKPI�
=6CDNG��?��6JG�UK\G�QH�VJG�GZVTWUKQPU�KU�ITGCVGT�KP�DQVJ�UKFGU��
in comparison to the intrusions, in the TA group [Table 3]. 
6JG�UK\G�QH�VJG�GZVTWUKQPU�KU�NQYGT�KP�UKFGU�/�CPF�ITGCVGT�KP�
sides D in the TCFRA group while the intrusions exhibit a 
EQORCTCDNG�UK\G�QP�DQVJ�UKFGU�=6CDNG��?�

Figure 6:�7KH�IUDPHV��FRLQFLGLQJ�ZLWK�XSSHU�DQG�ORZHU�OLPLWV�RI�WKH�ORDG��ZHUH�
FRPSDUHG�PHDVXULQJ�WKH�H[FXUVLRQV�VKRZHG�E\�WKH�DQWHULRU�VXSHULRU�HGJH�RI�WKH�

FRSLQJ�F\OLQGULFDO�EUDVV�FXS�DJDLQVW�D�¿[HG�UHIHUHQFH�SRLQW�FKRVHQ�RQ�WKH�JULG�JUDSK
Figure 7:�)UDPH��FRLQFLGLQJ�ZLWK�XSSHU�OLPLW�RI�WKH�ORDG��WKH�H[FXUVLRQ�ZDV�

PHDVXUHG�LQ�WKH�VDPH�PDQQHU�RI�¿JXUH��

Table 1: Micro-deformation exhibited, in titanium abutments group, after every solicitation cycle
Specimen Titanium abutments group

5KFG�/�ţZ�
OO� 5KFG�&�ţZ�
OO�
1^ cycle 2^ cycle 3^ cycle 1 ^cycle 2^ cycle 3^ cycle

� ����� ����� ����� Ŧ����� Ŧ����� Ŧ�����
� ����� ����� ����� ����� ����� �����
3 Ŧ���� Ŧ����� ����� ����� ����� ����
� ����� ����� ����� Ŧ����� Ŧ����� �����
� ����� ����� Ŧ����� ����� ����� Ŧ�����
� Ŧ����� Ŧ����� ����� Ŧ����� Ŧ����� Ŧ�����
7 ����� ����� ����� ����� Ŧ����� �����
� ����� 0 ����� �����
OGCP ����� ����� ����� ����� ����� �����
UV�FGX ����� ����� ����� ����� ����� �����

chosen, were compared, within each group and among the 
groups, using the Student–Newman–Keuls test.

RESULTS

Four specimens in the TA group presented the debonding 
of the abutment without apparent structural failures, with 
the only exception of one specimen that showed a visible 
deformation of the abutment associated to debonding. One 
specimen displayed a fracture of the TA toward the end of 
the third cycle of solicitation (195,470 cycles), the fracture 
occurred orthogonally involving the long vertical axis of the 
abutment, at the level of the contact point with the neck of the 
ſZVWTG�=(KIWTG��?�

In TCFRA group, three specimens presented the debonding of 
the TCFRA without revealing structural failures.

As regards the TA group, both the fracture and the deformation 
of the abutment occurred in 12.5% of cases; the debonding in 
62.5% of cases. In the TCFRA group, the only issue observed 
was the debonding of the abutment in 37.5% of cases.

In spite of the reduced number of specimens, the Wilcoxon 
signed-rank test shows that there is not a statistically 
UKIPKſECPV�FKHHGTGPEG�YKVJKP� VJG�6#�ITQWR� EQPEGTPKPI� VJG�
debonding (P < 0.062), after the cyclical loading, while in the 
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Concerning the swinging showed by the two types of 
abutment during the solicitation, in TAs, the swinging was 
2.4 Pm (±0.2), 6.1 Pm (±0.3), 22.7 Pm (±0.7), respectively, in the 
three intervals of increasing compressive load applied, while 
in the case of the TCFRAs, the swinging was 57.8 Pm (±2.7), 
89.9 Pm (±1.5), and 115.6 Pm (±3.1), respectively, in the 
above-mentioned three intervals [Table 4]. Student–
0GYOCPŌ-GWNU�VGUV�UJQYGF�C�UKIPKſECPV�FKHHGTGPEG�YKVJKP�
the TCFRA group and between the 2 groups (P < 0.05), with 
the exception of the swinging exhibited by the TAs, as a 
TGUWNV�QH�VJG�ſTUV�CPF�UGEQPF�E[ENKE�UVTGUU�
P > 0.05). On the 
other hand, the oscillation resulting from the third cycle of 
UQNKEKVCVKQP�YCU�UKIPKſECPVN[�JKIJGT�VJCP�VJG�QPGU�GZJKDKVGF�
during the two previous cycles (P < 0.05).

