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OPEN: Foot kinematics and kinetics data
patapescripTor  foOr different static foot posture
_collected using a multi-segment
foot model

Enrique Sanchis-Sales®™, Joaquin L. Sancho-Bru(®?, Alba Roda-Sales®?, MaJosé Chiva-
Miralles! & Carmen Garcia-Gomariz!

This dataset presents human foot joints kinematics and kinetics data during walking, classified by static
foot posture, filling a gap in existing lower limb databases that lack data on foot joints beyond the ankle
or on static posture data, despite its link to foot and lower limb pathologies. Kinematics were recorded
using a three-dimensional mocap system, and kinetics through a pressure platform, employing a
multi-segment foot model including the ankle, midtarsal and first metatarsophalangeal joint. The
dataset contains 350 recordings of right foot joint angles and moments and contact pressures from 70
healthy subjects with varying static posture (highly pronated, highly supinated and normal). Data were
collected at 100 Hz, filtered and resampled to 100 frames throughout the stance phase. Descriptive data
are also provided: age, weight, height, BMI and foot anthropometric data and foot posture index. Plots,
tables and ANOVAs are included for validation. Presented in .xIsx and .mat formats, this database

can assist professionals in corrective footwear design, insole customization, surgical planning, and
evaluating interventions on foot dynamics.

Background & Summary

The foot, a complex system with numerous degrees of freedom (DOF), facilitates various weightbearing activi-
ties like walking, running, jumping, climbing, or descending stairs. Abnormal motion and forces on foot joints
during these activities can lead to pathologies such as patellar tendinopathy, Iliotibial band friction syndrome, or
plantar fascitis'. The static foot posture (pronated, normal, or supinated) has been linked to lower limb injuries,
and studying foot joint dynamics during gait aids in understanding injury development® Several kinematics and
kinetics databases exist for the lower limb*~. The main differences among these databases lie in the activities
analyzed (walking™®%?, stair ascent and descent®”, and obstacle negotiation’), in the systems used to measure
kinematics (IMUs**”® or camera-based motion capture systems*®?), and in the kinetic data included (joint
moments*®, EMG**%). However, none include foot joint information (beyond the ankle). Moreover, these data-
bases do not provide data representative of different static foot postures.

The investigation of foot kinematics is crucial for characterizing healthy movement patterns'’, evaluating
patients with pathologies!!-!3, and advancing foot orthoses development!*!>. However, kinetic studies focus-
ing on joint moments in foot joints have been limited due to challenges in segmenting forces within foot seg-
ments'®'8, Existing databases typically exclude information on foot joints beyond the ankle, as the foot is often
treated as a rigid segment, although a few multi-segment foot models have been proposed'®-. Therefore, it is
essential to provide databases that include both kinematics and kinetics information on foot joints using these
multi-segment foot models, enabling more comprehensive investigation.

The authors previously investigated foot joint dynamics using a modified multi-segment model proposed by
Bruening®, finding variations in rotations, moments, and dynamic stiffness across different static foot postures
measured with the foot posture index (FPI)!*!24 The FPI is a test described and validated by Redmond?, that
allows feet to be classified into 5 groups based on 6 items. It assesses the position of the foot in 3D and has been
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Fig. 1 Markers required for foot kinematics recording using an infra-red camera system and considering the
multi-segment foot model proposed in Sanchis-Sales et al.**. Anatomical location described in Table 1.

LK Lateral knee Apex of the lateral epicondyle of the femur

MK Medial knee Apex of the medial epicondyle of the femur

S1-S4 Shank shell Metal plate on the shank with 4 markers

LA Lateral ankle Apex of the lateral malleolus

MA Medial ankle Apex of the medial malleolus

C1 Calcaneus 1 Apex of the calcaneal prominence

C2 Calcaneus 2 Apex of the second calcaneal prominence

LC Lateral calcaneus Lateral calcaneus

MC Medial calcaneus Medial calcaneus

NV Navicular Medial prominence of the navicular bone

Cu Cuboid Center of the lateral of the cuboid bone

Bl Base 1 Lateral of the base of the first metatarsal

B5 Base 5 Lateral of the base of the fifth metatarsal

H1 Head 1 Upper prominence of the head of the first metatarsal

H2 Head 2 Between upper prominences of the head of the second and third metatarsals

H3 Hallux 3 Lateral prominence of the second metatarsophalangeal joint of the toe.

HX Hallux Center of the toenail of the big toe.

