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Application of 3D Printing Technology to Orthotic Devices with Related Evaluation Technology
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Abstract

The digitization of manufacturing processes using 3D print-
ing technologies is expected to bring innovation to various
industries, including the manufacturing industry. However,
such resin products are yet characterized by low strength and
low productivity. We are aiming to solve the essential problems
of polymer 3D printers and to achieve digitization of manu-
facturing processes. As a model case, we have been studying
3D printing’s application to ankle foot orthosis (AFO).

We first created an evaluation device that can handle
various shapes of AFOs, and we quantitatively evaluated
mechanical properties of AFO manufactured in a conven-
tional method. We also evaluated how the thickness and
shapes of the orthosis effect the mechanical properties of
AFOs. We next produced AFOs with a 3D printer and per-
formed the above-described evaluation of them. Through
this evaluation, we recognized the current functionality of
the 3D-printed orthosis and discovered that rigidity was
insufficient.

Addressing the problem of insufficient rigidity of AFOs
produced by 3D printer and aiming to achieve digitization of
the production workflow, we will contribute to innovation in
the workflow of prosthetists and orthotists manufacture so
as to provide patients with optimal orthoses produced in a
short time, enabling hospitals to provide early rehabilitation
and to shorten hospitalization periods.
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Fig. 1 Ankle foot orthosis (AFO) worn by a walking patient.
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Fig. 2 Steps in the conventional manufacturing an AFO.
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Fig. 3 AFOs having different trimming lines (red) of differing rigidities.
The degree of muscle tension depends on the patient, and the
rigidity of the AFO must be adjusted accordingly. Adjustment is
accomplished by adjusting the thickness and shaping the trim-
ming line of the orthosis.
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Fig. 4 Evaluation of AFO mechanical properties.
The evaluation device is rotatable around the AFQO’s center of

rotation to measure the reaction force moment in the planar and
dorsal directions in 1° steps up to 8°.
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Fig. 5 Two types of trim lines used in evaluating sample AFOs.
Four different evaluation samples of AFO were manufactured by
the conventional manufacturing method. Each orthosis has 3 mm
or 4 mm thickness accompanied by two differing trim lines.
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Fig. 6 Example of measurement results of rigidity of prototype AFO.
Solid line: hysteresis curve of measurement value. Dotted line:
approximated curve.
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Fig. 7 Measurement results of rigidity of conventional AFOs.
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Fig. 8 Measured results of rigidity of AFOs produced by 3D printer.
The rigidity of the AFO made by a 3D printer is about a half that of
a conventional AFO of the same dimensions, and is lower than
required rigidity.
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