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Classification of young adults, elderly non-fallers and fallers using velocity and acceleration related

gait parameters
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Abstract: The objective of this study was to classify individuals with different balance control abilities using velocity and
acceleration related gait parameters. Center of mass (COM) control and dynamic stability during gait were examined for
healthy young and elderly adults, and elderly fallers. Although no significant difference was detected in the COM velocity
between healthy young and elderly subjects, the peak COM acceleration differed significantly, suggesting age-related
differences in momentum control during gait. Elderly fallers demonstrated the largest stability margins, indicating their
conservative balance strategy. A discriminant analysis correctly classified 82.2% of the subjects when both velocity- and
acceleration-related COM and stability parameters were used as independent variables, which was better than the result of
using velocity-related parameters only (68.9%). The use of COM acceleration in addition to its velocity would enhance fall
risk assessment, which would allow us to grade individuals with different balance control abilities.
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Fig. 1 (a) A single-link-plus-foot inverted pendulum model in
the sagittal plane. Xh and Xt indicate the heel and toe positions.
m, | and M are whole body mass, pendulum length, and ankle
joint moment. (b) Representative time-history plot of COM
velocity and acceleration and modeled COM acceleration
profile. LHS/RHS and LTO/RTO indicate left/right heel-strike
and toe-off instants.
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Fig.2 Representative plot of COM position and velocity in
relation to the forward boundary of ROSv. Stability margins
were calculated as the shortest distances from the experimental
data to the forward stability boundaries of the ROSv and ROSa.
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Fig.3 Average forward COM velocity (Ave_COMuvel) and

Peak COM acceleration (Peak_COMacc) for Young, Elderly,
and Fallers. Values are mean = SD. (*p<.001, fp=.011,
1p=.042)
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Fig.4 Normalized COM velocity at TO with respect to

normalized COM position at TO in AP direction for Young,
Elderly, and Fallers. Each plot indicates the mean data for each
subject. Mean + SD for each group is also indicated. Black and
gray solid lines indicate the forward and backward boundaries
of the ROSy, respectively. (xp<.001, ** p=.001)
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Fig.5 Normalized peak COM acceleration prior to TO with
respect to normalized COM position at TO in AP direction for
Young, Elderly, and Fallers. Each plot indicates the mean data
for each subject. Mean = SD for each group is also indicated.
Solid and dashed curves indicate the forward boundaries of the
ROSa for each subject group. Since the boundaries are
dependent on the initial COM position varied between subjects
and trials, those boundaries were averaged for each group.
(*p<.001, *=* p=.001, +p=.030, 1p=.024)
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Fig.6 Stability margins based on the ROSv and ROSa for
Young, Elderly, and Fallers. Stability margin was defined as the
shortest distance from the experimental data to the forward
boundary of the ROSv and ROSa. Values are mean £ SD.
(*p<.001, ** p=.003, **=* p=.004, Tp=.028, {p=.011)
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Table 1 Classification results of the discriminant analysis for Young, Elderly, and Fallers

Predicted group membership Total Total % of

\Ilr;?iea%elr;gent Actual group Young Elderly Fallers c|a33?§gdeiﬂgjects
(a) Vel @ Young 13 (86.7%) ¢ 1 (6.7%) 1 (6.7%) 15 (100%) 68.9%

Elderly 7 (46.7%) 4 (26.7%) 4 (26.7%) 15 (100%)

Fallers 1 (6.7%) 0 (0.0%) 14 (93.3%) 15 (100%)
(b) Vel+Acc®  Young 12 (80.0%) 3 (20.0%) 0 (0.0%) 15 (100%) 82.2%

Elderly 1 (46.7%) 11 (73.3%) 3 (20.0%) 15 (100%)

Fallers 0 (0.0%) 1 (6.7%) 14 (93.3%) 15 (100%)

a (a)Vel: Velocity-related gait variables: Average COM velocity and Stability margin based on ROSv.
b (b)Vel+Acc: Velocity- and Acceleration-related gait variables: Average COM velocity, Peak COM acceleration, and Stability

margins based on ROSv and ROSa.
¢ Number of subjects correctly classified are highlighted in bold.
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