Virtual landmarks

KjC Knee joint center Midpoint between LK and MK

AJC Ankle joint center (without correction) Midpoint between LA and MA

ACC Ankle complex center (joint between shank and rearfoot) f: rlll;;l(s d?sr; V;'lxclebsgv;:;ané?Ca:;i dAll?C,l)a nd extended inferiorly a 2.7% of shank
MTC Midetarsal joint center (joint between rearfoot and forefoot) | Midpoint between CU and NV

MPC ;rsltdn}l;ﬁir)sop halangeal joint center (joint between forefoot Projecting H1 vertically and considering half of the distance from H1 to the floor
FF_Dist Forefoot distal end Projecting H2 vertically and considering half of the distance from H2 to the floor
HxX_Dist Hallux distal end Projecting HX vertically and considering half of the distance from HX to the floor

Table 1. Anatomical location of the markers described in Fig. 1 and description of the virtual landmarks
derived from them.

used for different purposes, such as investigating the relationship between foot types and injuries in athletes?,
the association between foot types and falls in the elderly?” or the relationship between foot type and risk of
ulceration in diabetic patients®, among others. Pronated feet showed less range of motion (ROM) than normal
or supinated feet during propulsion, greater moments in the midtarsal and first metatarsophalangeal joints than
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SEGMENT | LONG AXIS PLANE TRACKING MARKERS
Shank KJC to ACC KJC, LA, MA (coronal) S1-S4

Rearfoot Clto MTC C1, MTC, C2 (sagittal) C1,LC,MC

Forefoot MTC to FF_Dist MTC, FF_Dist, H2 (sagittal) B1,B5, H2

Hallux MPC to HX_Dist MPC, HX_Dist, H1 (sagittal) HX,H1,H3

Table 2. Segment reference frames are defined by a long (primary) axis, and a plane. The secondary axis is
perpendicular to the plane, and the tertiary axis is perpendicular to both the primary and secondary axes. All
reference frames align with the body planes in the static pose. The position and orientation of the segment is
tracked using a set of tracking markers.

Fig. 2 View of the distribution of the 8 Vicon cameras and the location of the pressure platform in the middle of
the walkway.

supinated feet, and higher dynamic stiffness during propulsion compared to normal or supinated feet'®. Despite
the observed differences in kinematic and kinetic behavior among feet with different static postures, databases
categorized by FPI are lacking.

This article presents a dataset comprising 350 recordings of 3D anatomical angles and joint moments of the
ankle, midtarsal, and first metatarsophalangeal joints of the right foot during the stance phase of walking, the
right foot contact pressures recorded and basic participants’ data (age, weight, height, and foot anthropometric
data and foot posture index for both feet). The experiments involved 70 healthy male participants, selected so as
to represent the adult population, controlling for age and foot type. The presented data adhere to ISB sign con-
ventions®. Hence, the novelty of this dataset is twofold: (i) providing kinematics and kinetics data of foot joints
obtained using a multi-segment foot model, and (ii) categorizing these data by FPL This dataset can be utilized
in various practical applications, such as enhancing the design of orthotic devices and footwear by providing
detailed insights into the biomechanics of different foot types. It can also aid in the development of more accu-
rate and individualized rehabilitation protocols for individuals recovering from foot injuries by analyzing joint
movements and pressure distributions specific to different foot postures. Additionally, the dataset offers a valu-
able resource for researchers interested in studying the relationship between foot morphology and gait, poten-
tially leading to improved diagnostic tools for identifying and managing conditions like flatfoot or high arch.
This data, categorized by FPI, enables targeted studies that can ultimately lead to more effective interventions.
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CRITERIA SCORE

If area of TNJ is markedly concave, FPI_1=—2

If area of TNJ is slightly, but definitely concave, FPI_1 = —1
If area of TNJ is flat, FPI_1=0

If area of TNJ is bulging slightly, FPI_1=1

If area of TNJ is bulging markedly, FPI_1=2

FPI_1: Bulge in the region
of talonavicular joint (TNJ)

If curves are straight or convex, FPI_1=—2

If the curve below is concave, but flatter/shallower than the curve above, FPI_1=—1
If curves are roughly equal, FPI_1=0

If the curve below is more concave than the curve above, FPI_1=1

If the curve below is markedly more concave than the curve above, FPI_1=2

FPI_2: Curves above and
below lateral malleoli

If MLA is high and acutely angled towards its posterior end, FPI_1 = —2

FPI_3: Congruence of the | If MLA is moderately high and slightly acute posteriorly, FPI_1=—

medial longitudinal arch If MLA has normal height and is concentrically curved, FPI_1 =0

(MLA) If MLA is lowered with some flattening in the central portion, FPI_1=1

If MLA is very low with severe flattening in the central portion making ground contact, FPI_1 =2

If TH is palpable on lateral side/but not on medial side, FPI_1 = —2

If TH is palpable on lateral side/slightly palpable on medial side, FPI_1=—1
If TH is equally palpable on lateral and medial side, FPI_1=0

If TH is slightly palpable on lateral side/palpable on medial side, FPI_1=1
If TH is not palpable on lateral side/but palpable on medial side, FPI_1 =2

FPI_4: Talar head (TH)
palpation

If CPF is more than an estimated 5° inverted (varus), FPI_1=—2

If CPF is between vertical and an estimated 5° inverted (varus), FPI_1=—1
If CPF is perpendicular to the ground, FPI_1=0

