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Summary
1. Why?

Reasons for measuring gait in real life
conditions

2. What?

Real-life assessment of gait characteristics: for
what purposes?
•
Multiple dimensions of walking behavior
•
Two examples from the literature

3. How?

Implementation of the method
•
Measuring patients
•
Signal processing
•
Validation of gait quality indexes

4. So What? Discussion and conclusion
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1. Why?
Limitations of classical methods
• Clinical gait evaluations assess the walking ability of patients
 Kinetics / Kinematics analysis with 3D video (golden standard)
 Instrumented treadmills or walkways (GaitRite)
 6 minute walk test (maximal speed)
• Clinical evaluations of walking ability are realized on a limited
number of steps
o Do not reflect patient’s gait variations over time, induced by:
 Pain
 On/off periods in Parkinson’s disease
 Fatigue
 White coat effect
…
o Do not assess gait adaptations to different environments:
 Uphill / downhill walking
 Walking surfaces (irregular ground)
…
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1. Why?
Recent technical innovations
• Sensor miniaturization

• Multiple sensors
• Computational power

• Memory capacity
• Battery capacity
 Possible to analyze gait
in real-life conditions

Smartphone sensors
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2. What?
Multidimensional aspects of walking behavior
How ambulation is organized, from “micro” level (gait quality) to
“macro” level (walking “quantity”)
 Walking behavior
Micro

• Quality: how to walk
o
o
o
o
o

Gait symmetry
Gait variability
Gait stability
Gait speed
…

• Structure: Organization of walking periods
o How the walking periods are distributed over the day
o Duration of walking periods
Macro

• Quantity
o Total time spent walking
o Total number of steps per day
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2. What? - Examples from the recent literature
Walking during the first year after stroke

“In this cohort, different outcomes of walking behaviour showed
different patterns and levels of recovery, which supports the multidimensional character of gait” [Link to the article]
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2. What? - Examples from the recent literature
Walking during the first year after stroke
Structure

Quantity

Quality

Quality
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2. What? - Examples from the recent literature
Falls prediction in older adults

“Daily-life accelerometry contributes substantially to the identification of
individuals at risk of falls, and can predict falls in 6 months with good
accuracy. “ [Link to Pubmed]
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2. What? - Example from the recent literature
Falls prediction in older adults
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3. How?
Measuring gait characteristics in patients with
musculoskeletal pain
An ongoing study at the Clinique Romande de Réadaptation
Objective: assess walking behavior (from micro to macro level) in
inpatients with musculoskeletal pain after orthopedic trauma

Antalgic gait
• Asymmetric gait
• Slow speed
• Shorter steps
• Higher variability
Source Youtube
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3. How? - Measuring patients
Study participants
57 Inpatients
•
•
•
•
•

81 Healthy controls

47 males / 10 females
Injury to the lower extremities
Chronic pain: median BPI 4.3 /10
Age: 42 (13)
Walking without crutch / cane

11

•
•
•

34 males / 47 females
Therapists at the CRR clinic
Age: 37 (11)

3. How? - Measuring patients
Instrument and procedure
• Lightweight sensor attached to the waist with a
belt (Actigraph GT3x+)

• Measures 3D body accelerations
• High sampling frequency (50Hz)
• Continuous recording over one week
• Patients were measured at the CRR clinic (5
days) and during the weekend, at home (2
days)
• Healthy controls were measured during 6 days
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3. How? - Measuring patients
Measuring walking behaviors in real life conditions
• Simplicity and comfort guarantees a good adherence
and compliance
• Pre-programmed activity monitor:
 no intervention is required

• Attached to the waist
 comfortable placement

• Signal analysis robust to variable sensor placement:
 Use of vector norm

• Drawback:

 Difficult to assess gait asymmetries
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3. How? - Signal processing
Raw signal
Week
One week = 25
millions of samples

Day

Hour

Typical walking
signal
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3. How? - Signal processing
Building a database of steady walks (1 min)
3
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• Detection of long duration walks (>1min)
• Keep steady walking bouts of 3000 samples / one minute
• About 50 1min bouts per week
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3. How? - Validation
Choice of gait quality indexes
• How to analyze acceleration signal?

