Effects of Fatigue L oading on Absorbable Stent Sub-Unit Degradation
Maureen L. Dreher, PHDSrinidhi Nagaraja Pht) Benjamin Batcheldr
1 US FDA/Center for Devices and Radiological Health/Office of Science & Erging Laboratories/ Division of Applied
Mechanics? University of Texas at Dallas, DepartmeniGfemistry

Statement of Purpose: While absorbable materials have
been used in medical devices for decades, only recently
have they been investigated for applications where they
are expected to prade structural support and must
withstand cyclic loading, e.g., as a tissue engineered
scaffold or a cardiovascular st¢hf 2]. Understanding

the interaction between fatigue and degradation for
absorbable medical devices is critical for assessing their
performance and predicting their degradation. In this
study, we investigated the fatigue behavior and effect of
fatigue on degradation rate for a model medical device.
Due to the important mechanical function of
cardiovascular stents in maintaining vegskency while
being exposed to long term loading, 4utits of a model
cardiovascular stent was chosen for this study.

M ethods: Customsub-unitsbased on the geometry used
in previous fatigue studies for steif®$ were

manufactured fromgly(L-lactide),i.e.,PLLA. The
geometry consisdof two stent v- shapewith tabs at the
top and bottom to facilitate loadir{gig 1). Cyclic axial
displacement of this steatib-unit results inbending at

the corner v'ssimilar to motiors expected to occun
stentsunder radial pulsatile loadirig vivo.

A subsebf stent sukunits underwen8-N testing in
order to determine a cyclic displacement level that would
not result in fracture over the course of 1 year of
simulated loading.S-N testing demonstrated thaigher
amplitudes of cyclic displacement decreased the survival
of PLLA stent sukunits, and that a plateau at ~0.2mm can
be reached beyond 10 million cyclgdg 2). Therefore,
0.2mm of cyclic displacement was used for long term
degradatiorduring fatgue

The remaining stent sulmits underwent simulated
degradationn phosphate buffered salinsing a
temperature (i.e., 42°C) that was expected to accelerate
degradation by a factor of Based on preliminary
experiments. Degradation proceeded untidics
immersion according to ASTM F163be., “control”,
n=12 or in combination with fatigue loading (i.e.,
“fatigue”, n=12 2.4H32. The tesfrequency ensured that
fatigue cycles would be synchronized with degradation
kinetics. Samples were removed from degradation after a
simulated 6 (20 million cycleg)r 12 monthg40 million
cycles) These samples were then tedtgdnechanical
properties molecular weight as measured by gel
permeation chromatographgnd crystallinityassessment
as measured by differential scanning calorimetry
Results: Due to the dual elbows in the design of this stent
sub-unit, mechanical testing exhibited 2 fracture points
(1*'break & separation) Fatigue loading during
degradatiorsignificantlyincreased the stiffness aft40
million cycles as compared to control specimétig 8).

The force atl® breakandat separation was lower for
specimens degraded under fatigue conditions, though this

only reachedtatisticalsignificance at 20 million cycles
for the 1* break(Fig 3).

Chemical analyses demonstrated that fatigue loading
resulted in a transiestatisticallysignificant increase in
the molecular weight loss at 20 million cycles (i.e., 6
months of simulated degradatiofaple ). However,
fatigue loading was not tmd to have a significant effect
on the % crystallinity at either time poifgble 2).

Fig 1: Stent subunit geometry (left)Stent subunits into mult
station fatigue tester (middle) with zoomed in image (right).
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Fig 2: SN testing of PLLA
stent sukunits showing that a
plateau is reached between 5
and 10 million cycles
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Fig 3: Stiffness (A) and breafiropertieqB) after simulated
degradation for 6 months (20 million) or 1 year (40 million).
*p<0.05, different from control grou-test.

6 months - 20M 1 year - 40M
Control Fatigue Control Fatigue
Mn (kDa) 156 + 11 143 +6.9* | 105+14 153 +22
Mw (kDa) 377+41 309 £13* | 97.3+7.1 | 137+9.2
% - 51.6+4.4 53.9+10 | 54.0+75| 63.5+19
crystallinity

Table 1. Chemical properties after simulated degradation for 6
months (20 million cycles) or 1 year (40 million cycles).
p<0.05, as compared toe control group, ttest

Conclusions: This studydemonstrates that fatigue

loading during degradation can affect both the mechanical
properties and the chemical degradation rate. The results
are important for defining appropriatevitro degradation
corditionsfor absorbable stent preclinical evaluation
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