If CPF is between vertical and an estimated 5° everted (valgus), FPI_1=1
If CPF is more than an estimated 5° everted (valgus), FPI_1 =2

FPI_5: Calcaneal position
in the frontal plane (CPF)

If no lateral toes are visible and medial toes are clearly visible, FPI_1 = —2

FPI_6: Abduction/ If medial toes are clearly more visible than lateral, FPI_1 = —1
adduction of the forefoot | If medial and lateral toes are equally visible, FPI_1 =0
on the rearfoot If lateral toes are clearly more visible than medial, FPI_1=1

If no medial toes are visible and lateral toes clearly visible, FPI_1=2

Table 3. Detail of the items provided in the FPL

Methods

Study participants. The study included 70 male participants with an average age of 28 & 7 years. Their aver-
age weight was 79.05 & 14.34 kg, height 179.26 + 7.04 cm, and BMI 24.7 kg/m”. To be eligible for the study, partic-
ipants had to be men between the ages of 18 and 60, with no lower limb pathologies, no diabetes, and no history
of foot or ankle surgery. Participants were categorized based on their Foot Posture Index (FPI) into normal, highly
pronated, and highly supinated groups®. Using the software G*Power 3.1%, it was estimated that a sample size of
20 subjects per group (30 in normal foot group) and three groups, with a large effect size of 0.4 and a significance
level of 0.05, would achieve a statistical power of 77.6%, which is close to the reccommended 80%?'.

Before participating in the study, all individuals provided informed consent. The experiments were con-
ducted in compliance with the Ethics Committee of Universitat Jaume I (approval number CD/UJ1/03/12/2013).
The participants’ informed consent included permission to use and share the collected data for scientific pur-
poses, and the researchers committed to ensuring that the identities of the participants will remain confidential
at all times.

Acquisition protocol. Kinematics acquisition. Foot kinematics were captured using an adapted
multi-segment foot model as in previous studies!®?**?, based on the model introduced by Bruening et al.*!. This
model necessitates recording kinematics utilizing 20 markers, which include both landmarks and tracking mark-
ers (Fig. 1), which correspond to bony prominences that are easy to palpate. The markers (Vicon reflective 9.5 mm
spherical pearl hard markers) were attached to the skin at specific anatomical points (Table 1) with double-sided
tape by an experienced podiatrist with extensive knowledge of the anatomy of the lower extremity. These markers
were tracked at a sampling rate of 100 Hz using an eight-camera infrared motion analysis system (Vicon Motion
Systems Ltd., Oxford, UK). The 3-D coordinates of the markers were used to define the coordinate system of
each segment (shank, rearfoot, forefoot, and hallux) and the joint centers (ankle, midtarsal, and 1st metatarso-
phalangeal joint), as outlined in Table 2. The position and orientation of the segments were tracked following
the approach proposed by Soderkvist & Wedin®. Joint angles were computed with reference to the participant’s
standing static posture, employing a Cardan rotation sequence for all tracked segments: 1 - dorsiflexion/plantar-
flexion (DF/PF), 2 - abduction/adduction (AB/AD), and 3 - inversion/eversion (IN/EV). Lastly, all kinematic data
underwent low-pass filtering using a second-order Butterworth filter with a cut-oft frequency of 5Hz, applied in
a zero-phase manner using forward-backward filtering.

Kinetics acquisition. The multisegment kinetics were calculated using the same approach as in previous stud-
ies!®243234 Contact pressures on the right foot were measured using a Podoprint pressure platform (Namrol
Group, Barcelona, Spain) at a sampling rate of 100 Hz, synchronized with the infrared camera system. The spatial
mapping of pressure cells to the global coordinate system was achieved during calibration by aligning the coor-
dinate system’s origin with the center of the pressure platform and matching the X and Y axes to the mediolateral
and anteroposterior axes. In each frame, pressure data were segmented by comparing the Y-coordinates of the
contact cells with the anteroposterior positions of the joint rotation centers at the moment when the foot was
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VARID | VARIABLE CONTENT

1 PARTICIPANT Participant ID.

2 FPI_RF Measured FPI in participant’s right foot.

3 FPI_LF Measured FPI in participant’s left foot.

4 FPI_CLASSIFICATION Classification according to measured FPI in their right foot (0 = Neutral, 1 = Highly Supinated, 2 =Highly Pronated).
5 WEIGHT Participant weight (in kg).