• Which gait parameters to use?
o Speed proxies
• Step frequency (SF) or cadence
• Movement intensity (RMS)
o Stride variability
• Autocorrelation function (ACF)
o Local dynamic stability (LDS)
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3. How? - Validation
Indirect assessment of walking speed
• No direct measure of speed with acceleration signal
• Speed=step length x cadence

• Movement intensity (RMS)
o Dispersion of the signal
around the mean
o Dependent on walking
speed

Schutz, Y., Weinsier, S., Terrier, P., & Durrer, D. (2002). A
new accelerometric method to assess the daily walking
practice. International journal of obesity and related metabolic
disorders:, 26(1), 111-118. [link to Pubmed]
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3. How? - Validation
Assessing stride-to-stride variability
Moe-Nilssen, R., & Helbostad, J. L.
(2004). Estimation of gait cycle
characteristics by trunk
accelerometry. Journal of
biomechanics, 37(1), 121-126.
[link to Pubmed]

Compare the acceleration
signal with itself:
autocorrelation function
(ACF)
The second dominant period is
an index of stride-to-stride
variability
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3. How? - Validation
Effect of footwear on gait symmetry and gait variability
Terrier P, Dériaz O, Meichtry A, Luthi F: Prescription footwear for severe injuries of foot and ankle:
Effect on regularity and symmetry of the gait assessed by trunk accelerometry. Gait and Posture
2009, 30(4):492-496. [Link to Pubmed]
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3. How? - Validation
Local dynamic stability (LDS)
Terrier P, Deriaz O: Non-linear dynamics of human locomotion: effects of rhythmic auditory cueing
on local dynamic stability. Frontiers in physiology 2013, 4:230. [Link to the article]

20

3. How? - Validation
LDS as an index of gait complexity / automaticity
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• Long term changes in the divergence curves induced by controlled
walking
• Similar changes are observed in patients with chronic pain
• LDS-long is and index of gait complexity and automaticity
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3. How? - Validation
Footwear and local dynamic stabilty
Terrier, P., Luthi, F., & Dériaz, O. (2013). Do orthopaedic shoes improve local dynamic
stability of gait? An observational study in patients with chronic foot and ankle
injuries. BMC musculoskeletal disorders, 14(1), 94. [Link to the article]

Comparison:
Short walk with standard
shoes vs. Short walk
with orthopaedic shoes.

• Footwear adaptation reduces pain and improve gait stability
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3. How?
Summary of the gait quality indexes
• Speed proxies
• Step frequency (SF) or cadence
• Movement intensity (RMS)
• Stride variability
• Autocorrelation function (ACF)
• Local dynamic stabilty (LDS)
• Short-term LDS (LDS-short), stability, fall risk
• Long-term LDS (LDS-long), complexity, automaticity

The gait quality indexes are computed for each walking
bout in the database, then averaged over the week to
characterize the average gaits of the participants
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3. How? - Validation (Results)
Differences between healthy controls (N=81) and
patients with musculoskeletal pain (N=57)
Intensity

Patients

Cadence

Variability

Controls

24

LDS-short

LDS-long

6min walk
test

3. How? - Validation
Differences between healthy controls (N=81) and
patients with musculoskeletal pain (N=57)
Effect Sizes
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3. How? - Validation
Association between gait quality and a clinical
measure of walking ability
• Correlation between:
o 6min walk test (maximal distance)
measured in the clinic
o Gait quality indexes measured in
free living conditions
•
•
•
•
•

RMS
LDS-long
SF
Stride Var.
LDS-short
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R2=0.31
R2=0.23
R2=0.11
R2=0.11
R2=0.04

4. So what?
Discussion
• The CRR study: what have we learnt?

o The measurement is easy to implement in a clinical
context
o Recording body acceleration at high frequency over one
week produce a huge amount of data
o Programing skills are needed to analyze the acceleration
signal
o Preliminary results show that gait characteristics
measured in real life conditions can differentiate among
patients and healthy controls and are correlated with
clinical measure of walking ability
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4. So What ?
Conclusion
• In complement to clinical gait analysis, recent technical
developments made possible the recording of long duration
signals to assess gait quality in real-life conditions
• Multiple facets of walking behavior can be revealed with
simple wearable sensors, such as total number of steps,
structure of walking activity, and gait characteristics
• Recent studies highlighted the potential of ambulatory
monitoring of gait quality in real-life conditions, for instance to
follow the recovery of walking abilities in stroke patients or to
detect elderly people at risk of falling
• Base on our own experience, the assessment of gait quality
in real-life conditions bring interesting information in
complement to clinical gait analysis.
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