DISCUSSION

One of the etiological causes of crestal bone resorption, in 
conditions of load, is represented by the excessive stress 
transmitted to the bone-implant interface.[1] The titanium 
has an elastic modulus about 5 times higher than that of 
cortical bone, and this facilitates the concentration of stress 

at the level of the crestal bone.[9-11] The PL that surrounds the 
natural tooth works as a viscoelastic shock absorber, able to 
TGFWEG�VJG�ƀQY�UVTGUU�VQ�VJG�ETGUVCN�DQPG�� VJWU� NGPIVJGPKPI�
the time in which the load is dissipated.[2,3] The adoption of 
C�ƀGZKDNG� CDWVOGPV� EQWNF�JGNR� KP� VJKU�YC[�� +P� HCEV��FWG� VQ�
its anisotropic nature, the TCFRA deforms itself, within its 
elastic limit, absorbing part of the applied load. Hence, the 
JKIJGT�ƀGZKDKNKV[�� GZJKDKVGF�D[� VJKU� GZRGTKOGPVCN�CDWVOGPV��
could theoretically prevent the excessive concentration of 
stress in the implant-bone interface. Apparently, the TCFRA 
exhibits marked viscoelastic properties certainly useful in 
the dissipation of chewing loads, especially if the stresses are 
PQV�RCTCNNGN�VQ�VJG�CZKU�QH�VJG�ſZVWTG��6JG�WUG�QH�VJKU�V[RG�QH�
CDWVOGPVU�EQWNF�DG�DGPGſEKCN�PQV�QPN[�KP�PQTOCN�UKVWCVKQPU�
but also in the case of parafunctional habits such as clenching 
and bruxism.

The lower percentage rate of debonding exhibited by TCFRAs 
(37.5% vs. 62.5%) could be attributed to the experimental nature 
of their resinous matrix that makes them more likely to bond 
the composite resin cement. Furthermore, their greater intrinsic 
roughness could have a role in this phenomenon.

The high rate of extrusion exhibited by TAs could be attributed 
to the debonding consequent to cyclical solicitation.

The prevalence of intrusion into the TCFRA group is probably 
due to the anisotropic structure of the abutment. In fact, the 
QTKGPVCVKQP�QH�VJG�ſDGTU�IKXGU�C�JKIJGT�GNCUVKEKV[�KP�DGPFKPI�
and a lower resistance under compression if compared to 
TA. The intrusive behavior of the TCFRA could theoretically 
avoid the crestal bone resorption in the case of occlusal 
overload. In fact, the natural teeth exhibit a greater ability 
to perceive any interference respect to implant-supported 
prosthetic teeth.[4,5] Furthermore, the latter perceive noxious 
stimuli (pressure) in a delayed and attenuated manner if 
compared to natural teeth, which are known to have a quicker 
and acute response.[4,5]

Table 3: Extrusion and intrusion showed in both groups. The values in brackets indicate the number of times that a 
particular behaviour occurred on the two different sides

Titanium abutments group TCFRAs group
ţZ�
OO� ţZ�
OO�

Extrusions  Intrusions  Extrusions  Intrusions
5KFG�/�
��� 5KFG�&�
��� 5KFG�/�
��� 5KFG�&�
��� 5KFG�/�
�� 5KFG�&�
�� 5KFG�/�
��� 5KFG�&�
���

OGCP ����� ����� Ŧ����� Ŧ����� ����� ����� Ŧ����� Ŧ�����
UV�FGX ����� ����� ����� ����� ����� ����� ����� �����

Table 4: Swinging recorded, in both groups, at the beginning of each solicitation cycle 
Specimen Titanium abutments group Specimen TCFRAs group

5YKPIKPI�
zO� 5YKPIKPI�
zO�
������0 ������0 ������0 ������0 ������0 ������0

� ��� ��� ���� �� ���� ���� �����
� ��� ��� ���� �� �� ���� �����
3 ��� ��� ���� �� �� ���� �����
� ��� ��� ���� �� ���� ���� �����
� ��� ��� ���� �� ���� �� �����
OGCP� ����� ����� ������ OGCP� ������ ������ �������
UV�FGX ����� ����� ����� UV�FGX ����� ����� �����

Table 2: Micro-deformation exhibited, in TCFRAs group, 
after every solicitation cycle
Specimen  TCFRAs group

5KFG�/�ţZ
OO� 5KFG�&�ţZ
OO�
1^ cycle 2^ cycle 3^ cycle 1^ cycle 2^ cycle 3^ cycle