6 HEIGHT Participant height (in cm).

7 RF_LENGTH Participant right foot length (in mm) (see Fig. 3).

8 LF_LENGTH Participant left foot length (in mm) (see Fig. 3).

9 RF_EXT_LENGTH Participant right foot external length (in mm) (see Fig. 3).

10 LF_EXT_LENGTH Participant left foot external length (in mm) (see Fig. 3).

11 RF_WIDTH Participant right foot width (in mm) (see Fig. 3).

12 LF_WIDTH Participant left foot width (in mm) (see Fig. 3).

13 RF_HEEL_WIDTH Participant right foot heel width (in mm) (see Fig. 3).

14 LF_HEEL_WIDTH Participant left foot heel width (in mm) (see Fig. 3).

15 RF_MALLEOLUS_HEIGHT Participant right foot malleolus height (in mm) (see Fig. 3).

16 LF_MALLEOLUS_HEIGHT Participant left foot malleolus height (in mm) (see Fig. 3).

17 RF_FINGER_SHAPE Participant right foot finger shape according to Ogawa et al.*’ (1 =Egyptian, 2 = Greek, 3 = Squared).
18 LF_FINGER_SHAPE Participant left foot finger shape according to Ogawa et al.*” (1 =Egyptian, 2 = Greek, 3 = Squared).
19 AGE Participant age (in years).

20 TRIAL Number of recording (1 to 5).

21 FRAME Frame of the stance phase (1 to 100).

22 R_ANK_AB Ankle rotation in abduction/adduction plane (in degrees).

22 R_ANK_INV Ankle rotation in inversion/eversion plane (in degrees).

24 R_ANK_DF Ankle rotation in dorsiflexion/plantaflexion plane (in degrees).

25 R_MT_AB Metatarsal joint rotation in abduction/adduction plane (in degrees).

26 R_MT_INV Metatarsal joint rotation in inversion/eversion plane (in degrees).

27 R_MT_DF Metatarsal joint rotation in dorsiflexion/plantaflexion plane (in degrees).

28 R_MP_AB 1** metatarsophalangeal joint rotation in abduction/adduction plane (in degrees).

29 R_MP_INV 1* metatarsophalangeal joint rotation in inversion/eversion plane (in degrees).

30 R MP_DF 1* metatarsophalangeal joint rotation in dorsiflexion/plantaflexion plane (in degrees).
31 M_ANK_AB Ankle moment in abduction/adduction plane (in Nm/Kg).

32 M_ANK_INV Ankle moment in inversion/eversion plane (in Nm/ Kg).

33 M_ANK_DF Ankle moment in dorsiflexion/plantaflexion plane (in Nm/Kg).

34 M_MT_AB Metatarsal joint moment in abduction/adduction plane (in Nm/Kg).

35 M_MT_INV Metatarsal joint moment in inversion/eversion plane (in Nm/Kg).

36 M_MT_DF Metatarsal joint moment in dorsiflexion/plantaflexion plane (in Nm/Kg).

37 M_MP_AB 1°* metatarsophalangeal joint moment in abduction/adduction plane (in Nm/Kg).

38 M_MP_INV 1* metatarsophalangeal joint moment in inversion/eversion plane (in Nm/Kg).

39 M_MP_DF 1* metatarsophalangeal joint moment in dorsiflexion/plantaflexion plane (in Nm/Kg).

Table 4. Detail of the variables provided in the excel file.

fully in contact with the platform. For instance, cells whose anteroposterior coordinates fell between those of the
midtarsal and metatarsophalangeal joint centers were attributed to the forefoot segment. The normal compo-
nent of the ground reaction forces and centers of pressure were determined for each foot segment, considering
the area of active pressure cells. Following the model introduced by Bruening et al."’, the 3-D joint moments
were computed as the cross product of the ground reaction forces on the distal segments and the 3-D distances
between the centers of pressure and the joint rotation centers. According to previous works*=?’, the effect of the
weight of the foot and that of foot angular velocity and linear and angular accelerations was neglected.

Normalization and filtering. Joint moments were adjusted for body weight, consistent with the methods
used in earlier research studies*"”. To minimize noise, joint angles and moments underwent low-pass filtering
using a second-order Butterworth filter with a cut-off frequency of 5Hz, applied in a zero-phase manner using
forward-backward filtering. Subsequently, all joint angles, all moments, and all pressure data were resampled to
100 frames, evenly spaced across the stance phase for uniform analysis.

Software used. ~ All kinematic and kinetic computations were performed using custom-developed software in
Matlab version R2022b (The MathWorks Inc., Natick, MA, USA).
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A

Fig. 3 Foot anthropometric measurements provided in the dataset. (A) (Ankle height), (B) (Lateral foot
length), (C) (Forefoot width), (D) (Rearfoot width), (E) (Total foot length).

AGE (Y) HEIGHT (m) | WEIGHT (Kg) | BMI FPI
NORMAL 27.13+3.82 | 1.78£0.06 78.18£13.9 24.46+3.57 2.27+1.48
HIGHLY SUPINATED | 28.55+9.09 | 1.81£0.09 78.73£8.53 244+1.95 —8.45+1.85
HIGHLY PRONATED | 29.6+7.39 1.7940.07 80.68 +19.38 25.13£5.11 10.6540.67

Table 5. Anthropometrics data of the participants in each group.

