
RESULTS

Passive Three Degree of Freedom Transtibial Prosthesis With 

Adjustable Coronal Compliance and Independent Toe Joint

INTRODUCTION
• The current technology of prosthetic legs mainly focuses on 

ambulation stability in the sagittal plane. However lateral stability and 

frontal plane adjustment of the center of mass have very important 

roles in gait .

• In persons with amputation, ankle inversion and eversion moments 

are altered, and as the limb is usually substituted with a coronally 

rigid prosthesis 

• Similarly, the metatarsophalangeal joint is mainly omitted in transtibial 

prostheses. This articulation can significantly affect gait in terms of 

stability, walking speed , metabolic cost, range of motion and stability. 

• Current multi axial foot prosthesis with lateral compliance and toe 

joint are either active and tethered, or passive devices with fixed 

compliance . In addition, only few commercial prostheses include 

independent toe joints.

AIM
• To developed a multi-axis passive three degrees of freedom 

prosthesis for persons with transtibial amputation that includes both 

a compliant and adjustable coronal articulation and an independent 

toe joint in addition to the sagittal dorsiflexion-plantarflexion stiffness
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Fig. 1: Developed prosthetic foot and its main components. (Left) manufactured prototype and (right) CAD exploded view.

Fig 4. : Obtained torque angle (up) and stiffness angle 

(down) curves for the sagittal degree of freedom.

Fig 6. : Obtained stiffness angle curves for the 

Honeycomb infill type (up)  probes and grid infill type 

probes (down).

Fig 5. : Obtained torque angle (up) and stiffness angle 

(down) curves for the coronal degree of freedom.

• In the coronal plane, the prosthesis 

can provide rotational stiffness of 

2.54 Nm/deg, 2.79 Nm/deg, 2.94 

Nm/deg, or 3.72 Nm/deg when the 

shafts were placed at 17.5mm 

22.5mm 27.5mm and 32.5mm from 

the spring base. 

• These values are higher compared 

to the reported values for human 

ankles of 80 Nm/rad = 1.39 Nm/deg. 

• The stiffness of the 3D printed toes varies 

from 1.5 N/mm to 76N/mm for the 

honeycomb infill and from 2.05 N/mm to 117 

N/mm for the grid infill type. 

• The toes used in the prototype have a grid 

type 50% infill as a 50N/mm stiffness can 

provide approximately 1.1 Nm/deg 

comparable to the range of human 

metatarsophalangeal joint stiffness  [1.19 

Nm/deg, 1.5 Nm/deg]

• In the sagittal plane an average 

rotational stiffness of 3.26Nm/deg, 

4.94, and 5.63 Nm/deg was obtained 

when the 150N/mm, 227N/mm, and 

309N/mm springs were used, 

respectively. 

• Regarding torque, the 309N/mm spring 

configuration offers an amount of 

torque like that of able-bodied subjects 

and transtibial amputees when 

normalized to a weight of 70kg with a 

peak of approximately 1.4 Nm/deg at 

15°

DISCUSSION
• The prosthesis offers three independently adjustable degrees of freedom in terms of 

compliance.

• The stiffness values in the sagittal plane are under the ones reported for able-bodied 

subjects. However, it has been shown that a lower dorsiflexion stiffness can decrease the 

time to foot flat, ground reaction forces and net metabolic cost. 

• The actual beneficial or detrimental effects of the added coronal compliance on balance 

and gait might be unique to each user and remain to be tested.

• Toes with different compliance requirements can be manufactured from the same material 

while preserving the toe dimensions as the Honeycomb pattern provides an increasing 

non-linear stiffness over an extended range of stiffness while using a grid pattern provides 

a wider range of stiffness with a steadier behavior. 

METHOD
1. CAD Design of prosthesis and assembly. The main body was 3D 

printed in Polycarbonate. Sagittal compliance is achieved with 

helicoidal springs, lateral compliance with leaf springs and the toe 

flexible joint is 3D printed in TPU.

2. Obtaining force-angle and stiffness-angle plots for each of the 

degrees of freedom. Compression test using a linear motorized test 

stand coupled with a force gauge (IMADA MX2-2500N-FA, IMADA 

ZTA-2500N, IMADA Co., Ltd., Japan). We recorded the force and 

displacement data and computed the angles, torques, and stiffness 

from the geometry. 

3. Determine the effect of the type of infill and infill level on the 3D 

printed forefoot. Compression test of 12 3D probes with different 

infill types (2) and levels (6). We obtained the force-displacement 

data for each of the probes and computed the stiffness. 

Fig. 2: Symmetric and asymmetric coronal 

compliance mechanism.
Fig. 3: Preliminary testing of the prosthesis by able 

bodied subjects

CONCLUSIONS
We developed a passive prosthesis that possesses compliant dorsiflexion and 

plantarflexion, a laterally adjustable compliant articulation, and an independent 

interchangeable toe joint. The device offers sagittal compliance below the ones found in 

able-bodied persons, which could be useful for ambulation with a transtibial prosthesis. In 

contrast, the lateral stiffness values are comparatively higher than that of non-amputees. 

Using a flexible 3D-printed part in the forefoot enables to set up an ample range of stiffness 

for different users. In future work, we will investigate the effects of varying both the coronal 

and toe stiffness on the gait characteristics of human participants.
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