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Abstract

Locomotor pathologies modify the dynamic parameters of the gait cycle; yet quantitative
plantar pressure data for everyday walking remain limited. This study analyses how
the incidence of locomotor disorders affects total plantar force and pressure in different
walking conditions, using recordings acquired with an RSScan pressure platform. A cohort
of 37 subjects performed simulated walking tasks, and a PostgreSQL–Python pipeline
computed per-cycle total force and pressure and summarized them by age, shoe size,
walking type, and pathology incidence. Results indicate systematic differences in dynamic
load patterns between normal and simulated walking types, supporting pressure-based
gait analysis as a practical tool for clinical assessment.
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1. Introduction
Gait analysis is used in different assessments in sports and rehabilitation, custom

design insoles and orthoses. Quantitative analysis of spatiotemporal parameters, ground
reaction forces, and plantar pressure distribution provides objective measures of func-
tional performance and compensatory strategies during walking. In musculoskeletal and
foot disorders such as osteoarthritis or hallux valgus, characteristic alterations in plantar
loading patterns and pressure–time integrals have been reported, underlining the clinical
value of pressure-based gait assessment. However, most existing studies focus on specific
pathologies or local pressure indices, with fewer analyses relating the overall incidence
of locomotor pathologies to aggregate dynamic parameters such as total force and total
pressure across different walking conditions [1–4].

Previous work has shown that plantar pressure and ground-reaction-force–derived pa-
rameters can differentiate between normal and unstable gait and provide norm-referenced
values for clinical interpretation [5,6]. A bibliometric study was carried out to map research
on sustainable gait analysis technologies in healthcare. Articles and reviews from 2015 to
2025 were retrieved from Web of Science (October 2025) using keywords combining gait
analysis, wearable/IMU sensors, sustainability terms, and AI/machine learning, yielding
625 relevant publications from an initial ~12,000 records after filtering [7].

There are studies with different pathologies and results from researchers using dif-
ferent methods, but the results are conclusive that gait analysis is a useful tool for clinical
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assessment and interpretation. Yet, relatively few analyses relate the incidence of heteroge-
neous locomotor pathologies to aggregate dynamic parameters such as total force and total
pressure across everyday walking tasks.

The aim of this study is to analyze how the incidence of locomotor pathologies
influences dynamic gait parameters derived from RSScan (RSscan International NV,
Olen, Belgium) pressure platform recordings in normal walking and four simulated types
of walking that show restrictions on gait similar to those of pathologies. We examined
how these aggregate force and pressure measures vary with walking type, age, shoe size,
and the presence of locomotor pathology, in order to identify clinically relevant patterns in
dynamic loading.

2. Methods
Gait data was recorded for the 37 subjects with an RSScan footscan platform designed

to measure dynamic plantar pressure. The information needed for calibration of the RSScan
platform includes weight, shoe size, date of birth. Figure 1 shows the distribution of shoe
sizes of the participants. From this, we can conclude that we have more participants with
larger shoe sizes (approx. 56%) than smaller shoe sizes (approx. 44%). The age of the
subjects ranged between 20 and 71, most of them being between 20 and 40. The subjects
performed each type of walking three times, wearing day-to-day shoes. They were selected
as healthy individuals without medical conditions and asked simply to simulate the four
types of walking described above.

Figure 1. Shoe size distribution.

2.1. RSScan Platform

The RSScan platform is a plantar pressure mapping plate 2 m long with over
10,000 sensors. This needs to be calibrated for each person with specific parameters men-
tioned above. For the experiment, we used the setup from Figure 2, within controlled
temperature, light and humidity, located in the Research and Development Institute of the
University. During each trial, subjects completed one normal walking condition and four
simulated walking conditions (marching walking (MW), simulated Parkinson’s Disease
Walking (PDW), high knee walking (HKW), and added step walking (ASW)), designed to
reproduce clinically relevant gait alterations. The system was calibrated according to the
manufacturer’s recommendations, and raw pressure frames were exported in RSscan file
format for subsequent processing.
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Figure 2. Setup for the experiment (RSScan platform and computer linked to it).

2.2. Numerical Processing and Comparative Analysis of Parameters

Exported RSscan files were imported into a PostgreSQL relational database via a
custom Python script. For each valid footprint, per-step total force and plantar pressure
parameters were computed by summing the sensor contributions across all active mea-
surement points. Data were subsequently aggregated by walking condition (NW, MW,
PDW, KRW, ASW) and by foot side (left, right), yielding minimum, maximum, and mean
values for both total force and total pressure per condition. Descriptive statistics were
computed in Python (version 3.11, Python Software Foundation, Wilmington, DE, USA)
using the Pandas library, and results were exported to structured spreadsheet format for
comparative analysis and figure generation. Descriptive statistics (minimum, maximum,
and mean) were computed for total force and total plantar pressure, grouped by walking
condition and foot side (left, right). All-feet aggregate values were derived directly from
raw per-step observations. Statistical analysis was performed using Python with the Pan-
das library. Figures were generated using Plotly (version 6.6.0, Plotly Technologies Inc.,
Montréal, QC, Canada). No inferential statistical tests were applied at this stage.