Environment. The experiments were carried out at the Biomechanics and Ergonomics research group labora-
tory, at Universitat Jaume I de Castell6 (Spain). The setup comprised the pressure platform located in the center
of the walkway, and the 8 Vicon cameras located around the walkway (Fig. 2).

Trials recorded. Before capturing foot kinematics during walking, a reference posture (the relaxed position
of the calcaneus while standing) was recorded for each participant and used as the zero point for all rotational
angles. To ensure natural walking patterns, participants practiced walking down the walkway multiple times
prior to data collection. They were instructed to step onto the pressure platform with their right foot without
directly looking at it, to avoid altering their gait. Participants repeated the task as needed until they completed
five valid trials, excluding any trials where the right foot did not make contact with the platform.

FPI measurement and group classification. Foot posture index was measured according to Redmond et al.>>.
Participants were asked to stand barefoot on a flat surface, with their feet parallel and their weight equally dis-
tributed. Then, a trained observer stood behind the participant and performed a visual inspection from the front,
back and sides of the foot, evaluating six different criteria and assigning a specific score for each one (FPI_i)
(Table 3). The sum of all the scores obtained for each foot will give the result of the FPI (FPI =SUM(FPI_i)), with
the final score being values between —12 and +12. With this, the foot is classified as follows: Highly pronated: >
+10; Pronated: +6 to +9; Normal: 0 to +5; Supinated: —1 to —4; Highly supinated: —5 to —12.

Data Records

Data are presented as an .xlsx file (DATA.xlsx) and as Matlab structure file (DATA.mat), which contains the
same information as the .xIsx file and also the contact pressure data. All the data is publicly available to all
research community at the Zenodo open repository®®. The dataset comprises variables related to participant’s
characteristics, 3-D rotations and moments of each studied joint and foot contact pressures. The excel file con-
sists of 35001 rows by 39 columns. The first row contains the names of the variables, as defined in Table 4. The
remaining rows contain the data for each participant, trial, and frame (70 x 5 x 100 =35000). The Matlab file
contains the data organized into a nested structure. Within this structure, the descriptive data for each partici-
pant p (variables 2 to 19 of Table 3) is organized as PARTICIPANT(p). VARIABLE. E.g., the weight of participant
35 can be accessed as PARTICIPANT(35). WEIGHT. The joint angles and moments for each participant p, for a
given trial t and frame f (variables 22 to 39 in Table 3) is organized as PARTICIPANT(p). TRIAL(t). VARIABLE(f).
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Initial contact Normal —_—
Midstance phase JOINT ANGLES Highly pronated -+
Propulsive phase Highly supinated =-----
DF/PF INV/IEV AB/AD
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Fig. 4 Mean joint angles during all the stance phase in each joint and plane of motion, separated by foot type,
with different phases of gait color-coded. Joint labelling/abbreviations: ANKLE for ankle, MT for midtarsal, MP
for metatarsophalangeal. Plane of motion abbreviations: DF/PF for dorsiflexion/plantarflexion, INV/EV for
inversion/eversion, AB/AD for abduction/adduction. Note that plot scale is different for DF/PF plane of motion.

E.g., the ankle joint moment in inversion/eversion plane for frame 21 of trial 4 of participant 35 can be accessed
as PARTICIPANT(35).TRIAL(4).M_ANK_INV(21). The Matlab structure contains two additional variables:
PRESS, containing a 40x40x100 matrix with the pressure (in N/cm?) in each contact cell for all frames; and
PMAX, containing the maximum value of PRESS matrix. E.g., the contact pressures (a matrix 40 x 40) for frame
21 of trial 4 of participant 35 can be accessed as PARTICIPANT(35). TRIAL(4).PRESS(:,;,21), while the maximum
pressure at any contact cell during the stance phase is PARTICIPANT(35). TRIAL(4).PMAX.

The anthropometric measurements provided for both feet are detailed in Fig. 3.

The sign criteria considered for 3-D joint rotations and moments of the three joints was defined as follows:

o Abduction (+)/Adduction (—)
o Inversion (+)/Eversion (—)
o Dorsiflexion (+)/Plantarflexion (—)
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Midstance phase Highly pronated ===
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Fig. 5 Mean joint moments during all the stance phase in each joint and plane of motion, separated by

foot type, with different phases of gait color-coded. Joint labelling/abbreviations: ANKLE for ankle, MT for
midtarsal, MP for metatarsophalangeal. Plane of motion abbreviations: DF/PF for dorsiflexion/plantarflexion,
INV/EV for inversion/eversion, AB/AD for abduction/adduction. Note that plot scale is different for DF/PF
plane of motion.

Technical Validation

Data acquisition. Before and after each trial recorded, the correct placement of the reflective markers was
checked, and the pressure platform recording was revised, in order to ensure that the footprint was recorded in
full. In case of not being recorded in full, the trial was repeated.

