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In-situ study of degradation controlled smart 4D actuator designs and their
load-bearing capabilities for biomedical applications

Muzi Li', Guillermo Dominguez', William Soldrzano-Requejo?, Simon Postges?,
Alex Kopp?, Conall Quinn*, Jennifer Patterson’ and Jon Malina-Aldaregufa’-?

IMDEA Materials Institute, Getafe, Madrid 28906, Spain

2Department of Materials Science, Polytechnic University of Madrid, 28040 Madrid, Spain
3Meotec GmbH, 52068 Aachen, Germany

“National University of Ireland Galway, Galway, H91 TK33, ireland

The emerging field of 4D printing, which introduces time-dependent shape
transformation into additively manufactured structures, offers unprecedented
opportunities for dynamic biomedical applications. In this study, we explore the
integration of biodegradable magnesium (Mg) and zinc (Zn) alloys—noted for their
biocompatibility, mechanical properties, and controlled degradation profiles—into 4D-
printed actuators designed for biomedical applications. Specifically, we focus on the
application of these materials in addressing craniosynostosis, a congenital condition
characterized by the premature fusion of cranial sutures, which impairs normal brain
and skull growth. Traditional surgical interventions for craniosynostosis are invasive
and often require repeated procedures. We propose a novel solution: 4D-printed,
bioresorbable actuators composed of Mg/Zn alloys that can be implanted to apply
gradual, controlled mechanical forces to promote cranial expansion over time,
reducing the need for repeat surgeries.

In this work, the selected smart 4D actuator designs for the shape-morphing structures
were evaluated and how the degradation of the different biodegradable metallic
elements control the rate and extent of expansion of the 4D actuators were studied in
situ, as well as the temporal evolution of their load-bearing capability. Three different
actuator designs are evaluated: a serpentine spring actuator, a conical spring actuator,
and an auxetic spring actuator. They are made of two different metallic alloys: nitinol,
for the shape-morphing part of the actuator, and the Mg based WE43MEO alloy, for
the biodegradable anchoring elements that hold the spring in its initial state. The
degradation of the anchoring elements triggers the shape morphing over a period of
time in multiple steps depending on their configuration and corrosion rates. The initial
result of the serpentine actuator is shown in Figure 1. A Zn alloy (Zn1Mg) will replace
nitinol in the next step, to make the actuator fully biodegradable.
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The emerging field of 4D printing, which introduces time-dependent shape
transformation into additively manufactured structures, offers unprecedented
opportunities for dynamic biomedical applications. In this study, we explore the
integration of biodegradable magnesium (Mg) and zinc (Zn) alloys—noted for their
biocompatibility, mechanical properties, and controlled degradation profiles—into 4D-
printed actuators designed for biomedical applications. Specifically, we focus on the
application of these materials in addressing craniosynostosis, a congenital condition
characterized by the premature fusion of cranial sutures, which impairs normal brain
and skull growth. Traditional surgical interventions for craniosynostosis are invasive
and often require repeated procedures. We propose a novel solution: 4D-printed,
bioresorbable actuators composed of Mg/Zn alloys that can be implanted to apply
gradual, controlled mechanical forces to promote cranial expansion over time,
reducing the need for repeat surgeries.

In this work, the selected smart 4D actuator designs for the shape-morphing structures
were evaluated and how the degradation of the different biodegradable metallic
elements control the rate and extent of expansion of the 4D actuators were studied in
situ, as well as the temporal evolution of their load-bearing capability. Three different
actuator designs are evaluated: a serpentine spring actuator, a conical spring actuator,
and an auxetic spring actuator. They are made of two different metallic alloys: nitinol,
for the shape-morphing part of the actuator, and the Mg based WE43MEO alloy, for
the biodegradable anchoring elements that hold the spring in its initial state. The
degradation of the anchoring elements triggers the shape morphing over a period of
time in multiple steps depending on their configuration and corrosion rates. The initial
result of the serpentine actuator is shown in Figure 1. A Zn alloy (Zn1Mg) will replace
nitinol in the next step, to make the actuator fully biodegradable.
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