3. Results
From all subjects and experiments, we extracted a table with minimum, maximum

and mean force and pressure for different walking types. Figure 3a shows the total force by
walking type for all feet and Figure 3b shows the same but represented for both left and
right feet. From Figure 3a, we can observe that in added step walking, the maximum force
is greater than in normal walking, but the mean value for marching walking shows more
force applied. Figure 3b shows that total plantar force was consistently higher in the right
limb across all walking conditions, indicating a systematic side dominance in dynamic
loading. This is in line with previous work reporting that able-bodied gait is not perfectly
symmetric and that dominant and non-dominant legs play different functional roles during
stance and propulsion.

Large epidemiological studies also show that most right-handed adults are right-leg
or right-foot dominant, which is consistent with the higher loading we observed under the
right foot in our mainly right-handed sample [8–10].

A standard deviation of the walking types from normal walking was applied, taken as
the reference for the participants of the experiment. In Table 1, are represented the mean
values of the walking types, the standard force deviation and the difference from NW.
The standard deviation of total force quantifies step-to-step variability in plantar loading
for each walking condition; higher values indicate less consistent force patterns across
cycles, whereas lower values indicate more repeatable loading. From this theory, we can
observe that KRW is the most unstable type of walking and can cause differences in the
walking patterns, yet the most stable is the simulated Parkinson’s disease walking. This is
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somewhat to be expected because in that condition the center of force mass changes, the
body is not straight, the steps are not large so the equilibrium is more stable through this
type of walking than the rest.

 
(a) (b) 

Figure 3. Representation of force values within the all-walking types (a) Total force for all feet (left
and right) and all walking types; (b) Mean force by walking type and foot.

Table 1. Standard deviation of force of the walking types from normal walking.

Type of Walking Mean_Force (N) Std_Force Diff_from_NW

NW 159.862 72.209 0.000
KRW 165.870 79.441 6.008
MW 179.242 75.821 19.379

ASW (right foot blocked) 142.471 78.290 −17.391
ASW (left foot blocked) 138.859 67.309 −21.003

PDW (simulated) 122.320 64.719 −37.543

For the plantar pressure, the same analysis was performed with standard deviation,
minimum, maximum, mean pressure. Figure 4a is represented the total pressure by walking
type for all feet and in Figure 4b is the same but represented for both left and right feet.
For the plantar pressure, the results are slightly different, meaning that the left foot has
more pressure than the right, but MW (MM on the graphs) is consistently walking type
with most force and pressure on the feet.

 
(a) (b) 

Figure 4. Representation of plantar pressure values within the all walking types (a) Total pressure for
all feet (left and right) and all walking types; (b) Mean pressure by walking type and foot.

The values for standard deviation of the plantar pressure are represented in Table 2
along with the corresponding values for force. These values represent the consistency of
loading under the foot. Low values mean the loading is stable, whereas higher values
reflect movement variability.
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Table 2. Standard deviation of pressure of the walking types from normal walking.

Type of Walking Mean_Pressure Std_Pressure Diff_from_NW

NW 22.064 10.544 0.000
KRW 21.536 11.684 −0.528
MW 23.168 10.755 1.104

ASW (right foot blocked) 19.527 10.598 −2.537
ASW (left foot blocked) 18.385 9.583 −3.679

PDW (simulated) 16.150 9.821 −5.915

4. Discussions
In this study, we analyzed how simulated walking types influenced global force and

pressure compared to normal walking. Across all conditions, we observed systematic
changes in the distribution of dynamic loads, supporting previous work showing that
ground-reaction-force-derived and plantar-pressure-derived parameters are sensitive to
gait alterations and instability.

The study also showed an interesting result, which indicates a consistent side dom-
inance in dynamic loading. Furthermore, as presented in the article, most right-handed
individuals are also right-leg dominant, which is compatible with the higher loading of the
right limb observed in our predominantly right-handed sample.

In addition to mean values, we examined the standard deviation of total force and
total plantar pressure as an indicator of gait variability. In our data, conditions designed to
challenge gait control tended to exhibit larger standard deviations, consistent with the idea
that simulated impairments lead to more irregular loading patterns across successive steps.
Conversely, lower variability during normal walking supports the interpretation of this
condition as the most stable and repeatable gait pattern for our cohort.

5. Conclusions
The simulated walking conditions revealed clear differences in plantar pressure and

total force, showing that even simulated impairments cause the feet to change and behave
differently. This study demonstrates that plantar pressure mapping is a useful tool for
clinical assessment, revealing problems of load force in walking types.
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