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Strains Recorded in a Combined Tooth-
Implant Restoration: An In Vivo Study
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are a treatment option to restore

missing posterior teeth. Occasion-
ally, it becomes necessary to connect
teeth and implants as abutments for
these restorations because of anatom-
ical limitations or implant failure to
osseointegrate. Whether such restora-
tions can be recommended is a matter
of debate. In a 10-year clinical study,
no adverse effects were found in com-
bined tooth/implant restorations in the
posterior mandible.! However, intru-
sion of the natural teeth is reported as
amajor clinical complication of such a
design, with incidence ranging from
3.4 to 37%.%°

Several theories have been pro-
posed to explain this phenomenon, of
which the force-distribution theory is
the most plausible.*-* It has been sug-
gested that intrusion could be caused
through energy absorption by the im-
plants, Part of this energy is transmit-
ted to the tooth and induces stresses
that initiate intrusion because of the
differences in mobility between tooth
and implant.

The use of nonrigid semiprecision
attachments for implant/tooth connec-
tion has been suggested to overcome
the differences in tooth and implant
mobility.® However, a rigid connector
may be more suitable for controlling
forces transferred from implants to the
teeth.”'" The purpose of the present
study was to compare rigid and non-
rigid tooth/implant connections by re-
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Implant-supported fixed prosthe-
sis is a treatiment option fo restore
missing teeth. Occasionally, it is nec-
essary to connect teeth and implants
as abutments for these restorations.
Whether such restorations can be rec-
ommended is a manter of debate. This
in vivo study measured strains in-
volved in connecting implants to a nat-
wral tooth and compared rigid and
nonrigid tooth/implant connections. A
patient was treated with mandibular
unilateral fixed prosthesis supported
by two implants and one proximal
tooth. Strain gauges were cemented to
the experimental framework restora-
tion. Recordings were obtained from
the restorations while the patient bit
on a wooden stick on the day of place-
ment and after 2 weeks in function,
using both rigid and nonrigid attach-

ment connections. A significant differ-
ence was found in horizontal deforma-
tion of the tooth/crown between day |
and 2 weeks later. Vertical deforma-
tions were smaller than horizontal
ones. After applving biting forces, hor-
izontal and vertical deformations were
maintained. Strain recorded in a clin-
ical setting revealed mostly horizontal
strains generated in a combined tooth/
implant device. These strains were
maintained after a 2-week recording.

Within the limitation of this study,

combined tooth/implant restorations
could be a potential complication and
could cause an intrusion of a namral
abutment regardless of the type of
connection (rigid or nonrigid). (Im-
plant Dent 2005;14:58-62)

Key Words: tooth-implant combina-
tion, strain measurements, infrusion

cording strains generated by occlusal
forces.

MATERIALS AND METHODS
Clinical Trial

A 48-year-old male patient re-
ceived two implants (Omniloc, Cal-
citek, Carlsbad, CA), each at the man-
dibular molar area, leaving one tooth
space berween the proximal implant
and the distal premolar tooth. This
tooth also needed a full coverage res-
toration. There were no missing teeth
in the maxillary arch. The patient
agreed 1o receive an experimental
metal (Argelite 60+, Argen, San Di-
ego, CA) provisional restoration. No
signs of temporomandibular disorders
or parafunctional habits were evident.

Experimental Restoration

An experimental metal framework
(Argelite 60+) consisting of a section

StTrRAINS RECORDED N A COMBINED TOOTH-IMPLANT RESTORATION

screwed to the implants with a mesial
cantilever was connected with a T-block
attachment (Combi-Snap, Cendres &
M’etaux SA, Biel-Bienne, Switzerland)
to a complete-coverage crown section
cemented temporarily (TempBond, Kerr
Corp., Orange, CA) on the premolar.
The matrix of this attachment connec-
tion was embedded in the distal aspect
of the crown during casting. An occlusal
set screw was added to the attachment to
optionally convert the design from a
nonrigid to a rigid connection (Fig. 1).
Housing to accommodate strain gauges
and their connectors was prepared in the
buccal aspect of the casting of both sec-
tions. The provisional restoration was
clinically judged to fit passively and
used for 2 weeks.

