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Abstract:

Fluctuations and their changes over time during walking could contribute to a better understanding of the
physiology of gait, especially in age-related pathological changes in the locomotor control system and also a
better understanding of mobility. In this study, we apply the detrended fluctuation analysis (DFA) method and
the rms root mean square fluctuation function, in raw data obtained from people diagnosed with Amyotrophic
Lateral Sclerosis (ALS) from the Physionet.org repository. Using the DFA method, we concluded that ALS
patients have a significant difference in stride and posture compared to control patients. The results showed
methodological contributions to the analysis of data extracted from sensors, which would be of interest to
professionals involved in motor rehabilitation and pathological changes related to locomotor control.
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l. INTRODUCTION

Quantitative results of human locomotion (walking) initially focused on the properties of a stride or
average, subtracting any conjecture about stride fluctuations and considering the fluctuations as noise. Over
time, however, some studies have shown that the supposed noise would be transmitting important information
and that investigation would be appropriate. The hypothesis raised is that step-by-step fluctuations and their
changes over time during walking could contribute to a better understanding of gait physiology, especially in
age-related pathological changes in the locomotor control system and also a better understanding of mobility [1,
2,3,4,5, 6].

Contributions arise from the acquisition of signals in the form of time series extracted from force-
sensitive resistors, with output approximately proportional to the force under the foot, pressure and force
sensors, hip and knee angle sensors, surface electromyography electrodes, among others [7, 8, 9]. At the same
time, methods are tested in order to quantify the complexity of gait dynamics.

Applications were made in order to understand the relationship between disease and old age, entropy as
a measure to quantify regularity in time series, methods to estimate how the disorder evolves over time,
multiscale entropy, the Lyapunov exponent to characterize the rate of separation of infinitesimally close
trajectories and more recently the Detrended Fluctuation Analysis (DFA) method on a restricted scale to (10 <n
< 20, n being the box size) was applied to evaluate elapsed time, stride interval, oscillation interval, interval of
posture, support interval, among others [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]. More details in [21].

Today, we already know that the dynamics of human gait is altered as the person gets older and
especially with the onset of neurodegenerative diseases. With neurological impairment, gait variability appears
to be plagued, especially for people diagnosed with Parkinson's disease (PD), Huntington's disease (HD) and
amyotrophic lateral sclerosis (ALS). A detailed description of these diseases can be found in [21].

1. METHODOLOGY

2.1 Database

The time series were analyzed by the root mean square (rms) fluctuation function available in:
https://archive.physionet.org/physiobank/database/gaitndd/ .We selected 8 people from the database, four
diagnosed with ALS, and four from the control group. The raw data were obtained using force-sensitive
resistors, with output approximately proportional to the force under foot. The measurements from the past to the
past form the result of these signs. The series generated lasts for five minutes with varying number of points, see
table 1. The data available in the database are delimited by tabulation with a description of age, sex, height,
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weight, walking speed and the measure of the severity or duration of the disease. The database also has data on
people diagnosed with ALS, PD, HD and Control. Specifically for this study, we evaluated the time series of
people with ALS with diagnosis time in months and a control group.

Table 1. Data of the people chosen for analysis

Age Height (meters) Weight(kg) Severity(months) Number of points

ELA Female 40 1.70 61.24 4.5 246
Female 70 1.70 58.97 54 138

Male 36 1.70 74.39 5.5 208

Male 68 1.80 86.18 1 194

Control  Female 20 1.90 a7 0 256
Female 69 1.72 68 0 262

Male 22 1.94 70 0 244

Male 74 1.89 77 0 272

To analyze the time series of the stride and posture intervals, we briefly present the detrended fluctuation
analysis (DFA) method [24], which involves the following steps:

1.Consider a correlated signal strength, u(i), where i = 1, ..., N,,o and N,,,, the number of points in the time
series being. integrating the signal u(i), we gety(k) = Y* ,[u(i)—< u >], where< u >is the average of u;

2. The integrated signal y (k) is divided into a box of equal length n (time scale);

3. For each size box n, we adjust y(k), using a first-order polynomial function, which represents the trend in
the box. The coordinate y of the adjustment line in each box is denoted y, (k);

4. The integrated signal y(k)is subtracting the local trendy, (k)in each size boxn;

5. For a given size box n, the float functionFyz, (n) for this integrated and trendless signal is given by:

Pora () =[S0 v -3 (012 (1)

6. The above calculation is repeated for a wide range of size scalesnto provide the relationship
betweenF (n)~n*Pra thus, appais the scaling exponent, a self-affinity factor that represents the long-range
correlation (power law) properties of the signal. See table 2:

Table 2: types of signals

exponent Type of signal
XpDF4 < 0.5 anti-persistent
EDFA = 05 uncorrelated, white noise
ADF4 = 0.5 long-range correlated persistent
CpF4d = 1.0 1/f noise
OpFA= 1.0 non-stationary
OpFA= 15 Brownian noise

In order to calculate the difference in the amplitude of the fluctuation in the stride and posture intervals,
we used the root mean square fluctuation function (rms), proposed by Zebende [22]. The rms function was used
to measure the difference in fluctuation between two electroencephalogram (EEG) channels. The tool is an
enhancement given to the DFA method and has been shown to be very useful for electrophysiological signal
applications. In practice we calculate the DFA of two time series and its logarithm individually, then subtract the
result from the logarithms. From the function (equation 2) we can lower that the amplitude of the fluctuation
relative to rms can be seen from three conditions. We describe the equation as being Fpr,4 r the DFA of stride or
left side stance and Fpr4 pthe DFA of stride or right side stance

AlogFg.p = Fppa_g — Fpra_p(2)

If AlogFg.p> 0, then the amplitude of the rms fluctuation around the stride / left-to-right posture is higher;
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If AlogFg.p = 0, then the amplitude of the rms fluctuation around left-to-right stride/posture is zero;
If AlogFg.p< 0, then the amplitude of the rms fluctuation around the left-to-right stride/posture is smaller;
Some works that cite the rms function [23, 25, 26, 27, 28, 29].