Statistical descriptive analysis of data collected. The anthropometrics data of the participants in each
group are shown in Table 5. In order to validate the data, mean values across trials of joint angles and moments for
each studied joint and plane of motion during the stance phase were plotted separately for each foot type group
(Figs. 4, 5). Additionally, box and whisker plots of maximum and minimum joint angles and moments for each
plane of motion in the three studied joints were generated, with separation by foot type group (Fig. 6). A statistical
analysis was also conducted using SPSS version 28.0 (IBM Corp., Armonk, NY, USA) to identify differences in
these extreme joint angles and moments between the different foot type groups. This was done by means of a set
of ANOVAs with foot type as the independent factor and the extreme joint angles and moments as the dependent
variables. Bonferroni post-hoc tests were then applied to determine specific group differences. Statistics of the
extreme joint angles and moments, along with the results from the statistical tests are presented in Figs. 7, 8).
Finally, to validate the contact pressure data provided, box and whisker plots of maximum pressure values
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Fig. 6 Extreme joint angles and moments for each participant and trial in each joint and plane of
motion, separated by foot type. Joint labelling/abbreviations: ANKLE for ankle, MT for midtarsal, MP for
metatarsophalangeal. Plane of motion abbreviations: DF/PF for dorsiflexion/plantarflexion, INV/EV for
inversion/eversion, AB/AD for abduction/adduction.
EXTREME JOINT ANGLES
Sig. NORMAL HIGHLY PRONATED HIGHLY SUPINATED
MEAN| SD 95% CI MEAN | SD 95% CI MEAN| SD 95% CI
DF/PF MIN* | 0.008 |-16.08|5.05][-16.90, -15.27]| -11.76N | 4.24 |[-12.60, -10.92]| -14.30 |5.53|[-15.40, -13.20]
- MAX | 0417 | 417 |3.17] [3.66,4.68] | 4.00 |4.11| [3.18,4.81] | 525 |2.70] [4.71,5.79]
é INV/EV MIN | 0.114 | -2.05 |1.69| [-2.33,-1.78] | -2.86 [2.25| [-3.30,-2.41] | -3.73 |4.32| [-4.59, -2.88]
Z MAX*[<0.001| 8.06% |2.60| [7.64,8.47] 7.945 14.13| [7.12,8.76] |3.91NP|4.64| [2.99,4.83]
h AB/AD MIN* |<0.001|-6.8375|2.44| [-7.22,-6.43] | -4.18N [2.99| [-4.78, -3.59] | -4.23N [3.09| [-4.84, -3.62]
MAX*| 0.039 | 1.205 [2.51] [0.80, 1.61] | 2.10 |2.30] [1.65,2.56] | 3.02N |[2.77] [2.47,3.57]
DF/PF MIN* | 0.003 | -5.80P [3.01| [-6.29,-5.31] | -2.83N |2.98| [-3.42,-2.23] | -4.77 |3.10| [-5.39, -4.16]
MAX*[<0.001| 7.55" [1.89]| [7.24,7.85] |9.44NS [2.10| [9.02,9.85] | 7.20° [1.86| [6.83,7.56]
= INV/EV MIN* | 0.004 | -2.215 [1.66| [-2.48,-1.94] | -1.945 |1.64| [-2.27,-1.61] |-3.52NP|1.64| [-3.84,-3.19]
= MAX*[<0.001| 2.645 |1.74| [2.36,2.92] 3265 |1.95| [2.87,3.64] |1.07%P|1.70| [0.74,1.41]
AB/AD MIN* |<0.001] -7.05" [2.76| [-7.49,-6.60] [-2.98Y5|2.61| [-3.50,-2.46] | -6.01P |2.21| [-6.45, -5.57]
MAX | 0.060 | 2.47 [1.36] [2.25,2.69] 2.54 |1.50] [2.25,2.84] 3.42 [1.92] [3.04,3.80]
DF/PF MIN | 0.588 | 0.65 [1.32| [0.44,0.86] 0.99 |1.35| [0.72,1.25] 0.59 [1.78] [0.24, 0.95]
MAX*[<0.001| 32.63P [3.79] [32.02, 33.24] |25.97NS|7.26| [24.53,27.41] | 33.03P |6.14| [31.81, 34.25]
& | INV/EV MIN* | 0.004 | -8.32 [3.71] [-8.91,-7.72] | -9.808 |4.75]| [-10.74, -8.86] | -5.78" |3.64| [-6.51, -5.06]
= MAX*|<0.001| 4.02° [4.35| [3.32,4.73] | 0.7INS |4.13| [-0.11,1.53] | 6.53® |5.53| [5.43,7.63]
AB/AD MIN | 0459 | -3.89 |1.85]| [-4.19,-3.59] | -3.20 [2.52| [-3.71,-2.70] | -3.46 [1.92| [-3.84,-3.08]
MAX*| 0.002 | 5.58% |3.24]| [5.05,6.10] 4.515 [3.45] [3.83,5.20] |8.59NP[4.20| [7.76,9.43]