�� ����� ����� ���� Ŧ����� Ŧ���� Ŧ�����
�� Ŧ���� Ŧ����� Ŧ����� Ŧ����� Ŧ����� Ŧ�����
�� Ŧ����� Ŧ����� ����� Ŧ����� Ŧ����� Ŧ�����
�� Ŧ����� Ŧ����� Ŧ����� ����� ����� �����
�� Ŧ����� Ŧ����� ����� Ŧ����� Ŧ����� �����
�� 0 ����� Ŧ����� Ŧ����� ����� Ŧ�����
�� Ŧ����� Ŧ����� Ŧ����� Ŧ����� Ŧ����� �����
�� Ŧ����� Ŧ����� Ŧ����� ����� ����� �����
OGCP Ŧ����� Ŧ����� Ŧ����� Ŧ����� ����� �����
UV�FGX ����� ����� ����� ����� ����� �����

>'RZQORDGHG�IUHH�IURP�KWWS���ZZZ�MLVSRQOLQH�FRP�RQ�7XHVGD\��0D\�����������,3��������������@



Bassi, et al���0HFKDQLFDO�SURSHUWLHV�RI�UHVLQ�JODVV�¿EHU�UHLQIRUFHG�DEXWPHQWV

6 Journal of Indian Society of Periodontology

In both groups, the failure of the adhesive bond occurred 
at the cement-abutment interface, probably due to the 
cemented portion of the abutment, did not have a satisfactory 
OCETQ�TGVGPVKXG�UVTWEVWTG�CV�VJG�KPPGT�UWTHCEG�QH�VJG�ſZVWTG�VJCV�
was instead threaded.

The trend toward the debonding in the TAs can probably be 
reduced by means of thin transverse grooves, at the level of their 
cemented portion, in order to obtain a valid macro-retentive 
structure. Even the tendency toward the debonding in TCFRAs 
can be reduced in a similar manner. Despite both the composite 
cement and the adhesive system used are particularly suitable for 
VJG�EGOGPVCVKQP�QH�RCUUKXCVGF�OGVCNU�CPF�ſDGT�RQUVU��C�HWTVJGT�
development of adhesive systems and composite cements, 
URGEKſE�HQT�EQWRNKPI�VJG�VKVCPKWO�YKVJ�VJKU�V[RG�QH�GZRGTKOGPVCN�
abutment, could contribute to improve the quality and duration 
of the bond.

The experimental abutments theoretically exhibit the best 
aesthetic properties, avoiding the shining effect associated with 
metal abutments. For this reason, they could be advantageous 
associated with full ceramic crowns.

Considering that in clinical conditions the TCFRA comes in 
close contact with the soft tissues and the oral environment, 
in general, at the present state, it is unknown if such device 
can affect the deposition and the development of microbial 
plaque on its surface, as well as its soft tissues response. Due to 
VJG�UOCNN�UCORNG�UK\G��VJG�RTGUGPV�UVWF[�RTQXKFGU�RTGNKOKPCT[�
results of a trend related to mechanical properties of resin glass 
ſDGT�TGKPHQTEGF�CDWVOGPV� KP� EQORCTKUQP� VQ�6#��#FFKVKQPCN�
UVWFKGU�YKVJ� NCTIGT� UCORNGU�YKNN� DG�JGNRHWN� VQ� EQPſTO�QWT�
results.

REFERENCES

1. Pesqueira AA, Goiato MC, Filho HG, Monteiro DR, Santos DM, 
Haddad MF, et al.�7UG�QH�UVTGUU�CPCN[UKU�OGVJQFU�VQ�GXCNWCVG�VJG�
biomechanics of oral rehabilitation with implants. J Oral Implantol 
2014;40:217-28.

2. Pektas Ö, Tönük E. Mechanical design, analysis, and laboratory 
testing of a dental implant with axial flexibility similar to 
natural tooth with periodontal ligament. Proc Inst Mech Eng H 
2014;228:1117-25.

3. Simamoto Júnior PC, da Silva-Neto JP, Novais VR, de Arruda 
Nóbilo MA, das Neves FD, Araujo CA. Photoelastic stress analysis 
QH�OCPFKDWNCT�ſZGF�RTQUVJGUGU�UWRRQTVGF�D[���FGPVCN�KORNCPVU��
Implant Dent 2014;23:704-9.

��� /CEJVGK�''��1GVVKPIGT�$CTCM�1��*QTYKV\� ,��#ZKCN� TGNCVKQPUJKR�
between dental implants and teeth/implants: A radiographic 
study. J Oral Implantol 2014;40:425-31.

