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Disclaimer

About the Catalog of Regulatory Science Tools

The enclosed tool is part of the Catalog of Regulatory Science Tools, which provides a peer-
reviewed resource for stakeholders to use where standards and qualified Medical Device
Development Tools (MDDTSs) do not yet exist. These tools do not replace FDA-recognized
standards or MDDTs. This catalog collates a variety of regulatory science tools that the FDA's
Center for Devices and Radiological Health's (CDRH) Office of Science and Engineering Labs
(OSEL) developed. These tools use the most innovative science to support medical device
development and patient access to safe and effective medical devices. If you are considering
using a tool from this catalog in your marketing submissions, note that these tools have not
been qualified as Medical Device Development Tools and the FDA has not evaluated the
suitability of these tools within any specific context of use. You may request feedback or
meetings for medical device submissions as part of the Q-Submission Program.

For more information about the Catalog of Regulatory Science Tools,
email RST_CDRH@fda.hhs.gov.
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Strategy to Estimate Low to High Cycle Fatigue Transition of Nitinol for Fatigue
to Fracture Test Planning

Select experimental or computational method

experimental option computational options ordered least to most sensitive
3 (choose one)

Qualitative assessment of . ey 3. Semi-quantitative assessment of .
. 1. Qualitative 2. Qualitative . . . 4. Quantitative assessment
experimental global force- finite change in field variables
. . assessment of assessment of ) : : of area and volume
displacement for hysteresis ) i associated with phase transformation, i X
computational global stress-strain plots . . . undergoing cyclic phase
i e.g., martensite fraction in . .
f SDv21
5 : force-displacement at peak elements ) X transformation as described
SEmImE AT for hysteresis* for hysteresis ABAQUS) or transformation strain in Weaver et al. 2023
experiments at physiologic o V EPPL or EPEQ in ANSYS
p physiolog

temperature and at multiple l
load levels representing

Conduct tensile test of nitinol at physiologic temperature per ASTM F2516 to obtain relevant material property values

physiological and 1
hyperphysiological conditions
selected by evaluating the Run computational model at multiple load levels representing physiological and hyperphysiological conditions selected
expected in vivo loading by evaluating the expected in vivo loading

no Found load levels demonstrating absence and

no

presence of cyclic phase transformation?
Reference figures for examples of each option.

Low to high cycle fatigue transition is approximately at lowest load level with cyclic phase transformation

Figure 1: Flowchart to estimate low to high cycle fatigue transition.

*Note: When the volume of material undergoing phase transformation is small
relative to the full device, the influence of local phase transformation on the
global force-displacement observations will be similarly small. Accordingly, when
using ‘global’ methods, the presence or absence of hysteresis in the force-
displacement results should be interrogated carefully.
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Figure 2: Experimental Option and Computational Option 1: Examples illustrating
absence (left) or presence (right) of hysteresis when cycling between two loading

points A and B.
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Figure 3: Computational Option 2: Examples illustrating absence (left) or presence
(right) of hysteresis when cycling between two loading points A and B.
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Figure 4: Computational Option 3: Examples illustrating semi-quantitative
assessment of finite change in field variables associated with cyclic phase
transformation between two loading points A and B. The left shows an absence of

cyclic phase transformation whereas the right shows the presence of cyclic phase
transformation.
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anticipated low cycle fatigue
anticipated high cycle fatigue or runout

cyclic load

transformed volume no. of cycles

Figure 5: Computational Option 4: As described in Weaver et al. 2023, quantitative
assessment of area and volume undergoing cyclic phase transformation may be
calculated. A non-zero cyclic phase transformation (area or volume) suggests that
low cycle fatigue may be anticipated. Refer to the publication for further detail.
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