Fig. 7 Statistics of the extreme joint angles, along with the results from the statistical tests. Significant
differences (p < 0.05) between means are highlighted with color, and a superscript indicates the specific groups
with which differences were found (P for highly pronated, S for highly supinated and N for normal).
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EXTREME JOINT MOMENTS

Sig. NORMAL HIGHLY PRONATED | HIGHLY SUPINATED

MEAN] SD [ 95% CI_|MEAN|SD | 95% CI |MEAN]|SD [ 95% CI

pE/pF MIN*_[<0.001] -0.035 [0.04[-0.03, -0.02]  -0.045 0.04[-0.05. -0.03][0.00NF]0.01] [0.00. 0.00]

- MAX | 0813 | 1.24 [0.10] [1.22,1.26] | 1.25 [0.10] [1.23,1.27] | 1.23 [0.15] [1.20, 1.26]
2 | nv/py IMIN®_[<0.001]-0.215 [0.07 |[-0.22, -0.20]| 20225 [0.06 |[-0.24, -0.21]|-0.14%*] 0.06] [-0.15, -0.13]
z MAX* [<0.001] 0.06% [0.03] [0.06, 0.07] | 0.045 [0.02] [0.03,0.04] [0.10N? [0.06] [0.09, 0.11]
< AB/AD MIN_[0.221 [ 0.07 [0.05[-0.07. -0.06]| -0.04 [0.05][-0.05. -0.03][ -0.06 [0.05] [-0.07. 0.05]
MAX [ 0.485 [ 0.05 [0.06] [0.05,0.06] | 0.08 [0.07] [0.06,0.09] | 0.06 [0.07] [0.05,0.08]

pE/pF MIN* [ 0.025 [-0.01% [0.01 [[-0.01, 0.00] [ 0.00N [0.00 [0.00. 0.00] [ 0.00 [0.00] [0.00.0.00]
MAX*| 0.018 | 0.97 |0.09][0.95,0.98] | 1.00 [0.09] [0.98, 1.02] | 0.92 |0.12] [0.89, 0.94]

= ny/Ey MIN_]0.245 [ -0.11 [0.07][-0.12, -0.10]| -0.09 [0.05][-0.11, -0.08]| -0.12 [0.05[[-0.13. -0.11]
= MAX*| 0.016 | 0.07 |0.04] [0.06,0.08] | 0.095 [0.05] [0.09,0.10] | 0.06® |0.04] [0.06, 0.07]
AB/AD MIN* [<0.001[-0.0957]0.04 [[-0.10, -0.09][-0.06N[0.04[-0.06, -0.05] -0.05[0.04] [-0.06, 0.05]
MAX*| 0.035 | 0.025 [0.03] [0.02,0.03] | 0.02 [0.04] [0.02,0.03] | 0.05N [0.05] [0.04, 0.06]

pE/pF IMIN* [0.031] 0.00 [0.01][-0.01.0.00]] 0.00 [0.00][0.00.0.00] | 0.00 [0.00] [0.00,0.00]
MAX* [<0.001] 0.145 [0.04] [0.13,0.15] | 0.165 [0.04] [0.16,0.17] [0.11N? [0.05] [0.11,0.12]

& [ nv/py MIN_[0.462 | -0.11 [0.05][-0.12, -0.10]| -0.10 [0.05][-0.11, -0.09]| -0.09 [0.04][-0.10. -0.08]
= MAX | 0.880 | 0.00 [0.00] [0.00,0.00] | 0.00 [0.00] [0.00,0.00] | 0.00 [0.00] [0.00,0.00]
AB/AD MIN_[0.506 [ 0.00 [0.00][0.00. 0.00] [ 0.00 [0.00] [0.00. 0.00] | 0.00 [0.00] [0.00.0.00]
MAX | 0.281 | 0.03 |0.02][0.03,0.03] | 0.03 [0.02] [0.03,0.03] | 0.02 [0.01] [0.02,0.03]

Fig. 8 Statistics of the extreme joint moments, along with the results from the statistical tests. Significant
differences (p < 0.05) between means are highlighted with color, and a superscript indicates the specific groups
with which differences were found (P for highly pronated, S for highly supinated and N for normal).

© o o ©°

S [$,] » ~
ompo *

o

o
w

o
()

Maximum pressure (N/cm?/kg)

Normal Highly pronated  Highly supinated

Fig. 9 Maximum normalized pressure values recorded for each participant trial separated by foot type group.

recorded for each participant trial, normalized with respect to the participant’s weight, were also represented,
also separated by foot type group (Fig. 9). And the contact pressures of a subject of each foot type are shown for
different instances of the stance phase (Fig. 10).