1. RESULTS AND DISCUSSION

Each time series of the dynamic gait experiment in the neurodegenerative disease database
(https://archive.physionet.org/) is approximately 5 minutes, with the number of points varying with the
characteristics of each person's stride and posture, see table 1. The investigated data were obtained from force-
sensitive resistors, with the output approximately proportional to the force under foot.

For our analysis, we selected eight people, four females and four males. Strategically, we chose people
with extreme ages for both groups (ALS and Control). The reasons for the choice of people are related to the
influence of age on the locomotor control system, the seriousness of the disease was also taken into account. For
the ALS group, we selected for females 40 and 70 years old and for males 36 and 68 years old. In the control
group, we selected females 20 and 69 years old and males 22 and 74 years old.

We represent for identification and analysis of DFA and rms methods (AlogFg.p) the color curves. In
black we represent the DFA of the left side stride and in red the right side. In green we represent the DFA of the
left side posture and in blue the right side. For the rms (AlogFyz.p), we represent in violet the difference in the
amplitude of the fluctuation on the left side in relation to the right for the heavy one, and in orange the
difference in the amplitude of the fluctuation for the left in relation to the right posture. See figures 1 and 2.

For each patient in their two tasks, left/right stride interval and left/right posture interval, we calculated
the DFA for each set. The objective with DFA (equation 1) was to generate the values of fluctuations as a
function of the scale (n) to support the root mean square fluctuation equation (rms). At this stage, we increased
the observations of the scales, since the technique (DFA) had already been applied in a restricted scale (10 <n <
20) [6].

For the ALS and control groups, we calculated the DFA for (1.3 minutes) 4 <n < 60 (4.09 minutes),
with the exception of the 40-year-old female patient with ALS with 54 months of severity 4 < n < 33. The
difference in the n scale of the 40-year-old ALS patient is related to the number of points extracted from the
sensor for the observation time of the experiment, in this case 194 points. The description of the humber of
points of the patients involved in the research are described in table 1.

Regarding the DFA of stride and posture, there were differences in fluctuation in relation to the scale,
stride left / right side greater than posture left / right sides for all two groups with exercise of the patient (b)
diagnosed with ALS who presented the same behavior for stride and posture. In terms of past, the fluctuation of
the investigated people showed fluctuation to the left side greater than the right side. They were, patient (c) with
ALS and (c) Control. In the past, the influence of fluctuation showed a significant difference for the patient (b),
control group and in relation to the others
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Figure 1: Group diagnosed with amyotrophic lateral sclerosis. (a) female patient with 40 years and 4.5 months
of severity. (b) female patient aged 70 years and 54 months of severity. (c) male patient aged 36 years and 5.5
months of severity. (d) male patient with 68 years and 1 month of severity.

We also evaluated the influence of the disease effect on stride and posture symmetry in relation to the
difference in the fluctuation amplitude. For the group with ALS, in (a), the influence of the stride on the left side
prevailed in relation to the right side in all scales, whereas the difference in relation to stride was practically
zero. In (b), for all scales the difference was zero. Here we have a differentiated result, considering the age (70
years) of the patient and the time (54 months) of disease severity. What can be seen in this case is that there is
already a certain functional commitment. In (c), positive difference for stride and posture with higher values for
stride, ie, left side influence is greater than right side. In (d), the difference in stride for all scales was around
zero, but for posture with increasing scale the difference tends to be smaller in n > 30 (3.40 minutes), with a
negative trend.

In the control group, in (a), the difference in the amplitude of the fluctuation in relation to stride and
posture was around zero. In (b) for the stride, the difference for n < 10(2.30 minutes) is equal to zero,
accompanied by a negative difference as the scale increases. Still in (b), the difference in posture was negative,
which shows a greater influence on the left side in relation to the right. In (c), positive difference for all scales in
stride and a difference around zero for posture. As for (d), with the increase of the scale n > 30, we verified a
change in stride behavior, influence of the right side followed by a prevalence of the left side. The posture
remained negative for all scales, that is, a prevalence of the right side over the left.
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Figure 2. Control group. (a) 20-year-old female control patient. (b) a 69-year-old female control patient. (c) 22-
year-old male control patient. (d) 74-year-old male patient.

Iv. CONCLUSION

In this study, we propose a new reading for gait and mobility in patients with amyotrophic lateral
sclerosis, in terms of stride and posture. We analyzed time series obtained from force-sensitive resistor sensors
with output proportional to the force under foot. We started this study by calculating the signal fluctuation by
the DFA method for 4 < n < 60 scales. Our objective in this step was to calculate the rms function from the
FDFA and the information about the amplitudes of the stride and posture intervals.

To understand the dynamics of symmetry in stride subphases and the effect on gait regularity
influenced by ALS disease, we calculated the difference in fluctuation amplitude using the rms function. The
results shown by the rms function, revealed variation in the difference with increasing scale, also evidenced the
subtlety of the difference between stride and posture.

It is evident that the analysis took into account a small group of patients diagnosed with ALS. We
understand that this is a new strategy and that it could be replicated to a larger sample of people diagnosed with
the disease in order to better understand its pathophysiology and improve the ability to accurately quantify the
gait dynamics.
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