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Introduction

Lower limb amputation can have significant impact on
the patients’ quality of life and physical abilities [1], and
has also been shown to have social [2] and cognitive
effects [3]. The literature reports that the use of a
prosthetic device is associated with increased cognitive
load [3]. The limited research which exists has
demonstrated thatmore advanced prosthetic knee joints
(e.g., microprocessor-controlled knees, MPK) have
been able to reduce the cognitive burden on the users
compared to non-microprocessor-controlled knees
(NMPK) [4]. However, currentmethods (e.g., EEG) are
cumbersome and canonly be usedin controlled settings.
Recently, eye trackers have become of interest with
respect to assessing cognitive load in amputees. One
pilot study looked at the transitions from stairs to level
ground and vice versa and found that amputees spend
more time focusing on the transition area compared to
the able-bodied population [5].

The use of eye trackers, however, is fairly new in this
field and its relevance for the assessment of cognitive
load is still unknown. Therefore, the purpose of this
study was to investigate the use of gaze data obtained
from a mobile eye tracker in patients with lower limb
amputation to estimate the cognitive load in different
motor tasks.

Methods

A mobile eye tracker (Tobii Pro Glasses 3, Stockholm,
Sweden) was used to record the gaze location in a
patient with unilateral transfemoral amputation and an
able-bodied participant. The participants were asked to
wear the eye tracker, similar to regular glasses, while
performing different activities of daily living. The
experiment was performedin a laboratory environment
that allowed stair and ramp ascent/descent, walking on
different terrains, and tight turns. A preliminary
qualitative analysis of the gaze data obtained during stair
ascentwas performed. Forthis evaluation, the gaze data
was mappedto a screenshot ofthe stairs.

Results

The qualitative gaze analysis can be seen in Figure 1.
The left and right image show the results for the able-
bodied participant and the subject with transfemoral
amputation, respectively. On the left, the visual
sampling is spread outequally across the stairs, whereas
on theright, the sampling is concentrated in the areas of
visual interest to safely ascend the stairs when using a
prosthesis. In the latter case, there are clearly visible

“hot spots” associated to the steps taken with the
prosthetic leg (i.e., 2™ and 4" stair).

Figure 1: Gaze locations during stair ascent,
accumulated from two trials for an able-bodied
participant (left) and a participant with transfemoral
amputation (right). The colors indicate the duration of
each fixation, i.e., the redder the spot, the longer the
fixation.

Discussion

The preliminary analysis showed clear differences in the
gaze patterns of theable-bodied participant compared to
the subject with transfemoral amputation. The nextstep
in this research is to perform a more extensive data
collection that will include more participants, wearing
different prosthetic devices, and a larger set of tasks
(e.g., dual-tasking). This will show whether eyetracking
could be usedtoassess the cognitive burden while using
a prosthesis. Furthermore, it is of interest to investigate
whether eye tracking can determine the assumed
differences in the cognitive burden between different
types of devices, for instance, NMPK versus MPK
systems.
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