Measuring Device

On the section of the implant
close to the attachment, a 45° strain-



auge rosette (EA06031RB-120
Vishay Measurements Group Inc., Ra-
leigh, NC) was cemented (Figs. 2 and
3). Additionally, two linear strain
gauges (EA06030LB-120 Measure-
ments Group, Rale
mented on the premolar section: one in
a vertical position and the other in a
horizontal position 10 measure strains,
conforming to buccolingual and oc-
clusogingival tooth movements. Strain
gavges were connected 1o a multichan-
nel strain indicator (2100, Vishay
Measurements Group Inc.).

Measuring Procedure

Before measurements, the patient
deliberately applied 10 repetitive mas-
ticatory forces on the restoration in the
intercuspal position and also bit on a
wooden stick placed on the implant
and premolar sections o attain a base
line recording. The patient was in
structed to exert about half of the max.
imal occlusal force, This procedure
was performed alternatively in rigid
and nonrigid settings. The measuring
procedure was repeated twice: on the
the device was placed and 2 weeks
later. Data were recorded using a
ViewDec system (Data Acquisition
System, Keithley, Asyst, NY).

da

REsuLTS

The horizontal strain measure-
ments of the experimental setting are

experimental setting (A L/L) was re-
corded by strain. At the beginning,
horizontal strains were minimal while
applying bite forces, There was a dif-
ference in horizontal strains of the
tooth crown between day 1 and 2
weeks later (Fig. 4). However, no dif-
ference between the rigid and nonrigid
connection of the segments was evi-
dent. The negative direction (ie, &
—200) p strain generated in the sirain
gauge) indicated contraction deforma-
tion within the metal framework. After
applying biting forces on the wooden
stick, smaller vertical strains than the
horizontal strains were recorded (Fig.
5). At the initial biting, there was com-
plete recovery of the strains. However,
after several biting cycles, there was

g

STRAIN 309

Discus

After several bites, there was no
recovery of the horizontal and verti
deformations, although vertical defor
an the hori
iins accrued
after 2 weeks, These resulis may be
attributed 1o a vertical freedom in the
hment and also o the viscoelastic
properties of the periodontal ligament
that enable intrusion. It can be taken

shown in Figure 4. Dx in the
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SECONDS

Flg. 5.t i i
Mote i recovery of strain:

into account that framework construc-
tion deformation cavsed by increased
horizontal strains, concomitant with
vertical strains, induced locking after
2 weeks in function.

A reversal of tooth intrusion afier

i tion of rigid h/impl

attachment has also been reported
clinically.” Only a few studies can be
found that cxamine transmission and
recording of forces on tooth/fimplant
restoration. Gunne er o™ measured
bending moments when axial load was
applied on tooth/implant posterior res-
torations. Loads were shared between
the abutment tooth and the implant,
probably caused by the inherent bind-
ing flexibility of the implant screw
joint. In the present study, a difference
in horizontal deformation on the tooth/
crown at a 2-week interval was shown
(Fig. 4). However, in Gunne er al,”
the design was different; only vertical
recordings, with no time interval, were
carried oul. In the present study, the
duration of measurements did not ex-
tend beyond 2 weeks, as deformations
were recorded within this time period.

Loading on osmlnlegrawd dental
impl; is in
vive using strain gauge mﬂ.huds M oag
in the present study. Despite the tech-
nical difficulties in the

mouth inherent in the study, additional
patients will be used in a future study.

CoNCLUSION

Vertical and horizontal strains
were generated in a combined tooth/
implant prosthetic device. As there
wis no recovery of the strains gener-
ated in the restoration during function,
continuous loading may result in ver-
tical strains, causing intrusion of the
natural tooth and horizontal strains
“locking” this tooth, regardless of the
type of ion (rigid or igid
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