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Objective and accurate measures of the gait of MS patients are necessary

most important source of disability [1].

- Most patients with MS have
walking difficulties.

- They are often perceived by them as the

because the living comfort
most disabling symptoms,

is important.

Acting on the

- When the symptoms are clearly identified, it is
possible to help the patients (e.g. with physical
therapy).

Detecting the early
stage to give a chance to
effective treatments. - There does not exist any drug to

cure MS. The best would be to block
the disease progression.

- Ambulation impairments often appear during
the early stages of the disease.

To avoid attacks,
but also the steady decline
that is slow and barely

noticeable.
- Gait modification is a good

indicator of disease activity [2].
- Clinico-radiological paradox: the MRI and

the clinical symptoms are not well correlated.
In the progressive forms, this is even worse.

Statistically
demonstrating the
efficacy of drugs and

physiotherapy.
- Correlations between the disease’s

progression and the gait impairments
⇒ can be used for drugs focusing on the cause.

- There are drugs specifically designed to help
reducing the symptoms (especially on gait).
- Correlations between the gait characteristics and
the quantity and quality of physical therapy [3].

GOAL GOAL GOAL GOAL

Why? Why? Why? Why?

The gait measuring system GAIMS

In general, all gait impairments have an impact on the movement of the lower limbs ex-
tremities. Neurologists qualitatively look at the feet movements. GAIMS also observe their
movements, but measure them quantitatively, thanks to a set of range laser sensors scanning
a common plane a few centimeters above the floor. It is reliable (e.g. the measures are not
affected by the colors of clothes or the lighting conditions) and does not require to equip the
patients with any marker or sensor.

Figure: Example of setup. The 25 ft straight path is shown in green, a 20m ∞-shaped path is shown in
orange, and the SSST spots are shown in blue. A few laser rays (invisible in reality) are shown in red. The
range laser devices (BEA LZR-i100) are in small enclosures in the corners of the room.

The use of GAIMS with MS patients in clinical routine

• We can draw a 25 ft straight path on the floor and ask the patients to follow it, to
perform the standardized test.

• We can draw a ∞-shaped path on the floor and ask the patients to follow it several laps
to observe the motor fatigue [2] on long distances, or to perform the 6 minutes test.

• We can draw the 6 spots of the SSST to analyze the feet movements during it.
• We can ask the patients to walk in different modes (at preferred pace, as fast as possible,
or in tandem gait).

• GAIMS provides quantitative and objective measures such as the deviation from the
followed path, the speed, the inter-feet distance, the cadence, the stride length, the gait
asymmetry, the temporal variability, the proportion of double support time, etc.

Comparison of GAIMS with other systems

compatible with the standardized
tests (25 ft, 6 minutes walk, SSST)
⇒ detect when a foot moves over
a given point (start/stop lines, spot)

able to analyze the gait on long
distances without a treadmill
(gait is different on the ground
than on a treadmill)

low cost

reliable

satisfies the constraints of
the clinical routine (no time

necessary to equip the patients
+ avoid getting them tired)

from the path the patient wants to follow, etc.)
affected by the disease (ataxia, deviation

able to highlight the main gait characteristics

areas without occlusions
or loss of signal

captures the gait in large

captures the gait in both the
swing and stance phases and
is able to distinguish the two

GAIMS

electronic walkway (e.g. GAITRite)

marker-based motion capture

color camera and computer vision

inertial system (e.g. accelerometers)

stopwatch

The reference database

• This is an ongoing project, so its size is still increasing
• 71 patients with MS (27 with an EDSS ∈ [1.5, 3] and 44 with an EDSS ∈ [3.5, 5.5])
• 129 healthy volunteers

test 1 2 3 4 5 6 7 8 9 10 11 12

distance

25 Ft • • • • • •
20 m • • •
100 m • •
500 m •

mode
comfortable • • • •

as fast as possible • • • • •
tandem • • •

What is done in the project GAIMS

in a few seconds
report generation

automatic

improvement/stability/deterio-

(estimation of the EDSS
follow-up of patients
for the longitudinal

methods to help
automatic automatic

methods to help
for the precocious

(detecting gait impair-
ments similar to those of
MS patients, at the first visit)

algorithms to identify the feet (left/right), compute their trajectories, and describe them
with objective and quantitative quantities: the gait descriptors (e.g. the deviation from the

MS, with various morphological characteristics (age, weight, height, ...) and disease levels
reference database with gait descriptors of many healthy persons and patients with

based on the observations [4]

ration between successive visits [5])

diagnosis of MS [6, 7]

hardware, based on existing range laser scanners (perennial solution),
with the driver and an accurate calibration procedure [8]

HELP WANTED !

for a multicentric approach

algorithms to localize the feet with high precision and accuracy, even in
case of occlusions, unsynchronized sensors, and high walking speed [9]

followed path, the speed, the double support time, the mean clearance between the feet, etc)

high level information
to ease the interpretation

low level
information

and of the probabilities of gait

Visit our website ! http://www.montefiore.ulg.ac.be/gaims/

Results

diagnosis of MS prediction of EDSS
(AUC = 0.97) (ρ = 0.86, RMSE = 1.11)

stability or modification? deterioration or improvement?
(ataxia induced by alcohol intake) (ataxia induced by alcohol intake)