The angles and moments for the ankle, midtarsal, and metatarsophalangeal joints during the stance phase
(Figs. 4, 5) are consistent with the patterns observed in previous studies**~*, showing bell-shaped profiles for
dorsiflexion moments in all three joints. Peak values at the ankle and midtarsal joints occur at the beginning of
the propulsion phase, coinciding with the dorsiflexion angle peaks in these joints. The extreme angles (Figs. 6, 7)
are within the reported ROM of each joint****° thus validating the presented dataset. The statistical tests iden-
tified several significant differences in the extreme joint angles between different foot posture groups, consistent
with the findings reported in the literature®*°. For example, a significantly lower peak ankle adduction was
found in supinated feet compared to normal feet*, with a difference of 3.7°, while in our study, it was 2.6°.
Similarly, the same study*® reported a 2° higher peak dorsiflexion in the midtarsal joint of highly pronated indi-
viduals, consistent with the 2.2° observed in our data.

The moment values obtained in our study are also consistent with those reported in other studies*»**, with
the highest peak dorsiflexion moments occurring at the ankle, around 1.2 N-m/kg, close to the 1.3N-m/kg
observed in previous studies'”. The extreme moments (Fig. 6) for both the ankle and midtarsal joints consist-
ently fall within the expected ranges*!, reinforcing the reliability of the dataset. Again, several significant differ-
ences were found in the extreme joint moments between different foot posture groups, with individuals with
highly supinated feet showing a higher inversion peak at the ankle and a higher abduction peak at the midtarsal
joint. The differences in both the extreme joint angles and moments highlight the importance of providing kin-
ematic and kinetic data differentiated by static foot posture.

Regarding plantar pressures, we found that highly pronated feet exhibit higher pressures (Fig. 9), which is
consistent with previous studies that reported higher values on the medial longitudinal arch and the hallux of
pronated feet compared to other feet*. The pressure patterns plotted in Fig. 10 also match the expected patterns
for each type of foot: the normal foot exhibits a more homogeneous pattern, with highest pressure on the central
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Fig. 10 Contact pressures of a subject of each foot type group for different instances of the stance phase.
The normal foot data correspond to trial 3 of participant 10 (FPI= 1), the highly supinated foot to trial 3 of
participant 33 (FPI= —11), and the highly pronated foot data to trial 3 of participant 60 (FPI=12).

metatarsal heads during the propulsive phase (80% of the stance phase); the highly supinated foot exhibits ele-
vated pressures on the external longitudinal arch during the midstance phase (50-60% of the stance phase), with
highest pressure on the external metatarsal heads during the propulsive phase; and the highly pronated foot
shows contact on the internal longitudinal arch from the initial midstance phase, with decreased pressures on
the outer edge, as well as increased pressures on the 1st and 2nd metatarsal heads during the propulsive phase.

Usage Notes

These data can be used for several applications, such as medicine, biomechanics, biomedical engineering, and
footwear design, among others. With a database containing information on the biomechanical characteristics
of a patient’s foot, health professional can customize treatments for conditions such as arthritis, plantar fasciitis,
and other orthopedic conditions, thereby improving clinical outcomes. For example, podiatrists can compare
a patient’s foot structure and movement patterns to identify potential issues, such as overpronation, and create
personalized treatment plans, like targeted exercises to strengthen specific muscles or custom orthotics.

Respect to footwear designers and orthopedists, with precise data on foot rotations and moments, can cre-
ate footwear and orthopedic devices that better fit the individual needs of users, providing better support and
comfort. Finally, the collected data can help researchers better understand the biomechanics of the foot during
specific activities such as walking, running, or jumping. This can lead to improvements in the prevention and
treatment of foot-related injuries and the optimization of sports performance.

One of the main limitations of the study is having neglected the ground reaction forces in the horizontal
plane, due to friction, which could slightly affect joint moments*. Additionally, it should be acknowledged that
pressure sensors, used in this study, are less accurate than force plates for measuring ground reaction forces.
Other limitations concern the experimental sample, as the inclusion criteria limited participants to men with
highly supinated, normal, and highly pronated FPI. In the event of conducting a statistical analysis, the impact
of unbalanced group sizes on the statistical tests should be carefully considered. Another limitation is that the
data presented was obtained using the relaxed position of calcaneal standing as the reference posture, which
removes the anatomical position of the foot. Therefore, anatomical offsets need to be kept in mind when ana-
lyzing extreme joint angles. However, the reference posture does not affect the joint moment data. Additionally,
while our database offers valuable insights, integrating data from other relevant databases could enhance its
utility. Specifically, incorporating Foot Posture Index (FPI) data into existing databases could provide a more
comprehensive analysis of foot posture and biomechanics. Future updates to our database should consider
including female participants and also considering a wider range of FPI variations to improve its applicability
and robustness. In-shoe data would indeed be valuable; however, it would necessitate the use of alternative kin-
ematic models®?. Incorporating such models, along with controlled conditions'>, would be highly beneficial for
the development of corrective footwear and custom insoles. Extending the analysis to the entire lower extremity
—and even whole-body dynamics—would provide a more comprehensive understanding.
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Code availability
The custom MATLAB code developed for calculating 3-D joint angles and moments is available at Zenodo open
repository*,
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