5. Marchetti E, Ratta S, Mummolo S, Tecco S, Pecci R, Bedini R, 
et al. Evaluation of an endosseous oral implant system according 
VQ�70+� '0� +51� ������ HCVKIWG� VGUV� RTQVQEQN�� +ORNCPV�&GPV�

2014;23:665-71.
6. Cidade CP, Pimentel MJ, Amaral RC, Nóbilo MA, Barbosa JR. 

Photoelastic analysis of all-on-four concept using different 
KORNCPVU�CPIWNCVKQPU�HQT�OCZKNNC��$TC\�1TCN�4GU��������
�������

7. Tanasic I, Tihacek-Sojic L, Milic-Lemic A. Finite element analysis 
of compressive stress and strain of different implant forms during 
vertical loading. Int J Comput Dent 2014;17:125-33.

8. Jindal S, Bansal R, Singh BP, Pandey R, Narayanan S, Wani MR, 
et al. Enhanced osteoblast proliferation and corrosion resistance 
of commercially pure titanium through surface nanostructuring 
by ultrasonic shot peening and stress relieving. J Oral Implantol 
2014;40:347-55.

9. Brunski JB. Biomechanical aspects of the optimal number of 
implants to carry a cross-arch full restoration. Eur J Oral Implantol 
2014;7 Suppl 2:S111-31.

10. Moreira W, Hermann C, Pereira JT, Balbinoti JA, Tiossi R. 
#�VJTGG�FKOGPUKQPCN�ſPKVG�GNGOGPV�UVWF[�QP�VJG�UVTGUU�FKUVTKDWVKQP�
pattern of two prosthetic abutments for external hexagon 
implants. Eur J Dent 2013;7:484-91.

11. Carvalho MA, Sotto-Maior BS, Del Bel Cury AA, Pessanha 
Henriques GE. Effect of platform connection and abutment 
material on stress distribution in single anterior implant-supported 
TGUVQTCVKQPU��#�PQPNKPGCT���FKOGPUKQPCN�ſPKVG�GNGOGPV�CPCN[UKU��
J Prosthet Dent 2014;112:1096-102.

12. Zarb GA. On parafunctional considerations in implant therapy. 
Int J Prosthodont 2014;27:199.

13. Keenan AV, Levenson D. Are ceramic and metal implant 
abutments performance similar? Evid Based Dent 2010;11:68-9.

���� 0CMCOWTC�-��-CPPQ�6��/KNNGFKPI�2��1TVGPITGP�7��<KTEQPKC�CU�
a dental implant abutment material: A systematic review. Int J 
Prosthodont 2010;23:299-309.

���� 5CPVKCIQ�,WPKQT�,(��2GNNK\\GT�'2��8GTTK�(4��FG�%CTXCNJQ�25��5VTGUU�
analysis in bone tissue around single implants with different 
FKCOGVGTU�CPF�XGPGGTKPI�OCVGTKCNU��#���&�ſPKVG�GNGOGPV�UVWF[��
Mater Sci Eng C Mater Biol Appl 2013;33:4700-14.

16. Gehrke SA, Pereira Fde A. Changes in the abutment-implant 
interface in Morse taper implant connections after mechanical 
cycling: A pilot study. Int J Oral Maxillofac Implants 
2014;29:791-7.

17. Behr M, Lang R, Leibrock A, Rosentritt M, Handel G. Complication 
rate with prosthodontic reconstructions on ITI and IMZ dental 
implants. Internationales team für implantologie. Clin Oral 
Implants Res 1998;9:51-8.

18. Bitter K, Kielbassa AM. Post-endodontic restorations with 
CFJGUKXGN[� NWVGF�ſDGT�TGKPHQTEGF� EQORQUKVG� RQUV� U[UVGOU��#�
review. Am J Dent 2007;20:353-60.

19. Rosentritt M, Behr M, Lang R, Handel G. Experimental design of 
(2&�OCFG�QH�CNN�EGTCOKEU�CPF�ſDTG�TGKPHQTEGF�EQORQUKVG��&GPV�
Mater 2000;16:159-65.

How to cite this article: Bassi MA, Bedini R, Pecci R, Ioppolo P, 
/DXULWDQR�'��&DULQFL�)��0HFKDQLFDO�SURSHUWLHV�RI�UHVLQ�JODVV�¿EHU�
reinforced abutment in comparison to titanium abutment. J Indian 
Soc Periodontol; doi: 10.4103/0972-124X.154184.
Source of Support: Nil, &RQÀLFW�RI�,QWHUHVW� None declared.

>'RZQORDGHG�IUHH�IURP�KWWS���ZZZ�MLVSRQOLQH�FRP�RQ�7XHVGD\��0D\�����������,3��������������@