(AUC = 0.89) (AUC = 0.97)
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results obtained by leave-one-out, with 1001 trees and 50 pairs of visits

test 1 (25ft, comfortable, 1st try) : AUC = 0.892
test 2 (25ft, comfortable, 2nd try) : AUC = 0.835

test 3 (25ft, as fast as possible, 1st try) : AUC = 0.815
test 4 (25ft, as fast as possible, 2nd try) : AUC = 0.824

test 5 (25ft, tandem gait, 1st try) : AUC = 0.812
test 6 (25ft, tandem gait, 2nd try) : AUC = 0.820
test 7 (20m, comfortable, 1st try) : AUC = 0.849

test 8 (20m, as fast as possible, 1st try) : AUC = 0.808
test 9 (20m, tandem gait, 1st try) : AUC = 0.791

test 10 (100m, comfortable, 1st try) : AUC = 0.777
test 11 (100m, as fast as possible, 1st try) : AUC = 0.746

combination with a majority vote : AUC = 0.842
combination with the 'mean' rule : AUC = 0.871

combination with the 'min' rule : AUC = 0.853
combination with the 'max' rule : AUC = 0.845

combination with the 'probabilistic product' rule : AUC = 0.873
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results obtained by leave-one-out, with 1001 trees and 23 pairs of visits

test 1 (25ft, comfortable, 1st try) : AUC = 0.927
test 2 (25ft, comfortable, 2nd try) : AUC = 0.976

test 3 (25ft, as fast as possible, 1st try) : AUC = 0.970
test 4 (25ft, as fast as possible, 2nd try) : AUC = 0.850

test 5 (25ft, tandem gait, 1st try) : AUC = 0.750
test 6 (25ft, tandem gait, 2nd try) : AUC = 0.794
test 7 (20m, comfortable, 1st try) : AUC = 0.731

test 8 (20m, as fast as possible, 1st try) : AUC = 0.620
test 9 (20m, tandem gait, 1st try) : AUC = 0.708

test 10 (100m, comfortable, 1st try) : AUC = 0.694
test 11 (100m, as fast as possible, 1st try) : AUC = 0.883

combination with a majority vote : AUC = 0.951
combination with the 'mean' rule : AUC = 0.973

combination with the 'min' rule : AUC = 0.894
combination with the 'max' rule : AUC = 0.894

combination with the 'probabilistic product' rule : AUC = 0.965

References

[1] C. Heesen, J. Böhm, C. Reich, J. Kasper, M. Goebel, and S. Gold. Patient perception of bodily functions in multiple sclerosis:
gait and visual function are the most valuable. Multiple Sclerosis, 14:988–991, 2008.

[2] R. Phan-Ba, P. Calay, P. Grodent, G. Delrue, E. Lommers, V. Delvaux, G. Moonen, and S. Belachew. Motor fatigue
measurement by distance-induced slow down of walking speed in multiple sclerosis. PLoS ONE, 7(4):8 pages, April 2012.

[3] A. Giet, S. Piérard, M. Foidart-Dessalle, M. Van Droogenbroeck, and R. Phan-Ba. Assessment of physical therapy and activity in
multiple sclerosis (APTAIMS): development, reliability and validity of a new questionnaire. In Rehabilitation in Multiple Sclerosis
(RIMS), Milano, Italy, April 2015.

[4] S. Azrour, S. Piérard, P. Geurts, and M. Van Droogenbroeck. Data normalization and supervised learning to assess the condition
of patients with multiple sclerosis based on gait analysis. In European Symposium on Artificial Neural Networks, Computational
Intelligence and Machine Learning (ESANN), pages 649–654, Bruges, Belgium, April 2014.

[5] S. Piérard, S. Azrour, R. Phan-Ba, and M. Van Droogenbroeck. Detection and characterization of gait modifications, for the
longitudinal follow-up of patients with neurological diseases, based on the gait analyzing system GAIMS. In BIOMEDICA (the
European Life Sciences Summit), Maastricht, The Netherlands, June 2014.

[6] S. Azrour, S. Piérard, and M. Van Droogenbroeck. Using gait measuring system (GAIMS) to discriminate patients with multiple
sclerosis from healthy persons. In BEMEKO Workshop on measurement: Challenges and Opportunities, Liège, Belgium,
November 2013.

[7] S. Piérard, S. Azrour, R. Phan-Ba, V. Delvaux, P. Maquet, and M. Van Droogenbroeck. Diagnosing multiple sclerosis with a gait
measuring system, an analysis of the motor fatigue, and machine learning. Multiple Sclerosis Journal, 20(S1):171, September
2014. Proceedings of ACTRIMS/ECTRIMS 2014 (Boston, USA), P232.

[8] S. Piérard, M. Van Droogenbroeck, R. Phan-Ba, and S. Belachew. A new low-cost and non-intrusive feet tracker. In Workshop
on Circuits, Systems and Signal Processing (ProRISC), pages 382–387, Veldhoven, The Netherlands, November 2011.

[9] S. Piérard, S. Azrour, and M. Van Droogenbroeck. Design of a reliable processing pipeline for the non-intrusive measurement of
feet trajectories with lasers. In IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), pages
4432–4436, Florence, Italy, May 2014.

Acknowledgements. We are grateful to the volunteers involved in this study, to the Walloon region of Belgium for partly funding
the project GAIMS, and to BEA for the sensors.

RIMS — Milano, Italia — April 9th-11th 2015 — poster n°7

http://www.montefiore.ulg.ac.be/gaims/

