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Introduction: This in-vitro study presents the development and validation of an artificial tooth-periodontal
ligament-bone complex (ATPBC) and comparison of its behavior with that of rigid dowels during third-order
torque simulation. Methods: ATPBCs were coupled using a 1:1 mixture of room-temperature vulcanization
silicone and gasket sealant to act as a periodontal ligament simulant (PDLS). PDLS thicknesses ranging from
0.2 to 0.7 mm, in increments of 0.1 mm (n 5 5 for each thickness), were tested using a linear crown
displacement procedure. A suitable PDLS thickness was selected for use in third-order torque simulations to
compare ATPBC (n 5 29) and rigid (n 5 24) dowel behavior. Their results were compared for archwire
rotations up to 20� for both loading and unloading curves with repeated-measures analysis of variance.
Results: When used in third-order torque simulations, the ATPBC dowels with a 0.5-mm PDLS thickness
showed a statistically significant difference from rigid dowels (P 5 0.020), with a 95% confidence interval
(0.254, 2.897 N$mm) and a mean difference of 1.575 N$mm. Conclusions: Inclusion of a PDLS in an ATPBC
resulted in a statistical difference when compared with rigid dowels; however, the region where behavior differed
was at low angles of archwire rotation, and the resultant torque was arguably outside a clinically relevant range.
(Am J Orthod Dentofacial Orthop 2015;148:431-9)

In-vitro experimental procedures continue to be used
extensively in the literature to study force and
moment systems generated by orthodontic appli-

ances.1–14 Their attractiveness spawns from their
relatively low cost compared with studies involving
living specimens, the lack of necessity for ethical
approval, and the availability of equipment.
Additionally, these procedures allow for control of
variables that cannot be regulated in typical patient
studies and measurement of data (eg, orthodontic
loads) that are not easy, or are impossible, to obtain in
clinical trials. Despite their popularity, they come under

scrutiny as unable to properly simulate the oral
environment.15–17 This is especially true of the biologic
effects—eg, tissue remodeling—that result from
orthodontic treatment. Although it might not be
possible to replicate all factors of an in-vivo experiment,
some can be incorporated into an in-vitro study,
increasing its applicability to the oral environment,
and should be investigated further.

A particular limitation of many dental-related in-vi-
tro studies is the lack of periodontal ligament (PDL)
compliance when considering force-displacement or
torque-angle relationships generated by orthodontic ap-
pliances. It is a common assertion that inclusion of this
compliance would greatly impact the loads measured
or predicted through in-vitro research. Specifically,
forces resulting from a prescribed displacement would
be lower than predicted, and displacements for a given
force would be larger. Although this trend is certainly ex-
pected, the magnitude at which added compliance
would affect in-vitro results has yet to be investigated
in detail.

Xia and Chen1 considered the development of an arti-
ficial tooth-PDL-bone complex (ATPBC) through the
integration of a PDL simulant (PDLS). A 1:1 mixture of
room-temperature vulcanization silicone and gasket
sealant incorporated in an ATPBC showed good agree-
ment with the human crown displacement data from
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Christiansen and Burstone.18 The creep, stress relaxa-
tion, and hysteresis behavior of the ATPBC developed
by Xia and Chen also agreed well with results from the
literature. This particular PDLS, used in conjunction
with an ATPBC, shows promise for including PDL
compliance in orthodontic in-vitro research.

The in-vitro study of third-order torque through arch-
wire rotation has been extensive in the literature.2–9 As
archwire and bracket dimensions and materials change,
it will be imperative to continue this line of research to
understand how such changes impact torque expression
and thus overall treatment mechanics. To date, no study
has included PDL compliance with an ATPBC or
otherwise. Understanding how this compliance
influences the results, if at all, is imperative for future
research on third-order rotational mechanics.

Therewere 2main objectives in this study. Thefirst was
the development and validation of an ATPBC that accu-
rately replicates the true biologic compliance illustrated
in the literature. Second, the ATPBCwas used in an ortho-
dontic torque simulator (OTS) to obtain torque-angle data
during the third-order rotation of an archwire relative to a
bracket. Rigid dowel specimens were also used, allowing
for the comparisonof datawith andwithout PDLScompli-
ance. In doing so, we investigated themagnitude towhich
compliant behavior influences third-order torque expres-
sion during in-vitro testing.

MATERIAL AND METHODS

The initial portion of the study focused on devel-
oping an ATPBC for the maxillary central incisor. This
process was briefly detailed in a previous study but will
be considered again for completeness.19 The ATPBCs
were manufactured using 1 section of aluminum

representing the tooth and another piece used as a
socket, as illustrated in Figure 1. These components
were coupled through a 1:1 mixture of room-
temperature vulcanization silicone (587 Blue RTV Sili-
cone; Loctite, Westlake, Ohio) and gasket sealant
(number 2; Loctite) and allowed to cure for 72 hours
before testing. The choices of root shape and gasket
were based on the methodology used by Xia and
Chen,1 since they obtained ATPBC behavior representing
data from the literature. Additionally, the use of a purely
conical shape for the root geometry imitated the general
root shape of the maxillary central incisor reasonably
well and greatly simplified manufacturing time and cost.

Thickness of the PDL was controlled by fixing the
height of the tooth relative to the socket as the samples
were coupled with the PDLS mixture. Concentricity of
the tooth relative to the socket was controlled by assem-
bling the ATPBC in a drill bushing. Because PDL thickness
is based on a variety of factors (eg, location on the tooth,
functionality), a range from 0.2 to 0.7 mm in 0.1-mm in-
crements was tested to determine which could most
accurately represent the true complex response.20 The
PDL thickness was measured in the horizontal plane
and was calculated based on the relative height of the
tooth and the taper angle of the tooth. A load cell
(Nano17; ATI Industrial Automation, Apex, NC) was set
facing a micrometer (PI M-230.10; Physik Instrumente
(PI) LP, Auburn, Mass), allowing for force to be measured
while a linear displacement was applied, as depicted in
Figure 2. The contact was applied to the tooth adaptor
at a distance of 10.3 mm from the top edge of the socket
piece. This distance was selected to maintain consistency
with the location used by Christiansen and Burstone,18

allowing for comparison of the data. The displacement
was applied quasi-statically at a velocity of 0.01 mm

Fig 1. A, Sample image of an ATPBC dowel showing the tooth and bone portions separately; B, sche-
matic of the ATPBC when assembled using the PDLS.
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