
Pushoff Work is Increased Following Prosthesis Adaptation
Samuel F. Ray1 (sfray@unomaha.edu), Shane R. Wurdeman2, Kota Z. Takahashi1

1. Department of Biomechanics, University of Nebraska at Omaha, Omaha, NE 68182
2. Hanger Clinic, Houston Medical Center, Houston, TX 77025

INTRODUCTION

METHODS: Retrospective analysis (N=22)

RESULTS

DISCUSSION

REFERENCES

 Effective prosthetic prescription and utilization is important
for individuals with limb loss to return to normal quality of life.

 There is a lack of knowledge on how individuals adapt to a 
new prosthesis.

 Purpose: to quantify prosthesis adaptation in mechanical 
work profiles (i.e., energy storage and return)

 Hypotheses: after adaptation to a new prosthesis: 
1. Total prosthesis positive work will increase
2. Total prosthesis negative work will increase.
3. Intact ankle-foot positive work will decrease

 22 individuals were given a new prosthesis at the same
functional mobility level as their current device.

 Subjects wore new prosthesis regularly over a three week
adaptation period.

 Overground kinetic and kinematic data were collected at a
self-selected pace on 3 visits:

 Initial fitting (0 weeks)
 Middle of adaptation period (1.5 weeks)
 End of adaptation period (3 weeks)

 Prosthesis and intact ankle-foot powers were analyzed using
a Unified Deformable segment model [2].

 One-way repeated measures ANOVA was used to determine
if differences were exhibited across visits (α < 0.05)

Age (yrs) Height (cm) Mass (kg) Time since 
amp. (yrs)

Residual limb 
length (cm)

50.31
(±15.12)

177.34
(±8.23)

101.54
(±18.97)

7.48 
(±6.00)

15.69
(±3.64)

Figure 1. Representative subject curve for prosthesis and intact ankle-
foot powers at 0 weeks (red) and 3 weeks (black) into adaptation period.

Table 1. Subject demographics of patients with unilateral transtibial amputation,
previously recruited for another study [1].

Figure 2. Total positive
and negative work done
by prosthesis and by
biological ankle-foot
system [2].

A significant increase
was found across visits
in prosthetic positive
work (p = 0.041) and
intact side positive work
(p = 0.036). (* denotes
significance)

Prosthetic side positive
work increased by 6.1%
and intact side by 5.7%
after 3 weeks.

No significant changes
were found in total
negative works, or in
knee or hip joints across
stride.

 Total positive prosthesis work increased (supports our
hypothesis), but positive intact ankle-foot work also increased
(contrary to our hypothesis).

 Increased positive power could reflect increased prosthesis
usage after a period of adaptation, which may be desirable to
improve locomotion.

 A 4.1% increase (p = 0.038) in self-selected speed was
observed after 3 weeks of adaptation. This may explain some
of the increases seen in positive works.

 Analyzing work done by the prosthesis may be desirable for
tracking a patient’s gait rehabilitation over time. Future work
will analyze how prosthetic mechanical work profiles relate to
more traditional clinical measures.
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