
Fundamental motion outcomes - Steps / Strides

We describe the close relationship between stride, cadence and velocity, as fundamental

motion outcomes, in particular for the elderly. Stride (Length, Time, CoV) is a meaningful

mobility outcome for clinical intervention trials. Stride variability while motor-cognitive

dual-tasking is a sensitive mobility outcome for fall risk and cognitive disorders (e.g.

Alzheimer’s disease) at an early stage. Salsa proved to be a safe and feasible exercise

programme for older adults accompanied with a high adherence rate
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Step / Stride (length/time) 
spatial - temporal 

Stride Stride Stride 

Step 

Perry J: Gait Analysis: Normal and Pathological Function. Thorofare (NJ): Slack, Inc.; 1992 

Step 
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Winter DA. The Biomechanics and motor control of human gait. University of Waterloo Press 1987 

Nomalized plot summarizing stride, cadence and walking speed 

(Nomogram by Grieve 1968) 

Stature: dividing by body height 
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Comparison of Young and Elderly Subjects:  
Stride Length (m) 

    Young  Elderly  Signif. 
 
Stride Length (m)  1.56 ± 0.1 1.38 ± 0.12 p < .01 
Stride Length (Stat.)  0.890 ± 0.46 0.809 ± 0.81 p < .01 
Cadence (steps/min.)  110.5 ± 8.3 111.8 ± 8.7 
 
  

Winter DA. The Biomechanics and motor control of human gait: Normal, Elderly and Pathological.  
Second Edition. University of Waterloo Press 1990 
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Normal stride length during free pace walking. (a) Males (n=135); (b) Females (n=158). Vertical scale = meters;  

Horizontal scale = age (20 to 85 yrs). 

Perry J: Gait Analysis: Normal and Pathological Function. Thorofare (NJ): Slack, Inc.; 1992 

Age-associated gait changes: stride length 

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1070v1 | CC-BY 4.0 Open Access | rec: 13 May 2015, publ: 13 May 2015

P
re
P
rin

ts



Normal cadence during free pace walking. (a) Males (n=135); (b) Females (n=158). Vertical scale = steps/minute;  

Horizontal scale = age (20 to 85 yrs). 

Perry J: Gait Analysis: Normal and Pathological Function. Thorofare (NJ): Slack, Inc.; 1992 

Age-related gait changes: cadence 
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Normal velocity during free pace walking. (a) Males (n=135); (b) Females (n=158). Vertical scale = meters/minute 

Horizontal scale = age (20 to 85 yrs). 

Perry J: Gait Analysis: Normal and Pathological Function. Thorofare (NJ): Slack, Inc.; 1992 

Age-related gait changes: walking speed 
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Granacher U et al. Gerontology 2012; 58(4):305-12. 
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Salsa-related physical performance changes in older adults 
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Basel Mobility Center 

Kressig RW, Beauchet O.  
 

Guidelines for clinical applications of spatio-temporal gait analysis in older adults. Aging Clin Exp Res 2006;18:174-6.  
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Gerontology 2011;57:256-64. 
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Stride-to-Stride Variability:  
meaningful outcome for gait stability and cognition 

Example : Left Stride Length 

Coefficient of Variation (%), CoVar = (SD/M) x 100 
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Stride Length Variability and Falls  
Among Older Community-Dwelling Older Adults 

                    Odds Ratio for  

                                                      Falling 

Gait Measure      Change         (95% Confidence Interval) 

  

 

Stride-to-Stride-Standard Deviation   

 Stride Length    +1.7 cm           1.95(1.08-3.52)   

 Double-Support   +0.72%           2.05(1.11-3.77) 

 Stride Velocity   +0.016m/s         2.30(1.17-4.51) 

Maki BE. Gait changes in older adults: Predictors of falling or indicators of fear?  
J Am Geriatr Soc 1997;45:313-320 
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Gait Variability and Falls in Patients 
with Alzheimer’s Disease 

Nakamura T, Meguro K, Sasaki H. Relationship between falls and stride length variability  
in senile dementia of the Alzheimer Type. Gerontology 1996;42:108-113. 
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« Multi-tasking » 
 
 
Model for stress resistance testing 
Quantification of functional reserve 

Brain function, cognition, 
and motor control… 

Theill N, Martin M, Schumacher V, Bridenbaugh SA, Kressig RW. Simultaneously Measuring  
Gait and Cognitive Performance in Cognitively Healthy and Cognitively Impaired Older Adults:  
The Basel Motor-Cognition Dual-Task Paradigm. J Am Geriatr Soc 2011 59:1012-8. 
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Kressig RW, Herrmann FR, Grandjean R, Michel JP, Beauchet O. Gait variability while dual-tasking :  

Predictor of falls in older inpatients ? Aging Exp Clin Res 2008;20:123-30.   

Dual Task-Related Gait Variability and 

Fall Risk in In-Patients 
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Bridenbaugh SA, Monsch AU, Kressig RW. How does gait change as cognitive decline progresses in the elderly? 

Alzheimer’s Association International Conference, Vancouver (Can), July 14 – 19, 2012  PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1070v1 | CC-BY 4.0 Open Access | rec: 13 May 2015, publ: 13 May 2015
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Basel Mobility Center 

Normal Walking 

Velocity: 123 cm/sec  

Cycle time CV: 1% 

M.B., 72 years 

Multiple falls  

 

Kressig RW, Beauchet O. Guidelines for clinical applications of 

spatio-temporal gait analysis in older adults. Aging Clin Exp Res 

2006;18:174-6.  
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Basel Mobility Center 

Working Memory Task 
 Backward 

counting out 

loud 

Velocity: 24 cm/sec 

Cycle time CV: 74% 

M.B., 72 years 

Multiple falls 

MCI 
Mild Cognitive 

Impairment 

Kressig RW, Beauchet O. Guidelines for clinical applications of 

spatio-temporal gait analysis in older adults. Aging Clin Exp Res 

2006;18:174-6.  
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Dual task-related gait variability increases as 

cognition worsens 

MCI = Mild Cognitive Impairment; AD = Alzheimer’s Dementia 
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Cognition 

Normal walking

Dual task

Bridenbaugh SA, Monsch AU, Kressig RW. How does gait change as cognitive decline progresses in the elderly? 

Alzheimer’s Association International Conference, Vancouver (Can), July 14 – 19, 2012  

N = 1153 

Dual-Task Gait Variability 
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Galantamine improves dual-task-related gait performance  
in patients with Alzheimer’s disease 

Assal F, Allali G, Kressig RW et al. Galantamine improves gait performance in patients with 

Alzheimer’s disease. J Am Geriatr Soc 2008;56:946-7. 
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Geneva Dalcroze Dual-Task Trial 
134 community-dwelling older adults without previous JD 
Eurhythmics experience (6-months intervention, 1x/week)  
 
 

  

 

Attendance rate : 84% 
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ANCOVAs with the baseline value of the outcome measure as covariate 
*p<.05 ***p<.001 
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Geneva Dalcroze Dual-Task Trial  

n = 134, intervention duration: 6 months 
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Trombetti et al.  Arch Intern Med 2011; 171(6):525-33.   

Variability Changes under Dual-Task 

Fall reduction: 54% 

Decreased Stride Variability 

under Dual-Task 
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Stride: Take home messages 

• Close relationship between stride, cadence 

and velocity 

• Stride (Length, Time, CoV): meaningful 

mobility outcome for clinical intervention trials 

• Stride variability while motor-cognitive dual-

tasking as sensitive mobility outcome for fall 

risk and cognitive disorders at an early stage 
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